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Editorial
We are pleased to bring this first issue of the Bulletin of Nepal Hydrogeological Association (NHA).
This bulletin comprises of activities of the association and achievements of the NHA members during the
past year. Since this is the first issue of the bulletin, we have incorporated all the major milestone of the
association since its establishment period, through the speeches of presidents and general secretaries of
respective committees.
We would like to thank the third executive committee of the association for realizing to initiate the
publication of the association, forming the Editorial Board and facilitating toward publication of the
Bulletin. Publication is an inevitable part of an active professional organization. As part of sharing
the knowledge on water science, especially on hydrogeology, the bulletin also includes articles on
hydrogeology and related discipline that is expected to be useful to much broader spectrum of the society,
i.e. from scientist to general public who are interested in this discipline of applied geoscience. We would
like to extend our sincere thanks to the authors for their valuable contribution in this volume and expect
the contribution from members in coming issues.
The editorial board, on behalf the NHA gratefully acknowledges the financial supports from the government
institution, drilling companies, consulting firms, and other organizations through advertisements.
We hope that this bulletin will be useful and informative to the readers. We do expect that the NHA
will give continuation to the annual publication of the bulletin and will give high priority to scientific
publications in the field of hydrogeology.
Thank you !!!
The Editorial Board

Bulletin of Nepal Hydrogeological Association, Vol. 1, August 2016

3

Contents
Message From The President of second executive committee on fifth agm

1

g]kfn xfO8«f]lhof]nf]lhsn Pzf]l;o;gsf] kfFrf} ;fwf/0f ;efdf dxf;lrj P08L k|sfz e§sf] k|ltj]bg
g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzgsf] rf}yf] ;fwf/0f ;efdf k|:t't dxf;lrj P08Lk|sfz e§sf] k|lta]bg
cfly{s k|ltj]bg		
g]kfn xfO8«f]lhof]nf]lhsn P;f]]l;ozgsf] t]];|f] aflif{s ;fwf/0f ;efdf dxf;lrj >L g/]Gb| vlqsf] k|ltj]bg
g]kfn xfO8«f]lhof]nf]lhsn P;f]]l;ozgsf] bf];|f] aflif{s ;fwf/0f ;efdf dxf;lrj >L g/]Gb| vlqsf] k|ltj]bg

3
7
11
15
17

Formation of Nepal Hydrogeological Association and its activities since establishment period

19

ARTICLES		

25

Climate change impact and future groundwater availability in mountainous region of Nepal
Dinesh Pathak

27

Brief introduction of the Ground Water Resource Development Board
Surendra Raj Shrestha

35

Environmental implication of shallow tube well uses for irrigation
Rajendra Prasad Bhandari and Dinesh Pathak

41

Arsenic in groundwater of Terai plain in Nepal: Possible geological sources and health impacts
Kabi Raj Paudyal

49

Role of groundwater in landslide incidence
Shanmukhesh Chandra Amatya

55

Application of Geophysical Methods for Groundwater Exploration
Umesh Chandra Bhusal, Hari Ghimire, Bhaskar Khatiwada

g]kfnsf] e"ldut hn;|f]t ljsf; / ;+nUg ;+:yfx?sf] Oltxf;
;'/]z /fh pk|]tL
e'ldut hn>f]tM k|of]hg, cfk'lt{ / hf]lvd d'NofÍg
lg/ zfSo
g]kfndf e"ldut hn>f]tsf] cWoog — cg';Gwfg sfo{sf] ;+:yfut ljsf;
/fh]Gb| Gof}kfg]

59
69
73
77

Nepal Hydrogeological Association Second Executive Committee

83

Nepal Hydrogeological Association First Executive Committee

83

Nepal Hydrogeological Association Ad-hoc Committee

83

List of Members of Nepal Hydrogeological Association

86

Congratulations		

88

Bulletin of Nepal Hydrogeological Association, Vol. 1, August 2016

MESSAGE FROM THE PRESIDENT of second executive
committee on fifth agm
Nepal Hydrogeological Association is very new non-governmental organization in the country. It has competent
and professional group of Hydrogeologist/Geophysicist/Geologist and student of earth science involved in water
exploration and development for HUMAN kind.
Though there is lack in research particularly in Hydrogeology but work is going in the field of exploitation of
Groundwater without much knowledge of sub surface geology. Therefore, there is plenty of scope for the young
entrepreneur Hydrogeologist.
There is few Government Institution involved in the Groundwater/Spring Water business have the respective
expert with them. But there are institutions fully involved and dependent only on ground water does not have the
expert .That is why these institutions facing problems regarding economic exploitation of Groundwater. It also
creates or may create the problem in the aquifer system which really needs to be addressed.
At present in Nepal’s Terai people are dependent on groundwater for drinking, irrigation, industrial and recreation
purposes. In the mountain and inner valleys, the exploitation of spring water/ground water is also going on since
human civilization. The increase of population in the town/city creating stress in ground water. Because of heavy
exploitation the problems are seen in the aquifers as well as ground water fed rivers.
Looking at the problems, the Government must create the vacancies for the Groundwater expert in the institutions
which are fully/partially dependent on the groundwater. There must be an organization which should be
responsible for the research, investigation, licensing and monitoring of aquifers at local levels as well as at regional
level. The main objective of the institution should be to bring the authentic hydro geological map for the public.
Similarly, the waterborne hazard is also seen in the country. The expert relating to the water borne problems are
available in the country. The government must be serious on the problems of landslides and flood hazard as seen
recently in the country and create an organization which can address these problems in advance. And by doing
that lives of many people can be saved.
Nepal Hydrogeological Association is always ready to support and help to the government institutions
regarding water business and water borne problems in the country.
Pratap Singh Tater
President
Nepal Hydrogeological Association
2072/05/25
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With the experience of more than 30 years,
the company has experienced, skilled and dedicated manpower,
sound mechanical support and efficient management system.
The company is capable of covering a wide range of civil construction
services with particular relevance to the following activities.
1. Water Well Drillings for irrigation and Drinking
2. Distribution systems with Pump house, Overhead tank, M.S. fittings,
Electrification works of ground water irrigation system
3. Drinking water Overhead tanks, fittings with water supply system all
complete
4. Buildings and housing
5. Roads

Sushil Construction and Far Western Trading Pvt. Ltd.
Nepalgunj 6, Banke
Telephone: 081- 521084
Mobile:9858020836
Email: sushilfarwestern@gmail.com
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g]kfn xfO8«f]lhof]nf]lhsn Pzf]l;o;gsf] kfFrf} ;fwf/0f ;efdf
dxf;lrj P08L k|sfz e§sf] k|ltj]bg
g]kfn xfO8«f]lhof]nf]lhsn Pzf]l;o;gsf] o; kfFrf} ;fwf/0f ;efdf o; Pzf]l;o;gsf] bf]>f] sfo{ ;ldltaf6 ljut ! -Ps_
jif{df eP u/]sf sfo{sf] ljj/0f k|:t't ub{} 5',M
o; Pzf]l;o;g u7g ePsf] cfh kfFrf} jif{df xfdL 5f} . o; cjlwdf s'g} P]ltxfl;s sfo{x? t x'g ;s]sf] 5}g tfklg
Pzf]l;o;gn] Joj;flos ;+3;+:yf dfem cfˆgf] klxrfg agfpg eg] ;kmn ePsf] Joxf]/f d oxfF ;xif{ hfgsf/L u/fpg
rfxG5' .
e"ldut hn ;DaGwL sfo{x? kq–klqsfdf k|sfzg ug{] tyf o; ljifodf k|jrg uf]i7L, sfo{qmd ;+rfng, /fli6«o cGt/f{li6«o
;+3;+:yf tyf JolQmTjx?;Fu ljrf/sf] cfbfg k|bfg nufotsf sfo{sf] dfWodn] e"ldut hn lj1fgsf] ljsf; Pj+ k|j4{g
ug{] o; Pzf]l;o;gsf] p4]Zo /x]sf] x'Fbf ;f]xL ;]/f]km]/f]df /x]/ ljutdf o; sfo{ ;ldltåf/f sfo{ ;Dkflbt 5g\ .
g]kfn lhof]nf]lhsn ;f];fO6Lsf] ;xof]u / ;dGjodf l;+rfO ljefusf] ;efxndf ldlt @)&!÷)&÷@! sf lbg o;
Pzf]l;o;gn] g]kfndf ;/sf/L, cw{;/sf/L tyf lghL ;+3;+:yfx?df sfo{/t e"–j}1flgsx?sf] cj;/ / r'gf}tL ljifos
Ps lbg] cGt{lqmof sfo{qmdsf] cfof]hgf u¥of] h;df %# e"ue{ j}1flgsx?sf] ;xeflutf lyof] . pQm sfo{qmddf kfFr hgf
lj1x?n] cf–cfˆgf If]qsf] ljifout k|:t'lt u/]sf lyP eg] Jofks 5nkmn u/L sfo{qmd ;dfkg ePsf] lyof] .
o; Pzf]l;o;gsf cfhLjg ;b:o >L /fh]Gb| Gof}kfg]n] tof/ ug'{ ePsf] pQm sfo{qmdsf] lgrf]8M Nepal Hydrogeological
Association facebook group ;a}sf] hfgsf/Lsf nflu /flvPsf] 5 .
Groundwater Resources in Mountain Valley System System of the Okanagan Basin, Canada ljifodf e"ldut
hn;|f]t ljsf; ;ldlt, aa/dxnsf] ;efxndf Ps Talk Programme sf] cfof]hgf ul/of] . o; Talk Programme sf]
ljifo lyof] – Groundwater Resources in Mt. valley System of the Okanagan Basin Canada. aQmf x'g'x'GYof] Canada
l:yt University of British Columba Okanagan Dr. Craig Nichol. tLg 3G6f nfdf] o; Talk Programme df jxfFn]

lgDg ljifox?df cfˆgf] k|:t'lt k]z ug'{ ePsf] lyof]
– Geology & Groundwater Recharge in Mt. Area
– Valley Aquifer & Surface water groundwater in tertian
– Basin scale water Resource Management in Okanagan Valley
k|f]= Craig Nichol n] :jb]z lkmtf{ xFbf ?= !@)).– NHA nfO{ k|bfg ;d]t

ug'{ eof] .

e"ldut hn k|flws/0fsf] ljB]os th"{df ;DaGwdf l;+rfO dGqfnoaf6 cfu|x eP adf]lhd o; ozf]l;o;gn] /fo ;'emfj
l;+rfO dGqfnodf k7fof] . pQm /fo ;'emfj k|of]hgsf nflu Pzf]l;o;gn] cfhLjg ;b:o >L ;'/]z/fh pk|]tLsf] ;+of]hsTjdf
kfFr ;b:oLo 6f]nL u7g u/]]sf] lyof] . ;+of]hs >L ;'/]z/fh pk|]tLsf cltl/Qm >L gL/ zfSo, >L l;l4 k|tfk vf0f, 8f=
;'/]zbf; >]i7 tyf 8f= lbg]z kf7s x'g'x'GYof] .
;a} ;b:o ;fyLx?sf] hfgsf/Lsf nflu Pzf]l;o;gn] a'emfPsf] kl/dflh{t ljw]ossf] 8«fˆ6 Facebook sf] NHA group
df /flvPsf] Joxf]/f ;d]t hfgsf/L u/fpg rfxG5' .
lghfdtL ;]jf ;+zf]wg ljB]ossf] lj/f]wdf ljleGg k]zfut ;+u7gx?sf] lj/f]wsf] sfo{qmddf P]Soj4tf hgfpg Pzf]l;o;gn]
klg Ps k|]; lj1KtL facebook dfkm{t hf/L u¥of] . pQm la1KtLsf] Joj;flos ;+3;+:yfsf facebook Group x?df Jofks
k|;f/0f x'g uPsf] ;'vb hfgsf/L d o; ;Ddflgt ;efnfO{ lbg rfxG5' .
3
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o; ozf]l;o;gn] ut h]i7 dlxgfdf e"ldut hn;DaGwL ;]ldgf/ cfof]hgf ug{] lg0f{o u/L ;f]sf] ;+rfngsf nflu 8f=
lbg]z kf7s ;+of]hs /xg] u/L tLg ;b:oLo ;ldlt ;d]t u7g u¥of] t/ ;f]xL a]nf ljgf;sf/L e"sDkn] ubf{ pQm sfo{
;Dkfbg x'g ;s]g .
o; Pzf]l;o;gsf] a'n]l6g k|sfzg k|f/De ug{] ;DaGwdf sfo{sf/L ;ldltn] lg0f{o u/L Ps ;b:oLo ;ldlt ;d]t u7g u/L
;s]sf] 5 . cfzf 5 gj ul7t sfo{ ;ldltn] o;nfO{ d"t{ ?k lbg] 5 .
of] o'u ljB'tLo ;~rf/ k|ljlwsf] o'u xf] . o;df klg ;fdflhs ldl8ofsf] dxTj a9\b} uPsf] ;Gbe{df xfdL klg c5'tf] x'g]
s'/} ePg . km];a'sdf Nepal Hydrogeological Association group /flvPsf] Joxf]/f ;a} Hydrogeological ;fyLx?nfO{
cjut g} 5 . o; Group sf] dfWodaf6 Hydrogeology ;DaGwL ljleGg hfgsf/L kf]i6 u/L ;~rf/ ug{]df ;fyLx?sf]
;lqmotf b]lvG5 . o; qmdnfO{ cem ultzLntfsf ;fy lg/Gt/ lbg x'g cg'/f]w 5 .
NHA

afd] ;b{} u/]sf] ca:yf x'Fbf cfly{s ?kdf klg of] ;+:yf ;an x'g ;s]sf] 5}g . o; tYonfO{ b[li6ut u/L ljut
jif{df sfo{qmd ;+rfngsf qmddf ePsf] vfhf vr{ NHA sf] sf]ifaf6 gu/L ljleGg Sponsor af6 ul/Psf] Joxf]/f hfgsf/L
u/fp5' .
cGTodf xfdLnfO{ sfof{no sIf pknAw u/fO{ ;xof]u ug'{ ePsf]df e"ldut hn;|f]t ljsf; ;ldltsf sfo{sf/L lgb{]zsHo"k|lt
Pzf]l;o;gsf] tkm{af6 cfef/ JoQm ub{5 / o; cjlwdf xfdLnfO{ ;xof]u ug'{ x'g] ;a}nfO{ xflb{s wGojfb lbg'sf ;fy}
cfufdL lbgx?df o:t} lg/Gt/ ;xof]usf] ck]Iff /fVb} of] k|ltj]bg ;dfKt ug{ cg'dlt rfxG5' .
wGojfb
P08Lk|sfz e§
dxf;lrj
@)&@.)%.@%

Explorer Geophysical
Consultants Pvt. Ltd
Sai Baba Marg 297/20
Banasthali, Kathmandu, Nepal
Tel: 01-6923145/9851139485/9841429100
Email : egcnepal@gmail.com

Name you can rely on for:

Geophysical Survey (Electrical Resistivity Survey, Seismic Survey, GPR Survey)
Geological Survey
Geotechnical and Material Testing Laboratory Services
EIA and IEE Services
Mineral Exploration
Ground Water Investigation & drilling
Core Drilling
Topographical Survey
Sales of Geophysical equipments (Seismic equipments, ERT equipments, GPR
& Softwares
Ø Ground Water Modeling Softwares

Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
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g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzgsf] rf}yf] ;fwf/0f ;efdf
k|:t't dxf;lrj P08Lk|sfz e§sf] k|lta]bg
g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzgsf cWoIf tyf o; ;efsf ;efWoIf Ho", Pzf]l;Pzgsf kbflwsf/L Ho'x? tyf
cfhLjg ;b:oh"x? .
g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzgsf] o; rf}yf] ;fwf/0f ;efdf pkl:yt eO{ P;f]l;P;gåf/f ;Dkflbt ultlalwx?sf]
ljj/0f k|:t't ug]{ ca;/ kf+pbf dnfO cToGt xif{ nfu]sf] 5 .
ldlt @)^&.!!.^sf lbg o; Pzf]l;Pzgsf ;+:yfks cWoIf >L lht]Gb| l3ld/]sf] cWoIftfdf e"ldut hn ;DalGwt la1x?sf]
e]nfdf o; Pzf]l;Pzgsf] :yfkgfsf] lap /f]lkPsf] / tTkZrft jfxf+s} cWoIftfdf o; Pzf]l;Pzgsf] tby{ sfo{ ;ldlt u7g
eO lawfg lgdf{0f nufot ;Dk"0f{ cf}krfl/stf k"/f u/L ldlt @)^&.!!.#)sf lbg of] ;+:yf lalwat :yfkgf ul/Psf] Aoxf]/f
d ofxf+ :d/0f ug{ rfxG5' / o; z'e ca;/df g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzgsf ;a} ;b:ox?nfO awfO 1fkg ub}{
o; ;+:yfsf] :yfkgfdf dxTjk"0f{ of]ubfg ug{' x'g] ;a} dxfg'efjx?nfO d xflb{s wGoafb lbg rfxG5' .
e"lduthn ljZjdf ;afl{\ws kfOg] k|fs[lts ;Dkbf Psflt/ xf] eg] csf]{ lt/ oxL ;Dkbfsf] af/]df dflg;nfO ;afl{\ws Go'g
1fg 5 . e"ldut hn>f]t g]kfnsf] 7"nf] Pj+ dxTjk"0f{ ;Dkbf xf] eGg] s'/fdf b'O dt x'g ;Sb}g t/ o;sf] ;+/If0f, lg/Gt/
cWoog cg';Gwfg tyf o;sf] pkof]usf] lg/Gt/ cg'udg tyf lgodg cfa:os x'G5 . o; ;Dkbfsf] lg/Gt/ ;+/If0f ug{,
cg';Gwfg ug{, cWoog ug{ xfdL ;a} o; Pzf]l;Pzgsf ;b:ox? sl6a4 5f}+ . oL sfo{ ug{ ;xsfo{sf] cfa:ostf kb{5 /
;xsfo{ ug]{ Pp6f ynf] Pzf]l;Pzgn] h'6fO lbPsf] 5 .cfhsf ldlt ;Dd o; Pzf]l;Pzgdf e"ldut hn cWoog, pTvgg\
tyf ;+/If0f;+u cfa4 ^) hgf la1 AoQmLx? cfhLjg ;b:o ;+Vof /x]sf] Aoxf]/f d ;uj{ hfgsf/L u/fpg rfxG5' .
ldlt @)&).%.@*sf lbg g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzgsf] ;Ddflgt ;fwf/0f ;efn] o; sfo{ ;ldltsf] lgjf{rg
u/]sf] cfh Ps aif{ k'u]sf] 5 . o; aif{df xfdLn] s'g} :d/0fLo sfd ug{ g ;s]sf] eP klg o; g]kfn xfO8«f]lhof]nlhsn
Pzf]l;PzgnfO hLjGt /fVg eg] ;s]sf 5f}+ h:tf] nfU5 .o; k|sf/sf ;+:yfx?sf] d'Vo sfd eg]s} ;DalGwt laifosf]
hfgsf/L tyf 1fg cfbfg k|bfg ug]{ tyf hgr]tgf a9fpg] / ;b:ox? lar efOrf/f -km]nf]lzk_ a9fpg] klg ePsf] x'gfn]
e"ldut hn ;+aGwL Talk Program x?sf] cfof]hg ug{' pkof]uL x'g] b]vL cfh} o; ;fwf/0f ;efsf] ca;/sf] kmfObf
p7f+pb} b'Oj6f sfo{ kq k|:t't ul/Psf 5g . oL sfo{ kqaf6 xfdL ;a} ;feflGjt ePsf 5f}+ / d, o; P;f]l;Pzgsf
cflhjg ;b:o k|:tf]tf åo >L ;'/]z/fh pk|]tL tyf 8f lbg]z kf7s k|lt cfef/ k|s6 ub{5'+ .
g]kfn lhof]nlhsn ;f];fO6Ln] g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzg;+u ;xsfo{ u/L g]kfndf ;/sf/L tyf cw{ ;/sf/L
lgsfox?df sfo{/t e"ue{ zf:qLx?sf r'gf}lt / ca;/ ljifodf Ps cGt/s[ofsf] cfof]hgf ug]{ k|:tfj cfPsf]df g]kfn
xfO8«f]lhof]nlhsn Pzf]l;Pzgsf] sfo{;l{\dltn] pQm k|:tfa cg';f/sf] sfo{qmdsf] cfof]hg ug]{ lg0f{o ul/;s]sf] / s]xL
lbgd} pQm sfo{qmd ul/g] klg hfgsf/L u/fpg rfxG5'+ .
g]kfnsf] e"ldut hn cGj]if0f, cg';Gwfg, cg'udg ttf lgodgsf/L ;+:yf e"ldut hn;|f]t ljsf; ;ldltsf] u7g k|s[of
q'l6k"0f{ ePsf] x'+bf o; ;+:yfn] lgwfl{|t pknAwL k|fKt ug{ ;Qm}g / ;s]sf] 5}g klg . o; ;DaGwdf o; ;+:yfnfO k|afjsf/L
tyf bl/nf] agfpg NHAn] klg e"ldsf lgaf{x ug{' k5{ eGg] o; sfo{ ;ldltn] cfJZos 7fg]/ ;DalGwt lgsfodf Ps 1fkg
kq a'emfpg] lg0f{o u/L pQm 1fkg kqsf] 8«fˆ6 tof/ ug{ Pzf]l;Pzgsf cfhLjg ;b:o tyf jt{dfg sfo{sf/L ;b:o >L
/fh]Gb| Gof}kfg]nfO cfu|x ubf{ jfxf+n] 8«fˆ6 tof/ u/L km];a"ssf] Nepal Hydrogeological Association Group k]hdf
;a}sf] hfgsf/L tyf cfaZos /fo ;NnfxsfsfnfuL upload ug{' ePsf] 5 .
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g]kfn xfO8«f]lhof]nlhsn Pzf]l;Pzgsf] ljwfgsf] bkmf !# cg';f/ >L ;'/]Gb| zfx tyf clgn vqLnfO sfo{ ;ldltdf
dgf]gog u/L sfo{ ;ldlt !# ;b:oLo agfOPsf] klg d o; ;fwf/0f ;efnfO hfgsf/L u/fpg rfxG5'+ .
of] o'u laBlto ;+rf/ k|lalwsf] o'u xf] eG5g . To;df klg ;fdflhs ;+hfnsf] dxTj a9b} uPsf] ;Gbe{df xdLx? klg
To;af6 c5'tf] /xg] s'/} ePg . km];a"sdf Nepal Hydrogeological Association Group gfds k]h 5 h;af6 xfdLx?
e"ldut hn ;DaGwL hfgsf/L cfbfg k|bfg ug{ ;S5f}+ t/ xfdLn] o;af6 kof{Kt kmfObf pm7fpg ;s]sf 5}gf} ls h:tf]
nfU5 dnfO . o; k]hdf ;do ;dodf laleGg hfgsf/Lx? /fv]/ xfdLnfO ;xof] ug{' x'g] o; Pzf]l;Pzgsf cfhLjg
;b:o >L gj/fh >]i7, >L hLjgnfn >]i7 tyf >L dx]if kf]v|]nHo"x? k|lt cfef/ AoQm ug{ rfxG5' . cfufdL lbgx?df
cGo ;fyLx?af6 klg o; k]hdf laleGg hfgsf/Lx? ylkg] 5g eGg] cfzf ub{5'+ .
cGtdf xfdLnfO sfo{ sIf pknAb u/fO ;xof]u ug{' ePsf]df e"ldut hn>f]t ljsf; ;ldltsf sfo{sf/L lgb]{;sHo" k|lt
P;f]l;P;gsf] tkm{af6 cfef/ AoQm ug{ rfxG5'+ / o; calwdf xfdLnfO ;xof]u ug{' x'g] ;a}nfO xflb{s wGafb lb+b} cfufld
lbgx?df klg ;xof]usf] ck]Iff /fVb} cfˆgf egfOx? ;dfkg ug{ rfxG5' .

wGoafb
P08Lk|sfz e§
dxf;lrj
efb| @)&!
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Ram Pratap Sah

Surendra Prasad Sah

MD
Tel.No. 041-523113
Mob.No. 9854020213

Manager
Mob.No. 9854023677

Koshi Ground Water Tubewells Pvt. Ltd.

&

Hanuman General Suppliers
Janakpur-14 Dhanusha
(Nepal)

Drilling & Construction Works.

