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EDITORIAL

It is with great pleasure that we present the 9th Bulletin of the Nepal Hydrogeological Association (NHA). This 
edition highlights contributions from senior hydrogeologists and professionals providing useful popular types 
of articles. The diverse types of articles have provided information on water resource management, sustainable 
development, and climate resilience and exploration techniques of groundwater.

We extend our heartfelt gratitude to all the authors who have shared their invaluable research and insights. 
Your dedication to excellence and commitment to the advancement of hydrogeology is commendable. We also 
appreciate the efforts of the reviewers, who ensured the quality of this publication.

The success of this bulletin would not have been possible without the generous support of our sponsors, well-
wishers, and professionals whose unwavering commitment to our cause has been instrumental. We highly wish to 
acknowledge the contributions of our members of the association, partners, advertisers, and individual supporters 
who continue to believe in and support our vision.

We would also like to express our sincere thanks to the executive committee for providing us with the opportunity 
to work together for such a respected organization. The editorial team members, with their unique contributions, 
have played a pivotal role in bringing this bulletin to its present stage. Your hard work, dedication, and collaborative 
spirit are the backbone of our success.

We hope this bulletin serves as a valuable resource and history of the association for all our readers, and we look 
forward to continued collaboration in the future.

Warm Regards,

Thank you !!!

The Editorial Board
Nepal Hydrogeological Association (NHA)
Date: 9/6/2024
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MESSAGE FROM THE PRESIDENT OF SEVENTH EXECUTIVE 
COMMITTEE ON FOURTEENTH AGM

The Nepal Hydrogeological Association (NHA) represents all groundwater specialists from all 
disciplines working on various areas of groundwater resources and development throughout Nepal. 
Since its inception, it has consistently pushed for the advancement of professionals working in the 
groundwater sector in Nepal, with a primary focus on groundwater investigation, exploration, 
regulation, and management. Professional activities include the organization of various discussions, 
talk programs, seminars, and conferences, while academic activities include the publication of books, 
bulletins, journals, and so on.

The involvement of hydrogeologists in the government organization has been the matter of serious 
debate in the context of changed administrative arrangement. The Groundwater Resources Development 
Board was a key institution responsible for policy making, hydrogeological study and study data 
preservation for the entire country. In addition to further strengthen this organization, GWRDB has 
been completely disappeared from the Government framework. In view of the requirement of proper 
assessment, sustainable exploitation and protection of this important natural resources that has direct 
connection in the agriculture, industry, and domestic use, it is high time to improve the administrative 
framework and technical expertise in this area that ultimately lead towards groundwater availability 
for the coming generation.

NHA has been annually publishing Bulletin since 2016 and present Volume 9 is the reflection of its 
continuity. It is our pleasure to further enhance academic endeavors of the professional organization 
through initiating the publication of the first volume of Journal of Nepal Hydrogeological Association 
from this year-2024. 

We are eagerly looking for collaborations with groundwater enthusiasts from all over the world for the 
betterment of environment and society with sustainability of the groundwater resource.

Prof. Dinesh Pathak
President
Nepal Hydrogeological Association
2081/05/25
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g]kfn xfO8«f] lhof]nf]lhsn Pzf]l;o;gsf]  
!# cf}+ ;fwf/0f ;efdf 5}6f}+ sfo{ ;ldltsf cWoIf 

>L df]tL axfb'/ s'Fj/sf] dGtJo

!#cf}+ ;fwf/0f ;efsf k|d'v cltlyHo", ljz]if cltlyHo", cfhsf] sfo{qmddf ;Ddflgt x'g' ePsf 
ljlzi6 JolQmTjx?, NHA / NGS sf k"j{ cWoIfHo"x?, NGS, IAH, tyf IAEG sf cWoIfHo"x?, Nepal 
Hydrological Association (NHA) sfo{sf/L ;ldltsf ;Dk"0f{ ;b:o ;fyLx? nufot o; sfo{qmddf 
pkl:yt ;Dk"0f{ cflhjg ;b:oHo"x?nfO{ !# cf}+ ;fwf/0f ;efdf xflb{s clejfbg ub{5' . oxfFx?sf] 
ul/dfdo pkl:yltn] of] sfo{qmd eJo ?kn] ;DkGg ePsf]df xflb{s cfef/ ;lxt wGojfb 1fkg ub{5' . 

NHA Ps ljz'4 Joj;flos tyf ;fdflhs ;+:yf xf] . o; ;+:yfdf /x]/ e"ldut hn>f]tsf] If]qdf 
sfo{/t ;a} a}1flgs tyf OlGhlgo/ ldqx?n] /fi6« lgdf{0fdf pTs[i6 Pj+ dxTjk"0f{ of]ubfg k'¥ofpg ;kmn 
x'g' ePsf]df xfdLn] uf}/jfGjLt ePsf] dxz'; u/]sf 5f}+ . 

!@cf}+ jif{ k"/f u/L !#cf}+ jif{df k|j]z u/]sf] NHA  nfO{ cfhsf] cj:yf;Dd Nofpg cys k|of; 
ug]{ xfd|f ;Dk"0f{ cu|hx?, k"j{jlt{ sfo{sf/L ;ldltsf cWoIf ;lxt ;a} kbflwsf/Lx?, NHA sf cfhLjg 
;b:ox? Pj+ ;Nnfxsf/ ldqx?nfO{ xflb{s wGojfb ;lxt cfef/ JoQm ub{5' . 

o; sfo{ ;ldltn] 13th Oct 2022 df NHA-NGS-DMG  sf] ;+o'Qm Joj:yfkgdf  
"Substantially increase the availability of and access to multi-hazard early warning systems and 
disaster risk information and assessment to people by 20230." eGg] gf/fnfO{ cufl8 ;f/]/ IDDR-2022 
Celebration  h:tf] dxTjk"0f{ /fli6«o dxTjsf] sfo{ ;DkGg ug{ ;Dej ePsf] 5 . o; sfo{df ;xof]u 
ug'{ x'g] u[x dGqfno, pBf]u dGqfno, phf{ hn>f]t tyf l;+rfO{ dGqfno, g]kfnL ;]gf, g]kfn k|x/L, 
g]kfn k|x/L ;z:q an,  DMG, DoED, DOWRI, GWRDB, TU, UNDP, ;d]t ;DalGwt ;a}nfO{ xflb{s 
wGojfb ;lxt cfef/ JoQm ug{ rfxG5' . IDDR cfof]hs ;ldltsf ;Dk"0f{ ;fyLx?nfO{ xflb{s awfO{ ;lxt 
wGojfb lbg rfxG5' . o; sfo{qmddf dxTjk"0f{ sfo{kq k|:t't ug'{ x'g] OlGhlgo/ tyf a}1flgsx?nfO{ 
xflb{s wGojfb 1fkg ub{5' . ;fy} o; IDDR Celeberation sfo{qmddf k|d'v cfltYo u|x0f ug'{x'g] phf{ 
hn>f]t l;+rfO{ dGqfnosf ;lrj >L ;fu/ s'df/ /fO{Ho"nfO{ xflb{s wGojfb lbg rfxG5' .  

o; sfo{ ;ldltn] NHA sf ;b:ox?sf] xs lxt / ;+/If0f tyf a[lQ ljsf;sf] nflu ;DalGwt 
lgsfox?df cfjZos kxnsbdL ug]{ sfo{ / e"ldut hn>f]t;Fu ;DalGwt ;+:yfnfO{ :yfoL lbuf] / 
e/kbf]{ agfpg] tkm{ ;d]t g]kfn ;/sf/sf ljleGg lgsfox?l;t cfjZos ;dGjo ug]{ sfo{sf] z'?jft 
ul/Psf] 5 . 

;fy} e'ldut hn>f]tsf] cWoog, cg';Gwfg / ljsf;df dxTjk"0f{ of]ubfg k'¥ofPsf cfb/0fLo 
cu|hx?, ljlzi6 JolQmTjx? / NHA sf ;b:ox?nfO{ pRr d"Nof+sg u/L ;–;Ddfg dfgfy{ ;b:o / 
;Ddfg–kq k|bfg ul/Psf] 5 . of] z'e cj;/nfO{ xfdLn] uf}/jk"0f{ If0fsf] ?kdf lnPsf 5f}+ . 
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o; ;fwf/0f ;efdf ;Ddflgt x'g' x'g] ;a} dxfg'efjx?nfO{ xflb{s awfO ;lxt ;':jf:Yo / lb3f{o'sf] 
sfdgf ug{ rfxG5' . o; dxTjk"0f{ sfo{df ;dGjo ug'{ x'g] NHA sf z'e]R5's ;fyLx? ;lxt sfo{;ldltsf 
;a} ;fyLx?nfO{ xflb{s wGojfb lbg rfxG5' . 

dxTjk"0f{ n]v/rgf ;lxt o; ;+:yfsf] *cf}+ jflif{s a'n]6Lg tof/ ug{ cgj/t sfo{/t ;Dkfbg 
d08nsf ;+of]hs >L P08L k|sfz e§Ho" ;lxt ;Dkfbg d08nsf ;a} ;b:ox? nufot n]v /rgf 
pknAw u/fpg] ;a} lj1 ldqx?nfO{ ljz]if wGojfb lbg rfxG5' . 

o; ;+:yfsf] jflif{s ultljlw ;dfj]z ePsf] dxf;lrj >L cd/ axfb'/ rGb 
7s'/Lsf] k|ltj]bg tyf cfly{s ultljlw ;lxt sf]iffWoIf >LdtL /l;nf sf]O/fnfsf] 
k|ltj]bg kfl/t ug{ ;xof]u ug'{ ePsf]df ;fwf/0f;efsf ;Dk"0f{ ;b:oHo"x?nfO{ xflb{s wGojfb lbg  
rfxG5' . 

NHA  sf] sfo{ ;+rfngdf ;b}j ;xof]u ug]{ e"ldut hn>f]t ljsf; ;ldlt kl/jf/nfO{ cfef/ JoQm 
ub}{ ljz]if wGojfb lbg rfxG5' . ;fy} NHA  sf] lgoldt sfo{df lg/Gt/ nflu /xg] sfo{sf/L ;ldltsf 
;Dk'0f{ ;fyLx? k|lt wGojfb ;lxt cfef/ JoQm ub{5' . 

NHA  nfO{ ;b}j lj1fkg k|bfg u/L ;xof]u ug]{ ;Dk"0f{ ;/sf/L lgsfo, Drilling Company tyf 
Consulting  Firm x? k|lt xflb{s cfef/ / wGofb 1fkg ub{5' . NHA sf] o; !#cf}+ ;efnfO{ xn k|bfg 
ug'{ x'g] e'ldut hn>f]t ljsf; ;ldlt kl/jf/nfO{ ;d]t xflb{s wGojfb lbg rfxG5' . 

NHA n] ;~rfng ub}{ cfPsf] dxTjk"0f{ Talk programme, workshop  tyf Seminar x?df 
;s[o?kn] ;xeflu x'g' x'g] ;Dk"0f{ a}1flgs tyf OlGhlgo/ ldqx?nfO{ xflb{s wGojfb lbg rfxG5' .

clt Jo:t sfo{qmdsf afah'b o; sfo{qmdsf] k|d'v cfltYo u|x0f ul/lbg' x'g] phf{, hn>f]t tyf 
l;+rfO{ dGqfnosf ;lrj >Ldfg lbg]z s'df/ l3ld/]Ho"nfO{ xflb{s cfef/ ;lxt wGojfb 1fkg ub{5' . o; 
sfo{qmddf Honrary Member af6 ;DdfgLt x'g' ePsf ljz]if cltly k"j{ ;lrj >Ldfg ofbj nfn a}BHo" 
/ jl/i7 e"ldut hn>f]t lj1 >L df]xg l;+x v8\sfHo"nfO{ xflb{s awfO{ lbg rfxG5' . 

;fy} o; ;fwf/0f ;efaf6 ;Ddflgt x'g' ePsf >4]o cu|hx? k|ft:d/0fLo  
8f= rGb|sfGt zdf{Ho", >L t]hdfg l;+x e08f/LHo", >L lul/hf k|;fb rt'j]{bLHo", >Ls[i0f >]i7Ho", >L k|]d 
axfb'/ zfxHo", >L lji0f' u}/]Ho" k|lt xflb{s >4f;Ddfg ck{0f ub{5' . 

;fy} cGo cfb0fL{o cu|h JolQmTjx? >L c?0f s'df/ >Ljf:tjHo", >L hfu]Zj/ emf Ho", >L CifL/fd 
zdf{Ho", >L Zofds[i0f >]i7Ho", >L s]zj s];LHo", >L hLjgnfn >]i7Ho", >L k|]d axfb'/ sfsL{Ho" nfO{ 
xflb{s awfO{ 1fkg ub{5' . 
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To:t} NHA sf past president x?, talk program speakers, member of editorial board, 13th 
AGM cfof]hs ;ldltsf ;fyLx?, IDDR celeberation committee, author of NHA bulletin ;lxt cGo 
JolQmx? ;a}nfO{ xflb{s wGojfb ;lxt awfO{ lbg rfxG5' . ljleGg ;/sf/L tyf u}/;/sf/L ;+:yf Pj+ 
cGt/f{li6«o ;+:yfx?df a9'jf, gofF lgo'lQm tyf ;Ddflgt x'g' ePsf ljåfg ldqx?nfO{ ;d]t xflb{s awfO{ 
1fkg ub{5' . 

ljlzi6 JolQmTjx? phf{ hn>f]t tyf l;+rfO{ dGqfnosf ;x;lrjHo", lzIff dGqfnosf ;x;lrjHo", 
l;+rfO{ ljefusf dxflgb]{zs tyf pkdxflgb]{zsHo", l;+rfO ljefusf cfof]hgf lgb]{zsHo", GWRDB sf 
sfo{sf/L k|d'vHo", NGS sf cWoIfHo", IAH sf cWoIfHo", IAEG sf cWoIfHo" nufot ;a}nfO{ ljz]if 
wGojfb lbg rfxG5' . 

sfo{qmd ;~rfng ug'{ x'g] NHA sf ;lrj >L clgn vqLHo" / sf]iffWoIf /l;nf sf]O/fnfHo"nfO{ 
;d]t wGojfb lb+b} o; ;fwf/0f ;efdf pkl:yt eO{ ;s[o?kn] ;xefuL eP/ cfkm\gf] cd"No ;'emj k|:t't 
u/L ;kmn u/fpg' x'g] NHA sf ;Dk"0f{ cflhjg ;b:oHo"x? k|lt d]/f] / sfo{;ldltsf] tkm{af6 wGojfb 
;lxt xflb{s cfef/ JoQm ug{ rfxG5' . ;fy} NHA sf gofF Life Member ldqx?nfO{ xflb{s :jfut tyf 
clejfbg ub}{ pHHjn eljiosf] sfdgf ub{5' . 

cGTodf NHA sf] ;ftf}+ sfo{sf/Ll0f ;ldltsf gjlgjf{lrt cWoIf k|f=8f=>L lbg]z kf7sHo" ;lxt ;a} 
kbflwsf/L ldqx?nfO{ xflb{s awfO ;lxt ;kmn sfo{sfnsf] z'esfdgf JoQm ub{5' . 

lahof bzdL, lbkfjnL, 57 kj{, g]kfn ;Dat cflb kj{x?sf] pknIodf ;a}df d+undo z'esfdgf 
JoQm ub{5' . 

wGojfb . 
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Pzf]l;Pzgsf] !# cf}+ jflifs{ ;fwf/0f ;efdf dxf;lrj cd/ axfb'/ rGb 7s'/Lsf] k|ltj]bg

gd:sf/, 

o; g]kfn xfO8«f]lhof]nlhsn P;f]l;P;g -NHA_ sf cWoIf tyf ;efsf ;efWoIfHo", k|d'v 
tyf laz]if cltlyHo"x?, o; P;f]l;ozgsf k"j{ cWoIfHo"x?, P;f]l;ozgsf kwflwsf/LHo" tyf ;Dk"0f{ 
;b:oHo"x? . o; NHA sf] !#cf}+ jflifs{ ;fwf/0f ;efdf pkl:yt ;Dk"0f{ cflhjg ;b:oHo"x? tyf 
cltlyHo"x?nfO{ :jfut ug{ rfxG5' . 

cfh ldlt @)*( efb| @( ut] z'qmjf/ o; NHA sf] afx|f}+ aflifs{ ;fwf/0f ;efdf dxf;lrjsf] 
x}l;otn] cf=a= @)&(.*) df o; P;f]l;ozgaf6 ePsf ultljlwx? k|:t't ug{ kfpFbf dnfO{ Hofb} v'zL 
nfu]sf] 5 . 

ca d o; P;f]l;ozgaf6 ePsf sfo{x?sf] ljj/0f oxfFx? ;dIf k|:t't ug{ uO{/x]sf] 5' .

!=	 ljutsf aif{x?df em}+ o; aif{klg o; P;f]l;ozgsf] aflif{s ultljwL tyf Research Articles x? 
;dfj]z ePsf] 8th Edition of Bulletin k|sfzg u/L oxfFx?nfO{ email dfkm{t Digital Copy pknAw 
u/fO{ ;lsPsf] 5 ;fy} Hard Copy klg cfh} pknAw eO{;s]sf] hfgsf/L u/fpFb5' .

@=	 lautsf aif{df h:t} o; aif{ klg o; P;f]l;ozg tyf g]kfn lhof]nf]lhsn ;f];fO6L nufPt c? 
laleGg ;+:yfx?sf] ;+o'Qm cfof]hgfdf IDDR Day 2022 Symposium -October 13, 2022_ vfgL 
tyf e"ue{ ljefudf ;DkGg ePsf] lyof] . pQm sfo{qmddf o; P;f]l;ozgsf  cWoIf >L df]lt axfb'/ 
s'Fj/ convenor= /xg' ePsf] lyof] .  

#=	 ut  20th March 2023 df  CREEW, The Small Earth Nepal, KVWSMB /  GWRDB ;+o'Qm 
cfof]hgfdf ePsf] 11th National Groundwater Symposium df o; P;f]l;ozgsf kbflwsf/Lx? 
qmdz cWoIf >L df]lt axfb'/ s'Fj/ / ;lra clgn vqL ;xefuL x'g' ePsf] lyof] . pQm sf/{\oqmddf 
>L df]lt axfb'/ s'Fj/ Ho' n] Key Note Speech lbg' ePsf] lyof] .

$=	 o; jif{ klg P;f]l;ozgsf] tkm{af6 ljut aif{x?df em}+ gofF jif{sf] z'esfdgf cfbfg k|bfg u/L ;DkGg 
ul/of] .

%=	 phf{ hn;|f]t tyf l;rfO dGqfnosf ;lrj, e"ldut hn>f]t ljsf; ;ldltsf sfo{sf/L lgb]{zs 
nufot AolQmTjx?;+u xfO8«flhof]nf]lhi6 tyf e"ldut hn>f]tsf] ;+:yfut lasf; ;DalGw ljifodf 
laleGg r/0fdf 5nkmn ul/of] .

^=	 o; afx]s o; ;+:yfn] aflifs{ ?kdf ug]{ lgoldt ultljlwx? h:t} bz}+–ltxf/ z'esfdgf cfbfg 
k|bfg, ;+:yfsf] k|zf;lgs sfd, n]vf kl/If0f, ;+:yf gljs/0f, a}+s vftf gljs/0f h:tf dxTj k"0f{ 
sfo{x? ;DkGg ePsf] 5 .
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g]kfn xfO8«f]lhof]nlhsn P;f]l;P;gsf] cfufdL aif{sf] efaL sfo{qmd

!=	 e"ldut hn;|f]tsf] If]q;Fu ;DalGwt a}1flgs cg';Gwfg tyf vf]hd'ns ljifodf Groundwater Talk 
Program ;DaGwL sfo{ ;+rfngsf] nflu pRr k|fyldstf lbOg]5 .

@=	 g]kfn ef}ule{s ;dfh -NGS_, ljkb Joj:yfkg k|flws/0f ;d]tsf cGo ;DalGwt lgsfox?;Fu 
cfjZos ;dGjo ul/ cGt//fli6«o ljkb hf]lvd Go"gLs/0f ;DaGwL ;zlQms/0f sfo{ -IDDR–2023 
Celebration_ nfO{ ;kmntfk'a{s ;DkGg ul/g]5 .

#=	 dxTjk"0f{ n]v/rgf ;lxt o; ;+:yfsf] jflif{s a'n]l6g tof/ ug]{ sfo{nfO{ cfufdL jif{ klg lg/Gt/tf 
lbOg]5 / Scientific Journal k|sfzg ug]{ sfo{nfO{ laz]if k|fyldstf lbOg]5 .

$=	 e"ldut hn;|f]t;Fu ;DalGwt dxTjk"0f{ vf]h cg';GwfgnfO{ klxrfg ul/ cfjZos ;dGjo u/]/ Talk 
Programme÷Seminar tyf Workshop ;+rfng ug]{ sfo{nfO{ pRr k|fyldstf lbOg]5 .

%=	 o; sfo{ ;ldltn] NHA sf ;b:ox?sf] xslxt ;+/If0f / a[ltljsf;sf] nflu ;DalGwt lgsfodf 
cfjZos kxnsbdL -Advocacy_ ug]{ p2]Zo /fv]sf] 5 . ;fy} e"ldut hn;|f]t;Fu ;DalGwt 
;+:yfnfO{ :yfoL, lbuf] / e/kbf]{ agfpg] tkm{ ;d]t g]kfn ;/sf/sf laleGg lgsfo;+u cfjZos 
;dGjo ul/g]5 . 

^=	 e"ldut hn;|f]tsf] cWoog, cg';Gwfg / ljsf;df dxTjk"0f{ of]ubfg k'of{Psf JolQmx?nfO{ pRr 
d'Nof+sg ul/ ;–;Ddfg dfgfy{ ;b:o / ;Ddfgkq k|bfg ug]{ nIo /flvPsf] 5 .

&=	 cfufdL aif{df NHA sf] Fund Raising sfo{nfO{ cem a9L k|efjsf/L ?kn] cufl8 a9fOg]5 .

*=	 ;dodf n]vf kl/If0f / ;fwf/0f ;efsf] sfo{ ;DkGg ul/ NHA sf] ;+:yf glas/0f ug]{ / vftf 
;+rfng ug]{ sfo{nfO{ k|fyldstf lbOg]5 .

(=	 NHA sf] Website nfO{ cfjZostf cg';f/ update ul/g]5 / dxTjk"0f{ tYof+s tyf n]v /rgf Pad 
;"rgf ;fdu|LnfO{ ;dofg's'n upload ul/g]5 .

!)=	 o; cf=a b]lv xfO{8«f]lhof]nf]lh:6x?sf] Ifdtf clej[l4 sfo{qmd ;+rfng ul/g] 5 .

 

 

cd/ axfb'/ rGb 7s'/L 
dxf;lrj
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e"ldut hn;|f]tsf] lgodg lgsfosf] cfjZostf
 
g]kfn xfO8«f]lhof]nf]lhsn P;f]l;P;g -NHA_ e"ldut hnsf] pkof]u, cfjZostf / pkfb]otfnfO{  Wofgdf /fvL o;sf] 
;+/If0f, pkof]u tyf Joj:yfkg ;DaGwdf ljleGg ultljlwx? ub}{ cfO/x]sf] e"ldut hn;|f]t;+u ;DalGwt lj1x?sf] ;+u7g 
xf] . o;sf] k|d'v pb]Zo ;/sf/L, lglh lgsfox?df e"ldut hn;|f]tsf] cWoog cg';Gwfg, ljsf; tyf Joj:yfkg ;DaGwdf 
cfjZos /fo k/fdz{ ;d]t pknAw u/fpg], b]zsf] cfd gful/sdf  e"ldut hn;|f]t ;DalGw hgr]tgf d'ns sfo{ ug]{ ;d]t  
/x]sf] 5 . 

sf7df8f}+ pkTosf tyf g]kfnsf] ;du| t/fO{ e'efudf kfgLsf] d'Vo ;|f]t eg]sf] e"ldut kfgL g} xf] l :yfgcg';f/sf] e"ldut hn e08f/  
-Aquifer_ sf] cjl:ylt cg';f/ s'g} 7fpdf Shallow tyf Deep Aquifer af6 e"ldut kfgLsf] bf]xg x'b}F cfO/x]sf] 5 . t/fO{ 
e"efudf aif}{lkR5] JolQmut, ;+:yfut, ;/sf/L lgsfo -;+3 k|b]z / :yflgotx_ x?af6 vfg]kfgL , l;+rfO, kz'kfng ,/ pBf]ux?sf 
nflu kfgLsf] cfj:ostf k"lt{sfnflu y'k|} 6\o'aj]nx? lgdf{0f x'g] u/]sf] ePtf klg ;/sf/L lgsfo;+u s'g 7fpdf s'g k|sf/sf] 
slt 6\o'aj]nx? lgdf{0f ePsf 5g\ ;f]sf] Plss[t cWofjlws tYof+s /x]sf] kfOb}g eg] cToflws bf]xgn] kfg]{ c;/x?sf af/]df 
g]kfn ;/sf/sf clwsfl/s lgsfox?af6 klg kof{Kt dfqfdf cWoog cg';Gwfg ePsf] e]l6b}g . gful/s;+u  k|tIo ;/f]sf/ 
/fVg] kfgLh:tf] cTofaZos a:t'df /fHosf] k|fyldstfdf kg{ g;s]sf] efg x'G5 . a9\bf] zx/Ls/0f, a;fO{ ;/fO{, pBf]uwGbf 
tyf s[lif k|0ffnLx?df pknAw e"ldut hn;|f]tsf] cToflws pkof]u eO{/x]sf] cj:yf / pBf]uwGbf?af6 hyfefjL ?kn] e"ldut 
hn;|f]tsf] bf]xg tyf  k|b'if0f ug]{ sfo{ klg ul//x]sf] x'Fbf ca of] ax'd"No k|fs[lts ;|f]tsf] plrt /]vb]v, lgodg, lgoGq0f tyf 
cg'dlt lnP/ dfq pkof]u ug]{ Joj:yf ug{ lgtfGt h¿/L ePsf] 5 .

e"ldut hn;|f]tsf] cWoog tyf cg';Gwfg ug]{ Ps dfq ;/sf/L lgsfo e"ldut hn;|f]t ljsf; ;ldlt  cf=j=@)*)÷*! sf] 
ah]6 aQmAoaf6 vf/]hLdf k/]kl5 e"ldut hn;|f]tsf] cWoog tyf cg';Gwfg ug]{ cflwsfl/s lgsfPsf] cefa vl8\sPsf] 
5 . e"ldut hn;|f]tsf] cToflws bf]xgn] Thailand sf] Bangkok tyf lrg sf] Sanghai h:tf 7"nf zx/x?df Land 
subsidence sf] ;d:of b]lvPsf] 5  eg] g]kfndf klg e"ldut hn;|f]tsf] cAojl:yt ta/n] cToflws bf]xg ul/bf sf7df8f}F 
pkTosf tyf t/fO{sf s]lx e'efux?df kfgLsf] ;tx 36\g hfFbf xft]kDkaf6 kfgL tfGg g;lsg],kfgL k|b'lift x'g] h:tf ;d:ofx? 
b]lvg yfln;s]sf] ca:yfdf e"ldut hn;|f]tsf] lgodg ug]{ cflwsfl/s lgsfP gx'Fbf lgs6 eljiodf of] eGbf ulDe/ ;d:of 
gcfpnf eGg ;lsGg . To;}n] ca aGg] phf{ hn;|f]t tyf l;+rfO{ dGqfno jf cGt/utsf lgsfosf] ;+u7g ;+/rgfdf e"ldut 
hn;|f]tsf] cWoog tyf cg';Gwfg / lgodg ug{ ;Sg] bIf hgzlQm ;lxtsf] clwsf/ ;DkGg lgsfosf] ?kdf ljsf; ug{ ;Da4 
;a}n] a]n}df ljrf/ k'of{pg' kg]{ b]lvG5 . pQm sfo{df ;xeflutf tyf g]t[Tjsf nflu g]kfn xfO8«f]lhof]nf]lhsn P;f]l;P;g 
-NHA_ ;b}a tTk/ /x]sf] / cfufdL lbg x?df cfjZos ultlalw a9fpg] k|lta4tf AoQm ubf}{ 5f} .