Supply of Drilling Equipments, Pumps, Pipes,
Screen Pipes.
Rehabilitation of old wells, Berite Pounder submersible
Motorpump,
Electric cable Assoseries etc.
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G
G

ggdc

EOCE
ROUNDWATER DEVELOPMENT COMPANY (P) LTD
Phone : 9851072727, 9841510555, Email: ggroundwater@gmail.com
Nakhu, 4th Floor of Global Ime Bank
Laltipur, Nepal

Do Rember Us For:
l Tubewell Drilling both Shallow

& Deep
l DTH Drilling
l Tubewell Rehabilitation
l Pump Pullout & Installation
l Groundwater Related Survey
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g]kfn xfO8«f]lhof]nf]lhsn P;f]]l;ozgsf] t]];|f] aflif{s ;fwf/0f ;efdf
dxf;lrj >L g/]Gb| vlqsf] k|ltj]bg
dxf;lrjsf] dGtJo
g]kfn xfO8«f]lhof]nf]lhsn Pzf]l;o;g -NHA_ sf] t];|f] ;fwf/0f ;ef cfh ldlt @)&)÷%÷@* d pkl:yt ;Dk"0f{
;b:oHo"x?nfO{ d]/f] :jfut tyf pkl:yltsf nflu xflb{s wGojfb 5 . hn;|f]tsf] If]qdf wgL xfd|f] /fi6« g]kfn :jR5
kfgLsf] nflu Ps cfsif{s /fi6« xf] . oxfF ^))) eGbf a9L gbLgfnf tyf pRr lxdfnL e]udf l:yt ljZj k|lz4 lxdgbLx?
cjl:yt 5g\ . ;txsf] kfgL h:t} e"ldut hnsf] klg xfd|f] b]zdf cyfx e08f/ 5 . Global Hydrogeological Cycle
df g]kfnsf] Hydrogeological System n] Ps dxTjk"0f{ :yfg /fVb5 .
cf/b0fLo ;b:oHo"x?,
e"ldut hn g]kfn / g]kfnLx?sf] nflu Ps cToGt} dxTjk"0f{ hn;|f]tsf] ?kdf /x]sf] Joxf]/f ;a}df ljlbt} 5 . dflg;sf]
b}lgs k|of]hgsf ;fy} l;+rfO pBf]u u|fld0f tyf ;x/L efusf gu/kflnsf cflb If]qdf e"ldut e"ldut hnsf] cToflws
k|of]u ePsf] xfdL ;a}nfO{ yfxf ePs} s'/f xf] . cToGt dxTjk"0f{ e"ldut hn;|f]tsf] ;d"lrt Joj:yfkg / o;sf] dxTjsf
ljifo ;fy} o;;Fu ;DalGwt ;d:of / r'gf}tL ;DaGwL ;fj{hlgs tyf r]tgfsf nflu o; If]qdf sfo{/t Hydrogeologist
x?sf] ;+ul7t ;+:yf NEPAL HYDROGEOLOGICAL ASSOCIATION sf] ljlwjt\ u7g ldlt @)^&÷!!÷#) tbg';f/
March 14, 2011 df ePsf] xf] .
cfb/0fLo ;b:oHo"x?,
o; ozf]l;o;gsf] ljlwjt\ ?kdf ;j{;Ddltdf lgjf{lrt k|yd sfo{sfl/0fLaf6 cf=j= @)^*÷)^( b]lv xfn;Dd cf}krfl/s
cgf}krfl/s u/L hDdf @) k6s a}7s ;DkGg u/]sf] 5 . pQm cjlwdf k|yd / bf];|f] ;fwf/0f ;ef klg ;DkGg ePsf] lyof] .
cf=j= )^(÷)&) lgDgfg';f/sf sfo{÷lg0f{ox? ePsf] cfb/0fLo ;b:oHo"x?df hfgsf/L u/fpg rfxfG5' M
!= j]j;fO6 lgdf{0f
@= ;+:yfsf] cfo÷Joosf] cl86 / ;+:yf gjLs/0f
#= jflif{s sfo{qmdsf] lgdf{0f
$= ljleGg $ j6f pk ;ldltsf] u7g
cf=j= @)^(÷)&) sf] jflif{s sfo{qmd
s_ ljleGg pk ;ldltx?sf] lgdf{0f ug{]
v_ Talk Programme – @ uf]6f / National Seminar ug{]
pQm sfo{qmdx?dWo] k|rf/ k|;f/ ljleGg pk;ldlt -a'n]l6g lgdf{0f, ;]ldgf/ j]j;fO8 lgdf{0f_ u7g eO;s]sf] 5 . ;fy} !
uf]6f Talk Programme ;DkGg ePsf] 5 .
k|:t't pko'Qm sfo{qmd tyf k|ult / ut cf=j= )^*÷)^( sf] cl86 l/kf]6{nfO{ ;d]t cg'df]bg ug{ cg'/f]w ub{5' . cf=j=
@)^(÷)&) sf] cl86sf nflu /lhi6/ cl86/ >L lbjfs/ zdf{ nD;fnnfO{ lgo"Qm ug{ of] ;efnfO{ cg'/f]w ub{5' . cGTodf
cfufdL jif{sf] sfo{qmdx? gofF sfo{sfl/0fL ;ldltn] to ug{] Joxf]/f cg'/f]w 5 .
g/]Gb| vqL
dxf;lrj
g]kfn xfO8«f]lhof]nf]lhsn Pzf]l;o;g
ldlt @)&)÷%÷@*
15

Bulletin of Nepal Hydrogeological Association, Vol. 1, August 2016

cg' hg/n c8{/ ;Knfo;{
cg' lgdf{0f tyf l8«ln+u ;]jf
k/f}n–@, dxf]Q/L
:ofnf] tyf l8k 6\o'aj]n lgdf{0f ;fdu|L ;KnfO{
tyf 6\o'aj]n lgdf{0f sfo{ / kDk ;KnfO{ sfo{
k|f]= /fd ;/0f ofbj
;Dks{M (*)$*#$**^
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g]kfn xfO8«f]lhof]nf]lhsn P;f]]l;ozgsf] bf];|f] aflif{s ;fwf/0f ;efdf
dxf;lrj >L g/]Gb| vlqsf] k|ltj]bg
dxf;lrjsf] dGtJo
g]kfn xfO8«f]lhof]nf]lhsn Pzf]l;o;g -NHA_ sf] bf];|f] ;fwf/0f ;ef cfh ldlt @)^(÷$÷#@ df pkl:yt ;Dk"0f{
;b:ox?nfO{ d]/f] :jfut tyf pkl:yltsf nflu wGojfb 5 . hn;|f]tsf] If]qdf wgL xfd|f] /fi6« g]kfn :jR5 kfgLsf nflu
Ps cfsif{s /fi6« xf] . oxfF ^ xhf/eGbf a9L gbLgfnf tyf pRr lxdfnL e]udf cjl:yt ljZj k|l;4 lxdgbLx? cjl:yt
5g\ . ;txsf] kfgL h:t} e"ldut hnsf] klg xfd|f] b]zdf cyfx e08f/ 5 . Global Hydrological Cycle df g]kfnsf]
Hydrogeological System n] Ps dxTjk"0f{ :yfg /fVb5 .
cfb/0fLo ;b:oHo"x?,
e"ldut hn g]kfn / g]kfnLsf nflu Ps cToGt} dxTjk"0f{ hn;|f]tsf] ?kdf /x]sf] Joxf]/f ;a}df ljlbt} 5 . dflg;sf]
b}lgs k|of]hgsf ;fy} l;+rfO, pBf]u, u|fld0f tyf zx/L efusf gu/kflnsf cflb If]qdf e"ldut hnsf] cToflws k|of]u
ePsf] xfdL ;a}nfO{ yfxf ePs} s'/f xf] . cToGt dxTjk"0f{ e"ldut hn;|f]tsf] ;d"lrt Joj:yfkg / o;sf] dxTjsf ljifo
;fy} o;;Fu ;DalGwt ;d:of / r'gf}tL;DaGwL ;j{;fw/0fdf hfgsf/L tyf r]tgfsf nflu o; If]qdf sfo{/t Hydrogeogist
x?sf] ;+ul7t ;+:yf NEPAL HYDROGEOLOGICAL ASSOCIATION sf] ljlwjt\ u7g ldlt @)^#÷!!÷#) tbg';f/
March 14,2011 df ePsf] xf] .
cfb/0fLo ;b:oHo"x?,
o; ozf]l;o;gsf] ljlwjt\ ?kdf ;j{;Ddltdf lgjf{lrt k|yd sfo{sfl/0fLaf6 ut cf=j= @)^*÷)^( ;fndf cf}krfl/s /
cgf}krfl/s u/L hDdf !@ k6s a}7s ;DkGg u/]sf] 5 . pQm cjlwdf k|yd ;fwf/0f ;ef klg ;DkGg ePsf] lyof] . o;
cjlwdf lgDgfg';f/sf sfo{÷lg0f{ox? ePsf] cfb/0fLo ;b:oHo"x?df hfgsf/L u/fpg rfxfG5' M
!= ;Nnfxsf/Ho"x?sf] dgf]gog
@= ljwfg ;+zf]wg
#= sfo{sfl/0fL ;b:ox?sf] dgf]gog
$= cl86/sf] lgo"lQm
%= tby{ sfo{sfl/0fL ;ldltsf] cfo÷Joosf] cl86 / ;+:yf gjLs/0f
^= jflif{s sfo{qmdsf] lgdf{0f
jflif{s sfo{qmd
s_ Association sf] k|rf/ k|;f/, Leaflet, Website lgdf{0f, ljwfgsf] Booklet tof/ ug{] .
v_ Talk Programme – @ uf]6f
u_ /fi6«Lo tyf cGt/fli6«o ;+3 ;+:yfx?;Fu ;dGjo ug]{ .
pQm sfo{qmdx?dWo] k|rf/ k|;f/ Leaflet tof/L, Website lgdf{0f e};s]sf] 5 . Groundwater status of Rupandehi
District ;DaGwL Talk Programme ;DkGg ePsf] 5 . Website df /fVg] Content complete e};s]kl5 /fli6«o tyf
cGt/fli6«o ;+3 ;+:yfx?;Fu ;dGjo ug{] sfo{qmd /x]sf] 5 .
k|:t't pko'Qm sfo{qmd tyf k|ultnfO{ cg'df]bg ug{ o; ;efnfO{ cg'/f]w ub{5' .
cGTodf, cfufdL jif{sf] sfo{qmdx? k|:tfj ug{ cg'/f]w ub}{ cfˆgf] dGtJo oxL ;dfKt ub{5', wGojfb .
g/]Gb| vqL
dxf;lrj
g]kfn xfO8«f]lhof]nf]lhsn Pzf]l;o;g
ldlt @)^(÷$÷#@
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Sahadev Khadka
Proprietor
Mob: 9855060805
9802812805

Branch Office,
Narayanghat
Mob.: 9802812811
9845118027

Bhimeshwor Drilling Udhyog
Swikriti Supplires/Sagun Construction
Swikar Construction & Deep tube well Pvt.Ltd
Head Office: Butwal 15, Belbas
E-mail: bhimeshwordrilling@hotmail.com

Our Services: Deep, Shallow & Medium Tube well,
Bore Pile drilling, Construction of building, Supply &
installation of Submersible Pump motor, Submersible
cable wire, Bentonite pouder Supply ETC.
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Formation of Nepal Hydrogeological Association
and its activities since establishment period
Pratap Singh Tater
Former President, NHA
There were the Organization for Geologist, Geo-Technical Engineers and association for Stratigraphy. The science
and expert of Hydrogeology was also extending in the country but there was lack of association. Most of the
Hydrogeologist either involved with the Government sector especially in Department of Irrigation or Tribhuvan
University, Nepal. These Experts were the member of Nepal Geological Society. Among few Hydrogeologists,
Dr. Dibya Ratna Kansakar, Pratap Singh Tater, Jeevan lal Shrestha, Suresh Raj Uprety, Moti Bahdur Kunwar,
Siddhi Pratap Khan and Nir Shakya took lead to have an organization of Hydrogeologist which should be
affiliated to International Association of Hydrogeologist (IAH). In the beginning it was decided to be the member
of IAH in the informal meeting of Hydrogeologist working in Ground Water Board/Department of Irrigation.
Accordingly, few Hydrogeologists became the member of IAH through sponsorship by International Member of
IAH.
In the mean time the work of Hydrogeologist expanded and the need of Hydrogeological organization found
essential. Not only that other than Hydrogeologist involved in the field of development of Ground water in
private and corporate sector giving wrong message for professionals.
Most of the Hydrogeologist was working in the Government Sector and very few in University & Private sectors.
Therefore, the Hydrogeologist met in Ground Water Board office, Babarmahal and decided to have their own
organization called Nepal Hydrogeological Association, Nepal (NHA). One Adhoc committee was formed under
the leadership of Hydrogeologist Mr. Jitendra Ghimire. Mr Pratap Singh Tater became the secretary and was
authorized to do all the formalities of registration. With a team of Hydrogeologist Mr. Surendra Shakya and
Mr. Mahesh Pokhrel the work was done efficiently. The constitution was formed with then help of lawyer Mr.
Ravindra Kumar Mahto and circulated to all the prospective members to get the suggestion. The suggestion from
the members was incorporated in the constitution. The organization was than registered in the Chief District
Office (CDO) and PAN number was taken. Accordingly the members were asked to fill up the membership form
and pay the dues.
Later, the mandatory annual general meeting was held on the basis of the constitution. Hydrogeologist Mr.
Jitendra Ghimire was nominated anonymously the Chair person of the newly registered NHA.
There was challenge from different organization in the earlier stage and the committee decided to work slowly
and bring as many members as soon as possible. Almost all the Hydrogeologist working in Nepal became
members at that time. He also Thanked Lawyer Mr. Ravindra Kumar Mahto for his help.
At the end of final Annual General Assembly Chair Person Mr. Jitendra Ghimire mentioned that though there is
not much been done but its good start of NHA. At least we are together as a professional in this field and thanked
all the members are the part of registration of our Association.
Later, the election was held for next committee and Mr. Pratap Singh Tater was declared elected as Chair Person of
the Association by Election Committee headed by Mr. Nir Shakya. The committee members were anonymously
nominated by the bonafide members.
After two years tenures of the committee headed by Mr. Pratap Singh Tater did some work on consolidating to
bring the Association in lime light with other professional organization. As a chair Person, Mr. Tater visited the
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District offices of the Government and Consultant’s office to promote and talk about the objectives of NHA. It’s
not only to Government sector but also the private sector along with User’s organization started to contact NHA
for the professional advice.
In the end of the tenure Chair Person Mr. Tater told that most of the NHA members are from Government sector
so they can play a important role to recognize the Association in the country. He further mentioned that the
deteriorating situation of development of ground water and Hydrogeology in Kathmandu Valley which needs
proper attention. During the visit of different districts it was found the situation of ground water hydrology is
getting worse. We as a Hydrogeologist are responsible for the development of ground water in the country and
its affects. We must come forward to grab the opportunity regarding hydrogeological problems and suggest the
proper solution of the problems.
During This tenure we had an earthquake which disturbed not only our association but all over the country.
During relief work I have seen people facing problem of shelter, food and safe drinking water. It was mostly the
effect of Landslides. Now to provide safe drinking water is also a challenge for us.
He thanked all the members by believing &electing me as a Chair Person of the Association. I could not done
much in my tenure but I assure you all that whenever the association need me I will be available for the association.
I will always be the part of expanding the value and objectives of the Association.
He thanked all the sponsors and members for making the annual general meeting so live.
Later, Mr. Suresh Raj Uprety, nominated anonymously the next Chair Person. The Committee members were
also anonymously nominated.

df“ b'uf{ hg/n c8{/ ;Knfo;{
hn]Zj/–@, dxf]Q/L

;fx u|'k sG:6«S;g
k/sf}nL, dxf]Q/L
:ofnf] tyf l8k 6\o'aj]n lgdf{0f ;fdu|L ;KnfO{
sfo{, law'lts/0f ;DaGwL ;fdu|L tyf kDk
;KnfO{ sfo{ / lgdf{0f ;DaGwL sfo{x?
k|f]= pbo z+s/ rf}w/L
;Dks{M (*%$)#!&)!
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Yadav Construction and Suppliers

ofbj sG;6«S;g P08 ;Knfo;{
Gulariya 2, Bardiya
Mobine No.: 9814507470/ 9849256329

xfd|f ;]jfx?
 vfg]kfgL tyf l;+rfOsf] nflu :ofnf] 6\o"aj]n+

;DalGw ;Dk'0f{ l8«lnu, ;kmfO{ OToflb sfo{
tyf ;fdfu|L ;KnfO{ sfo{
 ejg lgdf{0f tyf ;f] ;DalGw ;Dk'0f{ sfo{x?
 vfg]kfgLsf] cf]e/x]8 6+ls tyf ljt/0f
k|0ffnLsf sfo{x?

Bikash Nirman Sewa
&
Bikash Suppliers
We deals with construction works and supply, delivery of
construction materials related to Surface Irrigation Projects,
Groundwater Irrigation Projects, Drinking water projects,
Sanitary Projects.
Contact
Bikash Nirman Sewa & Bikash Suppliers
Padariya, Sarlahi
(Now in Nepalgunj, Banke)
Mobile: 9758001754
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Gupta Orders Suppliers

u'Ktf c8;{ ;Knfo;{
Gulariya 9, Bardiya

xfd|f] ;]jfx?
l vfg]kfgL

tyf l;+rfOsf] nflu :ofnf] 6\o"aj]n+ ;DalGw ;Dk'0f{
lgdf{0f tyf ;fdfu|L ;KnfO{ sfo{
l ejg lgdf{0f tyf ;f] ;DalGw ;Dk'0f{ lgdf{0f ;fdfu|L ;KnfO{ sfo{
l xf8{j]o/ ;DalGw ;Dk'0f{ sfo{

;Toefjgf ;Knfo;{
hgsk'/–!), wg'iff

:ofnf] tyf l8k 6\o'aj]n lgdf{0f ;fdu|L ;KnfO{
sfo{, law'lts/0f ;DaGwL ;fdu|L tyf kDk
;KnfO{ sfo{x?

k|f]= /fs]z k|wfg
				

;Dks{M (*$$)#%*(%
(*$$!)&(@@^

22

Bulletin of Nepal Hydrogeological Association, Vol. 1, August 2016

:jfledfg l8«ln+u ;]jf
/
:jfledfg Knfl:6s pwf]u
dn+ujf, ;nf{xL
xfd|f ;]jfx?
:ofnf] tyf l8k 6\o'aj]n lgdf{0f sfo{ / 6\o'aj]n lgdf{0f ;DalGw
;fdfu|Lx? tyf cGo ;KnfO{ sfo{
k|f]= /fd 5ljnf /fo
;Dks{M (*%$)#&^(!, (*%$)#&@$!

Geotech Solutions International Pvt. Ltd.
Geodisaster Experts, Consulting Engineers and Planners
Geotech Solutions International (GSI) Pvt. Ltd. is a private limited company,
established by a group of highly dedicated professionals possessing national and
international level of work experiences in their respective eld.
We provide engineering solutions for:
2. Geodisaster Risk Evaluation
and Mitigation

1. Geotechnical Exploration and
Laboratory Services

• Provide engineering
solutions to geo-disaster
problems in collaboration
with Trumer
Schutzbauten, Austria
• Slope stabilization
• Rockfall protection
• Debris ow
barrier
• Spot welded
Gabion walls

• Geotechnical core drilling with
extraction of core samples
and undistrubed
soil samples
• Geotechnical
Laboratory tests
following ASTM
and IS codes with
detail report
preparation
•DTH drilling works

3. Landslide Study,
Evaluation and
Solutions

4. Earthquake
Resistant Design
• Retroot design
• New design of
Earthquake resistant
structures
• Micro-tremor survey and
analysis of ground and multi-storied
buildings
• 3MURI(R), State-of-Art FME Software
• Eurocode 8 based design

• Rigorous eld
investigations
and exploration
• Shallow and large scale
landslides evaluation
• Installation of landslide early
warning systems and other solutions
by experts in collaboration with Himalaya
Conservation Group

We organize and provide secretarial services
for scientiic conferences and symposiums
as well as trainings on geoscience and
geohazards in the Himalayas in collaboration
with Himalaya Conservation Group.
In Collaboration with:

Kalika Marga, Sanepa-2, Patan
Mail: P.O. Box 9669,
Kathmandu, Nepal
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Phone: +977-1-5536165/5536174
Email: info@gsi.com.np
Web: www.gsi.com.np
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Climate change impact and future groundwater
availability in mountainous region of Nepal
Dinesh Pathak
Central Department of Geology, Geodisaster Research Center, Tribhuvan University
Kirtipur, Kathmandu, Nepal
(Email: dpathaktu@gmail.com)
Abstract
Researchers have shown that the global climate is changing and the impact has also been observed in the
Himalayan region. The impact is on several sectors including on the groundwater resources that has direct
consequences on the society. The mountainous region of Nepal has high vulnerability in case of availability of
water for the livelihood of people living there. Migration of people only because of drying up of the existing
springs has become common reason, especially in the mid-hill region of Nepal. The situation will further worsen
with the pronounced effect of climate change in the coming decades. This paper focuses on reviewing the global
perspective of climate change, its impact in various sectors and especially in groundwater. Different approaches
for better management of groundwater resources and measures to cope with the future groundwater shortage in
the mountainous region have been proposed.
INTRODUCTION
Earth has witnessed climate change at several instances
since its formation. The paleo- and historical climatic
record shows that there was increase in temperature and
precipitation around 7-5 million years; the Quaternary
glacier fluctuations occurred and reduced monsoon
precipitation in took place during Holocene, between
2300 and 1500 years before present (Pathak et al.,
2010). These climate change events took place due to
the natural reasons. However, increase in greenhouse
gases (Carbon dioxide, methane, nitrous oxide etc.)
due to human activities (use of fuel through industries
and electrical appliances releasing greenhouse gases,
deforestation, unscientific agriculture practice etc.)
are the man-made causes for increased global mean
temperature resulting in climate change. The result
is rise in sea level and decrease in snow cover area
indicating the climate on earth is changing. The
recent climatic records show that global warming
trend including the warming trend in the Himalaya is
significant (Khadka and Pathak, 2016; WECS, 2014;
WWF, 2005; Shrestha et al., 1999). The ultimate result
is shrinking of glaciers at high rate, development of
new glacial lakes, and coalescing of the smaller lakes
to form larger ones increasing the glacier lake outburst
flood (GLOF) hazard.

The prediction for future climate change in Nepal
has been made in terms of increased temperature,
increased rate of winter temperature higher than that of
summer, increased precipitation (June, July and August
accounting more) with eastern region receiving more
rainfall than the western region, increased frequency of
extreme climatic events etc.
The impacts of climate change are in various sectors,
like natural disasters/watershed degradation, energy,
water resources, agriculture and food security, forest
and biodiversity, urban settlements and infrastructures,
public health etc. Therefore, climate change has
become a major global issue that has raised serious
concerns at national and international level.
GLOBAL PERSPECTIVE OF CLIMATE
CHANGE
The observed changes of climate are evidenced by
various factors (IPCC, 2013). The major evidence of
climate change is that each of the last three decades
has been successively warmer at the Earth’s surface
than any preceding decade since 1850. In the Northern
hemisphere, 1983-2012 was likely the warmest 30-year
period of the last 1400 years (medium confidence).
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Likewise, the global averaged combined land and
ocean temperature data as calculated by a linear trend
show a warming of 0.85 (0.65 to 1.06) °C, over the
period of 1880-2012 and about 0.72 (0.49 to 0.89) °C,
over the period of 1951-2012. Further, the mid-latitude
land areas of Northern Hemisphere show a likely
overall increase in precipitation. The number of cold
days and nights has decreased and the number of warm
days and nights has increased on the global scale. It is
likely that the frequency of heat waves has increased
in large parts of Europe, Asia and Australia. In more
land regions, the number of heavy precipitation events
has increased. On a global scale, the ocean warming is
largest near the surface, and the upper 75 m warmed
by 0.11 (0.09 to 0.13) °C per decade over the period
of 1971 to 2010. The global mean sea level has risen
by 0.19 m (0.17m to 0.21m) over the period of 1901 to
2010. The report also indicated that the glacier worldwide are persistently shrinking and it will continue to
shrink in the future even without further temperature
increase.
GENERAL IMPACT OF CLIMATE CHANGE
The anthropogenic activities are responsible for
continuous change of earth climate system and its
evidence are felt through rise in temperature, change
in precipitation patterns, increase in intensity and
frequency of extreme events, melting of snow and
glacier events over the period (IPCC, 2013). Different
studies and observations carried out at global and
regional level have assessed that impacts of climate
change have been widely experienced not only in
reference to the climatic parameters like temperature
and precipitation but also in reference to different
aspects of livelihood like sustainability of agriculture,
availability of water resources for multiple uses, health,
water induced disasters (like landslides, flood, drought,
GLOFs), bio-diversity and so on.
Increasing temperature, longer and hotter summer,
shorter and warmer winter are the major changes
that have been reported by the local people residing
in the mountainous region of Nepal, which is also
supported by the trend analysis of temperature record
(Khadka and Pathak, 2016; WECS, 2014). The
temperature increasing trend is visible at some of the
meteorological stations in the Nepal Himalaya (Fig.
1). Summer has started one or two months earlier and
lasted one or two month longer than the past years. The

rise in temperature particularly in the months of winter
may lead to less snow deposition during winter and rise
in temperature in Spring Season may lead to melting
of snow, glaciers thus increasing the potential risk of
GLOFs.

Fig. 1: Maximum temperature trend observed at some
meteorological stations in Marsyangdi basin (Khadka
and Pathak, 2016)
The glacier area in Nepal has been decreasing between
1980 and 2010 (Bajracharya et al., 2014). The change
in glacier ice or snowmelt impacts water storage and
the water yield to downstream areas. Sustained glacier
retreat will cause increases in river peak flows thereby
increasing the quantity of glacio-fluvial sediments
transported due to excessive melting which may cause
large-scale damage to agriculture, settlement, water
supply and other infrastructure at downstream part.
Glacial lake inventory of 2001 and 2010 by ICIMOD
shows that the number of glacial lakes has decreased
lately however their average size (area) has increased
over the period (ICIMOD, 2011). It has been realized that
Glaciers in Himalayas are retreating fast and Nepalese
glaciers are retreating faster. Thus, one of the crucial
impacts of rise in temperature in higher Himalayas
is the increased the risk of GLOFs). Similarly, rise in
temperature will lead to increase in water demand for
domestic use and consumptive use for agriculture and
vegetation causing water stress in agricultural crops
and other vegetation. The consequence will be further
in increased evaporation leading to fire hazard in forest
as well as around settlement, drying up of water storage
(ponds, lake, reservoir and etc).
The availability of water will be the main issues for
societies and the environment under climate change
(IPCC, 2007). Change in hydrologic characteristics
and distribution of precipitation is another major effect
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of climate change. The following changes are expected
due to climate induced variation in precipitation:
l

l

l

l

l

l

Too much and too little precipitation: With climate
change, there will be much precipitation in summer
and less water in winter (WECS, 2014).
Extreme Events: Extreme (high) precipitation
events are also projected to increase in their
magnitude and frequency in their future period.
Extreme event analysis using Gumbel extreme
value distribution suggests that the magnitude of
extreme (high) precipitation increases in future
(WECS, 2014).
Drought and Dry Spell: Meteorological drought
analysis for the Koshi basin shows that frequency
of mild and moderate drought will increase in
future.
Erratic Pattern of Rainfall: The changes in
precipitation pattern (in terms of timing, intensity
and duration) have been widely reported from the
Nepalese mountainous region. The number of rainy
days has reduced and the intensity of rainfall has
increased and the timing of rainfall has been quite
erratic.
River Discharge and Runoff: The studies have
shown slight increase in mean annual river
discharge in future (Khadka and Pathak, 2016;
WECS, 2014). However, the frequency of flood
event is supposed to increase in future resulting in
disastrous events.
Soil Erosion, Landslide and Debris Flow: The
fragile mountainous terrain when experiences
extreme weather events and intense seasonal
precipitation, trigger natural hazard such as debris
flow, landslides and soil erosion.

The change in precipitation and temperature due to
climate change will have significant impact in various
sectors. These are briefly mentioned below:

Impacts on agriculture: Climate change, through
change in precipitation characteristics would have
significant impact on availability of water resources
which directly affect the agricultural systems and food
security.

Impacts on biodiversity: High elevation
environments, comprising glaciers, snow, permafrost,
water, and the uppermost limits of vegetation and

other complex life forms are among the most sensitive
to climatic changes occurring on a global scale (e.g.
Thompson, 2000). The migration of various plant
species are expected towards higher latitudes and
higher elevations (Dahal, 2006).

Impacts on human health: The World Health

Organization estimates that the warming and
precipitation trends due to anthropogenic climate
change of the past 30 years already claim over 150,000
lives annually. The growing evidence that climate–
health relationships pose increasing health risks
under future projections of climate change and that
the warming trend over recent decades has already
contributed to increased morbidity and mortality in
many regions of the world (Patz et al., 2005). The
overall balance of effects on health is likely to be
negative and populations in low-income countries
are likely to be particularly vulnerable to the adverse
effects (McMichael et al., 2006).

Impacts on water and energy: Climate change and

climate variability is receiving much attention recently
because it has significant effects on power and energy
sector and therefore on the socio-economic activities
of the society especially in a developing country like
Nepal. The multiple demand of water for various
purposes put pressure on water resources, stresses
that are likely to be exacerbated by climate change. In
summary, climate change will have significant impact
on the water availability, water cycle and water quality.
The Nepalese mountainous regions have already started
showing the signs of decreased water availability,
especially decreased flow in springs, streams and
drying up of wells of many springs in the hilly area.
Studies have shown that increases in temperature will
likely change the future energy production and demand
(Linder, 1990). In a warmer climate, more electricity
may be used for air conditioning in urban areas thereby
increasing the summer peak electricity demand in the
country, especially in urban area, that is supposed to
increase by 16-23% than without climate change (Enete
and Alabi, 2011). Likewise, hydropower generation
will be adversely affected by variations in water
availability as a result of erratic precipitation, rapid
glacial recessions and extreme events. Any change in
river storage or discharge can have significant impact
on hydropower potential and generation.
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Impacts on Physical Infrastructure: The physical
infrastructures, mainly hydropower, road, drinking
water and irrigation systems and buildings are likely to
be affected by water induced disaster. With the climate
change, there is possibility of increased mass wasting,
flood and GLOF events that will cause significant
damages to the physical infrastructures, especially
roads, bridges, hydropower projects, irrigation
structures etc. These are directly and indirectly linked
to the lifeline of the people in the area.