;ftf} sfo{sfl/0fL  ;ldlt 
g]kfn xfO8«f]lhof]nf]lhsn P;f]l;P;g -NHA_
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AUDITOR’S REPORT (2079/80)
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!# cf}+ jflif{s ;fwf/0f ;efsf emnsx¿
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CONGRATULATIONS
Promotions/Appointments/Academic Award

Nepal Hydrogeological Association extends its heartiest congratulations to the following 
members of the society for their achievements. Also wishes for their successful tenure.

Prof. Dr. Dinesh Pathak (LM55)
Appointed to Head of Department,  
Central Department of Geology,  
TU, Nepal

Date of Appointment: 2080-10-24

Dr. Dilli Ram Thapa (LM 97)
Appointed to Head of Department, 
Department of Geology, Birendra Multiple Campus, 
Chitwan, Nepal

Date of Appointment: 2081-03-01 

Ms. Monika Jha (LM 150) 
Deputy Director General, 
Department of Mines and Geology, 
Government of Nepal

Date of Promotion: 2080-08-17

Promotions
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Dr. Mukunda Bhattarai (LM 153)
Senior Divisional Geologist,
Department of Mines and Geology, 
Kathmandu 

Date of Promotion: 2080-11-15

Mr. Nayan Pokhrel (LM 70)
Senior Divisional Hydrogeologist (Officer 9th level), 
Groundwater Resources and Irrigation Development Division, 
Mahottari

Date of Promotion: 2080-09-04

Mr. Bikash  Thakur  (LM 79)
Senior Divisional Hydrogeologist (Officer 9th level), 
Groundwater Resources and Irrigation Development 
Division, Sarlahi

Date of Promotion: 2080-09-04

Ms. Alina Karki (LM 84) 
Assistant Manger (8th level), 
Geological Investigation Department, 
Nepal Electricity Authority, Nepal

 Date of Promotion: 2080-10-18
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Mr. Keshav Jaisi (LM 159)
Senior Divisional Hydrogeologist (Officer 
9th level), Groundwater Resources and 
Irrigation Development Division, 
Chitwan

Date of Promotion: 2080-12-08

Mr. Kedar Shrestha (LM 152)
Senior Divisional Hydrogeologist (Officer 9th level), 
Groundwater Resources and Irrigation Development Division, 
Kavre

Date of Promotion: 2081-04-06
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:juf{/f]x0fM@)*)÷)&÷!&

:juf{/f]x0fM@)*)÷)(÷@#

hGd ldlt M@))^÷!@÷!(

hGd ldlt M@))(÷)!÷@*

o; g]kfn xfO8«f]nf]lhsn P;f]l;o;gsf] cflhag ;b:o tyf 
;+:yfks cWoIf :j= >L lht]Gb| l3ld/]Ho' sf] ldlt @)*)÷)&÷!& 
ePsf] c;fdlos lgwgn] o; g]kfn xfO8«f]nf]lhsn P;f]l;o;g df 
cfa4 ;Dk"0f{ kbflwsf/L tyf ;b:oxx?nfO{ cToGt} ddf{xt / :tAw 
agfPsf] 5 . o; b'vb 38Ldf b]xd'Qm cfTdfsf] lr/–zflGt tyf a}s'07 
af;sf] sfdgf ub}{ efjk"0f{ >bfGhln ck{0f ub{5f} ;fy} zf]sfs'n  
kl/jf/hgfdf w}o{wf/0f ug{ ;Sg] zlQm k|fKt xf];\ eGg] sfdgfsf ;fy 
xflb{s ;da]bgf AoQm ub{5f} .

o; g]kfn xfO8«f]nf]lhsn P;f]l;o;gsf] cflhag ;b:o  
:j= gj/fh >]i7Ho' sf] ldlt @)*)÷)(÷@# ePsf] c;fdlos 
lgwgn] o; g]kfn xfO8«f]nf]lhsn P;f]l;o;g df cfa4 ;Dk"0f{ 
kbflwsf/L tyf ;b:oxx?nfO{ cToGt} ddf{xt / :tAw agfPsf]  
5 . o; b'vb 38Ldf b]xd'Qm cfTdfsf] lr/–zflGt tyf a}s'07 af;sf] 
sfdgf ub}{ efjk"0f{ >bfGhln ck{0f ub{5f} ;fy} zf]sfs'n kl/jf/
hgfdf w}o{wf/0f ug{ ;Sg] zlQm k|fKt xf];\ eGg] sfdgfsf ;fy xflb{s 
;da]bgf AoQm ub{5f} . 
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g]kfn ;/sf/

phf{ hn>f]t tyf l;FrfO dGqfno
hn>f]t tyf  l;FrfO ljefu

lrtjg e"ldut ;+of]hgfTds 
hn l;+rfO cfof]hgf

e/tk'/, lrtjg

afx|} dlxgf bLuf] / e/kbf{] l;+rfOsf] nflu 
:ofnf] 6\o'aj]n tyf l8k 6\o'aj]n k|lalwaf6 

e"ldut hn>f]tsf] pkof]u u/f+} . 
s[lif pTkfbg / pTkfbsTj a[l4 u/f+} .
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Bindhabasini Multipurpose Consultancy Pvt. Ltd.
Near District Court, Birgunj, Parsa

Tel: 051-527009, Mob:  9845059099
Email: ab_chaurasaya@yahoo.com

Contact us for:
1. Hydrogeological Study

2. Groundwater Feasibility Study

3. Water Quality Assessment

4. Tubewell Construction for Drinking Water, Industry and Irrigation

5. Work Supervision

6. Monitoring and evaluation study of the project
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   We Build the Imagined Future 

Our Services : 

1. Large diameter Deep Tubewell construc�on up to 500 meters . 
2. Shallow and Medium Deep Tubewells up to 8 inch in diameter. 
3. Rehabilita�on and revitaliza�on of failed & sick Tubewells .  
4. Study, design, construc�on, repair and maintenance of Groundwater Projects. 
5. Supply of Construc�on material & Office goods and Equipments . 

 

 

Contct Us : 

Raj Kumar Bhagat 

Phone : 977 9858027197 

Email : ashaconstruc�on2077@gmail.com 

                 rjbhagat1918@gmail.com 

 
                                                                                                                                                      

ASHA CONSTRUCTION 

JANAKI 3,  BANKE 

 

ASHA Engineering 

Consultency 

Nepalgunj 18,  BANKE 

 

ASHA Traders & General 

Orders Supplars,  

Nepalgunj 18,  BANKE 

 

 

  

   We Build the Imagined Future 

Our Services : 

1. Large diameter Deep Tubewell construc�on up to 500 meters . 
2. Shallow and Medium Deep Tubewells up to 8 inch in diameter. 
3. Rehabilita�on and revitaliza�on of failed & sick Tubewells .  
4. Study, design, construc�on, repair and maintenance of Groundwater Projects. 
5. Supply of Construc�on material & Office goods and Equipments . 

 

 

Contct Us : 

Raj Kumar Bhagat 

Phone : 977 9858027197 

Email : ashaconstruc�on2077@gmail.com 

                 rjbhagat1918@gmail.com 

 
                                                                                                                                                      

ASHA CONSTRUCTION 

JANAKI 3,  BANKE 

 

ASHA Engineering 

Consultency 

Nepalgunj 18,  BANKE 

 

ASHA Traders & General 

Orders Supplars,  

Nepalgunj 18,  BANKE 
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                                                        Nawalpur Drilling & construction pvt ltd 
                                                                               Headoffice: Gaidakot 05 Nawalpur (078502133)                                                          
                                                                                        Contact no:   sunil chapagain khatri  
                                                                                                                        Director  

                                                                                  9866348530 
                                                                                     (whatsapp /viber) 

                                                                  E-mail id: nplrdrilling@gmail.com                                                                                                                                   

 
   
 

Ø Construction of STW /DTW Solar & electrical lifting. 
Ø Supply & installation of submersible pump, Transmission line  
Ø Construction of OVT / RVT water tank, pipe lining &distribution of water. 
Ø Supply of M.S, LCG, S.S screen pipes and essential DTH parts & many more…… 

Join us in  
                Nawalpur drilling & construction pvt ltd 
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jf6/ ;f]n';g k|f=ln=

kfgL ;'l4s/0f Pj+ j]n, 8uj]nx? lgdf0f{ tyf 
ddt{sf] nflu ;Dks{ ug'{xf];\ .

k|f]= ;j{lht e08f/L (*%!)%&@$!

;fdfv'zL, sf7df8f}+
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dw]z k|b]z ;/sf/ 

e"ldut hn;|f]t tyf l;+rfO ljsf; l8lehg 

 l;/fxf 

dw]; k|b]zsf] l;/fxf / ;Kt/L lhNnfx?df 
e"ldut hn;|f]tsf] cGj]if0f, e"ldut hnsf] 

dfWoodaf6 afx|} dlxgf l;+rfO ;'ljwf pknAw 
u/fpg :yflkt

;Dks{

 e"ldut hn;|f]t tyf l;+rfO ljsf; l8lehg, l;/fxf 

kmf]g g+=M )##-%^#!)* df]afOn g+= (*%@*##%@!

Od]nM giddlahan@gmail.com
s[lifsf] cfwf/ M l;+rfOdf ;'wf/
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n'lDagL k|b]z ;/sf/ 

phf{, hn;|f]t tyf l;+rfO dGqfno

 e"ldut hn;|f]t tyf l;+rfO ljsf; l8lehg 

g]kfnu~h, afFs] g]kfn 

afFs] / alb{of lhNnfx?df e"ldut hn;|f]tsf] cGj]if0f, 

e"ldut hnsf] dfWoodaf6 afx}{ dlxgf l;+rfO 

;'ljwf pknAw u/fpg :yflkt n'lDagL k|b]z 

;/sf/sf] sfof{no e"ldut hn;|f]t tyf  

l;+rfO ljsf; l8lehg

7]ufgfM g]kfnu~h, afFs] lhNnf

df]afOn g+= (*%*)#%#^^

s[lifsf] cfwf/ M l;+rfOdf ;'wf/
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Established in 2012, Alpine Consultancy is a complete environmental solutions 

provider in Nepal with highest quality products guaranteed. 

Contact us For:
Environmental Works ( Climate change, Solid waste, waste water, 
air pollution, IEE/EIAGeology/Hydrogeology Energy)
Infrastructure
Natural Resiuyrce Management
Rural Development

Contact Details
GPO Box 8975, EPC 5997, KathmanduTel: +977 – 1 – 2297134

email: consultancyapline@gmail.com
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ljZj lgdf{0f ;]jf

xfd|f] ;]jfx?

x]6f}8f, dsjfgk'/
df]= (*$%$$&#&*, (*%%)!*!(*

:ofnf] tyf l8k 6\o'aj]n lgdf{0f, kDk, df]6/ h8fg, 
kDk3/, ljt/0f k|0ffnL, ljw'lts/0f nufot ld6/ h8fg 

;DaGwL cfjZos ;Dk"0f{ sfo{sf] nflu 
ljZj lgdf{0f ;]jfnfO{ ;Demg'xf]; . 

u'0f:t/Lo / 9'Sssf] pTs[i6 ;]jfsf] nflu
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u08sL k|b]z ;/sf/ 

phf{, hn;|f]t tyf l;+rfO dGqfno

 e"ldut hn;|f]t tyf l;+rfO sfof{no 

kf]v/f, sf:sL 

u08sL k|b]z cGt/utsf lhNnfx?df e"ldut  

hn;|f]tsf] cGj]if0f, e"ldut hnsf] dfWoodaf6  

afx|} dlxgf l;+rfO ;'ljwf pknAw  

u/fpg :yflkt

;Dks{

 e"ldut hn;|f]t tyf l;+rfO sfof{no, kf]v/f, sf:sL 

 df]afOn g+= (*%^)!#!**

s[lifsf] cfwf/ M l;+rfOdf ;'wf/
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Ram Laxmi Motor house
Narayanghat, Chitwan

Our Services:
Supply and installation of TEXMO pump and motor for groundwater 
irrigation, lifting irrigation, drinking water and industrial purpose 

Please contact . 
RAMJI ADHIKARI  (Country Manager in Nepal),
Mobile No: 9855057595
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Kalika Drilling Pvt. Ltd.Kalika Drilling Pvt. Ltd.
sflnsf l8«ln+· -k|f=_ ln=
sf7df8f}F –#$, gofF afg]Zj/  .  ;Dks{ M (*%%)%*#&* 

xfd|f ;]jfx? M–
Ø vfg]kfgL tyf l;+rfOsf] nflu :ofnf] tyf 6\o'a]n lgdf{0f ;DalGw ;Dk"0f{ sfdx?