Majority of Nepalese population has high dependence
on agriculture for livelihood. Some reports predict
that there will be reduced crop yield resulting food
scarcities and significant price rises by 2050 (Sharma,
2009). It is already reported that 3.4 million people
in Nepal are estimated to require food assistance and
steeply increasing food prices have reduced poor’s
ability to purchase food (Oxfam International, 2009).
In view of reduced agriculture production, the situation
will be much worse with pronounced effect of climate
change. Further, the impact on socio-economy and
livelihood will cause significant internal mobility due
to climate change (Piguet, 2010).

analysis have revealed that a large proportion of the
world's population is currently experiencing water
stress and there will be rising water demands due to
continued global warming. The impact on power and
energy sector will have direct implications on socioeconomic activities of the society especially in a
developing country like Nepal. The livelihood of the
people depends on a reliable, clean supply of drinking
water. In addition to domestic demand of water,
it is also equally important for agriculture, energy
production, and industry. The multiple demands of
water for various purposes impose pressure on water
resources, which is likely to be exacerbated by climate
change. Water sources situated at high elevations are
more sensitive to reduced rainfall than sources at low
elevation because less water is retained in the high
groundwater systems. Springs at high elevations are
drying early and the annual period of flow of rain-fed
streams and rivulets has grown shorter (NPC, 2011).
In addition to the direct impact of climate change on
natural process of global hydrological cycle, there are
indirect impacts that arise from the human response
to the direct impact. For example, the decreased
availability of surface water during the drought period
may lead to increased groundwater abstraction. The
Nepalese mountainous regions have already started
showing the signs of decreased water availability,
especially decreased flow of springs, streams and
drying up of wells of many springs in the hilly area.
The following approaches could be useful to ensure
water availability for drinking, irrigation and other
purposes:

GROUNDWATER RESOURCES AND IT’S
MANAGEMENT IN FUTURE

Conservation and management of land and
water: Land and water are closely linked with each

Impacts on socio-economy and livelihood:

The water resources in the Himalayan region are
currently facing threats from a multitude of driving
forces. Climate change induced hazards such as
floods, landslides, and droughts will impose significant
stresses on the livelihoods of mountain people and
downstream populations.

Groundwater is an essential part of the hydrological
cycle and is a valuable natural resource providing the
primary source of water for agriculture, domestic, and
industrial uses in many countries. Groundwater is now
a significant source of water for human consumption,
supplying nearly half of all drinking water in the
world (WWAP, 2009) and around 43 percent of all
water effectively consumed in irrigation (Siebert et al.,
2010). Groundwater also is important for sustaining
streams, lakes, wetlands, and ecosystems in many
countries. It is realized that the future adequacy of
freshwater resources is difficult to assess, owing to
a complex and rapidly changing geography of water
supply and use (Vörösmarty et al., 2000). Studies and

other. The soil erosion, landslide in hills and mountains
will have direct implication to the availability of
groundwater for various purposes through changing
the configuration of water table of the mountain
aquifer. Therefore, the conservation and management
of land is prerequisite to ensure water availability for
sustainable livelihood of the people. However, the
change in nature of precipitation (intensity, frequency
and magnitude) due to climate change will result in
reduced groundwater recharge. Decrease in Water
Availability in terms of drying of springs is major issue
that is directly linked to the livelihood of the people in
the mountainous regions. The springs are mostly from
the fractured rock (Fig. 2).
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Fig. 2: Spring as major source of domestic water use in mountainous regions

Some of the activities required to address the
water shortage issue in future are as follows:
l
l
l
l
l
l

l
l

Carry out detailed hydrogeological studies in and
around the settlement area.
Prepare nation-wide hydrogeological database.
Assess the upper catchment of a spring to
understand recharge condition
Local groundwater condition should be carefully
studied during infrastructure development
Assessment of possibility for water conservation at
the uphill side to meet demand during dry period.
Construction of infiltration pond at appropriate
location at the uphill side to ensure adequate
groundwater recharge
Implement a water conservation education program
and promote for community participation.
Ensure the upper catchment area to keep greenery as
the vegetation cover will enhance the groundwater
infiltration

Land use planning: Land use planning aims for
appropriate use of land. It aims to keep the healthy
natural environment through allocating the land for
forest, agriculture, settlement etc. This approach
greatly helps to reduce soil erosion and landslide;
ensure availability of natural resource; protect water
bodies; enhance groundwater recharge and agriculture
production. If the upper catchment area is covered by
vegetation, it is good sign for enhanced groundwater
recharge.
Management of drought and dry spell: Drought
and dry spell can be managed by storing the water of
monsoon period. Small, medium and large reservoirs
as appropriate are the best solution for drought and
dry spell. The stored water can be used for various
purposes, like domestic as well as irrigation water
demand along with groundwater recharge (Fig. 3). In
the household and community level people has already
practiced various water harvesting method like use
of reinforced cemented water vessels, small ponds,
plastic ponds etc.
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Fig. 3: Typical water storage pond that fulfill several purposes

Watershed management: Proper and holistic
approach of watershed management considering
people, socio-economic condition and all the natural
resources (Land, water, forest, minerals, etc.) can
help to ensure groundwater availability. Land use
planning, slope stabilization, prevention of unplanned
mining and excavation, soil erosion and sediment
control, river bank protection, landslide and debris
flow control and improvement of vegetation covers are
the important components of watershed management.
Forest plays the important role in hydrological cycle
and water regulation. Improved vegetation and forest
help to regulate surface runoff, delay flow, ground
water recharge and base flow. Forest also hold the soil
and prevent the landslide to extent of the capacity of
the root. The people from the mountainous area where
water can’t be made available for domestic use are to
be resettled in new area. People have to be resettled
in an appropriate place with sufficient opportunities of
livelihood
Resources, technology and capacity building:

Sufficiency of financial resources, appropriate
technology and capable institution with trained and
competent human resources will be required for the
management of future groundwater resource. Very

limited resource has been allocated to exploration
and exploitation of mountain aquifers at present. In
addition, the capacity of the government organization
responsible for drinking water supply (e.g. Department
of water supply and sewerage) is very poor as there
is no provision for the professionals related to
hydrogeology profession. However, the groundwater
resourced development board (GWRDB), that has
significant number of hydrogeologists has just begun
to make approach on the mountain aquifer studies,
which need to be intensified to address future water
crisis at the mountainous regions.
Technological advancement is required to address the
challenging condition of climate change. Conservation
of natural resources through adaptation of appropriate
practices for land, forest and water management is
required. The adaptation and coping strategies to
climate change therefore demand integrated approach
between land, water and people. The adaptation
process should incorporate construction and expansion
of basic infrastructures at the local level as a key to
increased CC resilience. These could be the water
reservoir, rainwater harvesting system etc. In addition,
awareness level and capacity building activities should
be carried out with the maximum involvement of local
communities.
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Institutional arrangement: Ministry of Science,

Technology and Environment has formulated the
climate change policy, NAPA and LAPA implementing
these along with other sectoral agencies (MOEST,
2011). Other sectoral ministries or department should
have their own policy considering impact of climate
change on the groundwater resources focused to
mountainous region. Department of soil conservation
and watershed management is another key department
that has been working on the watershed approach.
This department has to continue its present work
like bioengineering, check dams, small retaining
wall, construction of conservation and infiltration
pond etc. considering impact of climate change. This
department has to work with holistic approach of
watershed management considering people, socioeconomic condition and all the natural resources
(Land, water, forest, minerals, etc.). Groundwater
resources development board (GWRDB) should be
given the lead role in exploration, exploitation and
management of mountain aquifer with sufficient
funding and professional manpower allocation. The
other departments should work in close coordination
with the GWRDB.

REFERENCES

CONCLUSION

Many researches have shown that there is change in
the climatic condition throughout the world. This is
evidenced by the fact that the recorded precipitation
and temperature data also shows some variation,
especially in the increased temperature at higher
altitude. Local people have also experienced changes
in several climatic indicators. The prediction made
for Nepal from the global data may be different but
some changes are evident, which should be considered
for future planning. Water availability (especially
groundwater) and watershed degradation are closely
related. Therefore, proper assessment need to be done
at the present condition and changed condition under
the future climatic variations. Watershed approach
would be an effective way in which the entire
watershed is considered holistically and assessed
regionally followed by prioritization and intervention.
Groundwater is the only source of water for the people
living in mountains. Therefore, we need to preserve
this resource through adequate assessment, appropriate
measures, and sustainable utilization.

33

Bajracharya, S. R., Maharjan, S. B., Shrestha, F.,
Bajracharya, O. R. and Baidya, S., 2014.
Glacier status in Nepal and decadal change from
1980 to 2010 based on landsat data. ICIMOD,
Kathmandu
Dahal, N., 2006. Implications of Climate Change on
Biodiversity in Nepal: Some Observations and
Opportunities. Paper presented at 23rd Warden
Seminar November 2006 held in Pokhara, Nepal
Enete, C. I. and Alabi, M. O., 2011. Potential Impacts
of Global Climate Change on Power and Energy
Generation. Journal of Knowledge Management,
Economics and Information Technology, vol. 1,
Issue 6, pp. 189-202.
ICIMOD, 2011. Glacial lakes and glacial lake outburst
floods in Nepal. Kathmandu.
IPCC (Intergovrnmental Panel for Climate Change),
2007. Climate Change 2007: The Physical
Science Basis. Contribution of Working Group
I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. (S.
Solomon, D. Qin, M. Manning, M. Marquis, K.
Averyt, M. M. Tignor, et al., Eds.) Cambridge
University Press, Cambridge, United Kingdom
and New York, NY, USA.
IPCC, 2013. Climate Change 2013: The Physical
Science Basis. Contribution of Working
Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change.
(T. F. Stocker, D. Qin, G.-K. Plattner, M. M.
Tignor, S. K. Allen, J. Boschung, et al., Eds.)
Cambridge, United Kingdom and New York,
NY, USA: Cambridge University Press.
Khadka, D. and Pathak, D., 2016. Climate change
projection for the marsyangdi river basin, Nepal
using statistical downscaling of GCM and its
implications in geodisasters. Geoenvironmental
Disasters. 3:15, do: 10.1186/s40677-016-0050-0.
Linder, K. P., 1990. National Impacts of Climate
Change on Electric Utilities, In: The Potential
Effects of Global Climate Change on the United
States, Smith, J.B and D.A. Tirpak, (Eds.). New
York: Hemisphere Publishing Corporation, pp.
579-596.
McMichael, A. J., Woodruff, R. E.; and Hales, S.,
2006. Climate change and human health: present
and future risks. Lancet vol. 367, pp. 859–69.
doi:10.1016/S0140-6736(06).
MoEST (Ministry of Science, Technology and

Bulletin of Nepal Hydrogeological Association, Vol. 1, August 2016

Environment), 2011. Adaptation to Climate
Change: NAPA to LAPA. Kathmandu: MOSTE.
NPC (National Planning Commission), 2011. ClimateResilient Planning - A tool for a Long-term
Climate Adaptation (Working document),
Kathmandu, Nepal.
Oxfam International, 2009. Even the Himalayas have
Stopped Smiling: Climate Change, Poverty and
Adaptation in Nepal. Oxfam International.
Pathak, D., Gajurel, A. P., Mool, P. K., 2010.
Climate change impacts on hazards in the
Eastern Himalayas; Climate change impact
and vulnerability in the Eastern Himalayas –
Technical report 5. Kathmandu: International
Centre for Mountain Development (ICIMOD).
Patz, J. A., Campbell-Lendrum, D., Holloway, T., &
Foley, J.A., 2005. Impact of regional climate
change on human health. Nature, vol. 438, pp.
310-317. doi:10.1038/nature04188.
Piguet, E., 2010. Linking climate change,
environmental degradation, and migration: a
methodological overview. Climate change, vol.
1, pp. 517-524.
Sharma, K. P., 2009. Climate Change Trends and
Impacts on Livelihood of People. Jalsrot Vikas
Sanstha/Nepal Water Parnership, Kathmandu,
Nepal
Shrestha, A. B., Wake, C. P., Mayewski, P. A., and
Dibb, J. E., 1999. Maximum temperature trends
in the HImalaya and its vicinity: An analysis
based on temperature records from Nepal for the
period 1971-94. Journal of Climate , vol. 12, pp.
2775-2787.
Siebert, S., Burke, J., Faures, J. M., Frenken, K.,
Hoogeveen, J., Döll, P., and Portmann, F. T.,
2010. Groundwater use for irrigation – a global
inventory, Hydrol. Earth Syst. Sci., vol. 14, pp.
1863-1880, doi:10.5194/hess-14-1863-2010.
Thompson, L. G., 2000. Ice Core Evidence for Climate
Changes in the Tropics: Implications for Our
Future, Quat. Sci. Rev. vol. 19, pp. 19–35.
Vörösmarty, C. J., Green, P., Salisbury, J., and Lammers,
R. 2000. Global Water Resources: Vulnerability
from Climate Change and Population Growth.
Science, vol. 289, Issue 5477, pp. 284-288. doi:
10.1126/science.289.5477.284.
WECS (Water and Energy Commission Secretariat),
2014. Study of impact of climate change in
water induced disasters in river basins and their
managment (unpublished report), Kathmandu.

34

WWAP, 2009. The United Nations World Water
Development Report 3: Water in a Changing
World, World Water Assessment Programme.
Paris, UNESCO Publishing, 349 p.
WWF, 2005. An overview of glaciers, glacier retreat
and subsequent impacts in Nepal, India and
China, WWF Nepal Program, World Wildlife
Fund, Washington, D.C., 79 p.

Surendra Raj Shrestha : Brief introduction of the Ground Water Resource Development Board

Brief introduction of the Ground Water
Resource Development Board
Surendra Raj Shrestha
Ground Water Resources Development Board
Babarmahal, Kathmandu, Nepal
(Email: shree.surendraraj@gmail.com)

INTRODUCTION
Groundwater resources exploration and identification
activities in Nepal started as early as 1967 through a
technical unit under the Department of Irrigation. To
enhance groundwater study and investigation activities
and to delineate potential area for groundwater
irrigation development, Government of Nepal (GON)
has established Groundwater Resources Development
Board (GWRDB) under then Ministry of Water
Resources (MOWR) in 1976. The main objectives of
the GWRDB are:
l

l
l

To carry out Groundwater investigation, exploration
and studies for irrigation, drinking water and other
uses.
To establish data base and effective information
system of groundwater resources of Nepal.
To suggest the government to carry out necessary
policy, law, act, regulation about groundwater
resources of Nepal.

Groundwater
Resources
Development
Board
(GWRDB), located at Babarmahal, Kathmandu is
responsible to carry out above mentioned activities
through its 9 Branch Offices and with collaboration of
other GWRDB's project offices. Groundwater Branch
Offices are located at Biratnagar, Lahan, Mahottari,
Birganj, Chitwan, Butwal, Dang, Nepalganj and
Dhangadhi.

The study and research program carried out by the
project indicates that about 7,26,000 ha. land has
good potential for shallow aquifer development and in
addition, 3,05,000 ha. land of the Terai has marginal
potential. Similarly, about 1,90,000 ha. land of the
Terai can be irrigated exploiting deep aquifer.

TYPE OF DATA BASE ARCHIVE IN GWRDB
The databases available in the groundwater resources
development board are briefly described in this section.
Groundwater Map Database
The potential area for the construction of shallow
tubewell and deep tubewell in the Terai area are studied
in detail by the GWRDB under different program.
Among these “Shallow Ground Water Investigations
in Terai” funded by the United Nation Development
Program and ‘Reassessment of Groundwater
Development Strategy for irrigation in the Terai”
carried by Ground Water Consultant (UK) are the
major. Based on these report till date the groundwater
potential area are ascertained in the Terai. Now a days,
GWRDB has extended its area of study even to the
mid hill valleys of the country. Till now preliminary
groundwater potential mapping in the mid hill has been
completed in Melamchi area of Sindhupalanchowk
District (Fig. 1).
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Fig. 1: Preliminary groundwater maps of Terai and some areas of Mid hills.
Deep & Shallow Wells Archive
One of the important objectives of the board is to
establish it as a centre of database related to the
groundwater related information. The GWRDB has
fair volume of data related to the deep and shallow

tubewell information like well depth, type of aquifer,
screen length, discharge, static water level etc. The
tubewell data archive is kept in a standard format (Fig.
2).

Fig. 2: The format of tubewell data archive
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Groundwater Monitoring Network
Among many investigation and research work, water
level monitoring is one of the most important study
that have been regularly carried by the Board office
through its branch offices and the central office as well.

Groundwater levels have been measured since 1991 at
around 400 shallow tubewells, which are distributed
across the Terai portion of Nepal. The collected
information is stored in a specific format (Fig. 3).

Fig. 3: Water level monitoring database.
Groundwater Chemistry Archive
Government of Nepal (Fig. 4). Among many projects
implemented in Nepal, “Assessing Groundwater
Resources in the Kathmandu Valley Using Isotope
Techniques (Project Code: NEP7001)” was one of
the project implemented. The project was started in
2012 and ended at December 2013. This project was
implemented by Groundwater Resources Development
Board (GWRDB)/ Department of Irrigation (DOI).

The GWRDB Office has well-equipped chemical
lab in its office building with following Analysis
Facilities:
l

Microbiological Analysis

l

Chemical Analysis

l

Isotope Analysis

With the objective to strengthen the capability of
infrastructure for application of isotope techniques in
water resources management in Nepal, International
Atomic Energy Agency (IAEA) is assisting the
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Fig. 4: Isotope analysis laboratory at GWRDB, Babarmahal.
In the implemented project an Isotope analysis was
carried for the groundwater samples that were collected

from various sources. The detail of samples collected is
shown in the Table 1 and located on Fig. 5.

Table 1: Isotope measurement laboratory at Babarmahal.
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Fig. 5: Sample location for isotope analysis from Kathmandu valley.
The groundwater samples were collected from Deep
Tubewell and Shallow Tubewell as well as from Dug
Wells, springs and stone spouts. The water samples
from Deep Tubewells were collected so as it will
represent whole valley floor. Particularly the selection
criterion for the deep tubewell was:
l
l
l
l

The collected water samples were sent to the
Seibersdorf
Laboratories,
Forschungeszentrum,
Geschäftsfeldleitung,
Austria,
which
was
recommended by IAEA. Based on the analysis, the
Isotopic characterization of water has been obtained
(Table 2; Fig. 6).

Spatial Distribution
Depth
Location in Hydrogeological Division
Close proximity to river
Table 2: Result of isotope analysis of groundwater samples.
Type
GW (Shallow)
GW (Deep)
Spring
Stone Spout

δ18O (‰)
-9.0 to -3.2
-10.3 to -6.5
-8.9 to -7.6
-8.4 to -6.7

δ2H (‰)
-62.8 to -12.9
-72.2 to -43.3
-59.5 to -50.0
-58.3 to -44.0
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d-excess (‰)
4.6 to 12.9
5.6 to 12.2
8.7 to 12.1
8.0 to 10.2
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Fig. 6: Plot of isotope values of groundwater samples from Kathmandu valley.

FUTURE COURSE OF GROUNDWATER
RESOURCES DEVELOPMENT BOARD
Ground water is a precious natural resource that’s why;
a responsible government agency should be established
to look after it. GWRDB may be the sole authority
for systematize investigation, and management of
ground water in the country as per mandatory works
given to GWRDB. The role of GWRDB can be vital
for the sustainable management of the groundwater
resources. The groundwater related work in the Terai,
inner Terai parts of the country and to some extent in

Kathmandu valley has been extensively studied so
far. But exploration and research work related to the
groundwater in the hilly area has not been carried by
the governmental agencies till date. For this reason
GWRDB is planning to carry groundwater related
research work in these areas. The aim of the Board is
to produce “Groundwater Atlas” of the country in the
near future.
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ABSTRACT
Tikapur municipality and its surrounding are feasible for shallow tubewell development. More than 120 shallow
tubewells were installed during 2007 to 2009 period. Assuming some idle values to the key parameters, the
total water withdrawal from the study area is 2.46 MCM/year and the total infiltration is 1.395 MCM/year. The
overdraft is immediately replenished by Karnali River to the east and Bhabar aquifer from north. Sometimes,
the well interference does show the considerable impact. The significant positive changes occurred in the local
livelihood and no adverse scenario is reported in the groundwater quality.
INTRODUCTION
It is necessary to carry out environmental studies after
the operation of shallow tube well clusters (e.g. DoI,
2008). The Sub-Project is located in Tikapur area of
Tikapur Municipality, ward number 9 (Fig. 1). This
area is about 2.5 km west from Tikapur Bazaar, which

is the nearest market. All weather gravel road connects
the project area to the East-West Highway. General
topography of the area is mild sloping towards south.
The maximum elevation of the subproject area is
around 154 m amsl and minimum elevation is 150 m
amsl.

Fig. 1: The study area.
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Climatically, the area lies in the Subtropical zone and
hence the monsoon rainfall is typical. The average
maximum and minimum temperature varies from
32º C in Jun/Jul to 15º C in Jan/ Feb. The average
annual rainfall is about 1744 mm. The annual average
evapotranspiration is about 700 mm. The relative
humidity in winter is higher than in summer. Six
shallow tube well clusters are located within the
area, which are named Gramin, Himalaya, Pragati,
Laganshil, Lamki and Bahumukhi.
The main objective of the proposed study was to find
out public view and monitor the GWIP drilled wells
in one sub-project located at Tikapur Municipality
to aquire status on groundwater pollution and other
environmental implications. In addition, the social and
economic impact of farmer support program and their
environmental consequences had been assessed.
METHODOLOGY
Following the acquisition of socio economic and
technical data, the evaluation were made based on
general approach of water balance and the likelihood
of the groundwater environment. Following methodic
approaches were adopted for the study,
1. Acquire the baseline information that the condition
before the implementation of shallow tube well
sub-project.
2. Acquire the localized scenario before the project
portraying the groundwater flow in and out of the
basin.
3. Acquisition of shallow tube well data including
water level, daily pumping hours, well interference
and other relevant information.
4. Groundwater pollution scenario before and after
the project implementation.
5. Evaluate the relative changes in water use and the
overall environmental consequences after the subproject implementation.

RESULT AND DISCUSSION

Hydrogeological condition
The Terai Plain, south of the Siwalik Hills is consisting
of Quaternary alluvial sediments, which were deposited
as continuous, discontinuous and lenticular layers of
gravel, sand, silt and clay where the percentage of
fine sediments increases southwards. Groundwater
condition (including its movement and distribution) is
governed by various factors such as rate of precipitation,
rate of infiltration (recharge), topography of the area,
geology and the drainage pattern in the area.

Shallow aquifer
Information like depth-wise variation of sediments
as reported by well owner and Mistris, who were
involved in constructing privately owned tube wells
was collected. The reported logs suggest that the clay,
silty clay and sand were encountered in top 3 m. This
is underlain by mixture of silt, sand, cobble and pebble.
The sediments are not uniform throughout the area and
are poor to well sorted in nature. There are thin layers
of impervious clay horizons. The screen position of the
tube well shows the position of the shallow aquifers in
the area ranges from 06 m bgl to 12 m bgl. All the hand
pumps and shallow tube wells are drilled in unconfined
aquifers.

Water wells
Ground water in the study area is mainly exploited
through shallow tube wells and hand pump. For
irrigation purposes, shallow tube wells are used. There
are six shallow tube well clusters in the area, namely
Gramin, Himalaya, Pragati, Laganshil, Lamki and
Bahumukhi (Table 1). Each cluster has twenty wells.
Bahumukhi cluster is newly constructed and not in
operation yet. Thokuwa method is adopted to construct
STWs. Average depth of the well is 40 ft. The aquifer
material consists of sand and gravel. The length of
screen tapped is 2.5 m. The command area of each tube
well is 2.5 ha with the total command are of all clusters
being 300 ha.
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Table 1: Details of STW clusters in Tikapur area.
WUA Chair No. of No. of Command
Support Program
STW
HH
Area
Tikapur NP 9 20.00 53.00
50.00
Electric Pump, Electrification
Tikapur 9
20.00 56.00
50.00
Electric Pump, Electrification
Bangaun
Lamki WUA
Tikapur NP 9 20.00 47.00
50.00
Electric Pump, Electrification
Lamki
Gramin WUA
Tikapur 9
20.00 52.00
50.00
Electric Pump, Electrification
Uttampur
Himalaya WUA
Tikapur 9
20.00 68.00
50.00
Electric Pump, Electrification
Bangaun
Bahumukhi WUA Tikapur 9
20.00 60.00
50.00
Electric Pump, Electrification
Bangaun
Total
120.00 336.00
300.00
Cluster (WUA)
Name
Pragati WUA
Laganshil WUA

Water level

Yield

The measured water table in the unconfined aquifer of
the study area lies at the depth of around 2.57-4.57 m
bgl. The water level appears at the depth of 2.57 m bgl
in a tube well at Bahumukhi cluster in the south western
part of the study area and maximum water level (4.57
m) is measured at Gramin cluster lying at the northern
part. The water level contour map shows that contours
are closely spaced at the eastern part around Gramin in
north western part. The water level contour is widely
spaced and the value decreases from north to south
(Fig. 2). The flow lines show that the general direction
of groundwater flow is in the direction of north east to
south west in the study area.

Yield is the volume of the water per unit time from a
well either by pumping or free flows. It is measured
in l/sec or cubic meter per day (Driscoll, 1986). In the
study area, yield of shallow tube wells ranges from 4
l\s at Lamki cluster (STW-68) to 13 l\s at Laganshil
cluster (STW-86). Generally, yield of the deep tube
wells is highest at the Himalaya cluster (Central part)
which has average yield of 9.6 l/sec (Fig. 3).

Fig. 2: Water level distribution map.
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Fig. 3: Well yield distribution map.
Groundwater Recharge
Aquifers are recharged naturally during monsoon
period when there are sufficient surface water resources
to percolate through ground to an aquifer. Rate of
percolation is different in accordance with sub-surface
lithological characteristics.
Duba (1982) determined recharge to the “Terai” plain
and the Bhabar zone deposits during the monsoon
months of July, August and September for different
types of zones. The mean annual rainfall of the Terai
plain is 1561 mm and on the Bhabar zone is 1972 mm.
The mean percent of rainfall that percolates to the
water table through the Bhabar zone and Terai plain
are 33.6% and 22.2%, respectively. For the recharge
calculation, it is assumed as total of approximately
4 km2 area. Based on these values for entire area of the
cluster, recharge amount can be calculated as below:
Total recharge area = 4.0 Km2
Specific yield factor layers of the area = 20% assumed
for sand and gravels
Annual rainfall in the area = 1744 mm

Recharge in m3/year = annual rainfall in (m) x area of
recharge in km2 x % of rainfall reaching the aquifer.
= 1.744 m x (4x1000000) m2 x 0.20
= 1395200 m3/ year
=1.395 MCM/year
Based on the interview with farmers during field visit,
the average operational hours of pumps were found
to be about 4.5 hrs/day. Generally, pump is operated
for 125 days in a year. It shows the operating hour
is 562 hours per year. As already explained in above
section, the aquifer material of the area consists of sand
and gravel. The average discharge of the well in the
area is about 10 l/s. For the ground water extraction
calculations, following assumptions are made.
The pumping days = 125 days
The pumping period = 4.5 hours day
Number of well pumping in the area = 120
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Groundwater withdrawal

Additional Recharge Source

The total groundwater discharge can be subdivided into
two categories, namely the discharge from irrigation
wells and discharge from hand pumps (domestic wells).

Recharge to the main Terai aquifer systems principally
occurs direct from rainfall to the Bhabar zone and by
infiltration from the beds of rivers crossing the Bhabar
zone. The UNDP drilled well of average depth 26 m
in shallow zone in Kailali district indicates a generally
productive shallow aquifer with excellent potential.
In the south east (around Tikapur), lying in the fan
deposits of Karnali River, gravel and coarse sand
lithology are associated with the highest transmissivity
values (UNDP, 1989). These areas are classed as good
regarding the groundwater availability point of view.

The total discharge from the irrigation wells has been
calculated as below:
Pumping = Discharge of the tube well (l/hr x
Number of operating hours x total operating days
Pumpage = (10x60x60) x 4.5 x 125 x 120 =
2430000000 lit = 2.43 MCM/yr

The estimated population of Sub-Project area is 1700
(as per field data).

In this context, though the current extraction of ground
water is exceeding the recharge rate in that particular
Sub-Project area, the additional recharge from Bhabar
zone in the north and Karnali River in the east is
expected to overcome the recharge deficiency. With this
assumption, it can be assumed that there is no negative
impact due to the pumping of the well. In order to
validate this assumption, there is a need to carry out
detailed study focusing on the groundwater recharge
due to Bhabar Zone and Karnali River in project area.

i) The total amount of ground water draft for this
population,

Agriculture

The ground water draft in Sub-Project area for the
domestic consumption is mainly though hand pump.
However, the data related to the amount of water
needed per person per day in the area is not available.
It is assumed that the domestic need per person per
day is 45 litres (0.045 m3), which has been used for the
present case.

= population x per capita demand of water
= 1700 x 45 = 76500 litres/day = 76.5 m3/day
ii) For livestock, the total draft of groundwater can
be estimated as 1/10th of the population demand
(WHO), which is equal to7.65 m3/day.
Thus, the total amount of groundwater draft for people
and livestock of the area
= 76.5 + 7.65 m3/day
= 84.15 m3/day = 30714.75 m3/year
= 0.030 MCM/year
Thus, the total ground water use (irrigation and
domestic) = 2.43+0.030 = 2.46 MCM/year
From the above calculation, it is evident that the current
extraction of ground water is exceeding the recharge
rate (from direct infiltration) in that particular area.

The major crops grown are paddy, wheat, maize and
vegetables. Information gathered during the field
survey covering 300 ha area as sample survey in
Gramin, Himalaya, Pragati, Laganshil, Lamki and
Bahumukhi shallow tube well clusters show that the
present cropping intensity comes out to be around
246% (Table 2).
Environmental Changes

Water quality
The appearance of water of that area is almost clear but
at some part of Laganshil cluster at the southern part
of the sub-project area have slightly hazy appearance.
The Sub-Project area mainly contains colorless and
odorless. The earlier studies show that the arsenic
concentration ranges from 0 to 10 ppb in sub-project
area indicating that there is no great risk of arsenic
contamination in the area (DoI, 2002).
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Table 2: Present and past cropping intensity in the clusters (Field survey).

Drawdown and observed effect

Drilling technology

The Sub-Project area consists of 120 shallow tube
wells. The average pumping hour of the Sub-Project
area is 4.5 hours per day. And discharge is about 10
l/sec. There is no record of interference in tube well.
However, while pumping the wells in Gramin shallow
tube well cluster, well interference effect can be seen
in local hand pump. Farmers reported that local hand
pump does not operate properly due to depletion of
water level. In order to overcome the situation, the
WUGs have to establish a time table for pumping.

There is no such report of pollution from drilling
technology. However, during the course of future well
construction, this aspect should be properly addressed.
Poorly constructed and abandoned wells should be
properly shielded so as to prevent further pollution
through these wells.

Agro inputs, fertilizer and pesticides
Unnecessary and haphazard use of these fertilizer and
pesticides can degrade the environment and could
be harmful to human health. This type of issue was
mentioned by farmers of Laganshil shallow tube well
cluster.

Sewage and domestic wastages
Since the study area is far from Tikapur Bazaar
and there is no sewage facility within the area, the
possibility of sewage contamination in ground water
is likely. When ground water wells are constructed,
proper sanitary protection should be provided against
surface contamination. A well should be located at safe
distance from all possible sources of contamination.

CONCLUSIONS
The environmental assessments of STW Sub-Project
of Tikapur Municipality in Kailali district has been
conducted following a standard practice. The present
study revealed that there have been no serious negative
social and environmental impacts. However, there is a
possibility of water table decline and well interference.
This problem should be addressed with appropriate
groundwater management.
Average water level is higher at Gramin STW cluster
whereas Lamki STW has shallower depth. The shallow
tube wells at Himalaya cluster having high discharge.
The average pumping hour per day of six STW is
4.5 hour. Current resource evaluation showed the
extraction of ground water is exceeding the rainfall
recharge. Groundwater replenishment in the clusters
being quite fast from Karnali River and Bhabar aquifer
and the water level depletion is less likely.
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All the parameters of observed water quality fall
within permissible limit. Drawdown effect can be seen
in Pragati STW cluster where local hand pump were
affected by pumping of nearby shallow tube well.
Cropping intensity is increasing, crop diversification is
adopted and the local livelihood gets better.
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ABSTRACT
Arsenic in groundwater of Terai districts of Nepal is recognized and documented as a serious health problem.
Possible primary sources of arsenic in groundwater are the rocks, minerals and sediments. Elevated concentration
of arsenic has been recorded from sulphide ores and other arsenic containing minerals. The provenance of aquifer
sediments of the Terai region represents the parent rocks of the Sub-Himalaya, Lesser Himalaya and of the further
northern parts. River water that follows through poly-metallic ores, metallic sulphides, coals, and several arsenic
containing rocks from northern region of Nepal Himalaya ultimately carries the these geological point sources
of arsenic to the Terai region. Also, the aquifer sediments of Terai commonly contain ferruginous concretions
and ferruginous coatings rich in arsenic. Actually, these are the immediate sources of arsenic for the region. Both
keratosis and melanosis diseases are found in the people of the community. Most of the victims are of matured
age people who have been drinking arsenic contaminated water for a long time and their body frequently exposed
to the arsenic dissolved water in agriculture and other related works.
INTRODUCTION
Arsenic is one of the most poisonous elements, a
shiny metalloid that are found in several rocks, soils,
natural waters and organisms. It is an extremely toxic,
not visible in water, no taste and no smell. It has been
found that inorganic arsenic is more toxic than organic
and within the inorganic form; the trivalent (arsenite,
As+3) is more toxic than pentavalent (arsenates,
As+5). Arsenite is the major water-soluble species
in groundwater. Arsenic is widely distributed in the
earth’s crust and is introduced into water through the
dissolution of minerals and ores rich in arsenic. It is found
to be associated with more than 150 arsenic bearing
minerals. The most common arsenic ore is Realgar
(AsS). Some other common arsenic minerals may be
listed as: arsenopyrite (FeAsS), arsenolite (As2O3),
enargite (As5S4), nickel glance (NiAsS), orpiment
(As2S3), apatite [Ca (PO4)2 F] etc. High concentration
of arsenic has also been recorded in pyrite, magnetite,
ultrabasic rocks (e.g., dunite, peridotite, pyroxinite,
dolerites etc.), shales/slates, phosphorites, coals and
hot springs (Anonymous, 1969). There exists a large
debate on the source and release mechanism of arsenic
in groundwater.Researchers has their own ideas on
the ways that arsenic enters into the groundwater. But
now, it is widely accepted that arsenic enters to water
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through the dissolution of geological materials. The
most commonly reported symptoms of chronic arsenic
exposure are hyper pigmentation, de-pigmentation,
keratosis and peripheral vascular disorders, skin cancer
and a number of internal cancers (BGS and DFID,
2001). The patient shows inability to walk, debilitating
pain and watery eyes.
Arsenic poisoning in groundwater of Terai plain is an
emerging issue for Nepal. However, there is very less
studies on the sources of mobilization of arsenic in these
waters. Elevated concentration of arsenic has no strong
correlation with depth of aquifers or wells. There is
even remarkable variation of dissolved arsenic through
the lateral continuity of the aquifers. Mineralogical
composition of aquifer material seems to be the most
responsible to release the arsenic in groundwater in
its suitable physio-chemical environment (Sah et al.,
2003; Paudyal, 2005 and 2011; Bhusal and Paudyal,
2014). Terai community of Nepal is suffering from the
diseases induced by the use of arsenic contaminated
water. Both keratosis and melanosis are found in the
local people who have been using arsenic contaminated
water for long time (Pandit and Paudyal, 2011). A brief
of possible geological sources of arsenic and related
health impacts in Terai region of Nepal are described
in the following headings.
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A BRIEF OF PREVIOUS STUDIES

l

History of the research on groundwater contamination
with arsenic in Nepal was started from 1999. Sharma
(1999) carried out study on possible contamination of
groundwater with arsenic in Jhapa, Morang and Sunsari
of eastern Terai. Out of 268 water samples tested for
arsenic, 244 were found safe (below WHO guideline,
10 ppb) whereas 2 of them showed a concentration
higher than 50 ppb. Most of the contaminated samples
were taken from active flood plains near Koshi River.
Tandukar (2000) conducted a study to explore the
arsenic contamination of groundwater in Rautahat
district. He found that some samples exceeded WHO
drinking water quality standard. Arsenic contamination
is found to be higher in shallow aquifer and most of
the contaminated tube wells are located in active
flood plain of River Bagmati. Health problems related
to arsenic are already visible in some villages of
Nepal. Realizing the need for knowledge sharing and
management of arsenic, the Environment and Public
Health Organization and the Nepal Red Cross (NRCS)
established Arsenic Information Centers (AIC) in five
major arsenic affected districts of Nepal. They have
become easily accessible resource centers for local
citizens and other agencies to obtain guidance and
share knowledge about this issue.
Several organizations like Nepal Water Supply
Corporation (NWSC), Rural Water Supply and
Sanitation Support Programme (RWSSSP), Nepal
Water for Health (NEWAH), Plan International (PI),
Royal Institute of Technology, Sweden (RIT), Rural
Water Supply and Sanitation Fund Development Board
(RWSSFDB) have tested concentration of arsenic in
different Terai districts of Nepal. Department of Water
Supply and Sewerage (DWSS, 2002) in collaboration
with UNICEF has conducted a Terai Tube well Arsenic
Testing Program (TTATP) in 20 Terai districts of
Nepal. The test result shows:
l

l

l

Nawalparasi as the highest affected district. The
other highly affected districts are Rautahat, Parsa,
Bara, Sarlahi, Sirha, Kailali and Kanchanpur.
High concentration of arsenic (>50 ppb) were found
at a depth between 7 to 28 m. But no correlation
has been found between arsenic concentration and
depth of tube-wells.
55% of the tested tube-wells (2126 out of 3896) are
microbiologically contaminated.

l

No systematic correlation was observed between
the arsenic concentrations with respect to the age
of tube-wells.
No correlation was found between the arsenic
concentrations versus the pH of tube-well water.
The pH of tested tube-wells water ranged from 4 to
9.5.

Nepal Red Cross Society (NRCS) with assistance
from Japanese Red Cross Society (JRCS) studied
arsenic contamination in 11 Tarai districts, namely
Jhapa, Sarlahi, Saptari, Bara, Parsa, Rautahat,
Nawalparasi, Rupandehi, Kapilbastu, Banke and
Bardia (NRCS/JRCS-ENPHO, 2003). Out of 9453
sample tested, 6482 were found safe. However, 2971
samples exceeded WHO guideline level with 427
of them showing concentration even higher than 50
ppb. About 350 individuals have been found with
arsenocosis related to skin problem by a health survey
conducted in Bara, Parsa, Rautahat and Nawalparasi
districts conducted jointly by NRCS and ENPHO under
Drinking Water Quality Improvement Program. The
identified patients mostly had symptoms of arsenocosis
such as melanosis and keratosis in spotted and diffused
forms in palm, trunk and sole.
ENPHO/NRCS (2003) identified 447 tube-wells having
more than 50 ppb arsenic. For these tube-wells various
kinds of alternative options like arsenic safe tube-wells,
rehabilitation of dug wells, household arsenic removal
filters like two Gagri filters, three Gagri filters and
improved bio-sand filters and community level arseniciron removal plants have been provided to few users
as per NRCS policy. Nepal National Arsenic Steering
Committee (NASC) approved by the ministerial level
decision is actively working for a unified national policy
on control and mitigation of arsenic in drinking water.
The Ministry of Physical Planning and Works (MPPW)
approved the Nepal's Interim Arsenic Policy prepared
by NASC. A maximum allowable concentration of
Arsenic in drinking water has been taken as 50 ppb.
DWSS/LTNICEF has started Arsenic Blanket Testing
Program 2003. About 200,000 tube wells were
tested in 10 Terai districts. The ten selected districts
were Kanchanpur, Kailali, Kapilbastu, Nawalparasi,
Parsa, Rautahat, Sarlahi, Dhanusa, Sirha and Saptari
(NASC/ENPHO, 2003).
Several primary geological sources of arsenic have
been identified from the country (Sah et al. 2003;

50

Kabi Raj Paudyal : Arsenic in groundwater of Terai plain in Nepal: Possible geological sources and health impacts

Paudyal, 2005; Pandit and Paudyal, 2011; Bhusal and
Paudyal, 2014). Practically no works was done on
analyzing the potential sources of arsenic poisoning and
mechanism of its mobilization in groundwater before
their work. According to them, sulphide minerals, iron
ores, ferruginous rocks, coal, ferruginous coatings of
aquifer sediments and clay as well as hot springs have
been identified as the primary sources of arsenic after
their extensive work in central Terai of Nepal. Paudyal
(2005) has high-lighted the work of Sah et al. (2003)
after his work in Rupandehi district of central Terai.
According to his work, the sources of arsenic could
be both natural as well as anthropogenic. Mostly in
deep and confined aquifers arsenic releases from earth
materials especially from the ferruginous coatings
of aquifer sediments in reducing environments and
in shallow and unconfined aquifers it enters through
the anthropogenic sources like agro-chemicals and
fertilizers in addition to natural arsenic containing
minerals.

SOURCES OF ARSENIC IN NEPAL
At present, there exist several possible natural sources
of arsenic in Nepal. On the basis of chemical and
mineralogical analysis of collected rock, mineral,
soil and water samples from different parts of Nepal,
several primary sources of arsenic have been identified
(UN publication, 1993; Sharma, 1999; Sah et al.,
2003; Paudyal, 2005). The sulphide minerals from
the poly-metallic deposit of Ganesh Himal, iron
ore of Phulchauki area, ferruginous concretions of
Tertiary deposits, bituminous coal of Tosh area, Dang;
Kalimati clay of the Kathmandu Valley and sediments
from hot spring water show high values of arsenic
concentrations. Ferruginous quartzite, sandstone and
mudstone also show comparatively higher values of
arsenic (Table 1, 2 and 3).

Table 1. Sediment analysis collected from different parts of arsenic affected
Terai districts (Sah et al., 2003).
SN

Location/sample ID and district

1

Kalinjor Khola at Mahendra Rajmarga/SS-1
(Saptari)
Kalinjor Khola at Mahendra Rajmarga/SS-2
(Saptari)
Lakhandehi River channel/SS-3 (Saptari)

2
3
4
5
6

Bagmati River at Rajdevi Channel/RS-1
(Rautahat)
Lal Bakaiya River, Devali/RS-2 (Rautahat)

7

Bagmati River at Mahendra Rajmarga/RS-3
(Rautahat)
Naurangiya River/PS-1 (Parsa)

8

Oriya River/PS-2 (Parsa)

9
10

Sikta Khola-Gandak Nahar/PS-3 (Parsa)
Panchanagar at Mahendra Highway/NS-1
(Nawalparasi)
Bhaluhi Khola at Mahendra Highway/NS-2
(Nawalparasi)
Bhumdi Khola at Mahendra Highway/NS-3
( Nawalparasi)
Pasaha River at Hulaki Road/BS-1 (Bara)
Bangri River, Banjariya/BS-2 (Bara)
Dudhaura Khola at Mahendra
Highway/BS-7 (Bara)

11
12
13
14
15

Material Description

Concentration of Arsenic
in ppm (AAS test in
ENPHO Lab)
1.044

micaceous medium to fine sands
(quartz+biotite+muscovite+dark grey rock fragments)
grey gravelly, micaceous sands (quartz+muscovite +
biotite+geenish grey rock fragments).
grey micaceous medium to fine sands
(quartz+muscovite+biotite+grey rock fragments).
grey micaceous fine sands
(quartz+muscovite+biotite+grey rock fragments)
grey micaceous fine sands
(quartz+muscovite+biotite+grey rock fragments)
brown fine sands with ferruginous concretions, quartz
with Fe-coatings rock fragments
brown fine sands with ferruginous concretions, quartz
with Fe-coatings rock fragments
brown red silty paleosoil
brown fine sands with quartz and greenish grey rock
fragments
gravelly brown sands (quartz+mica+greenish grey
rock fragments)
gavelly brown sands (quartz+mica+ greenish rock
fragments)
fine sands (quartz+mica+ rusting rock fragments)
fine sands (quartz+mica+rock fragments)
ferruginous pepper salt like sandstone Amlekhganja
Formation, Siwalik Group

0.22

yellow clays
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0.406

0.488
0.616
2.81
0.502
2.418
0.506
0.412
0.304
0.754
1.136
6.7
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Table 2. Sediment analysis collected from Devdaha and Kerbani VDCs of Rupandehi district,
central Terai of Nepal (Paudyal, 2005).
S.N.

1

Location/sample number

Kachahare Khola at Mahendra
Highway
Ghodaha Khola at Mahendra
Highway

2

3

Bhaluhi Khola at Mahendra
Highway
Rohini Khola at Mahendra
Highway

4

Sediment Description

micaceous medium to fine sands with quartz,
mica and Fe-coating brown rock fragments
brown medium to fine sands ( abundant
ferruginous concretions + mica + quartz
+brown rock frag ments)
coarse gravelly sands (quartz + mica + ash
grey rock fragments )
grey brown pebbly sands ( quartz + brown
rock fragments)

Concentration of
Arsenic in ppm
from ENPHO
8.881
9.111

0.345
0.886

Table 3. Sediment analysis collected from Pipariya VDC of Rautahat district of Nepal
(Pandit and Paudyal, 2011).
S.N.

Location

1

Lal Bakeya (Inarawa)

2

Bhakuwa Nadi (SanoKopawa)
Thulo Kopawa (Gandak
Nahar)
Cultivated land of
Pipariya-7, Kopawa

3
4

Description
Gray micaceous fine sands (quartz+feldspar+
muscovite+biotite+brown rock fragments)
Medium to fine micaceous sand with fe-coating
fragments + arsenopyrite
With Fe-coating sands and rock fragments.
Clay + brown silt

HEALTH IMPACTS
Both keratosis and melanosis are found in the people
of the community. The infection of arsenic is mostly
found on the legs, soles, palms, chests and breasts.
Health survey data (a case study of Pipariya of Rautahat
district) shows that the most affected persons are in the
range of 20-60 years. Most of the females are affected
by arsenic in their earlier age (21-40 years) compared
to males who are found affected in matured age (i.e.
41-60 years). It indicates the more tolerance power of
males than females against arsenic poison (Pandit and
Paudyal, 2011). More similar types of results are found
in other parts of Terai by several researchers.

Concentration of
Arsenic in ppm
2.006
1.980
0.990
0.650

DISCUSSIONS AND CONCLUSIONS
The uneven distribution of concentration of arsenic
in groundwater might be related to different subsurface geological conditions of the Terai plain. The
lithological features and mineralogical composition of
the aquifer material varies laterally as well as vertically
during the time of deposition. Different depositional
environments like alluvial fan, ox-bow lake, river
channels, flood plains, point bars, crevasse-splay
deposits, river basin deposits etc. can be recognized
within the sedimentary succession of the Terai plain.
Source materials and their distribution control the
concentration level of arsenic in the area. Therefore, it
is necessary to analyze the aquifer materials at different
depth such that we can assess the position of arsenic
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contaminated and safe aquifers. This assists us to avoid
the polluted aquifers during the development of wells
for drinking water. Certainly, these above mentioned
minerals, rocks and sediments represent the primary
sources of arsenic in Nepal. Ultimately all these
earth materials reach to the Terai plain of Nepal. The
provenance of present aquifers of Terai is the Siwaliks
and the areas to its northern parts.
The major source of arsenic in groundwater of Terai
plain of Nepal is arsenic containing aquifer sediments
situated below the ground. The sporadic and spotty
distribution of arsenic poisoning in the groundwater
is possibly related to different sub-surface geological
conditions and their distribution. In most of the cases
the distribution of arsenic containing aquifers are not
found regular and of equal thickness rather it is found
patchy in nature. The wells developed in the same depth
and same area also have variation in the concentration
of arsenic. Therefore, preparation of arsenic hazard
map of aquifers is necessary by systematic study on the
mineralogy and geochemistry of the aquifer sediments
of well log to locate the distribution of arsenic-polluted
and safe aquifers in the area. It may help to select the
arsenic free aquifer for the development of drinking
water wells.
There are several people victim of arsenic poison.
Both keratosis and melanosis are found in the people
of the community. Most of the victims are those who
have been drinking arsenic contaminated water for
a long time and remain their body exposed to the
arsenic dissolved water in agriculture and other related
works. However, many people of the community are
still unknown about arsenic contamination, its health
impacts and arsenic mitigation measures.
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ABSTRACT
Groundwater is one of the most important resources of Nepal. It is used in irrigation, drinking water, industries,
and hotels and so on. The government has been doing studies, investigations, exploration and exploitation of the
groundwater resource in Terai as well as in mountains. In practice, the groundwater can be observed in two major
aspects that are directly related to our daily life, one is as the most important resource and next one is landslide
due to groundwater, that is related to disaster management and Nepal is facing about 25-50% casualties every
year due to landslide. The government has to address in this field as well for timely management. In this relation,
the hydrogeologists of Nepal have challenges to address the management of groundwater resource as well as the
groundwater induced landslide disaster risk management.
INTRODUCTION
Nepal is a mountainous country which covers about
83% area of mountains and hills including inner valleys
and 17% of the Terai plain area to the south (Fig. 1).
Nepal is prosperous in water resources. Moreover
the Terai plain of Nepal consists of a huge storage of
groundwater and the spring water in the mountain and
hills. That groundwater is being exploited for Irrigation
in Terai. Rai (2015) mentioned that 29% of the total
irrigable Terai land is irrigated by groundwater.
Likewise, groundwater contributes to supply around
50% of drinking water supply in the Kathmandu valley

and 100% in case of Terai region (Rana's presentation).
in addition, it is used in industries and hotels as well.
On one hand, the groundwater is the most important
resource and a part of the life and on the other hand, the
groundwater has a vital role in landslide as well. The
groundwater could be a cause of disaster, if it could not
be monitored timely. In this way, 83% of the country
is prone to landslides due to groundwater (water
induced disaster) which is needed to be addressed by
the government in time for the landslide disaster risk
management.

Fig. 1: Physiographical region of Nepal (www.icimod.org/resources/19798)
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CONCEPT AND RELATION OF
GROUNDWATER IN LANDSLIDE
The groundwater is one of the major parts of our daily
life. Groundwater is used for irrigation, drinking,
house use, industries and hotels as a resource. The
groundwater reveals as spring water in mountains
and hills which is a valuable resource. But it brings
landslides as well which is a disaster. The concept of
landslide due to groundwater is mentioned as below.
The dry sediments in the nature will have higher
friction due to high internal strength, low in weight
and comparatively compacted grains. In this stage the
sediment will be stable and less possibility of landslide
in dry season (Fig. 2).

The sediments in wet condition in the nature will
have low internal strength due to decrease in friction,
increase in weight and grains of the sediment will be
loosened. That is the stage of increase of pore water
pressure in the sediment. In this stage the sediment will
be unstable and high possibility of landslide occurrence
in rainy season (Fig. 2). In this case the triggering
factor of the landslide could be heavy torrential rainfall
or toe cutting by river and movement of the sediment
could be as fast as per the gravitational force. This type
of mass movement can be classed as Slope failure.

Fig. 2: Stable and unstable stages in dry and wet
(http://www.dnr.wa.gov/programs-and-services/geology/geologic-hazards/landslides)
In situ, if the material is in homogenous condition with
development of slip surface. It will not move down in
dry condition due to high internal friction strength (Fr,
resisting force) along the slip surface. When the rise of
groundwater table occurs due to heavy rainfall crosses
above the slip surface (glide horizon), the resistance
force will be decreased, pore pressure will be increased
(increase of Fd, driving force) and lubricates the mass
to move down as per gravity (Fg, gravitational force),
(Fig. 3). This type of mass movement will move slowly
down and can be classed as slow moving landslide and
follows the principle of Factor of safety.

Factor of Safety (FS): Landslide moves due to two
types of Forces as,
1. Driving force (gravitational Force) and
2. Resisting force
If the Driving Force is more than the Resisting force,
the landslide will move down due to gravity.So,
FS =
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Fig. 3: Landslide due to rise of groundwater table
(Quakeinfo.ucsd.edu/~gabi/sio15/lectures/Lecture11.html.)
The materials deposited on the foothill due to slope
failure event in the upstream or weathered overburden
mass (unstable mass) could be moved down or flow
down on the glide horizon ground when the mass will
be saturated by rainwater percolation. In this stage

lubrication will be created on the glide horizon, Fr will
be decreased and Fd will be increased (Fig. 4). This
type of mass movement could be classed as debris
flow. In this way, there will be mainly three types of
mass movement in nature (Fig. 5).