Ø ;a} k|sf/sf 7]Ssf ;DalGw sfdx? 

Ø cWog cg';Gwfg tyf k/fdz{ ;]jf ;DalGw sfdx?  
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Reshma Deep Boring Tubewell Udyog

Email: reshmadeepbrt@gmail.com

PAN No.: 300213203	    Regd. No. 5264/056/057

Biratnagar-4, Morang
Phone : 021-420480, 9852020754
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Best Wishes and Success
To,

Nepal Hydrogeological Association 
(NHA)

On the occassion of it's 
14th Annual General Meeting

Groundwater Resource and Irrigation Development Division
 Jaleshwor, Mahottari

From
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‘;d[4 g]kfnsf] cfwf/

s[lif of]Uo hldgdf k"0f{ l;+rfO{sf] lj:tf/’ 

sf nflu 6\o'aj]n l;+rfO k|0ffnLsf] 

ljsf; / lj:tf/ u/f}+

t/fO{ dw]z e"ldut hnl;+rfO sfo{qmd

;+of]hssf] sfof{no
hfjnfv]n nlntk'/
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/fli6«o uf}/jsf] ?kfGt/0fsf/L
;'gsf]zL dl/g 8fO{e;{g ax'p2]ZoLo cfof]hgf, l;Gw'nL 

!= cfof]hgfsf] kl/ro
;'gsf]zL dl/g 8fOe;{g ax'p2]ZoLo cfof]hgf l;Gw'nL / /fd]5fk lhNnfsf] l;dfgfdf cjl:yt ;'gsf]zL gbLsf] kfgLnfO{ afFw afFwL 
!#=# ls=dL= nfdf] ;'?ª dfkm{t dl/g gbLdf kfgL kyfGt/0f ul/ k|fKt x'g] ^^=@( ld6/ sf] Gross Head sf] pkof]un] sl/a #!=)&  
d]ufjf6 hnlaB't pTkfbg x'g] ax'p2]ZoLo cfof]hgf xf] . ljB't pTkfbg kZrft lg:s]sf] kfgL dl/g gbLdf ld;fO{ afUdtL gbL x'Fb} afUdtL 
l;+rfO cfof]hgfsf] k"jL{ tyf klZrd gx/af6 qmdzM &^,$)) x]= / $%,^)) x]= u/L hDdf !,@@,))) x]= hldgdf jif}{ e/L l;+rfO 
;'ljwf k'¥ofpg] nIosf ;fy /fli6«o uf}/j  tyf ?kfGt/0fsf/L cfof]hgfsf] ¿kdf sfof{Gjogsf] r/0f df 5 .o; cfof]hgfsf] s'n nfut 
cg'dfg ?= $( ca{ $@ s/f]8 #! nfv /x]sf] 5 . 

o; cfof]hgf cGt/ut l;Gw'nL lhNnfsf] v'sf]{6 b]lv nueu @ ls= ld= dfly -;'gsf]zL / tfdfsf]zL sf] bf]efg eGbf sl/a ()) ld= 
tn_ ;'gsf]zL gbLdf afFw lgdf{0f x'g] 5 eg] laB't u[x, ;h{;fˆ6, l:jrof8{ sdnfdfO g=kf= –@ s';'d6f/ l;Gw'nLdf kb{5 .

;'gsf]zL dl/g 8fOe;{g ax'p2]ZoLo cfof]hgfsf] x]8js{\; -afFw:yn_, kfj/ xfp; -ljB'tu[x_, x]8/]; 6g]n -;'?Ë_, dfl/g gbL / 
afudtL Aof/]h sf] cjl:ylt
	
o; cfof]hgfsf] lgdf{0f sfo{ cf=j= @)&&÷&* df z'? u/L cf=j= @)*%÷*^ ;Dddf ;DkGg ug]{ nIo /x]sf] 5 .

@= bL3{sfnLg b[li6sf]0f
@=! cfof]hgfsf] b"/b[i6L

æ;Ifd / ;'b[9 ;fj{hlgs If]qsf] dfWodaf6 cfw'lgs k|ljlwsf] ;kmn k|of]u dfkm{t cGt/ hnfwf/ hn :yfgfGt/0f tyf ax'p2]ZoLo 
hn;|f]t cfof]hgfx?sf] ljsf; u/L hn ljB't pTkfbgsf] ;fy} s[lif of]Uo e"lddf afx|} dlxgf l;+rfO ;'lawf pknJw u/fO{ s[lif pTkfbg 
/ pTkfbsTj j[l4 ub}{ b]zsf] lbuf] cfly{s ljsf; xfl;n ug{ ;xof]u k'¥ofpg] d"ne"t nIo /x]sf] 5 .Æ 

@=@ cfof]hgfsf] p2]Zo

cf=j= @)*$.)*% ;Dd cfof]hgf ;DkGg u/L dw]; k|b]zsf] jfUdtL l;+rfO cfof]hgfaf6 xfn $%,^)) x]S6/ hdLgdf l;+rfO ;'ljwf 
pknAw eO/x]sf]df ;'gsf]zL dl/g 8fOe;{g ax'p2]ZoLo cfof]hgfsf] kfj/ xfp;sf] 6]n/];af6 lg:s]sf] ^&,))) ln6/ k|lt ;]s]G8 
kfgL dl/g gbLdf v;fnL wg'iff, dxf]Q/L, ;nf{xL, /f}tx6 / af/f  lhNnfx? cGt/utsf] s"n !,@@,))) x]S6/ hdLgdf jif}{e/L l;+rfO 
;'ljwf k'¥ofpg] k|d'v p2]Zo /x]sf] o; cfof]hgfaf6 #!=)& d]ufjf6 hn ljB't pTkfbg u/L b]zsf] phf{ If]qdf yk of]ubfg lbg]5 . o; 
cfof]hgfsf yk p2]Zox¿ lgDgfg';f/ /x]sf 5gM–
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•	 !#=# lsnf]ld6/ nfdf] tyf Lesser Himalaya sf] ef}ule{s cj:yf sf] ;'¿Ë lgdf{0fdf Double Shield Tunnel Boring 
Machine (TBM) sf] ;kmn k|of]u ug]{,

•	 hn;|f]t tyf l;+rfO If]qdf sfo{/t lqmoflzn k|fljlwsx?sf] gofF k|ljlwsf] pkof]u ub}{ k|fljlws bIftf j[l4 ug]{,

•	 ;'gsf]zL, tfdfsf]zL / dl/g gbLaf6 k|efljt :yfgx¿df jftfj/0fLo, ;fdflhs, k"jf{wf/ ljsf;sf sfo{qmdx¿ ;+rfng u/L 
hLjgofkgnfO{ ;xh / ;d[4 agfpg] .

@=# cfof]hgfaf6 x'g] kmfObf

;'gsf]zL dl/g 8fOe;{g ax'p2]ZoLo cfof]hgfsf] ljsf;af6 lgDgfg';f/sf pknlAwx¿ xfl;n x'g]5g\ M

•	 ;'gsf]zL dl/g 8fOe;{g ax'p2]ZoLo cfof]hgfsf] 
ljsf;af6 wg'iff, dxf]Q/L, ;nf{xL, /f}tx6 / af/f 
lhNnf cGtu{tsf] s'n !,@@,))) x]S6/ hdLgdf 
jif}{e/L l;+rfO ;'ljwf k'uL s[lif Pj+ gub]afnLsf] 
pTkfbg / pTkfbsTj j[l4 e} cfTdlge{/ cy{tGqdf 
;3fp k'Ug'sf ;fy} #!=)& d]ufjf6 hnljB'tsf] 
pTkfbgaf6 cf}Bf]lus ljsf;df 6]jf k'Ug'sf 
;fy} cGo cfdf]b–k|df]b, ko{6g tyf jftfj/0fLo 
pknlAwx¿ xfl;n x'g]5g\ . 

	 ;'gsf]zL dfl/g 8fOe;{g  ax'p2]ZoLo cfof]hgfsf] 
ljsf;af6 xfn ;+rfngdf /x]sf] jfUdtL  l;+rfO 
cfof]hgfdf lbuf] ¿kdf ;nf{xL, wg'iff, dxf]Q/L, /f}tx6 / af/f lhNnfsf

    
s[lifof]Uo hldgdf afx|} dlxgf l;+rfO ;'ljwf k'¥ofpg'sf] ;fy} ;tx / e"ldut hn;|f]tsf] ;+of]hgfTds ?kdf pkof]u u/L pj{/ e"ldaf6 
s[lif pTkfbg tyf pTkfbsTj j[l4 ul/ xfn s[lifdf ePsf] cfoftsf] c;Gt'ng -Trade Deficit_ sd ug{ d2t k'¥ofpg]5 . cfof]hgfsf] 
ljsf;af6 hn;|f]t tyf l;+rfO ljefudf sfo{/t k|fljlws hgzlQmsf] ax'2]ZoLo tyf cGt/ hnfwf/  hn;|f]t cfof]hgfx?sf] 
ljsf;sf] nflu Ifdtf clej[l4  x'g'sf] ;fy} o:t} k|s[ltsf cGo cfof]hgfx? lgdf{0f ug{ ;xof]uL l;4 x'g]5  .

•	 o; cfof]hgfn] dl/g gbL lgoGq0f tyf dl/g gbL lsgf/ l:yt s[ifs s'nf]x?sf] ;d]t k'gM:yfkgf ug]{ ul/ u'?of]hgfdf ;d]6]sf] 
5 . cfof]hgfsf] sfof{Gjog ;+u} ;f] u'?of]hgfsf] ;d]t sfof{Gjog x'g] / dl/g gbL cf;kf;sf jfl;Gbfsf cfly{s ;d'GgtL 
x'g]5. 8'afgdf kg]{ hUufsf] ;'/Iffsf ;fy} xfQL6f/ l:yt sl/a @& x]S6/ hUufsf] psf; u/L jiff}{+ b]lv ef]urng ul//x]sf dfemL 
;d'bfonfO{ g} x:tfGt/0f ug]{ sfo{n] cNk;+Vos tyf l;dfGts[t ;d'bfosf] ;d'Tyfgdf ;xof]u k'Ug]5 .

•	 cfof]hgf ;+rfng kZrft ;'gsf]zL / tfdfsf]zL If]qdf a;f]jf; ug]{ hg;+Vofsf] jx'cfoflds ljsf; x'g]5g . ;f] If]qdf df5f 
kfngb]lv cfGtl/s tyf afXo ko{6gsf] pNn]Vo j[4L x'g'sf ;fy} dgf]/Ghg tyf tfn÷hnfzodf ko{6g Joj;fo ;d]t km:6fpg] 
lglZrt 5 . o;n] ubf{ oxfFsf :yflgo jfl;Gbfsf] cfocfh{g j[l4 eO{ lhjg:t/df ;'wf/ x'g]5 .

@=$ cfof]hgfsf] at{dfg cj:yf 

cfof]hgfsf] klxnf] r/0fsf] sfo{ cGtu{t ;'?Ë lgdf{0fsf] nflu lgdf{0f Joa;foL  M/S China Overseas Engineering Group Co. 
Ltd., China (COVEC) ;+u 19th March, 2021 df lgdf{0f ;Demf}tf e} lgdf{0f sfo{ lta| ultdf e}/x]sf] 5 .  TBM Inlet Portal, 
Segment plant, Crushing plant, TBM Platform, Batching Plant, Starter Tunnel sf] lgdf{0f sfo{ ;DkGg ePsf] 5 TBM 

cfof]hgfsf] l;+lrt If]qsf] gS;f
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Re–engineering sfo{ ;DkGg eO{ TBM sf] ;Dk"0f{ ;fdfg 
;fO{6df cfOk'u]sf] tyf TBM Backup System sf] h8fg 
sfo{;DkGg eO{ TBM Assembly at site -h8fg sfo{_ ;d]t 
;DkGg ePsf] 5 . tyf ldlt @)*! ciff9 d;fGt;Dd ;'?Ësf] 
a|]s Y? eO{ ;s]sf] 5 . cfof]hgfsf] bf];|f] r/0fsf] sfo{ cGtu{t 
afFw -Barrage_, Surge Shaft, laB't u[x / xfO8«f]–d]sflgsn 
nufotsf ;+/rgf x?sf] lgdf{0f sfo{sf] ;fy} l;Gw'nL

lhNnfsf] v'sf]{6af6 sl/a @ ls=ld=sf7df8f}F tkm{ ;'gsf]zL 
gbLdf sl/a #) ld= cUnf] !%@  ld= nDafOsf] afFw -Barrage_ 
lgdf{0f x'Fbf la=lk= /fhdfu{sf] (^% ld= ;8ssf] s]lx efu 
8'afgdf kg]{ tyf s]lx efudf afFw -Barrage_ sf ;+/rgf -h:t} Intake, Approach Culvert, Settling Basin, Head pond, 
Power Conduit_ aGg] ePsf]n] pQm nDafO{sf] ;8s Realign ug{' kg]{ ePsf] x'gfn] ;f]sf] nflu Traffic Diversion ug{ @=(^ ls=dL= 
;8s Service road lgdf{0f sfo{ ;d]t /x]sf] 5 . Headworks Package sf] lgdf{0f sfo{sf] 7]Ssf ;Demf}tf ldlt @)&(÷)(÷!& 
df eO{ k|f/lDes tof/Lsf sfo{x?sf ;fy} Coffer dam lgdf{0f site camp lgdf{0f Batching / Crusher Plant h8fg sfo{x? u/]sf] 
5 . hUuf clwu|x0fsf] ;DaGwdf l;Gw'nL lhNnf tkm{sf] hUufsf] d"NofÍg ;DkGg eO d'cfAhf lat/0fsf] sfo{ ;DkGg e};s]sf] 5 eg] 
/fd]5fk lhNnf cGtu{tsf] 8'jfgdf kg]{ hUufsf] d"NofÍg ;DkGg eO d'cfAhf lat/0fsf] sfo{ eO/x]sf] 5 . 			                   

cfof]hgfsf] x]8js{\; afFw:yn_ sf] 3D lrq

;'?Ë lgdf{0fsf] nflu TBM d]l;g h8fgsf] qmddf

Coffer dam sf] lgdf{0f sfo{ x'Fb}

TBM åf/f cfof]hgfsf] ;'?+u a|]s y|'

Concreting of foundation of block in stilling basin.
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xfn ;Dd cfof]hgfsf] s'n nIo÷k|ult

•	 ef}lts nIoM	 #$=$)Ü -@)*! ciff9 d;fGt ;Dd_  * xfl;n k|ultM #$=$)Ü  
•	 ljQLo nIoM	 #$=$)Ü -@)*! ciff9 d;fGt ;Dd_  * xfl;n k|ultM  #)=(^Ü

jflif{ssf] t'ngfdf cfof]hgfsf] s'n xfn ;Ddsf] nIo÷k|ult

•	 ef}lts nIoM	 !))Ü  -@)*! ciff9 d;fGt ;Dd_ * xfl;n k|ultM   !!*=!!Ü 
•	 ljQLo nIoM	 !))Ü  -@)*! ciff9 d;fGt ;Dd_ * xfl;n k|ultM   (*=)(Ü 

@=% ;fdflhs ljsf; sfo{qmdx?

;'gsf]zL dl/g ax'p2]ZoLo cfof]hgfn] ;fdflhs bfloTj tyf jftfj/0fLo ;'wf/sf sfo{qmd cGtu{t ljleGg sfo{qmdx? ;+rfng ug]{  
5 . o; cGtu{t Headworks sf] 8'afg If]q / dl/g gbLdf lgdf{0f x'g] kfj/xfp; If]qdf gbL lgoGq0f, ;8s, l;+rfO s'nf], lnˆ6 l;+rfO, 
vfg]kfgL nufotsf sfo{qmdx? cfjZostf cg'?k ;+rfng x'g]5g\. o; afx]s cfof]hgfaf6 k|ToIf jf ck|ToIf ?kdf k|efljt ;d'bfodf 
ljleGg ;Lk ljsf; tyf Ifdtf clej[l4sf ljleGg sfo{qmdx? ;d]t ;+rfng e}/x]sf 5g\ .

HYDRO AND INFRASTRUCTURE CONSULTING SERVICES PVT. LTD
Your Trusted Partner in Design and Construction Supervision!

Looking for reliable and professional services in design and construction 
supervision? Look no further! At Hydro and Infrastructure Consulting 

Services Pvt. Ltd., we specialize in providing expert guidance and 
management for all your infrastructure projects.

Why Choose Us?
• Comprehensive Design Services
• Expert Construction Supervision

📍📍 Location: Kupandol, Lalitpur, Nepal
📞📞 Phone: 9851176766
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cfof]hgf kl/ro
gljgtd oflGqs l;+rfO cfof]hgf

gljgtd olGqs l;+rfO cfof]hgf dw]z k|b]zsf] ;nf{xL tyf /f}tx6 lhNnfdf e"ldut hnsf] k|of]u af6 sl/j $),)))=)) x]= hldgdf 

!))) j6f l8k 6\o"jj]n l;+rfO{ k|0ffnL dfkm{t aif{e/L e/kbf]{ l;+rfO ;'ljwf k'of{pg] u/L cWoog ul/Psf]df xfnnfO{ %)) j6f l8k 

6\o"aj]n l;+rfO{ k|0ffnL dfkm{t @@$)) x]= hldgdf jif]{e/L e/kbf]{ l;+rfO ;'lawf k'/{\ofpg] nIosf ;fy cuf8L j9fOPsf] cfof]hgf xf]. 

cf=j= @)&*–&( af6 ah]6 nfOg k|fKt e} cfof]hgfsf] sfof{no :yfkgf ePsf] o; cfof]hgfn] %)) j6 l8k 6\o"aa]n l;+rfO{ k|0ffnL 

$ aif{ df lgdf{0f ;DkGg u/L hn>f]t tyf l;+rfO{ ljefusf] Oltxf;d} klxnf] k6s Design, Built and Operation (DBO) 7]Ssf 

k2lt af6 !) aif{ kfgL ;+rfng tyf dd{t ;+ef/ ug{ 7]Ssf Joj:yfkg -hDdf !$ aif{_ ug]{ tyf tTkZrft cfof]hgfsf] Joj:yfkg, 

;+rfng d/Ddt tyf ;Def/  g]kfn ;/sf/s} %!Ü z]o/ x'g] l;+rfO Joj:yfkg sDkGgL lnld6]8n]  ug]{ nIo /flvPsf] 5 . PlzofnL 

lasf; a}+ssf] Consultation Mission cg'zf/ cfof]hgf nfut !^) ldlnog cd]l/sg 8n/ /x]sf]df !@% ldlnog cd]l/sg 8n/ 

PlzofnL lasfz a}+ssf] C0f tyf cg'bfg ;xof]u  tyf afFsL #% ldlnog g]kfn ;/sf/ n] Joxf]g]{ pNn]v ePsf] o; cfof]hgfsf] C0f 

;Demf}tf ;g\ @)@$ ;]K6]Da/df x'g] to ul/Psf] 5 . To:t} lgdf{0fstf{ sDkgLn] u/]sf] l8hfOgsf] :jLs[lt, p;n] u/]sf] sfdsf] ;'kl/a]If0f, 

s/f/ Aoa:yfkg / o:t} k|s[ltsf] gofF cfof]hgfsf] tofl/ ug{ Project Management, Design and Supervision Consultant 
nfO{ ^ aif{sf] nfuL lgo'lQm ul/g] 5 . cfof]hgfsf] lbuf]kgfsf] cfwf/g} ls;fgsf] lgjf{xd'vL s[lif af6 Aoa;flos s[lifdf x'g] ?kfGt/0f 

ePsf]n] To; If]qdf x'g ;Sg] s[lifsf] gofF k|hftLsf] lap, lahgsf] cg';Gwfg / ljsf;, s[ifsnfO hLljsf]kfh{gsf] nflu ul/g] s[lifaf6 

Aoa;flos s[lifdf ?kfGt/0f ug{ tflnd, ;xsf/L dfkm{t s[lif cfw'lgsLs/0fsf d]lzg, pks/0f k|bfg ug{'sf] ;fy} Cold Storage 

lgdf{0f ;lxtsf] sfo{ ug{ s[ifs ;xof]uL sfo{qmd nfu' ug]{ Pp6f lab]zL la1 ;lxtsf] lab]zL / :jb]zL  k/fdz{bftfn]  cfof]hgfsf] 

lgdf{0f sfo{ ;+u} s[lif ljsf;sf] sfo{ ug]{ 5g\ .

t;y{ cfof]hgf l8hfOgsf] qmddf Hydrogeological Modelling dfkm{t 6\o'aj]nsf] ;+Vof / cjl:ylt osLg ul/Psf], l;+rfO{ ;+/rgf 

lgdf{0fdf cfw'lgs k|ljlw k|of]u u/L cfof]hgfsf] lgdf{0f, k|:tfljt l;+lrt If]qdf s[lifsf gof k|hftL cg';Gwfg / lasfz, s[ifsnfO{ 

s[lif lasf; ;DaGwL cfjZos tflnd / ;xof]u pknAw u/fpg :jb]zL tyf lab]zL k/fdz{bftf lgo'lQmsf ;fy} l;+rfO{ z'Ns / To;sf] 

Aoa:yfkg ug{ l;+rfO{ Aoa:yfkg sDkgL x'g] ePsf]n] cfof]hgfsf] lbuf] Aoa:yfkg ;'lgl:rt eO{ To; If]qsf] s[lif pTkfbgdf pNn]Vo 

j[l4 x'g] b]lvG5 . o; cfof]hgfsf] ;kmn sfof{Gjog kZrft e"ldut hnsf] ;DefJotf ePsf] t/fOsf] lrtjg, ?kGb]xL, slknj:t', 

emfkf, wg'iff cflb lhNnfdf o:tf k|s[ltsf] cfof]hgfsf] la:tf/ u/L ;Dk"0f{ /f:6«sf] s[lif pTkfbgdf ;f/e"t?kdf j[l4 x'g] ck]Iff ul/Psf] 

5 .    
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Figure 1: Location of Project Area
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New Life Members of Nepal Hydrogeological Association

S.N. Name M. No. Office/Designation Contact No

1 Mr. Prakash Rawat LM 166 Freelancer Geologist 9869482046

2 Dr. Ramita Bajracharya LM 167 Central Department of Geology, TU 9841843309

3 Mr. Bikash Rana Bhat LM 168 Aquifer Geo and Engineering Consultancy P Ltd. 4314097

4 Ms. Yojana Neupane LM 169 Department of Water Resources and Irrigation 9841762920

5 Mr. Dhurba Raj Thapa 
Chhetri

LM170 Former Senior Divisional Hydrogeologist, DoW-
RI

6 MS. Sunita Magar LM171 Researcher, NDRI Maan Bhawan 9841171949

7 Mr. Dhirendra Prasad 
Pandey

LM172 Freelancer Geologist  984-9896289

8 Mr. Hari Khanal LM173 Engineering Geologist, Megha Dang Irrigation 
Project

9849050501

9 Dr. Ashok Sigdel LM174 Trichandra Multiple Campus 9843643061

Sixth Executive Committee of Nepal Hydrogeological Association

S.N Position Name Membership No

1 President Mr. Moti Bahadur Kuwar LM 15

2 Vice Precident Mr. Shanmukesh Chandra Amatya LM 12

3 General Secretary Mr. Amar Bdr. Chand Thakuri LM 26

4 Secretary Mr. Anil Khatri LM 37

5 Treasurer Ms.  Rasila Koirala LM 93

6 Immediate Past President Mr. Narendra Khatri LM 20

7 Executive Member Mr. Mahesh Pokhrel LM 5

8 Executive Member Ms. Goma Khadka LM 120

9 Executive Member Mr. Chhabilal Pokhrel LM 125

10 Executive Member Mr. Shrawan Shakya LM 86

11 Executive Member Mr. Prabin Chandra K.C LM 74

12 Executive Member Ms. Alina Karki LM 84

13 Executive Member Mr. Chhabilal Pokhrel LM 125

Past NHA Executive Committees
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Fifth Executive Committee of Nepal Hydrogeological Association (2019-2021)

SN Position Name Membership No.

1 President  Mr. Narendra Khattri LM 20

2 Vice President  Mr. Nir Shakya LM 3

3 Gen Secretary  Mr. Anoj Khanal LM 67

4 Treasurer Mr. Manoj Khatiwada LM 96

5 Secretary Mr. Arpan Parajuli LM 92

6 Immediate Past President Mr. Andy Prakash Bhatta LM 56

7 Executive Member Mr. Shahid Muslim LM 100

8 Executive Member Mr.  Jinita Shakya LM 94

9 Executive Member Mr.  Lelin Raj Dhungel LM 60

10 Executive Member Ms. Rasila Koirala LM 93

11 Executive Member Mr. Bhaskar Khatiwada LM 66

12 Executive Member Mr. Shrawan Shakya LM 86

Fourth Executive Committee of Nepal Hydrogeological Association

SN Position Name Membership No.

1 President Mr. Andy Prakash Bhatta LM 56

2 Vice President Mr. Surendra Raj Shrestha LM 36

3 Gen Secretary Mr. Ajay Raj Adhikari LM 52

4 Treasurer Ms. Anupama Dhakal LM 67

5 Secretary Mr. Umesh Chandra Bhusal LM 59

6 Immediate Past President Mr. Suresh Raj Uprety LM 42

7 Executive Member Mr. Bhaskar Khatiwada LM 66

8 Executive Member Mr. Saroj Niraula LM 73

9 Executive Member Mr. Nir Shakya LM 3

10 Executive Member Mr. Anoj Khanal LM 67

11 Executive Member Ms. Sabina Khattri LM 83
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Third Executive Committee of Nepal Hydrogeological Association

SN Position Name Membership No.

1 President Mr. Suresh Raj Uprety LM 42

2 Vice President Mr. Andy Prakash Bhatta LM 56

3 Gen Secretary Mr. Shanmukesh Chandra Amatya LM 12

4 Treasurer Mrs. Pramila Shrestha LM 9

5 Secretary Mr. Umesh Chandra Bhusal LM 59

6 Immediate Past President Mr. Pratap Singh Tater LM 4

7 Executive Member Dr. Khet Raj Dahal LM 62

8 Executive Member Mr. Narayan Krishna Ganesh LM 50

9 Executive Member Mr. Arvinda Kumar Misra LM 19

10 Executive Member Mr. Nir Shakya LM 3

11 Executive Member Mr. Surendra Raj Shrestha LM 36
 

Second Executive Committee of Nepal Hydrogeological Association

SN Position Name Membership No.

1 President Mr. Pratap Singh Tater LM 4

2 Vice President Mr. Narendra Khatri LM 20

3 Gen Secretary Mr. Andy Prakash Bhatta LM 56

4 Treasurer Mrs. Pramila Shrestha LM 9

5 Secretary Mrs. Pramoda Pradhan LM 49

6 Executive Member Mr. Umesh Chandra Bhusal LM 59

7 Executive Member Mr. Anil Khatri LM 37

8 Executive Member Mr. Rajendra Neupane LM 1

9 Executive Member Mr. Hari Ghimire LM 58

10 Executive Member Mr. Surendra Shah LM 34

11 Executive Member Mr. Shanmukesh Chandra Amatya LM 12

12 Executive Member Mr. Churna Bahadur Wali LM 51

13 Executive Member Mrs. Jamuna Bana Shrestha LM 57
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First Executive Committee of Nepal Hydrogeological Association

SN Position Name Membership No.