Fig. 4: Mass movement flow type
(Quakeinfo.ucsd.edu/˜gabi/sio15/lectures/Lecture11.html.)
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Fig. 5: Three Types of Mass Movement (w.w. Norton and Company, Inc. 2008)
CONCLUSION
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ABSTRACT
Water is an elixir of life and is widely distributed in nature, but its occurrence and distribution is confined to
certain geologic formations and structures. Hydrogeology of the area depends on the local lithology, geological
structure, geomorphology and climate. Surface geophysical methods are used to measure the physical properties
of the subsurface such as electrical conductivity or resistivity, dielectric permittivity, magnetic permeability,
density, or acoustic velocity which are used to characterize the subsurface condition. Geophysical methods viz.
Electrical (self-potential, electromagnetic, resistivity, induced polarization and well logging), Gravity, Magnetic
and Seismic are widely used for subsurface exploration for Groundwater Resources. Electrical, Electromagnetic
and Seismic methods are used to map subsurface geology and aquifer covering a small area while Gravity and
Magnetic methods are used to map regional aquifers and large scale basin features. Electrical and electromagnetic
methods are more applicable to groundwater exploration because of the close relationship between electrical
conductivity and the physical properties of aquifers.
Background
Water is elixir of life; without which life is not possible.
Most of the Civilizations have flourished in the world
with the development of reliable water supplies –
and then collapsed as the water supplies failed. The
availability of quality water resources has always
been the primary concern of societies and nations. The
present situation of obtaining adequate supply of quality
water is generally becoming more acute due to ever
increasing population and industrialization. The higher
probability of getting polluted, seasonal fluctuations
and affects of short drought on the surfaces water has
resulted in the need to look for other alternatives to
supplement surface water.
As viewed from spacecraft, the earth appears to have
a blue green cast owing, because of the vast quantities
of water covering the earth. Mainly the water of the
earth is divided into surface water and groundwater.
Groundwater is a very important natural resource
which can be extracted from the subsurface aquifer all
round the year for purposes like irrigation, industry,
drinking water etc. These aquifers get recharged during
the monsoon period from infiltration of rain water and
can be extracted round the year. Groundwater resources

are widely distributed in nature, but its occurrence and
distribution is confined to certain geologic formations
and structures.
Surface geophysical methods provide a relatively quick
and inexpensive means to characterize the subsurface.
These methods measure the physical properties of the
subsurface such as electrical conductivity or resistivity,
dielectric permittivity, magnetic permeability, density,
or acoustic velocity. These methods can be influenced
by chemical and physical properties of soil, rock, and
pore fluids. Interpretations from these measurements
can be used to image the distribution of physical
properties in the subsurface (Kress, W.H., Ball, L.B.,
Teeple, A.P., and Turco, M.J., 2006,).To trace the
exact location of the groundwater resources beneath
the earth surface, Geophysical methods viz. Electrical
(self-potential, electromagnetic, resistivity, induced
polarization and well logging), Gravity, Magnetic and
Seismic are widely used.
Occurrence of Groundwater
Groundwater resources are widely distributed in nature,
but its occurrence and distribution is confined to certain
geologic formations and structures. Groundwater
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occurrence and movement mainly depends on the
geology of the area: type of terrain, rock formation,
lithological units, geological structures like lineament,
folds, faults, joints, fissures, fractures, contacts,
solution openings. Geomorphic units like pediments,
floods plain, drainage pattern, soil types, lineaments
primarily control the occurrences, movement and
potential of groundwater. The fluvial hydrological
systems, recharge and discharge of groundwater
in the area control the occurrences, movement and
potential of groundwater. Thus hydrogeology of the
area is the product of the local lithology, geological
structure, geomorphology and climate. The geological,
geomorphological and hydrogeological properties
should be studied thoroughly prior to the application
of proper geophysical method of surface investigation.

Aquifer: An underground layer of permeable rock,
sediments (usually sand or gravel) or soil, fractures,
fissures, joints and solution openings in the hard rock
that yields significant quantity of water to the well are
known as aquifers. The pore spaces in aquifers are
filled with water and are interconnected, so that water
flows through them.
Aquitard: Water saturated sediments or rock,

formation or group of formation whose permeability
is low, lies adjacent to an aquifer and transmit only a
small amount of water freely to well or spring but may
serve as a storage unit for groundwater are known as
Aquitard. A completely impermeable aquitard is called
an aquicude or aquifuge. Aquiclude comprises layers
of either clay or non porous rock with low hydraulic
conductivity. Aquifage are hydrologic units having no
interconnected openings and cannot store and transmit
water.
Groundwater can be found in sedimentary and
basement complex terrain. Identification of a suitable
site for groundwater exploration is a challenging task
especially in areas underlain by crystalline unfractured
or unweathered rocks. In sedimentary terrain, ground
water occurs in primary porosity developed within
the sediments while in hard rock areas, it occurs in
secondary porosity developed due to weathering,
fracturing, faulting, folds, joints etc which is highly
variable and rises sharply within short distances
contributing to near surface inhomogenity and flow is
controlled by basement rocks.

Geophysical Methods
Geophysical methods have wide range of its
applicability in locating or tracing an object of
interest as suggested by the geophysical response of
the object. Detectability of the body depends on the
size and distance or depth at which the object occurs,
contrast in physical properties between the body and its
surrounding, measurement station interval, calibration
of the acquired data with geological condition and
use of appropriate geophysical techniques. There
are four main geophysical methods viz. Electrical
(self-potential, electromagnetic, resistivity, induced
polarization and well logging), Gravity, Magnetic and
Seismic which are used in ground water exploration
and management. Geophysical methods comprises
of measurements of signal from natural or induced
phenomena of physical properties like electrical
conductivity, density, magnetic susceptibility, elasticity
and radioactivity of subsurface formations.
Geophysical investigations are very commonly
employed to locate potential zones of ground water
prior to drilling. The use of particular method depends
on the lithological, geological, geomorphological,
hydrogeological properties, area of the survey
etc. Generally, for mapping regional aquifers and
large scale basin features Gravity and Magnetic
methods are applied while Electrical Resistivity and
Electromagnetic are applied for detail study of the
small area.
Seismic Method
Seismic refraction method is based on the principle
of acoustic impedance which is the product of density
and velocity of subsurface layers. In seismic methods
measurements are made of acoustic energy propagation
within a medium. The velocity of acoustic energy in the
form of compressional and shear waves is related to the
dynamic elastic moduli and density of a material. The
uses of seismic surveys in groundwater exploration
have traditionally relied on seismic refraction
techniques using compressional waves which show
increasing velocity with density. Seismic refraction
has also been used to infer aquifer properties such as
porosity. The seismic survey provides information on
the internal structure of the aquifer which shows layers
of stratum, or nature of basement rock that reflects the
overall permeability of the aquifer.
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These elastic constant and densities in term depends on
the properties of rock such as porosity, fluid saturation,
texture etc.
Relation of the porosity of rock and seismic velocity
when the effective pressure is high and rock is fully
saturated is given by;

Fig. 1 Hammering to create a seismic source
In this method, energy is sent through the source
which could be a hammer, a weight dropping system,
explosives, etc (Fig. 1). Energy sent into the subsurface
is refracted, travels along the subsurface boundary and
back to the surface and is recorded by receiver(s) called
geophone(s). This method assumes that velocity increases
with depth. So, if the velocity of the layer is less than the
velocity in the layer overlying it, there will be velocity
reversal (Fig. 2). The layer having the low velocity will
not be delineated by the refraction method. The factors
that affect seismic velocity in rocks are age of the rock,
porosity, and depth of burial etc.

Where ɸ is the porosity.
Velocity tends to be sensitive to the pore fluid content.
Usually P- wave velocity is more sensitive than S-wave
Velocity. Further, saturation tends to be larger for soft
rocks (low velocity) rocks. Bulk density increases with
water saturation in the rocks.
Thus the dependence of porosity with seismic velocity
can be effectively used for groundwater exploration.
Seismic method is being used for delineation of
bedrock aquifer and fractured rock system. Seismic
refraction are used for investigation of less than 200
ft while Seismic reflection and controlled source
audiomagnetotellurics / magnetotellurics (CSAMT/
MT) are used for depth of 1500 ft to 2500 ft in natural
condition with less noise. (Hasbrouck, J., Morgan, T.,
2003)
Magnetic (or Geo-magnetic) Method

Generally Velocity depends on the elastic modulus and
density

Magnetic methods are based on the measurement of
susceptibility contrast between the anomalous body
and rock around it. Ferromagnetic minerals are main
source of magnetic anomaly. Detection of the target
depends on the amount of magnetic material present
and its distance from sensor.
If two magnetic poles of strength m1 and m2 are
separated by a distance ‘r’ and a force F exists between
them, and if the poles are opposite they will attract each
other and if they are same they tend to push apart. The
Force of attraction or repulsion is
F=

Fig. 2 Seismic Travel Time Diagram

(m1 m2)
(4πµ2)

Where µ is the magnetic permeability of the medium
separating the poles, m1, m2 are pole strength and r is
the distance between them.
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Magnetic methods measure the remnant magnetic field
associated with a material or the change in the Earth's
magnetic field associated with a geologic structure or
man-made object. Most of the rocks are not magnetic,
however certain type of rocks contain enough mineral
to originate significant magnetic anamoly (Fig. 3). The
data interpretation that reflects the difference in local
abundance of magnetization is especially useful to
locate faults and geologic contacts. Magnetic surveys
are employed to delineate the geological structures
such as contacts, faults, joints, identify basement
faulting and other locations of crustal weakness that
may represent preferential fluid flow paths.
Positive Magnetic Anomaly
Anomalous Magnetic
High
Field Strength
Negative
+ve
Magnetic Anomaly
0
Low
-ve
Pole

H (Earth's Filed)
Equator

Secondary Magnetic Field
Induced by Earth's Field

Fig. 3 Induced magnetization in geological body
produces local magnetic anamoly.
For the investigation of regional groundwater aquifers
and large-scale basin structures, potential field
methods: magnetic methods and gravity methods
are applied together. Results of magnetic surveys are
usually presented as line profiles or magnetic anomaly
maps. Magnetic surveys are also often used to locate
the cause of contaminated groundwater by surveying
for buried metallic objects such as hydrocarbon storage
tanks, and chemical containers.
The application of magnetic surveying for
unconsolidated sequences has been somewhat limited
as the magnetic signatures for different sediment
horizons are often weak.

Gravity Method
Gravity surveying measures variations in the Earth’s
gravitational field caused by differences in the density
of sub-surface bodies. Common uses of gravity or
micro-gravity surveys have been to record the changes
in density of materials. Gravimeters have been used for
regional geological studies, location of buried rockvalleys, determination of glacier thickness surface
voids, mineral prospecting etc.
Gravity methods have not been widely used for
groundwater applications, there are some notable
examples of its use for mapping the location of low
density rocks (typically sedimentary sequences)
within more dense basement rocks. Other common
applications are the detection of larger voids within
the subsurface where the small changes in the Earth's
gravitational attraction caused by such contrasts in
density can be recorded with modern instrumentation.
The results of gravity surveys are presented as gravity
maps and 3D models in a similar manner to those of
magnetic A more recent study on an aquifer draw-down
scheme by Allis and Hunt (1986) used measurements
of micro-gravity changes to monitor the draw-down
in the steam zone in the Wairakei geothermal field.
Van Overmeeren (1975) used a combined approach of
micro-gravity and seismic refraction for groundwater
evaluation near Taltal province, Chile with a similar
study including the use of electrical resistivity to study
groundwater in Sudan (van Overmeeren, 1981).
Gravity methods along with magnetic methods are
used in the detection of structural trends controlling
the regional geometry of groundwater aquifer and large
scale basin features (Murty, B.V.S. and Raghavan,
V.K.,2002)
Electromagnetic Method
Electromagnetic techniques have been extensively
developed and adapted to map lateral and vertical
changes in conductivity of subsurface minerals and
formations with some spectacular examples of their use
being shown for exploring mineral and groundwater.
Electromagnetic method is based on the principal
of electromagnetic induction. The variations in an
induced secondary electromagnetic field are correlated
to the physical properties of the subsurface material.
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Conductivity is represented by the Greek symbol sigma
and measured in units of milliSiemens/meter (mS/m):

σa = 4

Hs

Hp

µ0ωs2

Where,
Hs : secondary magnetic field at the receiver coil
Hp: primary magnetic field at the receiver coil
σ : soil conductivity
ω: Angular Velocity = 2πf
s : intercoil spacing
µ: permeability of free space

the earth and both the primary and secondary fields
are measured at the receiver coil. The difference in
strength of the magnetic fields can be attributed to the
electrical property of the earth. Typically survey results
for FDEM surveys are presented as contour maps of
conductivity and 2D geo-electric sections showing
differences in conductivity along a line profile.
Changes in conductivity are often associated with
differences between lithological sequences and over
disturbed ground such as faulted or mineralised zones.

Time-domain Electromagnetic (TDEM)

Conductivity is related to the resistivity by the equation:
σ (mS/m) = 1000 / ρ (Ohm* m)
Two types of electromagnetic survey are currently
practiced,
i. Time domain electromagnetic (TDEM) surveys
which are mainly used for depth soundings and
recently in some metal-detector type instruments,
ii. Frequency domain electromagnetic (FDEM)
surveys that are used predominantly for mapping
lateral changes in conductivity.
In both electromagnetic survey techniques no direct
contact is made by electrodes with the ground and thus
the rate of surveying can be far greater than for electrical
techniques where electrode probes must be placed in
the ground for every measurement. Both techniques
measure the conductivity of the ground by inducing an
electric field through the use of time varying electrical
currents in transmitter coils located above the surface
of the ground. These time-varying currents create
magnetic fields that propagate in the earth and cause
secondary electrical currents which can be measured
either while the primary field is transmitting (during
frequency domain surveys) or after the primary field
has been switched off (for time domain surveys).

Frequency-domain electromagnetic (FDEM)
The technique is usually used to measure lateral
conductivity variations along line profiles either as
single lines or grids of data. In FDEM a continuous
electromagnetic field is generated through a transmitter
coil which creates a primary magnetic field. The
primary field induces a secondary anomaly field in

In the TDEM technique a time varying electromagnetic
field is generated in a transmitter coil by switching an
electric current on and off rapidly. This induces eddy
currents which penetrate deeper into the earth as the
time between pulses is increased. The eddies induce
a secondary electrical field which in turn creates
an electromotive force that reflects the electrical
properties of the subsurface material (Fetter, C.W.,
2001). TDEM techniques produce one-dimensional
and two-dimensional geo-electric cross-sections in
a similar manner to electric cross-sections. Survey
depths for TDEM are from 5m to in excess of 100s
of metres with high vertical and lateral resolution. The
techniques do not however give high resolution from
5m to the surface.
Frequency and time domain electromagnetic systems
have been used for mineral prospecting but there
has been an increased hydrogeological interest in
these techniques particularly in urban areas over the
last decade. For Groundwater exploration up to 500
feet deep, Time Domain Electromagnetic Methods
have been used widely and successfully. For greater
depth TDEM becomes logistically difficult and less
economic.
Electrical Method
Geophysical investigations are very commonly
employed to locate potential zones of ground water.
Among the different geophysical methods, Electrical
and electromagnetic techniques have been extensively
used in groundwater geophysical investigations
because of the correlation that often exist between
electrical properties, geologic formations and their
fluid content (Zohdy, 1969; Zohdy et al, 1974). This
is because the electrical properties, especially the
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resistivity of geological formations, vary significantly
between their dry and saturated state which helps in
identifying the aquifers.
Electrical resistivity of the rocks or sediments depends
on the resistivity of their mineral matrix and the fluid
contained in its pore spaces. Electrical resistivity is
a function of a number of soil properties, including
the nature of the solid constituents (particle size
distribution, mineralogy), arrangement of voids
(porosity, pore size distribution, connectivity), the
degree of water saturation (water content), electrical
resistivity of the fluid (solute concentration) and
temperature. In addition, this method also provides
variety of measuring procedures (in the form of
different electrode configurations) that enhance the
utility of this method.
Most electrical techniques induce an electrical current
in the ground by directly coupling with the ground. The
resulting electrical potential is then used to measure
the variation in ground conductivity, or its inverse,
resistivity. Common field practice for electrical
surveying relies on directly placing an electrical
current into the ground (direct current electrical
resistivity surveying) and measuring the response
(the electrical potential drop) to that current over a set
distance. Electrical methods are still widely used for
conducting soundings and electrical cross-sections.
Electrical techniques can be divided into a number
of types based on the configuration of the electrodes
that are used to input the electrical currents into the
ground and the nature of the electrical signature. The
apparent resistivity is then a function of the measured
impedance (ratio of potential to current) and the
geometry of the electrode array. Depending upon
the survey geometry, the apparent resistivity data are
plotted as 1-D soundings, 1-D profiles, or in 2-D crosssections and 3D in order to look for anomalous regions.
The resistivity survey is carried out by injecting DC
current into the ground through two current electrodes,
and measuring the resulting voltage differences at
two potential electrodes. For the current value (I) and
the observed voltage difference value (V), an apparent
resistivity value (ρa) is calculated as follows.
(ρa) ═ k V/I
Where, k is the geometrical factor which
depends on the arrangement of the four electrodes.

Apparent resistivity values obtained in the field are
not equal to the actual resistivity of the geologic units
which affect the potential measured at the potential
electrodes, unless measurements are being made over
homogenous ground (Telford et al., 1990). At shallow
exploration depth and at short current electrode spacing,
shallow layers through which most of the current flows
mostly influence measured apparent resistivity. As
electrode spacing increases, a greater proportion of the
induced current flows into deeper geologic layers, thus
the response measured at the surface is reflective of the
resistivity of increasingly deeper geologic units as the
electrode spacing are increased. Hence as the distance
between the current electrodes increases, so does the
exploration depth or the depth of investigation of the
survey.

Electrical resistivity survey design
Survey design mainly depends on the propose of the
study and nature of subsurface information required.
This is determined by the mode of arrangement of
the current and potential electrodes. Various types
of electrode arrays that can be used in the resistivity
method are: Pole-Pole, Pole-Dipole, Dipole-Dipole,
Wenner, Schlumberger, Lee Partition, Square,
Gradient, Crossed Square array, and others. Generally,
two potential and two current electrodes are used in
electrical resistivity surveys. An exception to this is the
Lee Partition electrode array which uses five electrodes.

Vertical electrical sounding:
Collinear arrays are designed to output a 1-D
vertical apparent resistivity versus depth model of
the subsurface at a specific observation point. In this
method, current is injected into the ground by using
two current electrodes (C1 and C2) which are made
of steel and are driven into the ground. The current is
produced with the help of DC battery and equipment
with complicated integrated circuitry (resistivity
equipments). The travelling current sets its path and
amplitude into the ground, which depends upon the
nature of underground. The underground lithology
(type of earth material) play major role in this regard.
The response is recorded in the equipment with the help
of two measuring electrodes (P1 and P2), which are
also driven into the ground. The procedure is repeated
to a number of times by taking the electrodes farther
away successively in every steep and the response
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reading is recorded in the equipment. Farther the
electrodes from the centre point, deeper the depth of
information. Apparent resistivity values thus calculated
from measured potential differences are interpreted in
terms of overburden thickness, water table depth, and
the depths and thicknesses of subsurface strata.
The two most common arrays used for VES are the
Wenner array and the Schlumberger array.
In the Wenner array configuration (Fig. 4), potential
electrodes are nested within the current electrodes
with a common lateral distance between adjacent
electrodes called the electrode a-spacing. For sounding
measurements, the electrodes in a Wenner array are
expanded about a center point by equally incrementing
Fig. 5 Schlumberger Array Configuration
the a-spacing. The current therefore progressively
passes into deeper layers, with the nominal depth
The geometric factor for the Schlumberger array is
of investigation being equal to the a-spacing. This
procedure provides apparent resistivity values that are
The geometric
factor for the Schlumberger array is G(r)
G(r) =
=
dependent upon vertical conductivity variations of the
subsurface. The geometric factor for the Wenner array
is G(r) = 2•a, and this simplicity of algebraic form as
L= C1C2/ 2
,
l= P1P2/2
C1C2/set-up
2 is ,part ofl=this
P1array’s
P2/2 appeal. The
well L=
as in-field
Wenner array generally provides for high signal-to- The interpretation of electrical resistivity data is the
noise
ratios,
good resolution
of horizontal
layers, anddataprocess
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is theofprocess
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of true
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or apparent
resistivity
(ρ
)
at
electrode
separations
(a).
There
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a
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a
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each
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each
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by many

The apparent resistivity values ρa thus obtained are

obtained
the electrode
investigators. The apparent resistivity values ρa thus
plotted
againstare
the plotted
electrodeagainst
spacing (AB/2)
on a loglog scale to obtain the VES sounding curves using the

spacing (AB/2) on a log-log scale to obtain the VESmaster
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developed
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computer software like IPI2WIN , Reds1D software Reds1D
which software
are developed
for
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processing, analysis
and interpretation.
Fig. 4 Wenner
array configuration

of data processing, analysis and interpretation.

Constant separation traversing
In the Schlumberger array configuration (Fig. 5), Electrical profiling, known as constant separation
potential electrodes are nested within the current traversing (CST), uses collinear arrays to determine
Constant
separation
electrodes
in suchtraversing
a way that the spacing between lateral resistivity variations in the shallow subsurface
potential electrodes is always kept less than the at a more or less fixed depth of investigation. The
Electrical
known
constant
separation
traversing (CST), uses collinear arrays to
distanceprofiling,
between current
and as
potential
electrodes.
For current
and potential electrodes are moved along a
sounding measurements, the electrodes are expanded profile with constant spacing between electrodes. The
determine
lateral resistivity variations in the shallow subsurface at a more or less fixed depth of
about a center point by increasing the current electrodes two most common array types used for CST are the
keeping the The
potential
electrodes
some dipole-dipole
investigation.
current
and constant.
potentialAfter
electrodes
are movedandalong
a profile
pole-dipole
arrays, with
where constant
a dipole is
readings both the current and potential electrodes a pair of current or potential electrodes.
spacing
between
electrodes.
most
common array types used for CST are the dipoleare moved
in similar
manner.The
Thetwo
current
therefore
progressively passes into deeper layers.

dipole and pole-dipole arrays, where a dipole is a pair of current or potential electrodes.
The dipole-dipole resistivity technique consists of 65
a collinear array with current dipole separation
of length a, potential dipole separation of length a, with a total distance between the dipoles of
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The dipole-dipole resistivity technique consists of a
collinear array with current dipole separation of length
a, potential dipole separation of length a, with a total
distance between the dipoles of length na.
The geometric factor for the dipole¬dipole array is
G(r) = •n(n+1)(n+2)a. The dipole-dipole technique
records the largest anomalies in comparison to other
arrays, but its low signal-to-noise ratio limits its
applications

Two
dimensional
tomography survey

electrical

resistivity

In recent years, electrical resistivity surveys have
progressed rapidly from the conventional sounding
survey, which provides layer depths and resistivities
at a single place, and profile surveys which provides
information of lateral variation of resistivities of fixed
depth to techniques which provides two-dimensional
electrical pictures of the subsurface. This development
started with the introduction of practical electrical
tomography field systems, like the geoelectrical
Wenner pseudosection and was soon followed by
effective processing and inversion software. The
imaging technique is particularly powerful and useful
in the study areas of complex geology, in groundwater
problems and in many other shallow subsurface
investigations (Dahlin, 1996). Mondal et al., (2008)
demonstrated that electrical resistivity imaging (ERI)
method can give a better picture of the concealed
structures, than the conventional maps of true and/
or apparent resistivity contours using the vertical
electrical sounding method. From their study, concealed
lineaments within the granitic terrain of India were
identified which further proved the resistivity imaging
technique to be a powerful tool in the study of concealed
lineaments as well as groundwater exploration.
In 2D ERT Survey data acquisition is
carried out using resistivity equipments having
facility of multi-electrode system like ABEM Lund
Imaging System, WDJD-4, GD- 10, Syscal, etc. Data
acquisition can be carried out for a number of arrays
like Wenner, Schlumberger, Dipole –Dipole, PoleDipole and other various types of configurations.
The acquired data comprising of measured apparent
resistivity are processed using the computer program

software based on forward modeling or inversion
modeling software like RES2DINV (Geotomo
Software, 2001). The model parameters are the
resistivity values of the model blocks, while the data
is the measured apparent resistivity. The optimization
method basically tries to reduce the difference between
the calculated and measured apparent resistivity values
by iteratively adjusting the resistivity of the model
blocks. A measure of this difference is given by the
root-mean-squared (RMS) error. The model at the
iteration after which the RMS error does not change
significantly is usually considered the “best” model.
The damping factor and the flatness filters can be
adjusted to suit different types of data. The inversion
routine generally reduces the damping factor after each
iteration, and thus obtained smooth models have the
ability to suppress model structures not required by
the data. The generated models therefore contain the
minimum possible structures and is then likely that the
true earth is at least as rough as the models thereby
increasing the probability that identified anomalies are
actually existent. Thus obtained inversion tomograms
are interpreted in terms of lithology / hydrogeology of
the area.
Geophysical Application in Nepal for
Groundwater Exploration
Groundwater exploration in Nepal has been mainly
focused in Terai plain and some inner valleys for many
years. Due to the increasing demand of groundwater
in the cities like Kathmandu, Pokhara and in hills,
groundwater exploration using geophysical methods
is being carried out. Among different geophysical
methods, Electrical Resistivity method is being used
in Nepal.
In Terai region and inner valley like Kathmandu,
Pokhara, Surkhet, Panchkhal Vertical electrical
sounding method is being used for understanding
the subsurface lithology prior to the drilling for
groundwater (Fig. 6 and 7). In hills and outer part of
the valley, for the exploration of groundwater resources
from hard rock aquifer two dimensional electrical
resistivity tomography method is being used (Fig 8 and
9).
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Fig 6. Bi-logarithmic plots showing a typical electrical sounding
(Schlumberger Array) Curve and its Interpretation in terms of layered model

Fig. 7 Expected lithology
based on electrical Resistivity
survey (VES) at Panchkhal,
Kavrepalanchowk

Fig 8. Sequence of measurements to build up a pseudo section for Two Dimensional Electrical Resistivity Survey (Wenner Array)

Fig. 9 Resistivity Tomogram and its interpretation
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CONCLUSIONS
Hydrogeology of the area depends on lithology,
geological structure, geomorphology and climate.
Surface geophysical methods are used to measure the
physical properties of the subsurface such as electrical
conductivity or resistivity, dielectric permittivity,
magnetic permeability, density, or acoustic velocity
which are used to characterize the subsurface.
Geophysical methods viz. Electrical (self-potential,
electromagnetic, resistivity, induced polarization and
well logging), Gravity, Magnetic and Seismic are
widely used for subsurface exploration for Groundwater
Resources. Electrical, Electromagnetic and Seismic
methods are used to map subsurface geology and
aquifer covering a small area while Gravity and
Magnetic methods are used to map regional aquifers
and large scale basin features. Gravity and Electrical
(VES), Seismic and electromagnetic methods are
mostly applicable for groundwater exploration in
primary aquifer while 2D ERT are applicable for
secondary aquifer. Gravity and Magnetic are applicable
for secondary aquifer Gravity and Magnetic method
should always be used with any other method for
groundwater exploration.
Electrical and electromagnetic are more applicable
to groundwater exploration than other geophysical
methods because of the close relationship between
electrical conductivity and the physical properties
of aquifers. Application of integrated geophysical
methods should be applied better interpretation of the
groundwater exploration.
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{ f] ;fy} bfª
/ ;'vt{] pkTosfsf] xfO8«fl] hof]nf]lhsn :6l8 ePsf] lyof] .
ljZj a}s
+ sf] C0f ;xof]udf ;du| t/fOsf] e"ldut hn l;+rfO
/0fgLlt -@)$$ df t/fO{ dfqsf] / @)%@ df lelq dw]z ;d]t
;dfj]z u/L k'gd{N" of+lst_ tof/ kfg]{ b]lv g]kfn Ol/u];g ;]S6/
k|fu] f| d -PgcfOP;lk_ sfo{qmd cGtu{t klZrd t/fO{df 8Lk tyf
:ofnf] gns'k l;+rfO, ;+oQ' m /fi6« ljsf; sfo{qmdsf] cg'bfg
;xof]udf ;Dk"0f{ t/fOdf :ofnf] PSjLkm/ xfO8«fl] hof]nf]lhsn
:6l8, cGt/fl{i\ 6«o s[lif ljsf; sf]ifsf] C0f ;xof]udf sDo"lg6L
:ofnf] 6'jn
] Ol/u];g k|fu] f| d -l;P;l6cfOlk_ sfo{qmdaf6
;'g;/L, ;Kt/L, dxf]Q/L, ;nf{xL / /f}tx6df / Pl;ofnL ljsf;
a}s
+ sf] C0f ;xof]udf sDo"lg6L u|fp+8 jf6/ Ol/u];g ;]S6/
k|fu] f| d -l;lhcfOP;lk_ sfo{qmdaf6 emfkf b]lv lrtjg ;Ddsf
@) lhNnfx?df l;+rfOsf] nflu :ofnf] gns'kx? lgdf{0f ul/of] .