1 President Mr. Jitendra Ghimire LM 8

2 Vice President Mr. Sagar Kumar Rai LM 16

3 Gen Secretary Mr. Narendra Khatri LM 20

4 Secretary Mr. Shyam Krishna Shrestha LM 46

5 Treasurer Mrs. Pramoda Pradhan LM 49

6 Executive Member Dr. Dinesh Pathak LM 55

7 Executive Member Mr. Icchya Kumar Shrestha LM 24

8 Executive Member Mr. Churna Bahadur Wali LM 51

9 Executive Member Mrs. Pramila Shrestha LM 9
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ABSTRACT
Groundwater is one of the most important natural resources of Nepal. The information published by the Government of Nepal 
indicates that Nepal is rich in water resources but Nepalese hills and mountains are not rich in groundwater. However, the case 
is just the reverse: Nepal has no water resources but a very high amount of groundwater in the hills and the mountains as well 
as in the Tarai of Nepal. Nepal cannot rely on the floods occurring in the monsoon season; similarly, it cannot actually rely 
on the river flows that are concentrated in the deep river valleys. But groundwater, located much nearer to the ground surface 
compared to the river water can play an important role in Nepal’s economic development if explored and developed properly. 

Keywords: groundwater, water resources, river water, annual recharge, Nepal Himalaya  

INTRODUCTION
Nepal is a water-stressed country with the stress of 
too much water in the monsoon four months followed 
by lean season drought until the next monsoon. 
However, Nepal is rich in terms of its annually 
replenishable groundwater. However, the actual 
volume of groundwater in Nepal is debated mainly due 
to inaccurate input data that includes inaccuracies in 
watershed as well as spring-shed areas, sparse network 
for data acquisition, data acquisition system mostly 
with untrained operators, etc.

The white paper published by the Ministry of Water 
Resources and Irrigation of Nepal has concluded that 
the groundwater potential of the hills and mountains 
of Nepal is 1.5 billion cubic meters (BCM) and the 
same for Nepal Tarai is 8.86 BCM (Pun, 2072). The 
two numbers together show that the total annually 
replenishable ground water potential of Nepal is 10.36 
BCM. This is about 950 liters of ground water per 
capita per day for whole of Nepal. However, I have 
serious doubts regarding the value of the whole of 
the hills and mountains of Nepal which is a meager 
volume that cannot sustain either the first-order rivers 
or the other lower-order spring-fed rivers. Therefore, 
the objective of this work is to discuss about the annual 
gap of ground water volume and to conclude the logical 
volume of annually rechargeable groundwater.

GEOGRAPHY OF NEPAL
Nepal located in the south-central lap of the great 
Himalayas is characterized by great differences in 
land elevations that range between about 65 m amsl 
at the eastern Tarai and 8848.86 amsl at the top of Mt. 
Everest; this has resulted in eleven different ecological 
zones with specific flora, fauna and incomparable 
biodiversity. The great Himalayas located at the 
northern margin of Nepal help the rains to precipitate 
mainly in the monsoon that lasts for about 4 months 
between mid-June and early October. The total area of 
Nepal is 147,480 square kilometers (sq.km.) including 
an area of about 21,100 sq. km. of relatively flat land 
called “Tarai or Tarai” and the rest of 126,380 sq. km. 
in the hills, mountains, and river valleys. I have derived 
using various sources of rainfall data available in the 
public domain and concluded that the mean annual 
precipitation of the Tarai is 1,899.60 mm whereas 
the mean annual precipitation of the rest of Nepal 
is 1,946.51 mm (Pokharel, 2024). These values of 
mean annual precipitation are totally different from 
the ones published by the Government of Nepal. The 
hydrological data published by the Government of 
Nepal show that about 73.5 percent of the total volume 
of water flows to India (as measured by the gauging 
stations located near the foot-hills) in the monsoon 
with the rest of about 26.5 percent flowing in the rest 
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of the 8 months of the year (Mool et. al, 2001 and 
Pokharel G. S., 2019). Similarly, the data published by 
the Government show that the monsoon precipitation 
amounts to 81.2% of the total mean annual precipitation 
of Nepal. The water balance of Nepal prepared with the 
involvement of the author shows that the total volume 
of annually replenishable groundwater in Nepal's 
hills and mountains of Nepal amounts to 27.66 BCM 
including water loss of 2.51 BCM in the process of 
charging and discharging groundwater (Pokharel G. S., 
and Gyawali D., 2019). 

Defining Ground Water
The groundwater should be defined properly so as to 
avoid obtaining different numbers for the same thing as 
mentioned hereinabove. Under normal circumstances, 
replenishable groundwater can be defined as water that 
comes out to the ground surface or is extracted from 
the ground irrespective of the length of its stay under 
the ground within a period of time generally taken as 
one year. This means, water falling on the ground as 
rain may come out to the ground surface immediately 
after entering into the ground for brief seconds should 
also be considered as groundwater. However, the 
quantity of such water will be difficult to measure, 
calculate, or estimate and therefore, should be avoided. 
Therefore, it is proposed that the quantity of water 
coming out through water springs, water that sustains 
the rivers when other sources of water seem absent 
or water that is extracted from the ground without 
affecting the groundwater table be only included in 
the category of groundwater which may be divided 
into replenishable or non-replenishable or annually 
replenishable if it is replenished on an annual basis. 
The sources of water for groundwater replenishment 
may be monsoon rain, other rain, snow-melt, or 
ablation whatever the case may be. But, for Nepal, 
as most of the replenishment of all sources of water 
is occurs during annual precipitation in the monsoon, 
other sources of groundwater replenishment may be 
ignored under normal circumstances. Therefore, water 
replenished by the monsoon rain that emerges on the 
ground surface or extracted from the ground without 
permanently damaging the groundwater table or is 
spent on sustaining rivers as well as other water bodies 
between the consecutive monsoon seasons shall be the 
definition of replenishable ground water.

METHODOLOGY OF ESTIMATION
A large number of models, techniques, and complex 
mathematical relationships have been developed and 
are in use for determining the volume of annually 
replenishable ground water but the accuracy of the 
result depends on the accuracy of the input data. For 
Nepal, the biggest problems are the quantity as well as 
the quality of the data. Therefore, simple logic based on 
the principle of mass balance is applied herein to obtain 
the volume of annually replenishable groundwater in 
Nepal. However, the limitations imposed by the quality 
of input data have affected the quality of the output in 
its totality. Apart from the input data, the following 
assumptions set the limitation of the calculations. 

1.	 It is assumed that the mean monthly flow for 
the month of November for the first order rivers 
contains 90% of the water from the groundwater 
with the remaining 10% from various other 
sources.

2.	 The mean value of the mean monthly flow for the 
month of October is assumed as 20% higher than 
the values for November. 

3.	 The mean monthly flows for the months of 
December, January, February and March for the 
first-order rivers are assumed to be completely fed 
by ground water (apart from the flow from China 
and the water from ablation). 

4.	 For the month of April, the mean monthly flow is 
assumed as 80% of the total mean monthly flow 
for the first order rivers and for the month of May, 
it is 50% of the mean monthly flow of April.

5.	 The GW contribution of the second order rivers 
is considered as 90% of the total flows for the 
months between October and May.

6.	 An allowance of 15% to the total flow of the 
second-order rivers has been made to account for 
the flow of other smaller lower-order rivers. 

7.	 Groundwater recharge in cubic meters per square 
kilometer for Mahakali River has been assumed as 
a mean between the first and second-order rivers.

8.	 The total volume of groundwater for the hills of 
Nepal as per the white paper has been added to the 
value as annually consumed groundwater for the 
hills of Nepal. 
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9.	 The rainwater contribution of the groundwater 
is assumed equal to water loss in the process of 
storage of groundwater and its discharge until the 
measurement sites. 

10.	 The dry season contribution of the flow from China 
and flow from ablation totaling 26.5% of the total 

annual contribution from China and ablation has 
been deducted from the total value of flows for the 
first-order rivers.

11.	 The computation of the replenishable mean annual 
groundwater is presented herein in Table 1.

Table 1: Computation of mean annual groundwater potential of hills of Nepal, MCM.

S. No. Description of the recharge period Quantity

1 Recharge for November at 90% of the flow of November) for the 1st order rivers 5,182.7

2 Recharge for October at 20% higher than the same for the month of November 6,219.2

3 Recharge for the months of December, January, February and March as measured at the 
gauging stations

12,122.4

4 Recharge for the month of April at 80% of the measured value for April at the gauging 
station

2,637.7

5 Recharge of May at 50% of flow of April 1,648.6

Sub-Total of annual recharge for first order rivers 27,810.6

6 Groundwater recharge for second-order rivers at 90% of the total lean season flow 2,613.5

7 Ground Water recharge of Mahakali River 506.25

8 Groundwater recharge of lower order rivers at 15% of second-order rivers 391.96

9 Groundwater recharge of Nepal hills as water consumption in the hills (Ref. White Paper) 1,500.0

6 Flow from China including ablation at 26.5% of total flow (7.49+2.12BCM) 2,546.7

Mean Annual Ground Water Recharge of Hills and Mountains of Nepal 30,275.6

Hence, the mean annual replenishable groundwater 
reserve of Nepal hills is 30,275.60 million cubic 
meters (MCM).The volume of annually replenishable 
groundwater of Tarai as per the white paper is added 
to the value of the annually replenishable groundwater 
volume of the hills and the mountains of Nepal which 
together amount to 39.13 billion cubic meters, BCM. 

RESULTS AND CONCLUSIONS
Given the limitation of the paper, the total annual 
replenishable groundwater resource of Nepal's hills 
and mountains has been estimated as 30,275.6 million 
cubic meters and the total annually replenishable 
groundwater potential of Nepal is calculated as 39.13 
BCM. It is my second effort to quantify the volume 
of annually replenishable ground water, especially 

for the hills and mountains as the value published 
in the white paper of the Government seems to be 
unacceptably preliminary. However, the value of 
annually replenishable groundwater of Tarai region is 
not debatable. The estimated value of mean annually 
replenishable groundwater is not accurate because of 
the limitations set by the assumptions but I am confident 
that this number is much closer to numbers published 
by the government. Because of the data published in 
the white paper I felt the urge to estimate it on my own 
to provide a better value for the annually rechargeable 
groundwater reserve of Nepal. 

All Nepalese water professionals, both surface and 
ground water need to understand the importance of 
ground water and value-added water which belongs 
of our children and grandchildren. The narrative that 
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Nepal is rich in water is wrong as it is used to justify 
giving away not only naturally flowing water but also 
regulated water as something of no value to Nepal. 
Dismal use of groundwater in Nepal Tarai resulting 
in over 70% of the total annually replenishable 
groundwater extraction across the border (Nepal S. 
et.al, 2019) with the government of Nepal ignoring it 
indicates our government’s willingness to give it away 
against the national interest.

The groundwater in the hills and the mountains is 
not as uniform as in Nepal Tarai but is widely spread 
over the whole area. Availability of large volume of 
ground water in the hills can open up venues for better 
economic opportunities including use of ground water 
for irrigation in the hills. 
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ABSTRACT
Water springs are natural phenomena that present a variety of intriguing mysteries, from their formation and source to their 
temperature, quality, and flow rates. These features not only contribute to the springs' ecological and cultural significance 
but also pose complex scientific questions. The article explores how springs are formed, the challenges in tracing their 
water sources, and the implications of these findings. It delves into the temperature variations of springs, influenced by 
geothermal and tectonic activity, and the factors affecting their flow rate. The springs' natural beauty and their ecological and 
cultural importance are highlighted, emphasizing the need for conservation in the face of human impacts. This exploration 
underscores the vital role of springs in both natural systems and human society, advocating for their protection and sustainable 
management.

Keywords: springs, water sources, geothermal activity, tectonic activity, sustainable management

INTRODUCTION
Ever marveled at water gushing out from the ground 
in the heart of a mountain, forming cascading streams? 
These wonders, known as water springs, ‘wf/f’ or 
‘d"n’ in Nepali, have intrigued people and enthusiasts 
for centuries. These natural water outlets have been 
treasured for their beauty, purity, and the vital role 
they play in the ecosystem. Beneath their tranquil 
appearance lies a world of complex processes and 
sometimes unanswered questions that captivate 
scientists, explorers, and enthusiasts alike.

Water springs have captivated human imagination 
and reverence throughout history. They are not only 
essential sources of fresh water but also hold cultural 
and spiritual significance across various societies. 
From ancient civilizations to modern times, springs 
have been regarded as symbols of life, renewal, and 
purity. They have been central to rituals, myths, and 
legends, embodying the profound connection between 
nature and human culture.

In the scientific realm, water springs pose fascinating 
questions that challenge our understanding of geology, 
hydrology, and environmental science. The processes 
that lead to their formation, the origins of their 

water, the variations in their temperatures, and their 
ecological roles are subjects of ongoing research and 
curiosity. Each spring, with its unique characteristics, 
offers insights into the natural world's complexities and 
the delicate balance of Earth's systems.

A Spring in Nepal Himalaya (Photo: Ayush Manandhar), 
Retrieved from: gripp.iwmi.org.

This article aims to uncover the enigmas of water 
springs, shedding light on the natural phenomena 
that make them both beautiful and mysterious. By 
exploring the formation, sources, temperatures, water 
quality, flow rates, natural beauty, ecological impact, 
and cultural significance of springs, we may hope to 
enhance our appreciation and understanding of these 
remarkable features of our planet and underscore the 
importance of preserving them for future generations. 
To carry out the studies related to the present work, 
several references were studied and analyzed (Boulton, 
and Hancock, 2006; Fetter, 2001; Kresic, 2010; 
Meinzer, 1923; Rai, Bhattarai, and Khatiwada, 2020; 
Springer, and Stevens 2009).

THE ENIGMA OF WATER SPRINGS: NATURE'S HIDDEN RIDDLES

Andy Prakash Bhatta
Senior Hydrogeologist

Corresponding Email: andyprakash@hotmail.com



78

Bulletin of Nepal Hydrogeological Association, Vol. 9, September 2024 Andy Prakash Bhatta, 2024

A Spring in Nepal Himalaya (Photo: Ayush Manandhar), Retrieved from: gripp.iwmi.org

Impermeable Barriers: The presence of impermeable 
rocks or layers, such as clay or shale, that do not 
allow water to pass through. These barriers trap water, 
increasing pressure within the aquifer until it finds an 
outlet.

Topography: The landscape's shape, which can direct 
the flow of groundwater to the surface. Sloping terrains, 
valleys, and other geological formations can influence 
where springs emerge.

SOURCE OF WATER
Another intriguing riddle is identifying the source 
of water that feeds a spring. While it may seem 
straightforward that springs are fed by rainfall or 
snowmelt, tracing the exact origin of the water can be 
complex. Isotope analysis and tracing techniques are 
used to determine the age and origin of spring water. 
These methods reveal whether the water is from recent 

FORMATION PUZZLE
The first riddle surrounding water springs is their 
formation. How does water find its way from 
underground aquifers to the earth's surface? The process 
involves a delicate balance of geology and hydrology. 
Springs form when water pressure in an aquifer causes 
the water to flow out of the ground through a point of 
weakness or a natural opening. The precise locations 
and conditions that lead to the emergence of a spring 
can be unpredictable, making each spring unique. Key 
factors in the formation of springs include:

Permeable Rock Layers: The permeable rock layer, 
also known as the aquifer, has interconnected pores and 
spaces, allowing water to move freely through them. 
Examples include sandstone and limestone. Aquifers 
act as conduits for groundwater flow, facilitating the 
movement of water from deeper underground to the 
surface. 
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precipitation or ancient aquifers, sometimes dating 
back thousands of years. The information on the source 
of spring water may have the following implications:

Age of Water: The age of water in springs can vary 
significantly. In some cases, the water may have 
percolated through the ground recently, while in 
others, it may come from ancient aquifers that have 
stored water for thousands of years. Determining the 
age of the water helps in understanding the dynamics 
of groundwater flow and the timescales over which 
aquifers recharge.

Geological History: The study of spring water 
sources also provides valuable information about 
the geological history of a region. The presence of 
certain isotopes or minerals in the water can indicate 
past climatic conditions, volcanic activity, or tectonic 
movements. This historical perspective is essential for 
understanding how current geological processes may 
impact future water availability.

Water Resource Management: Understanding 
the source and age of spring water has significant 
implications for water resource management. It helps 
scientists and policymakers ensure the sustainability 
of water supplies by providing insights into recharge 
rates and potential vulnerabilities. For instance, if a 
spring is primarily fed by ancient water, it may be more 
susceptible to depletion if not managed properly.

By using isotope analysis and tracing techniques, 
scientists can unravel the complex journey of water 
from its origins to the springs, offering a deeper 
understanding of the hydrological cycle, groundwater 
flow, and the sustainability of water resources.

TEMPERATURE RIDDLES
The temperature of spring water is a fascinating riddle 
that varies widely among springs. While some springs 
produce cold water, with temperatures lower than 
the ambient surroundings, others are warm, ranging 
from slightly above the average ambient temperature 
of the region to around human body temperature 
(approximately 37°C). A select few springs are hot 
enough to be classified as hot springs or thermal springs, 
typically ranging from human body temperature to 
well over the boiling point of water (100°C). Several 
factors influence the temperature of spring water:

Geothermal Gradient: This refers to the rate at which 
temperature increases with depth beneath the Earth's 
surface. Regions with higher geothermal gradients 
tend to have hotter spring water.

Magmatic Activity: In volcanic regions, water is 
heated by magma before emerging at the surface. Many 
hot springs are associated with magmatic activity.

Tectonic Activity: Movements of the Earth's crust can 
create fractures and faults that allow deeper, hotter 
water to reach the surface. In Nepal, hot springs are 
mainly found near tectonic structures such as thrust 
faults, which are major geological fissures and cracks 
that dissect the crust to significant depths.

Radioactive Disintegration: The decay of radioactive 
elements within the Earth's crust generates heat, 
contributing to higher temperatures in some springs.

Chemical Changes: Exothermic chemical reactions 
within the Earth's crust can also heat groundwater, 
resulting in warmer springs.

WATER QUALITY RIDDLES
The quality of water emerging from springs can 
be a perplexing enigma. While springs are often 
associated with pure, crystal-clear water of exceptional 
quality, various factors can influence water quality. 
Contaminants from agricultural runoff, industrial 
activities, and urban development may infiltrate 
groundwater sources feeding the springs, impacting 
their quality. Additionally, natural processes such as 
mineral leaching and bacterial growth within aquifers 
can affect the composition and safety of spring water.
Understanding the complex interplay of factors 
influencing water quality in springs is essential for 
ensuring their suitability for drinking, recreation, and 
ecological support. Deciphering the mysteries of water 
quality in springs requires comprehensive monitoring, 
analysis, and management strategies to safeguard these 
vital natural resources.

FLOW RATE RIDDLES 
The flow rate of springs presents another set of riddles. 
Some springs gush with powerful flows, while others 
trickle. Flow may vary from seepage to well over 
13,000 liters per second. Factors influencing flow rate 
include:
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Aquifer Size: Larger aquifers with higher recharge 
rates can sustain greater flows. Recharge typically 
comes from precipitation or snowmelt that infiltrates 
the ground. The capacity of the aquifer to store and 
transmit water directly affects the spring's flow rate.

Permeability of Rocks: The permeability of the rocks 
or the aquifer plays a crucial role in determining the 
flow rate of springs. Highly permeable rocks, such as 
sandstone and limestone, allow water to flow more 
freely, resulting in higher flow rates. In contrast, less 
permeable rocks restrict the flow of water, leading to 
lower flow rates.

Climatic Conditions: Seasonal variations in 
precipitation and temperature can affect the amount of 
water available for discharge. During wet seasons or 
periods of heavy rainfall, springs may have higher flow 
rates, while dry periods can reduce the flow.

Human Activity: Human activities such as pumping 
of groundwater and land development can significantly 
alter the natural flow rates of springs. Excessive 
groundwater extraction can deplete aquifers, reducing 
the flow of springs. Similarly, land development can 
alter surface runoff patterns, affecting the recharge of 
aquifers and consequently the flow rates of springs. 

Tectonic Activity: Movements of the Earth's crust 
can create fractures and faults that enhance water flow 
from deeper sources. These geological features can act 
as conduits, allowing water to travel more freely and 
increasing the flow rate of springs. 

These factors combine in complex ways to produce the 
varied flow rates observed in springs around the world, 
from gentle seeps to powerful gushers. Understanding 
these factors is crucial for managing water resources 
and predicting the behavior of springs, especially 
in areas dependent on spring water for drinking and 
agriculture.

NATURAL BEAUTY
The captivating beauty of springs presents another 
intriguing riddle. Springs are not only sources of water 
but also oases of natural splendor, often nestled in 
serene landscapes and adorned with lush vegetation. 
Their crystal-clear waters shimmer in the sunlight, 
reflecting the surrounding scenery like a mirror. The 
gentle babbling of water and the vibrant colors of 

aquatic plants create a mesmerizing ambiance that 
enchants visitors.

Examples of such beautiful springs in Nepal include 
the stunning Tatopani Springs in Myagdi and 
Sindhupalchok, known for their soothing hot waters and 
picturesque settings. Gosainkunda in Nuwakot, with its 
high-altitude lake fed by springs, offers breathtaking 
views, especially when the spring waters reflect the 
surrounding peaks. Ridi in Palpa and Muktinath in 
Mustang also exemplify this natural beauty, with their 
serene environments and vibrant local flora.

However, unraveling the mystery of what makes each 
spring uniquely beautiful is a challenge. The geological 
formations, surrounding flora and fauna, and even the 
cultural significance attributed to these natural wonders 
contribute to their aesthetic appeal. Understanding the 
intricate interplay of these factors adds to the enigma 
of springs, inviting exploration and appreciation of 
their natural beauty.

As visitors marvel at the scenic vistas and tranquil 
atmospheres of springs, they are drawn into the 
mysteries of their allure, inspiring reverence for the 
wonders of the natural world.

ECOLOGICAL SIGNIFICANCE
Springs, with their constant flow of fresh water, foster 
unique ecosystems that harbor a rich diversity of flora 
and fauna. Ecological riddles include understanding 
how these isolated environments sustain such 
biodiversity. Factors contributing to the ecological 
richness of springs are:

Stable Water Conditions: One of the key mysteries 
surrounding spring habitats is how they maintain stable 
water conditions, providing a reliable environment for 
diverse organisms to thrive. The steady flow of water, 
often at a constant temperature, creates a microclimate 
conducive to life. This stability offers refuge to species 
adapted to specific ecological niches, ensuring their 
survival even in harsh environmental conditions.

Nutrient Availability: Springs not only supply water 
but also bring forth essential minerals and nutrients 
from deep underground. These nutrients enrich the 
surrounding soil and water, providing vital sustenance 
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for a myriad of organisms. From microscopic algae 
to aquatic plants and invertebrates, the availability of 
nutrients fuels the productivity of spring ecosystems, 
supporting complex food webs and biodiversity.

Isolation: Geographic isolation is a defining feature 
of spring habitats, often nestled in remote and pristine 
landscapes. This isolation fosters the evolution of 
unique species adapted to the specific conditions of 
each spring. Over time, isolation leads to genetic 
divergence and the emergence of endemic species 
found nowhere else on Earth. The ecological mysteries 
of spring isolation unveil the remarkable adaptive 
strategies employed by organisms to thrive in their 
secluded environments.

As we unravel these ecological mysteries, we gain 
a deeper appreciation for the intricate interplay of 
factors that shape the biodiversity and resilience of 
spring ecosystems. Each discovery brings us closer to 
understanding and conserving these invaluable natural 
treasures for future generations.

CULTURAL MYSTERIES
Throughout history, springs have held an enduring 
cultural and spiritual significance for diverse societies 
around the world. These natural wonders have been 
revered as sources of healing, purification, and 
renewal, embodying mysteries that transcend mere 
physical attributes. Across cultures, springs have 
often been focal points of rituals and ceremonies, their 
waters believed to possess sacred qualities that connect 
humanity to the divine. The intricate tapestry of beliefs 
and practices surrounding springs reveals a profound 
cultural enigma, where the tangible and intangible 
intertwine to shape the collective consciousness of 
communities. From ancient traditions to modern 
interpretations, the cultural riddles of springs continue 
to intrigue and inspire, inviting us to delve deeper into 
the rich tapestry of human experience.

In Hindu traditions, springs are frequently decorated 
with pieces of colorful cloth as part of local customs 
and religious practices. This act serves as both an 
offering and a way to seek blessings and protection. 
Examples of springs of cultural significance in Nepal 
include Tatopani in Myagdi, Gosainkunda in Nuwakot, 
Ridi in Palpa, Muktinath in Mustang, and Tatopani in 
Sindhupalchok.

HUMAN IMPACT
Humans have long been fascinated by springs, using 
them for drinking water, recreation, and spiritual 
practices. However, the impact of human activity 
on springs poses modern riddles. Over-extraction, 
pollution, and climate change threaten the delicate 
balance of these natural resources. Efforts to protect 
and preserve springs require a deep understanding of 
their mysteries and the implementation of sustainable 
practices.

As we continue to unravel the mysteries of springs, we 
gain a deeper appreciation for the intricate interplay 
between geological, hydrological, ecological, and 
cultural factors. Each discovery brings us closer to 
understanding and conserving these invaluable natural 
treasures for future generations.

CONCLUSIONS
Water springs are not merely natural phenomena; they 
are intricate systems that challenge our understanding 
of the world around us. From their enigmatic formation 
to their ecological significance and cultural importance, 
springs embody a tapestry of mysteries waiting to be 
unraveled.

As we delve deeper into the secrets of springs, we gain 
invaluable insights into the delicate balance of nature 
and the interconnectedness of geological, hydrological, 
ecological, and cultural systems. Each discovery serves 
as a reminder of the importance of safeguarding these 
natural wonders for future generations.

By studying and preserving water springs, we not 
only protect vital water resources but also honor the 
rich tapestry of human heritage and biodiversity they 
support. Let us continue to explore, appreciate, and 
conserve these remarkable features of our planet, 
ensuring that their mysteries endure for generations to 
come.
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ABSTRACT
This article explores modern techniques and methods revolutionizing hydrogeological investigations and research in the 
contemporary world. With growing concerns about water scarcity, pollution, and climate change, advanced technologies 
such as remote sensing, geophysical methods, drilling, and borehole logging have become essential for studying groundwater 
systems. Groundwater modelling, environmental isotope analysis, and AI-driven predictive tools further enhance our 
understanding of aquifer dynamics, water quality, and contaminant transport. By integrating these innovative approaches, 
hydrogeologists can make more informed decisions, ensuring sustainable management and protection of groundwater 
resources in an increasingly complex environmental landscape.