t/fO{df e"ldut hn cGj]if0f of]hgfsf] ;'?jft ljsf;
;ldlt P]g cg';f/ ul7t e"ldut hn;|f]t ;j]{If0f ljsf;
;ldlt cGtu{t @)@^ ;fndf cd]l/sL ;xof]uaf6 ul/of] .
of] ;ldlt u7g k"j{ hn;|f]t ;j]{If0f ljefu cGtu{tsf] hldg
d'lgsf] kfgL ;j]{If0f OsfO{sf] dfWod af6 @)@$ ;fn b]lvg}
sfdsf] tof/L ePsf] lyof] . ldlt @)@&.!.@* sf] /fhkqdf
k|sflzt ;"rgf cg';f/ tTsfnLg hn tyf ljB't dGqfnosf
;lrjsf] cWoIftfdf ul7t o; ;ldltdf vfB tyf s[lif /
cy{ dGqfnosf k|ltlglwx? ;b:o / hn;|f]t tyf hnafo'
lj1fg ljefusf lgb]{zs ;b:o ;lrj /xg] Joj:yf lyof] .
o; ;ldltn] % jif{df n'lDagL t/fO{, e]/L t/fO{ / dxfsfnL
t/fO{sf & lhNnfx?df cGj]if0fTds gns'kx? lgdf{0f u/L
cWoog u/]sf] lyof] .
;ldlt tkm{ k|z:t b/aGbL ePtfklg w]/} h;f] clws[t
:t/sf sd{rf/Lx? :yfO{ b/aGbLsf] kb lnog /fvL sfhdf
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cfO sfd ug]{ uy]{ . o; ;ldltsf] cfˆg} t lhof]nf]lh tkm{sf pk|]tL, k|tfk l;+x tft]8 / l;l4 k|tfk vf+8 o;sf k|d'v
s]jn Ps hgf dfq clws[t lyP .
ePsf lyP .
ldlt @)$#.(.@* sf] /fhkqdf k|sflzt ;"rgf cg';f/ tTsfnLg
hn;|f]t dGqfnosf cltl/Qm ;lrjnfO{ o; ;ldltsf] cWoIf
agfOPsf]df ldlt @)$&.!@.!* sf] /fhkqsf] ;"rgf cg';f/
hn;|f]t dGqfnosf ;lrjnfO{ k'gM of] ;ldltsf] cWoIf
agfOof] . To:t} ldlt @)$^.*.!@ sf] /fhkqdf k|sflzt ;"rgf
cg';f/ e}/xjf n'lDagL e"ldut hn kl/of]hgfsf k|d'v nfO{
;b:o ;lrj agfOPsf]df ldlt @)%#.#.@) sf] dlGqkl/ifb\
sf] lg0f{o cg';f/ u7g cfb]zdf bf];|f] ;+zf]wg u/L l;+rfO
ljefu e"ldut hn l;+rfO dxfzfvfsf pkdxflgb]{zs nfO{
tf]lsof] .
g]kfnsf] cfˆg} cfly{s ;|f]taf6 cGj]if0f gePsf] 7fpFdf
cGj]if0f -lhof]lkmlhsn ;j]{sf] ;fy} 6]:6 l8«ln+u_ /
cGj]if0f ePsf] 7fpFdf e"ldut hn l;+rfOsf] nflu ljleGg
cfof]hgfx? ;+rflnt eP . pbfx/0fsf] nflu s}nfnL
s+rgk'/, slknj:t' / dxf]Q/L gns'k cfof]hgfx? nfO{
lng ;lsG5 . ;'?df Pl;ofnL ljsf; a}+ssf] bf];|f] s[lif
sfo{qmd C0f cGtu{tsf] /sd af6 / kl5 g]kfnsf] cfˆg}
cfly{s ;|f]t / ;fwgn] Plklk laz]if sfo{qmd sf] gfd af6
t/fOsf] ;Dk"0f{ efudf 8Lk tyf :ofnf] gns'k lgdf{0f u/L
l;+rfO ;'lawf pknAw u/fpg] sfd eof] . To:t} c:6«]lnof
;/sf/sf] ;xof]udf sf7df8f}Fsf] e"ldut hndf k|b'if0f
cWoog, g]b/n]08 ;/sf/sf] ;xof]udf t/fOsf] e"ldut hndf
cf;]l{\gs cWoog, d]nDrL cfof]hgf;+usf] ;+o'Qm k|of;df
sf7df8f}Fsf] e"ldut hnsf] ;tx tyf u'0f:t/ cg'udg sf] ;fy}
cfl6l{\kml;cn\ l/rfh{sf] cWoog ;d]t ul/Psf] lyof] .
ljsf; ;ldlt P]g cg';f/ ul7t / gfdn] kl/of]hgf eP
klg e"ldut hn;|f]t ljsf; kl/of]hgf #@ jif{ ;Dd lg/Gt/
ljefu h:tf] /fli6«o :t/sf] ;+:yfsf] ?kdf ;+rflnt eof] .
o;sf ;'?sf $ j6f sfof{nox? lj:tf/ e} * j6f x'g k'u]
eg] o; kl/of]hgfsf k|d'v lkmN8 sfof{nox?sf] ;'kl/j]Ifs
x'g'sf ;fy} Pp6f of]hgf ljz]ifsf] k|d'vdf dfq l;ldt ge}
cGo ;a} e"ldut hn l;+rfO cfof]hgf tyf sfo{qmdx?sf]
;d]t kb]g ;+of]hs x'g] Joj:yf ePsf]n] ljefuLo kd'v
h:tf] cfef; x'GYof] . :yfkgf sfn b]lv e"ldut hn;|f]t
ljsf; ;ldltsf] t];|f] ;+zf]wg k"j{ ;Dddf ( hgf qmdz:
8f. rGb| sfGt zdf{, ofbj nfn j}B, lul/hf k|;fb rt'j]{bL,
>Ls[i0f >]i7, lht]Gb| l3ld/], hLjg nfn >]i7, ;'/]z /fh

ldlt @)^%.!).@& sf] /fhkqdf k|sflzt ;"rgf cg';f/
;/sf/n] u7g cfb]zdf t];|f] ;+zf]wg u/L e"ldut hn;|f]t
ljsf; kl/of]hgfsf] ;§f ;ldlts} gfd af6 sfd ug]{ u/L
lkmN8 sfof{nox?nfO{ zfvf sfof{nox? agfO{ ;+Vof klg
yk ul/of] . tTsflng kl/of]hgf k|d'vsf] abnf sfo{sf/L
lgb]{zssf] Joj:yf eof] / lghnfO{ g} ;ldltsf] ;b:o ;lrj
tf]lsof] . lgo'lQmsf] xsdf ;/sf/sf] k"0f{ :jfldTj ePsf]
;+:yfdf slDtdf !% jif{ clws[t :t/df sfd u/]sf] / dfGotf
k|fKt lzIf0f ;+:yf af6 OGhLlgol/+u, Aoa:yfkg, cy{zf:q,
lj1fg jf sfg"g df :gfsf]Q/ u/]sf] nfO{ v'Nnf k|lt:kwf{af6
ul/g] eGg] ePsf]df ldlt @)^^.&.@# sf] /fhkqdf k|sflzt
;"rgf cg';f/ ;/sf/n] u7g cfb]zdf rf}yf] ;+zf]wg u/L
v'Nnf k|lt:kwf{sf] ;§f ;f]em} / ljifosf] xsdf ;dfh zf:q
;d]t yk u/L cg'ej x6fOof] . xfn ;Dd $ hgf qmdz:
hLjg nfn >]i7, k|df]b zdf{, af;'b]j cof{n / hut hf]zL
sfo{sf/L lgb]{zs e} ;s]sf 5g\ . jt{dfg Joj:yf cg';f/
;ldltsf] cWoIfdf l;+rfO dGqfnosf ;lrj / ;b:ox?df
l;+rfO, vfg]kfgL, hn tyf df};d lj1fg, vfgL tyf e"ue{
ljefux?sf dxflgb]{zs / e"ldut hn pkef]Qmf ;+3sf
cWoIf tyf ;b:ox? dWo] af6 Ps hgf dlxnf ;d]t
;/sf/n] tf]s]sf] @ hgf /xg] eGg] pNn]v ePsf] 5 .
;'? b]lv t];|f] ;+zf]wg k"j{ ;Dd klg e"ldut hn;|f]t
ljsf; ;ldlt jf e"ldut hn;|f]t ljsf; kl/of]hgfsf]
gfddf s'g} ah]6 x'b}gYof], ljleGg e"ldut hn cGj]if0f tyf
l;+rfO sfo{qmdx? af6 lnP/ sfd ug{' k/Yof] eg] ldlt
@)^%.!).@& df ePsf] e"ldut hn;|f]t ljsf; ;ldltsf]
u7g cfb]zsf] t];|f] ;+zf]wg kZrft pQm ;ldltsf] gfddf
klg ah]6 lalgof]hg x'g yfNof] . cf=j= @)&@.&# sf] l;+rfO
ljefusf] ;+:yfut ;+/rgf kl/jt{g kl5 ef/t ;/sf/sf]
;xof]udf ;+rflnt gns'k l;+rfO sfo{qmd dfq e"ldut
hn;|f]t ljsf; ;ldltsf] zfvf sfof{nox? dfkm{t x'g
uof] . pQm sfo{qmd klg cf=j= @)&@.&# df ;DkGg ePsf]n]
ca o; ;ldltn] e"ldut hn cGj]if0f, cWoog / cg'udg
dfq ug]{ ub{5 . ;+;bdf k]z ePsf] ljwo]s cg';f/ of]
;ldlt k|flws/0fdf kl/0ft x'g] / o;n] e"ldut hn cGj]if0f,
cWoog / cg'udgsf] ;fy} sf7df8f}F pkTosf afx]s cGo
7fpFdf /x]sf] e"ldut hnsf] Jofkfl/s k|of]hgsf] nflu
cg'dlt k|bfg, cg'udg / lgodg ug]{ lhDdf kfpg] eGg]
ePsf] 5 .
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e'ldut hn>f]tM k|of]hg, cfk'lt{ / hf]lvd d'NofÍg
lg/ zfSo
lqrGb| SofDk;, lqe'jg ljZjljBfno, 306f3/, sf7df8f}+
-O{—d]n: nirshakya406@gmail.com_

e'ldut hn>f]t s] xf] <
sl/a 70 k|ltzt k[YjLsf efu kfgLn] (fs]sf] x"G% . h;dWo]
;d"Gb| / dxf;fu/sf g"lgnf] kfgL clwsf+; -(&Ü_ kb{% eg]
sl/a 2=5—3 k|ltzt dfq k[YjLsf] efudf z'4 kfgLsf] ?kdf
kfO{G%

.

h;dWo]

Ps

k|ltzt

z'4kfgL

tfn,

gbL

vf]nf,

gfnfsf] ?kdf /x]sf %g\ eGg] lxdgbL jf lxpF kUn]/ aGg]

&)Ü

z'4 kfgL

@(–#)Ü

/ e"ldut hn dfq}

% . k[YjLdf pkof]u x'g ;Sg] z'$kfgLdf

((Ü

kfO{g] cf+s*f
kfgL e"ldut

cj:yfdf /x]sf] e"ldut hn kb{$ .

x"g] ub{% . h:df &'nf-&'nf r§fgsf lr/f / b/f/af^ lg:sg]
d'n ;d]t kb{% . z"$ tyf clt dxTjk')F{ ePsf] sf/)F e'ldut
hnnfO{ t/n ;"g -Liquid gold_ sf] ?kdf klg lng ;lsG% .
o;y{ cf¤vfn] gb]lvg] o; cb[Zo >f]tnfO{ dfgljo uNtLsf]
sf/)F k|b"if)F u/L hf]lvdsf] l:yltdf sbflk /fVg" x"Gg lsg
eg] lglZrt :yfgdf l;ldttf gx"g] e'ldut hn k|b"if)f kZrft
k|zf]wg c;Dej g} x"G% .

laleGg

lsl;dsf

txx?

-Layers_

x"G%g\ . oL txx? dWo] s"g} a(L jf sd k|;/)flzn x"G%g\ .
k|;/)flzn

txdf

pBf]u wGbf

l

l;+rfO

t/fO{sf

clwsf+;

gu/

If]qx?df

vfg]kfgL

cfk'lt{sf]

nfuL

vfg]kfgL ;+:yfgn] e'ldut hn g} a(L k|of]udf NofO{ /x]sf]
% . To;} u/L l;+rfOsf] nfuL t/fO{sf] sl/a 13,50,000 x]S^/
e'-efu dWo] e'ldut hnaf^ s"n 4,00,000 x]S^/ e'lddf
l;+rfO pknAw ePsf] cf¤s*f % . e'ldut hn k|of]u ug{] kDk
l*hfO{g ug{] x"¤bf pQm ;dodf klg e'ldut hn k|of]u u/L g}
/xg ;lsG% . t/fO{sf jflif{s e'ldut hnsf] lx;fa jiff{taf^
dfq o;/L /x]sf] cf¤s*F % -e"=h=la= ;ldlt_M
l

aif{]gL e'ldut hn jiff{taf^ dfq kl/k'lt{ x"g]
M 8800 c/a ln^/

l

aif{]gL l;+rfOsf] nfuL k|of]u x"g] M 1146 c/a ln^/

l

aif{]gL vfg]kfgLsf] nfuL k|of]u x"g] M 462 c/a ln^/

l

aif{]gL e)*F/df lglZrttf g/lx xf]Rrf efudf axfa e}/xg]
M +7192 c/a ln^/

kfgL lbg] tx
d"lg

vfg]kfgL

l

klg ;"Vvfofddf kfgLsf] n]en #^\g uPdf klg c;/ gkg{] u/L

ljZjdf k|of]u x"g] kfgLsf] 50 k|ltzt e'ldut hnaf^ cfk'lt{

hldg

l

hfnL

-Screen_

xfnL

kDksf]

dfWodaf^

e'ldut hnnfO{ ljleGg sfo{sf nflu k|of]udf Nofp¤bf e'ldut
hn oL k|;/)flzn ePsf] tx h:t} lul§ -Gravel_ tyf afn"jf
-Sand_ larsf] vfnL &fp¤ jf l%b|af^ jxfj e}/x]sf] x"G% .

hlthlt s)fx? -Grains_ &'nf x"G%g\, Tolt kfgL /xg] vfnL
&fp¤ klg a(L g} x"G% . h:t}M jfn"jfsf s)fx? dl;gf ePsf]
x"¤bf kfgL /xg] s)fsf larsf] vfnL &fp¤ lul§sf] t"ngfdf

dflysf]

lx;fa

lstfaaf^

e'ldut

hnsf]

k|of]u

^\o'jj]nsf]

dfWodaf^ al( ;] al( x"g" kg{] :ki^ b]lvG% . o;y{, t/fO{
If]qdf e'ldut hnaf^ clwsf¤; efudf l;+rfO ;"lawf pknAw
ug{ lb#{sflng s[lif of]hgf nfu" e}/x]sf] % .

e'ldut hn k|of]usf kmfO{bfx?
1=

rflxg] a]nf dfq k|of]u ug{ ;lsg] .

2= hldg d"lgsf] kfgLsf] ;tx a(\gaf^ /f]Sg] x"¤bf hldgsf]
;tx

;fg} x"G% .

lelh

/xg]

;d:ofaf^

%"^sf/f

kfO{g]

.

h;af^

af(Lsf] ;d:ofaf^ /f]syfd x"g ;lsg] .

kfgLsf] axfj x"w x]/L k|fljlwaf^ kfgL cfp¤g] tx -Aquifer_
tyf kfgL gcfp¤g] tx -Non-Aquifer_ sf] ljZn]if)f ul/
klxrfg u/] kZrft dfq hfnL xflnG% eg] kfgL gePsf] txdf
kfO{k dfq xflnG% . o;/L kfO{k, hfnLsf] k|of]u u/L ^\o'jj]n
lgdf{)F kZrft e'ldut hn ljleGg sfo{x?df k|of]udf Nofp¤% .

3=

rflxg] &fp¤df g} cfk'lt{ ug{ ;lsg] x"¤bf aftfj/)fdf x|f;
gcfp¤g] .

4= ;"Vvf df};ddf ;tx kfgL l%§} ;"Sg uO{ ;d:of kb{% eg]
e'ldut hndf vf;} c;/ kb{}g .
5= e'ldut hn e)*F/ k|To]s aiff{tdf km]/L el/G%g / c?a]nf
klg gbL gfnfdf aUg] kfgLn] e)*F/ ug{ d@t ub{%g .
6= aif{}

g]kfndf e'ldut hn>f]tsf] k|of]u
g]kfndf e'ldut hn lgDg k|of]hgsf] nfuL k|of]udf NofO{/x]sf]
kfO{G% .
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e/L

l;+rfO

al~rt gx"g]

.

tyf

cGo

k|of]hgsf]

nfuL

;"lawfaf^
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7= e'ldut hnsf] k|of]uaf^ dl;gf] afn"jf v]tL of]Uo hldgdf
hDdf x"g] h:tf ;d:of gx"g] .

&'nf]

xnrn

x"¤bf

r§fgx?sf

sdhf]/

efudf

lr/f,

b/f/

k}bf x"g] qmddf #if{)Faf^ Ps lsl;dsf] ck|z/)flzn kbfy{

8= kfgL k|of]usf] nfuL kDk g} k|of]u ul//xg" kg{] x"¤bf kfgLsf]
cfjZoQmfdf dfq k|of]u x"g], b"?kof]u gx"g] .

hDdf x"g uO{ e'ldut hnnfO{ ;txdf k|blz{t ubf{ d'nsf]
?kwf/)f

ub{%

.

o:tf

If]qx?df

xf]z

gk"¥ofO{

&'nf

-&'nf

;+/rgfsf] lgdf{)F sfo{ / ;f] If]qsf] jl/kl/ hyfefjL ?kdf
t/ sf&df)*f} pkTosfsf] hg;+Vofsf] rfk / df¤unfO{ Wofg

e'ldut hnnfO{ k|of]udf Nofp¤bf eg] c;/ kg{ ;S% . cGo

/fVbf dfly pNn]lvt a"¤bf nfu" gx"g] b]lvG% . kfgLsf] df¤u

b]zx?df o:tf If]qx?af^ e'ldut hn pTvgg\ u/L vfg]kfgL

;+u} vfg]kfgL, tyf pBf]uwGbfsf] nfuL e'ldut hn kl/k'lt{sf]

nufot laleGg k|of]hgdf NofO{Ptf klg g]kfndf o:tf vfn]

cWoog

tyf

e'ldut

hn>f]t

;+rosf]

u/L

k|rng ePsf] sd} kfO{G% . o;y{ o:tf kxf*L If]qsf] ;DefJo

If]qsf]

If]qsf] klxrfg u/L ;DalGwt laz]if!x? kl/rfng ug{ ;s]sf]

;+/IF)Fsf] s"/} %f*f}+, a(bf] zx/Ls/)Fsf] sf/)f ("é]wf/fsf >F]t

v)*df a}slNks >f]t tyf xfnsf >f]taf^ x"g] aftfj/)fLo

;d]t y'lgg uO{ oL P]ltxfl;s ("é]wf/fsf cfs[lt dfq b]Vg

x|f;df sdL x"g"sf ;fy} cfjZoQmf cg";f/sf] kfgL cfk'lt{ ug{

kfO{G% . o;y{ e'ldut hn>f]tsf] e)*f/ slt % < / slt

;lsG% .

k|of]u

lx;fa
e}

lstfa

/x]sf]

;d]tnfO{

kfO{G%

.

j]jf:tf

kl/k'lt{

nfv ln^/;Dd kfgL lgsfn]df aftfj/)Fdf gf]S;fgL x"¤b}g <
aflif{s aiff{tsf] slt k|ltzt hldg d'lg laleGg txx? dfkm{t

hf]lvd d'NofÍg

l%b{% < aiff{tsf] kfgL ;f]´} hldg leq l%g{ uO{ e'ldut hn

ljleGg k|of]hgsf nflu k|of]u x"g] e'ldut hn hdLg d"lg g}

k|of]hgsf] cg"kftdf kl/k'lt{ -Recharge_ e} /x]sf] % jf %}g <

/xg] x"+bf o;nfO{ cb[io >f]tsf] ?kdf dfGg ;lsG% . cb[io

%}g eg] aiff{t sf] kfgL ;+ro u/L kf]v/L jf vfN*f] vGgL

d} ePsf] x"+bf of] hn k|b"if)F cj:yfdf % jf %}g, hf]lvdk')f{

s[ltd ?kdf kl/k'lt{ -Artificial Recharge_ ug{] xf] sL < cflb

eO{/x]sf % jf %}gg\, k|zf]wg ug{ ;lsG% jf ;lsGb}g\ cfbL

s"/fsf] Wofg e'ldut hn sfg"g nfu" u/L t"?Gt yfNg" kg{] /

s"/fx? t"?Gt} cg"dfg ug{ ufx|f] x"G% g} . ;f+Rr} g} dfgljo

a}slNks >F]tsf] vf]h ;d]t cfjZoQmf b]lv;s]sf] % .

s[ofsnfk, uNtL cfbL sf/)faf^ of] hn hf]lvdk')f{ cj:yfdf

kxfl8 If]qdf klg e'ldut hn>f]t ljsf;sf] ;+efagf
/ cfk'lt{

x"g]%

jf

x"g]

%}gg\

oL

s"/f

af/]

hfgsf/L

lng"

cfhsf]

ljsfzsf] o"udf ;fGble{s b]lvG% .

g]kfndf e'ldut hnL>f]tsf] cGj]if)f / cg";Gwfg sfo{ t/fO{

e'ldut hn Ps} :yfgdf jf lglZrt :yfgd} dfq l;ldt eP/

If]qdf k|foM l;ldt /x]sf] kfO{G% . ;j{;fwf/)Fdf of] e|d %

/xb}+g, of] hn hldg d"lg pRr efuaf^ xf]rf] efudf jxfj

ls e'ldut hn e)*f/ ;dy/ If]q cyf{t gbL, gfnfx?af^

eO{ g} /xG% . o;y{ dfgljo s[ofsnfkaf^ e'ldut hn b"lift

hDdf kf/]sf afn"jf, lul§sf tx ePsf] If]qdf dfq} kfO{G% .

x"g] k|an ;Defjgf /xG% / sy+ sbflrt b"lift e} xfn]df

t/ To;f] geO{ kxfl* e]udf b]vf kg{] ;-;fgf h?jf, s"jf,

of] hnnfO{ k|zf]wg ug{ nueu c;Dej g} x'g] dfly pNn]v

d'n cflb e'ldut hn>f]t g} x"g\ . lr/f / b/f/ k/]sf s*f

e};s]sf] % . xfd|f] b]zdf e'ldut hnnfO{ ;+j]bglzn >f]tsf]

r§fgx?df klg kfgL l%g{ ;lsg] x"¤bf e'ldut hnsf] axfj x"g

?kdf lnPsf] b]lvGb}g, t/ cGo ljsl;t b]zx? df of] >f]tnfO{

;S% . laleGg b]zx? ef/t / rLgdf ;d]t s*f r§fgsf

clt

b/f/, lr/fsf] klxrfg u/L e'ldut hn pTvgg\ / Joj:yfkg

j}!flgs s[ofsnfkx? ckgfPsf x"G%g\ . ljz]ift s[ofsnfkdf

u/L vfg]kfgL tyf cGo k|of]hgdf NofO{/x]sf] kfO{G% . r§fgx?

kl/k'lt{ x"g] If]qsf] ;+/If)f ug"{ / hf]lvd x"g glbg ul/g]

dWo] e'ldut hn ljz]if?kdf r"g ("éfsf kxf*x?df a(L axfj

ljleGg kl/If)F jf d'Nof+sg sfo{ ug]{ . ;+;f/d} hg;+Vof a[l$b/

ePsf] kfO{G% . cli^«ofsf] /fhwfgL leogfdf o:t} r"g ("éfsf

j(bf] %, o;y{ ;+;f/s} k|Voft e'–hn ljz]if!x?n] e'ldut

kxf*af^ 400 ln^/ k|lt ;]s])* Ifdtfsf] b/n] kfgL ljt/)f

hnnfO{{ k|b"if)Fsf] rk]^faf^ aflx/ /xg lbg ljleGg d'Nof+sg

e} /x]sf] % . o;} u/L Oh/fonsf clwsf+z zx/sf vfg]kfgLsf

sfo{ ug]{ / d'Nof+sg kZrft kl/k'lt{ x"g] If]q h:tf clt g}

>f]t klg r"g("éf kxf*s} lr/f / b/f/af^ axfj x"g] d'nsf

;+j]bglzn If]qx?nfO{ ;+/lIft ug]{ pkfo canDag ul/;s]sf

kfgL g} xf] . sf&df)*F} pkTosfsf] kxf*L If]q cGtu{t kg{]

%g\ . ljz]if!x?Jbf/f ul/g] a}!flgs tj/sf] d'Nof+sgsf] cnfjf

afnfh"sf]

afO{;wf/fsf

kfgL,

dftflty{df

cjl:yt

g}

;+j]bglzn

dfgL

o;nfO{

b"lift

x"g

glbg

ljleGg

("é]wf/fdf

gful/s, gful/s ;dfh, gu/kflnsfx? klg r]tglzn %g\

axfj x"g] kfgL, kmlk{é If]qsf] ;td'n, gf} d'n, z]if gf/fo)fsf]

pbfx/)fsf nflu l:j*]g /fi^«sf] Pp^f gu/kflnsfn] canDag

d'nsf] kfgL o:t} lr/f / b/f/ k/]sf r§fgdf hDg uPsf

u/s]f gLltnfO{ oxf+ lng ;lsG% . l:j*]gsf] Pp^f :ofgf]

e'ldut hn g} x"g\ . h"g kfgL ^\of+s/sf] dfWodaf^ vfg]kfgLsf]

zx/ ;d"b« lsgf/df cal:yt udL{ofddf k|foM l:j*]gL hgtfx?

;d:ofaf^ xfxfsf/ sf&df)*f} pkTosfdf lat/)F tyf vl/b

labf

e} /x]sf] b]Vb%f}+ . e'sDk tyf cGo ef}ule{s k|s[ofaf^ k[YjLdf

eGg] &fp+df gu/kflnsf s} kxndf e'ldut hnnfO{ b"lift x"g
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dgfpg

cfpg]

zx/

^fgd

:^«f)*

(Tanum Strand)

lg/ zfSo M e'ldut hn>f]tM k|of]hg, cfk'lt{ / hf]lvd d'NofÍg
Dry Toilet / Urine Separational Toilet

cyf{t ;"Vvf

;]lK^s ^of+s hyfeflj tl/sfaf^ lgdf{)f eO{/x]sf] / kl/k'lt{

zf}rfno hxf+ lkzfj / &f]; dn cnUu cnUu &fp+df hDdf

x"g] If]qsf] ;+/lIft gx"+bf sd ulx/fO{sf] e'ldut hn k|b"if)f

glbg

Toilet

sf] cawf/)f lnO{ gu/kflnsaf^

x"g] ;Defjgf al( g} x"g] b]lvG% . ^fO{kmfO{*, emf*F kvfnfsf]

gd'gfs} ?kdf zf}rfno h*fg ug]{ yfngL ePsf] % . o;

cnfjf ;]lK^s ^of+sLsf] ld>)faf^ e'ldut hndf gfO{^«]^ efu

zf}rfnosf] d"Vo p@]Zo dfglao dn / lkzfj hldgdf axfj

a(L ;+nUgtf x"g] / o:tf] cz"$ kfgL lkp+bf gfO{^«]^sf] dfqf

x"g glbO{ e'ldut hnnfO{ k|b"if)f x"gaf^ arfj ug"{ xf] .

/utdf kfO{g] x]df]Unf]lagdf ldl;g uO{ clS;hgnfO{ rnv]n

x"g] lx;fan] o:tf

ug]{ Ifdtfsf] b/ sd x"g uO{ :jf:YonfO{ c;/ x"g] */ x"G% .
lkzfjnfO{ ljleGg Ifdtfsf] ^of+sLdf hDdf ub{%g\ eg] &f];

sf&df)*f} pkTosfsf] lglh lgdf{)F u/]sf c;kmn ^o'jj]nx?df

dnnfO{ csf]{ ^of+sLdf . o;/L ;"Vvf zf}rfnodf kfgL k|of]u

un}+rf /+ufP/ hDdf ePsf /f;folgs o"Qm emf]n kbfy{ vGof+pg]

gx"g] x"+bf b"lift kbfy{ axfj gx"g] x"G% eg] csf]{lt/ lkzfjnfO{

u/]sf] rrf{ klg grn]sf] xf]O{g, t/ :jR% e'ldut hnnfO{

s[ifs pkef]Qmf ;d"x dfkm{t jfnLgfnLdf kf}li^stfsf] nflu %g]{

ljiffbL

sfo{df j]rljvg x"g] x"+bf gu/kflnsfnfO{ s]lx xb;Dd cfly{s

lsl;dn] s"g} lsl;dsf] e'ldut hn sfg'g klg t %}g\ . o;y{

nfe klg

e'ldut hn b"lift kZrft k|zf]wg ug{ nueu c;Dej ePsf]

x"g] ePsf] b]lvG% . x"g t o:t} lsl;dsf] zf}rfno

emf]n

ld;fO{

b"lift

ug]{

Joa;foLnfO{

sf/jfxL

ug]{

Ps

sf/)f hgr]tgf hufO{ dflg;sf] wf/)ffsf] kl/jt{gsf] ;fy;fy}

;+:yfaf^ yfngL e}/x]sf] rrf{ % . of] lglZrt ?kdf /fd|f] sfo{

dxfgu/kflnsf / ;DalGwt dGqfnon] ;d]t cfjZos ;f]r

ePsf] x"+bf o; sfo{nfO{ cem a(L k|f]T;flxt ug{"kg]{ cfjZostf

lng" kg]{ j]nf ePsf] % . x"g t zxl/s/)fsf] gfddf sf&df)*f}

x"G% . t/ o;sf] d"Vo k|of]hg afnL, gfnLsf] pj{/f zlQm Xf;

pkTosfdf olt a:tL ljsf; eO{;s]sf] % ls e'ldut hn

x"g glbO{ kf}li^stf k|bfg ug"{ xf] . t/ e'ldut hnnfO{ klg

kl/k'lt{ x"g] If]q ;d]t vfnL gxf]nf ls eg] klg nfUb% .

b"lift x"g glbg] k|lalw klg ePsf] x"+bf ;j{;fwf/)F pkef]QmfnfO{

o;y{ af^f], pBf]u tyf cGo ;+/rgf cfbL lasf; lgdf{)f

hfgsf/L lbg" kg]{ h?/L % . ;fy} o:tf k|ljlwx? dfly pNn]v

sfo{ ubf{ o:tf If]qnfO{ c;/ gkg]{ lsl;dn] larf/ k¥ofpg"

u/] em}+ ;DalGwt gu/kflnsfaf^ g} kxn ug"{ h?/L % .

h?/L % . olx tYonfO{ dgg\ u/L e'ldut hn ;DalGwt

xfd|f]

b]zdf

klg

vf]sgf,

a"édlt

If]qdf

la:tf/}

s"g}

j}!Flgsx? sf] e]nfdf ;g\ 1970 df e'ldut hnnfO{ k|b"if)f
pkTosfdf vfg]kfgLsf]

x"g glbg "Vulnerability Risk Assessment" cyf{t hf]lvdk'j{

df+u hg;+Vofsf] rfk ;+u} a(\g] s|ddf %, e'ldut hnsf]

ug]{ d'Nof+sg tl/sfsf] ljsf; ePsf] % . of] Ps lsl;dsf]

k|of]u j}!flgsx?sf] ;Nnfxsf] lakl/t klg lgsfNg] s|d hf/L g}

;f+s]lts tl/sf xf], h;af^ kfgLsf] l:y/ n]en, hg;+Vofsf] rfk,

%” . o; sfo{nfO{ lgoGq)f ug{ cfsfz] kfgL cyf{t aiff{tsf]

kl/k'lt{ cfbLsf] cWoogaf^ e'ldut hn ;+/If)f If]qsf] ljsf;

kfgLnfO{ k|of]u ug]{ k|ljlw ;Dd k|rf/df Nofp+g ;s]sf] %}g .

ug{ ;lsG% . s"g}klg of]hgf %gf]^ ug{

o; sfo{sf] nflu klg ;DalGwt gu/kflnsfx? hfu?s x"g"kg]{

cg";f/

dxz"; b]lvG% . jiff{tsf] kfgL ;+sng u/L k|of]udf Nofp+g

k|bfg ug]{ ef/ tyf c+ssf]

%fgfaf^ v:g] kfgL -Roof

of] t/Lsfaf^ k|b"lift x"g] If]q jf k|b"lift gx"g] Ifqsf] klxrfg

dfly pNn]v e};s]sf] %,

“sf&df)*f}

top water)

nfO{ ;+sng l%d]sL

/fi^« a+unfb]zdf -cf;]{lgs /xlt kfgL lkpg of]Uosf] nflu

ljleGg

lhof]nf]lhsn

/

Vulnerability range

xfO*«f]nf]lhsn

tYof+sx?df

of]ukmnsf] cfwf/df cWoog ug]{

ug{ ;lsG% . al( ;f+s]lts c+s ePdf a(L g}

Groundwater

;d]t_ u}/;/sf/L ;# ;+:yf dfkm{t Jofks hg:t/df k|rf/

Pollution Potential

eO{ sfo{ yfngL ePsf] b]lvG% . t/ sf&df)*f} pkTosfdf o;

b[li^sf])faf^ ;+/lIft ug"k
{ g]{ If]qsf] /fd|} tj/n] ;+/If)F u/]sf] x"G%,

lsl;dsf] k|rf/ k|zf/ ePsf] kfOb}g .

hxf+ dfgj a:tLsf] ;fy} v]tLkftL, j+u/" kfng cfbL sfo{sf] k'/}

x"G% . ljsl;t b]zx?df e'ldut hnsf]

/f]sfj^ g} u/]sf] x"G% . cli^«ofdf t e'ldut hn ;+/If)f If]qdf
;DalGwt e'j}!flgs tyf e'ldut hn lj!af^ cg";Gwfg u/L
e'ldut hnnfO{ k|bi" f)faf^ d"Qm /fVg e'ldut hn sfg"gsf] Joj:yf

sf+*] tf/ ;d]t nufO{ kfnf]kx/f g} /flvPsf] x"G% .

x"g cToGt h?/L x"g cfp+% . t/ /fHon] ;j{;fwf/)FnfO{ v"zL

Vulnerability Assessment

kfg{ / Ifl)fs :jfy{sf nflu o; ;DaGwdf g]/fZotf b]vfOPsf]

cWoog ug"{ cfjZos x"G% . ;+/If)f If]q ls^fg ubf{ slt

kfOG% . h:n] ubf{ hxf+ rfx\of] txf+ e'ldut hn lgsfNg] /

hldgd"lgsf] ulx/fO{;Dd k|b"if)F x"G% cflb s"/fx?sf] cWoog

k|of]udf Nofpg] ul/Psf] % . o;/L lgsflnPsf] hnaf^ kl%

ub{%g\ . h"g ;f/f+z ?kdf tn a)f{g u/]sf %g\ .

sf] nflu d'Votof lgDg s"/fx?sf]

s] slt c;/ k%{ ljrf/ ul/Psf] %}g . x"g ;S% o;n] ubf{
eljiodf &'nf] k|sf]ksf] ?k lng ;lsG% . !fgsf] cefjdf

D = Depth to the GW body

e'ldut hn k|b"if)fsf] rk]^faf^ aRg ufXf]

x"G% . e'ldut

e'ldut hnsf] hf]lvdkg ulx/fO{df e/kg]{ x"G%, sd ulx/fO{df

hnsf] k|b"if)F e'ldut hnsf] !fg / e'ldut hnsf] sfg"gsf]

a(L hf]lvd x"g ;Sg] x"+bf kfgLsf] l:y/ n]en cg";f/ klg

cefjdf x"g] u%{g\ . o;y{ hg;+Vof rfk ;+u} a(bf] s|ddf

hf]lvd x"g] jf gx"g] egL ;f+s]lts ?kdf cWoogsf] a"+bfdf
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;dfj]z ug{ ;lsG% . pbfx/)fsf nflu kfgLsf] l:y/ n]en

Pesticide

-0-1=5_ ld^/ ePsf] If]qdf

PlSjkm/sf] of] u")f kDk ^]i^ tl/sfaf^ hfgsf/L lng ;lsG% .

Vulnerability range cg";f/

k|of]u ubf{ If]qnfO{

t;y{ dfly pNn]lvt ef/ / c+s

dL^/

n]en

k|bfg u/L cWoog ug]{ DRASTIC a'+bfx?nfO{ /fd|/L Wofg lbP/

ePsf] If]qdf Pesticide k|of]u ubf{ 3 dfq} ef/ lbPsf] x"G% .

hg;+Vof tyf pBf]ux?sf] a(L rfk ePsf] If]qx?df cfjZos

Pollution

cg";Gwfg u/L ;+/If)f If]qx?sf] klxrfg ug"{kg]{ cfhsf] k|d"v

10

ef/

lbPsf]

x"G%

.

15

b]lv

23

jf^/

o;l/ If]q cg";f/ km/s km/s ef/sf] hf]*af^

potential / non-potential

If]qsf] klxrfg ub{% .

cfjZostf

xf]

.

oL

s"/fx?nfO{

dgg

u/L

hg

hfu/)fsf

s[ofsnfk u/L e'ldut hnnfO{ k|b"if)Fsf] hf]lvdaf^ arfcf}+ /
eljiosf ;Gtltsf nflu :jR% kfgLsf] Joj:yf u/f}+ .

R = Recharge
kl/k'lt{ x"g] If]q ;+/lIft gx"+bf klg dfgljo uNtLsf sf/)faf^
e'ldut hn b"lift x"g ;lsg] x"G% . o;y{ kl/k'lt{sf] b/ a(L
ePsf] If]qdf a(L g} e'ldut hn hf]lvd x"g ;Sg] x"+bf o:tf
If]qnfO{ ;+/lIft ubf{ e'ldut hnnfO{ :jR% /fVg ;lsg] .
A = Aquifer
kfgLlbg] tx cyf{t PlSjkm/ a(L v"Nnfkg k|z/)flzn Ifdtf
ePsf cGo txx? ;+u Ps csf{df ;+nUgtf eO{ km}nfj^ ePdf
klg e'ldut hn hf]lvd x"g ;Sg] a(L ;+efjgf b]lvG% .
S = Soil type
PlSjkm/ Confining ePsf] cyf{t kfgLlbg] ;Sg] txsf] tndfly
ck|z/)flzn Ifdtf ePsf df^f]sf] tx ePdf hf]lvd sd x"g
;lsg], t/ txdf kfgL ;f]:g] tyf k|If]k)f Ifdtf a(L ePsf]df
eg] hf]lvdk')f{ rf+*f] x"g ;lsg] . v;|f]kg tx dl;gf s)f
ePsf txeGbf a(L hf]lvd x"G% .
T = Topography
e'–w/ftn klg e'ldut hn hf]lvdkg gfKg] tl/sf xf] . h:t}
lr/f, b/f/kg gePsf tfhf r§fg a(L hf]lvd gx"g] x"G% eg]
vfN*f, v"lN*, pRr, xf]Rrf e'-efuaf^ eg] kfgL a(L l%§} ;f]:g]
x"+bf e'ldut kfgLnfO{ hf]lvdk')f{ ug]{ tTjx? rf+*f] g} e'-hn
efu cyf{t

Groundwater body

df k"Ug ;lsg] x"G% . ;fy}

le/fnf]kg txdf e'ldut hn sd b"lift x"G% lsgeg] o:tf
w/ftndf e'ldut hnsf] j]u a(L x"G%g\ .
I = Impact of the Vadose zone (zone between the soil & top of the
aquifer)
kfgLsf]

n]en

dflysf]

tx

sd

leh]sf]

(Unsaturated) ePdf

klg e'ldut hndf hf]lvd k')f{ x"g ;lsg] k|ltzt a(L x"g]
x"G% . ljz]if u/L s*f r§fgdf e'ldut hn cGj]if)f sfo{df
of] s"/fsf] Wofg lbg" h?/L % . s*f r§fgdf e'ldut hnsf]
af^f] g} b/f/ / lr/f k/]sf] If]q

unsaturated

x"g] ePsf]n]

;+VofTds ?kdf hf]lvd a(L x"g] ;+efjgf x"G% .
C = Hydraulic Conductivity
s"g} If]qdf kfgL lbg] txsf] s)fx? a(L g} k|;/)flzn Ifdtf
ePdf e'ldut hn hf]lvdk')f{ x"g ;Sg] a(L ;Defjgf x"G% .
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g]kfndf e"ldut hn>f]tsf] cWoog — cg';Gwfg sfo{sf] ;+:yfut ljsf;
/fh]G› Gof}kfg]
l;lgo/ l8lehgn xfO8«f]lhof]nf]lh:6, l;rfO ljefu
-xfnM l8lehg k|d'v, e'ldut hn l;rfO ljsf; l8lehg, lrtjg_
-O{d]nM gorkiarya@gmail.com_
)=# % dfq cf}Bf]lus If]qdf pmkof]u ul/Psf] kfOG5 . g]kfndf
aflif{s ;/b/ aiff{ !%))–@%)) dL=ld= -!%#) dL =dL==k|ltaif{_
x'g] u/]sf] 5 . To;} u/L g]kfndf aflif{s ?kdf pknAw/
k'ge{/0f x'g] e"ldut hn>f]t %=*–!!=% v/a 3=dL= -WECS,
2011_ /x]sf] cg'dfg 5 . t/fO / leqL dw]zdf k'ge{/0f
x'g] e"ldut hn>f]tsf] kl/df0f !@$–^*%dL=ld==k|ltaif{ -Duba
1982; Electrowatt, 1984_ 5 . b]zsf] /fhwfgL sf7df08f}
pkTosfsf] ultzLn kl/df0f -dynamic reserve_ cg'dfg
$=&%–!#=^% c/a 3=dL= k|ltaif{ 5 eg] l:y/ e"lduthn>f]t
kl/df0f -static reserve_ cg'dfg @!=^–#@%) c/a 3=ld=
5 . b'g pkTosfx?dWo] lrtjg, b]pv'/L/bfª pkTosfsf]
k'ge{/0f cg'dfg qmdzM !#^–$@^ c/a 3=dL=, !##–!*!
c/a 3=dL=/ !#)—!$) c/a 3=dL= k|ltaif{ /x]sf] 5 -WECS,
2003_ . u+uf gbL a];Lgsf] s'n kfgL9nf] dWo] $%% e"—
efu g]kfndf kb{5 . g]kfnsf] e"ldut hn>f]taf6 g]kfnsf]
t/fOsf] s'n %,&),))) x]= s[lifof]Uo e"ld l;+lrt ug{ ;lsg]
Ps cWoogaf6 cg'dfg ul/Psf] 5 -WECS, 2005_ .
g]kfnsf] kxf8L / lxdfnL If]qsf] e"leut hn ;+lrlt k|ltjif{
!&!# c/a 3=ld= -Kansakar, 2001_ /x]sf] cg'dfg 5 .

hn>f]tdf wgL b]z

g]kfn hn>f]tdf w]/} wgL b]z xf] . hn>f]tsf lx;fan] g]kfn
ljZjd} a|flhnkl5sf] bf]>f] wgL b]z xf] . aiff{b\sf] kfgL, lxpF,
cl;gf, lxdgbL, tfntn}of, tftf]kfgLsf d"n/s'08x? tyf
e"ldut hn g]kfnsf ckf/ hn;Dkbfx? x'g . g]kfndf
^))) eGbf a9L gbLgfnfx? 5g\ . hn>f]tsf] ;d'lrt
k|of]un] g]kfn cfly{s ?kn] ;d[Wb x'g;S5 . g]kfndf
sf]zL, u08sL, s0ff{nL / dxfsfnL gbL k|0ffnLx? tyf
sGsfO, sf]zL, afUdtL, gf/fo0fL, /fKtL , aaO / s0ff{nL gbL
a]l;gx? 5g -WECS, 2011_ . oL ;a} gbLx? g]kfnsf]
ef}ule{s agfj6 adf]lhd pQ/L lxdfnob]lv blIf0flt/
-transverse_ k|jflxt eO axg] x'gfn] g]kfndf lxdfnb]lv
t/fO;Dd g} e"ldut hn>f]tsf] cyfx e08f/ agfp5g .
e"ldut hn k[YjLsf] u'?Tjann] ubf{ hldgd'lg k|jflxt x'g]
kfgL xf] . e"ldut hn>f]t hnrqmsf] Pp6f cleGg cË
xf] . of] e"ldut hn>f]t ljZjd} z'Wb vfg]kfgLsf] k|d'v
>f]t xf] . kf]v/fsf] ;]tL gbL ;lxt lxdgbL / lxpF kUn]/
cfPsf -snow fed_ gbLx?afx]s cGo ;Dk"0f{ gbLx?aiff{b
/ e"ldut hn>f]t -precipitation and groundwater base
flow_ sf ljleGg ?kx? x'g\ . e"ldut hn>f]tsf] k'ge{/0f
aiff{b\sf] kfgL, ;txdf aUg] cgluGtL gbLgfnf, tfntn}of / g]kfndf e"ldut hn>f]tsf] cWoog tyf cg';Gwfg
;d'b|af6 x'G5 . o;}n] ;tx / e"ldut hn>f]t Psfk;df If]qdf xfn;Dd ePsf sfo{x?
cGt/;DalGwt 5g .oL b'a} Ps csf{sf k'/s x'g\ . e"ldut l O=;+= 1969-1974 df cd]l/sL ;xof]u lgof]u -USAID_
cd]l/sL ef}ule{s ;e]{If)f -USGS_ sf] k|flalws ;xof]udf
hn>f]t lagf hnrqm ck'/f] x'G5 .
n'lDagL, e]/L / ;]tL t/fOsf lhNnfx?df Exploratory
Deep Tubewells lgdf{)f u/L cg';Gwfg sfo{ u/]sf] .
o; cltl/Qm world bank, ADB sf] ;d]t pNn]vgLo
;xof]u /x]sf] .

g]kfnsf] hn>f]t
g]kfnsf s'n gbLx?sf] ;+Vof ^))) eGbf a9L 5 . oL
gbLx?n] cf]u6]sf] s'n kfgL9nf]sf] If]qkmn !($,$&! a=ls=
dL=5 . g]kfndf !))) a= ls=dL= eGbf a9L If]qkmn ePsf
gbLx?sf] ;+Vof ## 5 . g]kfndf ;tx hn>f]tsf] pknAwtf
@@% v/a 3=dL= k|ltaif{ -&!@% 3=dL=/;]=_ 5 h;dWo] k|ltaif{
k|of]u x'g] hn>f]t !% v/a 3=dL=dfq 5 . pmk/f]Qm !%
v/adWo] (%=(% s[lif If]q, #=* % 3/fo;L k|of]hg / afFsL

l

O= ;+= 1982 df ;+o'Qm /fi^«;+#Lo ljsf; sfo{qmd
-UNDP_ sf] ;xof]udf g]kfnsf] t/fO If]qdf Shallow
Aquifer Investigation Program cGtu{t Shallow

Aquifer Potential Map/groundwater contour map
tof/ ul/Psf] .

l

77

O=

;+=

1987

df

ljZj

a}+ssf]

;xof]udf

j]nfotsf]

Groundwater Development Consultant (GDC)/UK
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åf/f b'g pkTosfafx]s g]kfnsf] t/fOsf 20 lhNnfsf]
e"ldut hn l;FrfO ;DaGwL
/)fgLltsf] cWoog sfo{
ePsf] .
l

l

l

O=;+= 1992 df Sofgfl*og ;/sf/sf] ;xof]udf D. Duba
åf/f ;du| t/fOsf] e"ldut hn>f]tsf] d"Nofªsg u/L
k'ge{/)f b/ -recharge rate_ sf] cg'dfg tyf cWoog
ePsf] -b'g pkTosfafx]s_ .

GDC/UK åf/f k'gM O= ;+= 1994 df ljZj a}+ssf]
;xof]udf t/fO tyf b'g pkTosfdf k'gM n]vfhf]vf u/L
e"ldut hn l;+rfO ;DaGwL /)fgLltsf] cWoog sfo{ u/]sf]
-GDC, 1994_ .

l

o;}aLrdf e"ldut hn>f]t ljsf; ;ldltn] g]kfn ;/sf/
/ ljZj a}+ssf] ;xof]udf t/fO / kxf*sf ljleGg
24 lhNnfdf e"-ef}lts ;e]{If)f / exploratory deep

l

tubewell

l

l

l

l

l

l

l

lgdf{)f u/L cg';Gwfg sfo{ u/]sf] .
O=;= 1993-1995 df hfkfg cGt/fl{\i^o ;xof]u lgof]u
-JICA_ åf/f emfkf, dxf]Q/L / af¤s] lhNnfsf] l*k ^\o'aj]n
l;¤rfO ;DaGwL lj:t[t cWoog sfo{ ;DkGg ePsf] . To;}
u/L k;f{ lhNnfsf] e"ldut hn l;+rfO ;DaGwL lj:t[t
cWoog sfo{ t/fO u|fp)*jf^/ Ol/u];g k|f]h]S^jf^ ePsf]
% .
O{=;+= 2004 df USGS sf] cg'bfg ;xof]udf Arsenic
Testing sfo{ ;DkGg .
Groundwater Monitoring Program ;fna;fnL ?kdf
k|To]s jif{ .
e"ldut hn>f]t ljsf; ;ldltn] lj=;+=2054 / l;¤rfO
ljefun] lj= ;+=2054 ;fn b]lv ;fna;fnL ?kdf
Investigation Deep Tubewell lgdf{)f sfo{ ul//x]sf] .
DTW Inventory Program -2013-2014_ -1070 nos.

of DTW
Master plan for Irrigation in Nepal- of] k|ltj]bg
UNDP, World Bank / DOI sf] nufgLdf Canadian
International Water and Energy Consultant /East
Consult P.Ltd. n] tof/ u/]sf] xf] .

l

l

l

l

l

Recharge Study
l
l
l
l
l

D. Duba 1982
Jenkins 1983
Electrowatt 1984
Tahal 1992
Shallow Aquifer Investigation Project 1992

l

l

Groundwater investigation
and research programs in the
Kathmandu Valley are listed below
l

l

l

Groundwater Resources of the Kathmandu valley,
Geological Survey of India (GSI) , 1961-1966
Groundwater investigations in the Kathmandu

l

78

Valley to prepare master plan for the water
supply and sewerage for greater Kathmandu and
Bhaktapur, World Health Organisation (WHO),
United Nations Development Programme (UNDP),
Binnie and Partners, 1971-1973
Water supply for Kathmandu-Lalitpur from outside
the valley (Groundwater resources within the
valley), Binnie and Partners in association with
MULTI Disciplinary Consultants and Coopers and
Lybrand Association, 1987-1988
Groundwater management project in the
Kathmandu Valley, Japan International Cooperation
Agency(JICA), 1989-1990
The assessment of groundwater pollution in
the Kathmandu Valley, Australian Geological
Survey Organisation and Department of Irrigation
(ASGO/DOI), 1994-1997
Engineering and environmental geological map of
the Kathmandu Valley, Department of Mines and
Geology of Nepal (DMG/BGR), 1994-1998
Urban water supply and sanitation rehabilitation
project for the Kathmandu Valley towns, Consulting
engineers Salzgitter(CES) in association with
GOPA Consultants, SILT Consultants and Multi
Disciplinary Consultants, 1996-1999
Urban water supply reforms in the Kathmandu
Valley, Metcalf and Eddy in association with
CEMAT Consulting Company, 1998-2001
Optimizing water use in the Kathmandu Valley,
Acres International in association with Arcadis
euroconsult Land and Water Product Management
Group, East Consult and Water Asia, 2001-2004
Development of groundwater knowledgebase
of the Kathmandu Valley using state –ofthe-art
technologies, University of Yamanashi-Japan after
signing MoU with local partners like ENPHO, TU
and CREEW, 2006-ongoing
Hydrogeological conditions and potential barrier
sediments in Kathmandu Valley, Environment
geology Project, HMG Nepal and Federal Republic
of Germany, 1998
Groundwater resources of Nepal, Progress Report,
Duba D. ,1981, ISET-N
Groundwater resources in the Terai of Nepal, Water
and Energy Commission Secretariat (WECS),
Duba D., 1982
Potential of additional groundwater withdrawal in
Kathmandu Valley, De Zanger F.A.P.,2002

/fh]Gb| Gof}kfg] : g]kfndf e"ldut hn>f]tsf] cWoog — cg';Gwfg sfo{sf] ;+:yfut ljsf;
l

l

l

l

l

l

l

Study on the status of groundwater extraction in the
Kathmandu Valley and its potential impacts, 2009
Kathmandu Valley Environmental Outlook,
International Centre for Integrated Mountain
Development, (ICIMOD), 2007
Urban water supply reforms in Kathmandu
Valleygroundwater monitoring and licensing
workshop summary ADB, Metcalf and Eddy,1999,
CEMAT
Study on Hard Rock Hydrogeology of Surrounding
of Kathmandu Valley, 2005
Groundwater Level Monitoring in Kathmandu
Valley, 1993-2002
Isotope Analysis in Kathmandu Valley, 2012-2013IAEA, DOI &GWRDB
Preparation of Draft Report of Groundwater
Utilization and Conservation Act, 1999— g]b/Nof)*
;/sf/sf] ;xof]udf GWRDB n] k/fdz{bfqLx?sf] ;xof]udf
P]gsf] d:of}bf tof/ ug]{ sfo{ ;DkGg u/]sf] xf] .

g]kfndf xfn e"ldut hn>f]tsf] pkof]u x'g] If]q

;S5g . h:t}-;d'b|sf] g'lgnf] kfgL :jR5 e"ldut hndf
l5g{ ;Sg] -saltwater intrusion_ e'ldut hnfzosf] kfgL
l/lQg ;Sg] -aquifer overdraft_ e"ldut hntx tn
emb}{ hfg] -groundwater depletion_ hldg efl:;g] -land
subsidence_ hldgd'lgsf] tfkqmd a9\g;Sg] -subsurface
thermal analogy_ e"ldut hnsf] u'0f:t/df x|f; cfpg;Sg]
-degradation in groundwater quality_ cflb c;/x?
x'g;S5g\ .
tl6o If]q -coastal aquifer_ df e"ldut hnsf] cTolws
pkof]u l;+rfO, vfg]kfgL tyf cGo cf}Bf]lus k|of]hgdf
ePdf ;d'b|sf] g'lgnf] kfgL u|fp08jf6/ n]endf cfO e"ldut
hnnfO k|b'lift u/fp5 . ;fd'lb|s kfgLdf ;f]l8odsf]
dfqf a9L x'g] ePsf]n] o;af6 d'6';DaGwL /f]ux? / pRr
/Qmrfk;DaGwL ;d:ofx? b]vfkg{ ;S5g . Groundwater
depletion af6 j]nx? ;'Sg], ;txsf] >f]tsf] kfgL 36\g],
hldg efl:;g] / kfgLsf] u'0f:t/df x|f; cfpg], gbL, tfn /
kf]v/Lsf] kfgL ;'Sg]h:tf c;/x? jftfj/0fdf kg{ ;S5g .
To:t} hldg efl:;g] qmdaf6 hldg af9Lsf] 8'afgdf kg]{,
zx/df dfgjlgld{t ;+/rgfx? eTsg]/efl:;g], ;d'b|sf] kfgL
e'ldut hndf l5g]{, ;8s,/]Nj] nfOgx?, 7'nf gx/x?,
t6aGwx? lau|g]h:tf ;d:ofx? b]vfk5{g . Plzofsf
3gfcfjfbL ePsf 7'nf zx/x? 6f]lsof], cf];fsf, zfª3fO,
a}+ss, tfOk]O, hsftf{, sf]nsftf, dlgnf / xgf]Ohf:tf
zx/x?df o;sf] c;/ b]vfkl/;s]sf] 5 . g]kfnsf] /fhwfgL
sf7dfG8f}df e"ldut hntx k|ltjif{ @=% dL/k|ltjif{sf b/n]
36b} uO/x]sf] 5 .

e"ldut hn>f]tsf] pkof]u 3/fo;L k|of]hg, s[lif,
cf}Bf]lus tyf dgf]/~hgsf If]qx?df x'g] u/]sf] kfOG5.
3/fo;L -domestic_ pkof]uM b]lgs ?kdf pkof]u x'g]
h:t}M efG5fsf]7f, cfSjfl/od, g'xfpg] sfo{, ef8fjt{g
;kmf ug]{, vfg]s'/fx? kvfNg] cflb . cfjf;Lo If]q
pkof]u -Residential_: n'uf w'g] pBf]u -Laundry_, zx/L
vfg]kfgL cfk'lt{, zx/L vfg]kfgL l/he{\jfo/, jf6l/ª
-ju}+rfdf kfgL /fVg]_ cflb . jftfj/0fLo If]q pkof]u
-Environmental_:wetlands, woodlands, aquatic life,
wildlife, gbL / tfntn}of cflb . Joj;fo If]q pkof]u
-Business_: /]:6'/fF, xf]6n Joj;fo / ko{6g pBf]u, g;{/L, g]kfndf e"ldut hn pkof]u ;DaGwL gLlt, lgodx?,
j]e/]h sDkgLx? cflb . cf}Bf]lus If]q pkof]u -Industrial_: sfol{\alw, u7g, cfb]z
sfuh pBf]u, b'Uw Joj;fo / kz'kfng Joj;fo, s[lif, l e"ldut hn>f]t ljsf; ;ldlt,2031
vfB k|zf]wg cflb| . dgf]/Ghg If]q pkof]u -Recreation_: l hn>f]t P]g 2049
k|fs[lts tftf]kfgLsf s'08x? -natural hot springs_, l l;+rfO{ lgodfjnL 2056
l
vfg]kfgL Joj:yfkg af]*{ P]g,2063
swimming pools,
coldwater ecosystem, aquatic
habitats, water contact recreation –hot tubs, spa, water
parks, water play areas, interactive fountains, lakes,
rivers, Non contact recreation-picnicking, sunbathing,
hiking, hunting, aesthetic enjoyment, beachcombing,
camping, sightseeing etc.

e"ldut hnsf] cTolws bf]xgn] ug{;Sg] c;/x?

l

l

sf&df)*f} pkTosf vfg]kfgL Joj:yfkg af]*{ lgodfjnL,
2064
l;+rfO gLlt, 2070

g]kfndf e"ldut hn>f]tsf] pkof]u tyf cWoogdf
;/sf/L ;+nUgtf
l

e"ldut hn>f]tsf] bL3{sfn;Dd clgolGqt ?kdf
cTolws bf]xg ul//xbf lgDglnlvt c;/x? b]vfkg{
79

l;+rfO ljefu,2031 -O= ;= 1974_ -l;+rfO dGqfno
cGtu{t . cf=j= 2069/070 ;Dd s'n lgld{t :ofnf]
^\o'jj]n ;+Vof - 56694 / l*k ^\o'jj]n ;+Vof-638 .
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l

l
l

l

vfg]kfgL tyf ;/;kmfO ljefu -:yflkt O{=;+=1972_- zx/L
ljsf; dGqfno cGtu{t- o; ljefu cGtu{t cfk'lt{ x'g]
kfgLdWo] 60% kfgLsf] >f]t e"ldut hn g} xf] .
e"ldut hn>f]t ljsf; ;ldlt, 2031

pTkGg

groundwater

k|sf]k

lgoGq)f
ljefu
engineering ;DaGwL .

g]kfndf e"ldut hnlj1 hgzlQm

l

-DWIDP_l

lj=;+= 2024 ;fndf tTsfnLg >L 5 sf] ;/sf/ hn
ljB't dGqfno cGtu{t hn>f]t ;e]{If)f ljefu -water
resources survey department_ cGtu{t hldgd'lgsf]
kfgL ;e]{If)f -underground water survey unit_ PsfO
:yfkgf .

l

lj= ;+= 2026 ;fndf e"ldut hn>f]t ;e]{If)f ljsf;
;ldlt -groundwater resources survey development
board_ :yfkgf . lj= ;+= 2031 ;fn sflt{s 19 ut]
pQm ;ldlt lj#^g u/L ljsf; ;ldlt P]g 2013, bkmf
3 n] lbPsf] clwsf/ k|of]u u/L e"ldut hn>f]t ljsf;
;ldlt u&g cfb]; 2031 jdf]lhd e"ldut hn>f]t ljsf;
;ldlt tTsfnLg >L 5 sf] ;/sf/åf/f u&g ePsf] xf] .
-ldlt 2027÷1÷28 df g]kfn /fhkqdf k|sflzt_

l

p@]ZoM g]kfnsf] e"ldut hn>f]tsf] cGj]if)fsf] ;fy} l;+rfO,
vfg]kfgL jf cGo pkof]usf nflu gns'k lgdf{)f ug]{ .
xfn o;sf] s]lGb|o sfof{no aa/dxn sf&dfG*f}¤df /x]sf]
/ 9 j^f zfvf sfof{nox? qmdzM la/f^gu/, nxfg,
dxf]Q/L, jL/uGh, lrtjg -v}/xgL, a'^jn, ndxL-bfª,
g]kfnuGh / wgu(Ldf /x]sf %g .

e"ldut hn>f]t ljsf; ;ldlt u7g cfb]zdf ;+zf]wg

klxnf] ;+zf]wg cfb]z, 2033/7/16, bf]>f] ;+zf]wg cfb]z,
2053/3/20, t]>f] ;+zf]wg cfb]z, 2065/10/27 /rf}yf] ;+zf]wg
cfb]z, 2066/7/23 df ePsf] % . o; ;ldltsf] sfd, st{Jo
/ clwsf/ lgDg jdf]lhd %M

e"ldut hn>f]tsf]
ljsf; ug]{ .

;DaGwdf

Jojl:yt

;'rgf

k|)ffnLsf]

e"ldut hn>f]tsf] ;DaGwdf cfjZostf cg';f/ of]hgf
tyf sfo{qmd ;~rfng ug]{-u/fpg] .
e"ldut hn>f]tsf] ;DaGwdf cfjZostf cg';f/ k/fdz{
tyf ;]jf pknAw u/fpg] .
e"ldut hn>f]t ;DaGwL gLlt lgdf{)f ug{ g]kfn ;/sf/nfO
;'emfj lbg] .

e"ldut hn>f]t ljsf; ;ldltsf] ;+rfns ;ldltsf]
u7g

;lrj-l;+rfO dGqfno cWoIf / cGo ;b:ox?df dxflgb]{zsl;+rfO ljefu, dxflgb]{zs-s[lifljefu, dxflgb]{zs-vfgL tyf
e"ue{ ljefu, dxflgb]{zs-vfg]kfgL tyf (n lgsf; ljefu,
dxflgb]{zs-hn tyf df};d lj!fg ljefu /xg] Joj:yf % .
e"ldut hn l;+rfO pkef]Qmf ;+#sf cWoIf tyf ;b:o dWo]af^
slDtdf 1 hgf dlxnf ;lxt g]kfn ;/sf/n] tf]s]sf 2 hgf
;b:ox? /xg] Joj:yf % eg] sfo{sf/L lgb]{zs-e"ldut hn>f]t
ljsf; ;ldlt ;b:o ;lrj/xg] Joj:yf % .

g]kfndf e"ldut hn P]g / Groundwater
Authority ;DaGwL sfg'gL Joj:yfsf] k|:tfj

g]kfndf cd"No k|fs[lts >f]tsf] ?kdf /x]sf] e'ldut hn>f]tsf]
bf]xg hyfefjL ?kdf e}/x]sf] / o; lsl;dsf] bf]xgaf^
jftfj/)fdf ljleGg lsl;dsf] k|b'if)f / k|lts'n / ljgfzsf/L
c;/ x'g;Sg] x'gfn] g]kfndf e"ldut hn>f]tsf] pkof]u
;DaGwL s'g} sfg'gL k|fjwfg xfn;Dd klg gePsf] cj:yfdf
g]kfn ;/sf/af^ :jLs[t Water Resources Strategy Nepal
2002 df ljBdfg e"ldut hn>f]t ljsf; ;ldltnfO lj#^g
u/L e"ldut hn>f]tsf] cg'udg, lgodg / cg';Gwfg ug]{
Ps clwsf/ ;DkGg Groundwater Authority sf] ?kdf
kl/)ft ug{'kg]{ eGg] plNnlvt ul/Psf] % . National Water
Plan 2005 df e"ldut hn>f]tsf] lgoGq)f, ;+/If)f /
ljleGg pkof]u l;+rfO, vfg]kfgL, cf}Bf]lus, Joj;fohGo k|of]u,
gu/kflnsf tyf cGo lghL pBdLsf] k|of]u / cGo sfo{sf
nflu ljBdfg P]g sfg'gdf e"ldut hn>f]t ;DaGwdf ;d'lrt
sfg'gL Joj:yf -Groundwater Act_ ug{'kg]{ cToGt h?/L %
eGg] k|:tfj / ;'emfjul/Psf] .
sf&df)*f} pkTosfdf e"ldut hn>f]tsf] cg'dlt
cf}Bf]lus / Jofkfl/s k|of]hgsf] nflu kfgL lgsflnPsf]
ubf{ jftfj/)fLo c;Gt'ng x'g'sf] ;fy} w/ftndf ;d]t
kg]{ ;DaGwdf ;jf]{Rrdf bfo/ u/]sf] ldlt 2060 sf]
;DaGwdf ;jf]{Rrn] 2066 kf}if 1 sf] cfb]zx? o;k|sf/
% M
l

l

e"ldut hn>f]tsf] ljsf; tyf pkof]u ug]{, u/fpg] .

-Hydrogeologists_

l;+rfO dGqfno cGtu{t sfo{/t xfO*«f]lhof]nf]lh:^x?sf] ljj/)f
o; k|sf/ /x]sf] %M
;'kl/^]lG*ª xfO*«f]lhof]nf]lh:^ 3 hgf, l;lgo/ l*lehgn
xfO*«f]lhof]nf]lh:^ 19 hgf, xfO*«f]lhof]nf]lh:^ 19 hgf . /
;]jf lgj[Q Pj+ lkm NofG;// lq= lj= lj= 20 hgf u/L s'n
hDdf 60 hgf /x]sf] kfOG% . e"ldut hn>f]t ljsf; ;ldlt,
sf&df)*f} pkTosf vfg]kfgL lnld^]* -KUKL_, sf&df)*f+}
pkTosf vfg]kfgL Joj:yfkg af]*{ / vfg]kfgL tyf ;/;kmfO
ljefudf Pshgf klg e"ldut hn lj! %}gg\ .
g]kfndf e"ldut hn>f]tsf] cWoog cg';Gwfg ;DaGwL sfo{sf]
;F:yfut ljsf;
l

l

l

sf^df)*f} pkTosf vfg]kfgL Joj:yfkg af]*{- sf&df)*f}
pkTosf vfg]kfgL lnld^]* -KUKL_
hn

l

e"ldut hn>f]tsf] ;e]{If)f, cWoog, cGj]if)f, d"Nofªsg /
cg'udg ug]{ / u/fpg] .

80

glnO
h;n]
c;/
l/^sf]
/x]sf]

cfb]zsf] a'¤bf g+ 5 df plNnlvt “g]kfn /fHoel/sf]
e"ldut hn>f]tsf] /]vb]v, cWoog, cg';Gwfg, Joj:yfkg,
lgodg / lgoGq)f ;d]t ug]{ clwsf/ ;DkGg lgsfo
:yfkgf u/L e"ldut hn>f]tsf] lbuf] pkof]u ug]{ sfo{
u/fpg'” .

/fh]Gb| Gof}kfg] : g]kfndf e"ldut hn>f]tsf] cWoog — cg';Gwfg sfo{sf] ;+:yfut ljsf;
l

cfb]zsf] a'¤bf g+ 5 df plNnlvt “sf&df)*f} pkTosf
vfg]kfgL af]*{n] /fHoel/sf] e"ldut hn>f]tsf] ;Dk')f{
pkof]unfO ;d]^\g g;Sg] ePsf]n] Joj;foLs bIftf /
cg'ej k|fKt e"ldut hn>f]t ljsf; ;ldlt -2031 df
:yflkt_ nfOg} o;sf] cflwsfl/s lgsfo sf] ?kdf :yfkgf
ug{sf] nflu cfjZos sfg'gL clwsf/ k|bfg ug{" .

;lDjwfg;efsf] k|fs[lts >f]t;fwg ;ldltsf] cfb]z
-ldlt @)^&/!@/!$_
"clxn]sf]

e"ldut hn>f]t ljsf; ;ldlt -2031 df :yflkt_
nfO{ sf&df)*f} pkTosf nufot g]kfnel/sf] e"ldut hn>f]tsf]
plrt cWoog, cg";Gwfg, ;+/If)f, Joj:yfkg / cg'dlt k|bfg
ug{ ;lsg] u/L, jt{dfg hn>f]t P]g 2049 nfO{ Ps dlxgf
leqdf cfjZos kl/dfh{g ug{"”

pmk/f]Qm cfb]zx?, Water Resources Strategy 2002
-WECS, 2003_ / National Water Plan 2005 n] lglb{:^
u/]sf s'/fx? ;d]tnfO dWo gh/ u/L e"ldut hn>f]t
ljsf; ;ldltn] e"ldut hn>f]t P]gsf] cfjZostf dx;'; u/L
l;+rfO dGqfnodfkm{t g]kfn sfg'g cfof]udf e"ldut hn>f]t
P]g d:of}bfsf] k|f/lDes *«fkm\^ tof/ ul/ k&fOPsf] / g]kfn
sfg'g cfof]un] pQm d:of}bf kl/dfh{g u/L g]kfn ;/sf/;dIf
l;kmfl/z u/L l;+rfO dGqfnodf ldlt 2070/10/29 df k|fKt
ePsf] cj:yf% .

GDC, 1994. Reassessment of Groundwater
Development Strategies for Irrigation in the Terai.
Groundwater Development Consultant(GDC),
United Kingdom.
Grimmelman, W.F., 1984. Preliminary Hydrogeological
map of Nepal, RMRDC, ESCAP.
Kansakar, D. R., 2001. Groundwater Resources in The
Hills and Mountain Regions of Nepal, Department
of Irrigation , Kathmandu, Nepal, (Unpublished
Report).
WECS, 2003. Water Resources Strategy of Nepal.
Water and Energy Commission Secretariat
(WECS), Singh Durbar, Kathmandu, Nepal.
WECS, 2005. National Water Plan (2002-2007). Water
and Energy Commission Secretariat (WECS),
Singh Durbar, Kathmandu, Nepal.
WECS, 2011. Water Resources of Nepal in the Context
of Climate Change. Water and Energy Commission
Secretariat (WECS), Singh Durbar, Kathmandu,
Nepal, 90 p.

pQm d:of}bf l;+rfO dGqfnoaf^ cfjZos ;}WbflGts ;xdltsf]
nflu ldlt 2071/3/24 df sfg'g, Gofo, ;lDjwfg ;ef tyf
;+;bLo dGqfnodf k&fOPsf] % . Toxf¤af^ ;}WbflGts ;xdlt
eO cfPkl% dGqLkl/ifbsf] a}&sdf k]z ul/g] % . dGqLkl/ifbn]
pQm ljw]os :jLs[ltsf] nflu Joj:yflksf ;+;bdf k]z ug]{ % .

ca s] ug{'kg]{<

clwsf/ ;DkGg Groundwater Authority sf] lgdf{)f
ug{sfnflu e"ldut hn>f]t P]gsf] clt h?/L ePsf] x'gfn]
g]kfn ;/sf/åf/f e"ldut hn>f]t P]gsf] kfl/t gx'¤bf;Dd
Groundwater Authority sf] u&g / cGo ;Dk')f{ sfo{x?sf]
(f]sf aGb x'g] ePsf]n] clanDa Joj:yflksf ;+;båf/f pQm
ljw]os kfl/t x'g' h?/L /x]sf] b]lvG% . of] kfl/t ePkl% dfq
o; ;DaGwL ;+u&g ;+/rgf, sfd, st{Jo / clwsf/ e"ldut
hn>f]tsf] ;'/If)f / ;+/If)f -restoration & conservation_
tyf cGo s'/fx?sf] Joj:yfkg ug{ ;lsG% . o@lk gof¤
;lDawfg sfof{Gjog x'g] ;Gbe{df dfly rrf{ ul/Psf laifox?
tyf k|zf;lgs ;+/rgfx?df w]/} ptf/r(fj / km]/abn x'g;Sg]
^*\sf/f] b]lvG% .

;Gbe{ ;fdu|Lx?

Duba, D. 1982. Groundwater Resources in the Terai of
Nepal, WECS, Singh Durbar, Kathmandu, Nepal.
Electrowatt, 1984, East Terai Irrigation Project.
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Mr. Narendra Khatri
Mr. Andy Prakash Bhatta
Mrs. Pramila Shrestha
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We have lots of experience on Water
Well Drilling Projects of Irrigation and
Drinking Water with Electrification
Works and Supply Works. Our
working fields are Ground Water
Irrigation, Surface Irrigation, Lift
Irrigation Electric transmission lines,
Buildings etc.

Yadav Nirman Sewa
Yadav Electricals Pvt. Ltd.
Nepalgunj 6, Banke, Nepal
Mobile: 9814507470
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Best Wishes & Success
to
Nepal Hydrogeological
Association (NHA)
On the Occasion of it's
"6th Annual General Meeting"
Moti Bahadur Kunwar
Executive Director

Nalsing Gad Hydropower Development Committee
Okharboat Marg, Thapagaun
New Baneshwor, Kathmandu
Phone : +977 1 4469740, 4469580, 4469581
Fax : +977 1 4475214
Email: info@nhpdc.gov.np
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Mr. Pratap Singh Tater
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Mr. Jageshor Jha
Mr. Dipendra Laudari
Mr. Jitendra Ghimire
Mrs. Pramila Shrestha
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LM 26
LM 27
LM 28
LM 29
LM 30
LM 31
LM 32
LM 33
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No.
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LM 2
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LM 7
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LM 11
LM 12
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LM 14
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Trichandra Campus, TU
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GWIDD, Sarlahi
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GWIDD, Kavre
Former Director General, DOI
Department of Irrigation
Department of Irrigation
Department of Geology, TU
Senior Hydrogeologist,Free lancer
Former Dy. Director General, DOI
Senior Hydrogeologist,Free lancer
CEO,
Nalsinggad
Hydropower
Development Committee
Joint Secretary, Ministry of Irrigation
Nepal Development Research Institute
GWIDD, Butwal
GWIDD, Nepalgunj
GWIDD, Dhngadhi
DWIDP, Pulchowk
GWIDD, Dang
GWIDD, Nepalgunj
BLGWMD, Rupandehi
GWIDD, Jaleswor
GWIDD, Jaleswor
Senior Hydrogeologist,Free lancer
GWIDD,Dang
Ministry of irrigation
GWI Directorate, Bharatpur
Senior Hydrogeologist,Free lancer
Senior Hydrogeologist,Free lancer
DMG, Lainchour
GWIDD, Dhangadhi
Senior Chemist,Free lancer

Address
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yaadkames@gmail.com
abcthakuri@hotmail.com
rgautamgw@hotmail.com
keshavrijal@gmail.com
krishna609@gmail.com
dghimire16@yahoo.com
mahendra.singh501@gmail.com
pb_karki@hotmail.com
geosurveyor@hotmail.com
surendra_shah@hotmail.com
timilasingh@hotmail.com

raisagarkumar5@gmail.com
jkcmane@gmail.com
shakyasm72@gmail.com
aravindmishra66@gmail.com
nkhattri2004@yahoo.com
kndahal@hotmail.com
puskar_001@yahoo.com
doisurendra@gmail.com

dipu61@gmail.com
jitendra_ghimire@yahoo.com
pramisht05@gmail.com
khanalsub@gmail.com
suresh@rainwater.org.np
amatyasc@gmail.com
jlalnp@yahoo.com
irdsnepal@gmail.com
motikunwar@hotmail.com

gorkiarya@gmail.com
chetbahadur61@yahoo.com
nirshakya406@gmail.com
taterpratap@gmail.com
maheshpokhrel@hotmail.com

Email
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9852032200
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9857034233
9841764434
9841442999
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9848429728
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9851061315
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Mr. Surendra Raj Shrestha
Mr. Anil Khatri
Mr. Baidhyanath Chaurasia
Dr. Rajendra Bhandari
Dr. Dibya Ratna Kansakar
Mr. Shrawan Khanal
Mr. Suresh Raj Uprety
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Mr. Sudarshan Adhikari
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LM 64
LM 65
LM 66
LM 67

LM 60
LM 61
LM 62

LM 59

LM 50
LM 51
LM 52
LM 53
LM 54
LM 55
LM 56
LM 57
LM 58

LM 43
LM 44
LM 45
LM 46
LM 47
LM 48
LM 49

LM 36
LM 37
LM 38
LM 39
LM 40
LM 41
LM 42

GWRDB, Babar Mahal
GWIDD, Biratnagar
Senior Hydrogeologist,Free lancer
DMG, lainchour
WRPPF, DOI
GWIDD, Butwal
Consulting International
Hydrogeologist
GWIDD, Biratnagar
GWIDD, Birgunj
Former DDG, DOBS
Senior Engineer, Free lancer
Senior Hydrogeologist,Free lancer
Former DDG, DOI
Nepal Bureau of Standards and
Metrology, Balaju
GWIDD, Kavre
DDG, DOI
DOI
GWI Directorate, Bharatpur
Senior Hydrogeologist, Free lancer
Central Department of Geology, TU
Department of Irrigation
Department of Irrigation
Explorer Geophysical Consultants Pvt.
Ltd
Explorer Geophysical Consultants Pvt.
Ltd
GWIDD, Birgunj
Department of Geology ,TU
Lumbini International Academy of
Science and Technology, Lalitpur
Consultant Hydrogeologist
Former DDG, DOI
ICIMOD
Geo-Hydro Consult Pvt. Ltd.
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Management Board
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ajayradhikari@gmail.com
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sharmarishiram@yahoo.com
dpathaktu@gmail.com
andyprakash@hotmail.com
jamunashrestha5@hotmail.com
hghimire429100@gmail.com

upendrasthapit@yahoo.com
adr.sudarshan@gmail.com
mohankhadka@ymail.com
shyamkshrestha@pacbell.net
nrbina@gmail.com
khansiddhi@gmail.com
pramodapradhan@yahoo.com

sureshuprety@hotmail.com

shree.surendraraj@gmail.com
khatrianil01@yahoo.com
ab_chaurasiya@yahoo.com
pokhararajendra@gmail.com
dib.kansakar@gmail.com
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9841970426
9849186850

9852031888
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9841759030
9841476041
9803368982
9808802180
9841429100

9841358784
9841606848

9852032203
9841536442
9841298145
9849140505
9841320364
9841326458
9841391073

9851170391
9855046104
9845059099
9851121267
9841056982
9841576041
9818851333

Bulletin of Nepal Hydrogeological Association, Vol. 1, August 2016

Bulletin of Nepal Hydrogeological Association, Vol. 1, August 2016

CONGRATULATIONS
Nepal Hydrogeological Association extends its heartiest congratulations to the following members of the
Associations for their achievements (Promotions/Appointments)

PROMOTIONS / APPOINTMENTS
Mr. Moti Bahadur Kunwar
Appointed By the Government of Nepal for the post of Executive Director ( CEO)
of Nalsing Gad Storage Hydropower Project for four years.
Date of Appointment: 2073.04.14

Dr. Suresh Das Shrestha
Promoted to Professor
Central Department of Geology,
Tribhuvan University
Date of Promotion: 2015

Mr. Deepak Ghimire
Promoted to Superintendent Hydrogeologist
Appointed to Director,
Groundwater Irrigation Directorate, Bharatpur, Chitwan
Date of Promotion: 2072-10-15

Mr. Churna Bahadur Wali
Promoted to Superintendent Hydrogeologist
Appointed to Deputy Director General
Department of Irrigation, Jawalakhel, Lalitpur
Date of Promotion: 2072-11-04
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Dr. Rajendra Bhandari
Promoted to Superintendent Geologist
Department of Mines and Geology, Lainchaur, Kathmandu, Nepal.
Date of Promotion: 2072-11-04

Mrs. Pramoda Pradhan
Promoted to Joint Secretary (Technical)
Nepal Bureau of Standards and Metrology, Balaju, Kathmndu, Nepal
Date of Promotion: 2072-10-22

Mr. Krishna Prasad Upadhyay
Promoted to Senior Divisional Hydrogeologist Ministry of Irrigation, Singhdurbar,
Kathmandu
Date of Promotion: 2072-11-28

Mrs. Pramila Shrestha
Promoted to Senior Divisional Hydrogeologist Department of Irrigation,
Jawalakhel, Lalitpur, Nepal
Date of Promotion: 2073-01-31

Mrs. Jamuna Bana Shrestha
Promoted to Senior Divisional Hydrogeologist Department of Irrigation,
Jawalakhel, Lalitpur, Nepal
Date of Promotion: 2072-11-11
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Best Wishes & Success
to
Nepal Hydrogeological Association (NHA)
On the Occasion of it's
"6th Annual General Meeting"
Integrated Rural Development Service (P) Ltd.
(Research & Development Consultants)
Balkhu, Gankhel Marg, KMC-14, Kathmandu, Nepal
P.O. Box: 1346
Phone: +977-1-4279111, 4273128
E-mail: irdsnepal@gmail.com
URL: www.irdsnepal.com.np
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