Keywords: hydrogeology, climate change, isotope analysis, groundwater modelling, AI-driven tools

INTRODUCTION
Hydrogeological investigation plays a crucial role 
in understanding groundwater resources, which are 
vital for drinking water, agriculture, industry, and 
ecosystem sustainability. With growing concerns about 
climate change, pollution, and water scarcity, modern 
techniques have revolutionized the way hydrogeologists 
study groundwater systems. This article explores the 
latest methods and technologies that have transformed 
hydrogeological research, making investigations more 
accurate, efficient, and insightful.

1.	 Remote Sensing and Geographic 
Information Systems (GIS)

Remote sensing and GIS have become indispensable 
tools in hydrogeology. They provide valuable spatial 
data that can be used to analyze groundwater potential, 
aquifer characteristics, and land-use impacts on 
groundwater resources. The remote sensing and GIS 
approach serves as an effective preliminary method 
for assessing groundwater potential and identifying 
suitable zones for further investigations. The RS-
GIS methodology narrows down target areas for 
further hydrogeophysical exploration, suggesting the 

use of specific ground geophysical methods for site 
characterization.

Remote Sensing Applications: Remote sensing 
(RS) technology is highlighted for its efficiency 
and precision in analyzing satellite or aerial 
photographs for hydrogeological assessments. 
Satellite imagery and aerial photography help in 
identifying surface water features, vegetation cover, 
and geological formations that indicate the presence of 
groundwater. Techniques such as Synthetic Aperture 
Radar (SAR) and Light Detection and Ranging 
(LiDAR) are particularly useful in mapping terrain and 
detecting subsurface structures. GeoFrame is utilized to 
interpret RS images, capitalizing on the distinct spectral 
characteristics of water bodies for effective analysis. 
However, the selection of appropriate synthetic bands 
is crucial for optimizing the interpretation of RS data, 
with specific bands yielding better results for different 
ground objects. Effective human-computer interaction 
is crucial for achieving high-quality interpretations 
of RS data. Commonly, A mathematical model for 
detecting groundwater resources through RS images 
can be developed, demonstrating its feasibility and 
effectiveness (Wang, 2023). 
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GIS Integration: GIS software enables the integration 
and analysis of various datasets, including topography, 
hydrology, geology, and land use. This spatial 
analysis helps in creating groundwater potential maps, 
modelling aquifer recharge zones, and identifying 
areas vulnerable to contamination. Recently, in the 
Ratu Khola section of Nepal Himalaya, research 
successfully identified suitable areas for artificial 
recharge using GIS and AHP methods, categorizing 
them into five suitability classes (Aryal et al, 2023). 

2. Geophysical Methods
Geophysical techniques have significantly improved 
the ability to investigate subsurface conditions without 
extensive drilling. These non-invasive methods provide 
insights into aquifer properties, groundwater quality, 
and subsurface structures. Airborne electromagnetic 
surveys are particularly effective for mapping aquifers 
on a regional scale. The conductivity of groundwater in 
many areas, which ranges from 20 to 120 mS/m, makes 
these surveys a valuable tool for identifying potential 
groundwater zones (Bhattacharya, 2019). Water 
harvesting from the riverbeds of shallow aquifers based 
on simple pitting or any useful geological technique is 
one of the very simple but useful techniques for the 
small communities where the water demand is realized. 
Such type of study was carried out in the Hariwan 
municipality of the southern part of Nepal (Paudyal, 
et al, 2023).  

Electrical Resistivity Tomography (ERT): ERT 
measures the subsurface electrical resistivity, helping 
identify aquifers, clay layers, and contaminants. It is 
widely used in groundwater exploration, monitoring 
contamination plumes, and mapping fracture zones.

Magnetotelluric (MT) Method: MT measures the 
Earth’s natural electromagnetic fields to explore 
deeper subsurface structures. It is highly effective for 
identifying deep aquifers and understanding geological 
formations in tectonically complex areas.

Seismic Refraction and Reflection: These techniques 
use seismic waves to map subsurface layers. Seismic 
refraction helps in identifying shallow aquifers, while 
seismic reflection is used for deeper explorations.

3. 	 Drilling Techniques and Borehole 
Logging

Drilling remains a primary method for direct 
investigation of subsurface conditions. Modern drilling 
technologies and borehole logging tools provide 
detailed information about aquifers.

Rotary Drilling: This technique allows drilling 
to significant depths and is commonly used in 
hydrogeological studies to extract core samples and 
install monitoring wells.

Borehole Geophysical Logging: Tools such as 
gamma-ray, neutron, and resistivity logs measure 
the physical and chemical properties of subsurface 
formations. These logs help determine lithology, 
porosity, and water quality.

Packers and Pumping Tests: Packers are used 
to isolate sections of boreholes during hydraulic 
testing, which measures aquifer properties such as 
transmissivity and storability.

4. Groundwater Modeling and Simulation
Groundwater models are essential tools for 
understanding and predicting the behaviour of aquifer 
systems. They integrate data from various sources to 
simulate groundwater flow, solute transport, and the 
impacts of different management scenarios.

Numerical Modeling: Models like MODFLOW and 
FEFLOW are widely used for simulating groundwater 
flow and contaminant transport. These models help 
assess the sustainability of groundwater extraction, 
predict the movement of contaminants, and design 
effective remediation strategies.

Coupled Surface-Subsurface Models: These models 
integrate surface water and groundwater interactions, 
providing a holistic view of the hydrological cycle. 
They are particularly useful for studying the impacts 
of land-use changes and climate variability on water 
resources.

5. 	 Environmental Isotope Techniques
Environmental isotopes are powerful tracers in 
hydrogeological research. They provide insights into 
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groundwater age, recharge rates, and the sources of 
water and contaminants. The most used environmental 
isotopes in hydrology include stable isotopes of 
hydrogen (2H, 3H) and oxygen (18O), as well as 
carbon isotopes (13C, 14C), which are integral to 
understanding water composition.  Stable isotopes 
are measured using isotope ratio mass spectrometry, 
while radioactive isotopes are quantified through decay 
counting or accelerator mass spectrometry, allowing 
for precise analysis of groundwater samples. 

Stable Isotopes (δ18O, δ2H): These isotopes help 
identify the origin and movement of groundwater, 
recharge zones, and mixing processes between different 
water bodies. Variations in stable isotope ratios are 
influenced by chemical reactions and phase changes, 
with lighter isotopes showing greater variability due 
to their mass differences. The isotopic composition 
of groundwater is linked to precipitation patterns, 
which are affected by temperature, evaporation, and 
condensation processes, providing insights into past 
and present climatic conditions. 

Radioactive Isotopes (14C, 3H): These isotopes 
are used to date groundwater, which is crucial for 
understanding recharge rates and the sustainability 
of aquifers. Radioactive isotopes, such as tritium and 
carbon-14, are used to trace groundwater movement 
and age, with tritium being particularly useful for 
identifying recent recharge events due to its transient 
behavior following atmospheric nuclear  tests. The 
measurement of radioactive isotopes often requires 
advanced techniques like accelerator mass spectrometry, 
which allows for the analysis of very small sample 
sizes, enhancing the study of groundwater systems.

Tritium, with a half-life of 12.43 years, serves as a key 
indicator of recent groundwater recharge, especially 
in semi-arid regions where groundwater is a critical 
resource. The combination of tritium and its decay 
product, helium 3, provides a powerful method for 
estimating groundwater residence times and recharge 
rates, although challenges arise as natural tritium levels 
return to baseline post-nuclear testing (Aggarwal et al., 
197; Aggarwal and Dillon, 1998). 

6. 	 Advanced Chemical Analysis, 
Contaminant Transport Studies, and 
Hydrometric Methods

Understanding groundwater quality is essential 
for managing water resources. Modern analytical 
techniques and contaminant transport models help 
assess and mitigate the impacts of pollution. Influences 
of climate change can be assessed in terms of the water 
chemistry. Such type of study was carried out recently 
from the Mustang, a remote region of the Nepal 
Himalaya (Ghezzi et al, 2017). There are complex 
interactions between surface runoff, groundwater 
flow, and water chemistry, which are influenced by 
geological and environmental factors, including 
mineral weathering processes that affect nutrient and 
toxic element release. Analytical techniques in general 
include ion chromatography and ICP-MS for major 
ions and trace elements in several interpretations.  In 
one study of Nepal Himalaya (Marshyangdi River 
system), the presence of potentially toxic elements 
like thallium and arsenic in some hot springs raises 
concerns for local health and environmental safety, 
while cold springs generally showed acceptable water 
quality. The findings indicate that water chemistry in 
the Marsyangdi basin is influenced by carbonate and 
silicate weathering processes, with distinct hydrofacies 
observed in THS and GHS waters. The study suggests 
that changes in water chemistry may be linked to 
geological processes, including pyrite weathering 
and the effects of the 2015 Gorkha earthquake on 
CO2 outgassing and thermal water characteristics. 
It emphasizes the need for monitoring potentially 
hazardous elements in thermal waters using modern 
techniques like ion chromatography and ICP-MS as 
described above (Lisa et al, 2019). 

High-Resolution Mass Spectrometry (HRMS): 
HRMS allows for the detection of trace contaminants, 
such as pharmaceuticals and pesticides, which are 
otherwise difficult to identify.

Reactive Transport Modeling: These models simulate 
the chemical reactions that occur as groundwater 
moves through different geologic media. They are 
used to predict the spread of contaminants and design 
effective remediation measures.
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DNA-Based Tracers: These techniques are innovative 
tools used in hydrogeological investigations to track 
water movement, identify sources of contamination, 
and study groundwater-surface water interactions 
with high specificity. These tracers involve synthetic 
or naturally occurring DNA molecules that are 
introduced into the water system and later detected 
using advanced molecular techniques like quantitative 
PCR (qPCR). DNA-based tracers are highly sensitive, 
environmentally safe, and customizable, allowing 
for simultaneous tracing of multiple pathways due to 
their unique genetic codes. This technology provides 
precise, reliable data on subsurface flow dynamics, 
making it a valuable method for groundwater research 
and water resource management (Zhang and Huang 
2022).

Modern Hydrometric Methods: Hydrogeological 
investigations involve advanced techniques for 
measuring and analyzing water flow, levels, and 
related hydrological parameters to better understand 
groundwater and surface water systems. Sonars are 
recognized as the most accurate and straightforward 
devices for measuring water depths, with significant 
advancements made possible by digital technologies in 
recent years. They are utilized across various sectors, 
including navigation, hydrography, oceanography, and 
fishing, facilitating the creation of detailed underwater 
maps. Modern signal processing algorithms enhance 
sonar sensitivity and minimize noise interference, 
allowing for the visualization of complex seabed 
structures. Adaptive acoustic location methods enable 
effective depth determination in challenging conditions, 
such as noise interference or variable geometries. The 
integration of sonars with technologies like GIS, laser 
systems, and multisensory systems has improved data 
accuracy and expanded their application in fields like 
geology and hydrology. Stationary sonars from brands 
like Lowrance and Garmin are increasingly used in 
academic settings for small water bodies due to their 
ease of installation and high accuracy. The choice of 
floating devices, such as inflatable boats, is crucial 
for effective sonar operation, with specific installation 
guidelines to minimize interference from motor 
propellers. Accurate data collection requires careful 
consideration of water levels, which can fluctuate 
significantly, necessitating the use of water level 
recorders. The integration of continuous recording 
and water level adjustments enhances the reliability of 

sonar measurements across various conditions (Fatkhi 
et al, 2022). Some of the key methods include:

Acoustic Doppler Devices: These instruments use 
sound waves to measure water velocity and discharge 
in rivers, streams, and groundwater outflows with high 
accuracy.

Laser Scanning and LiDAR: Used to create high-
resolution topographic maps, these tools help assess 
surface water flow patterns, catchment areas, and water 
pathways in complex terrains.

Pressure Transducers and Data Loggers: These 
devices continuously record water levels, temperature, 
and pressure in wells and surface waters, providing 
real-time data on aquifer responses and recharge rates.

Hydraulic Conductivity Testing: Methods like 
slug tests and pumping tests are used to measure 
the permeability of aquifers, which is crucial for 
understanding groundwater flow dynamics.

7. 	 Artificial Intelligence (AI) and 
Machine Learning (ML)

Artificial Intelligence (AI) and Machine Learning 
(ML) are revolutionizing hydrogeological research by 
providing powerful tools for data analysis, prediction, 
and decision-making. These modern methodologies 
are transforming traditional approaches, enabling 
more accurate modelling and analysis of hydrological 
parameters. ML techniques are revolutionizing 
hydrological predictions by utilizing extensive datasets 
like CAMELS and GRACE, improving accuracy in 
modelling streamflow and groundwater levels (Hasan 
et al, 2024). A Self-adaptive Extreme Learning 
Machine (SAELM) can be very useful in estimating 
hydrogeological parameters, especially in wetland 
analysis with results compared against other 
models like LSSVM, MLR, and ANFIS (Poursaeid 
et al., 2022). The Adaptive Neuro-Fuzzy Inference 
System and Genetic Programming are the recently 
proposed analytical techniques as hybrid models that 
can improve prediction robustness in groundwater 
analysis. Hybrid models have demonstrated significant 
promise in managing groundwater quality and quantity, 
outperforming traditional models in accuracy and 
efficiency. Ethical and social implications of hybrid 
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AI models are crucial considerations, necessitating 
research into their impact on privacy, fairness, and 
accountability (Zaresefat and Derakhshani, 2023). 
Other applications in hydrogeology include:

Data Analysis and Pattern Recognition: AI and 
ML algorithms can process vast amounts of complex 
hydrogeological data, such as groundwater levels, 
water quality parameters, and geological features, to 
identify patterns, trends, and anomalies that are often 
not apparent through traditional methods.

Predictive Modeling: ML models are employed 
to predict groundwater levels, contamination risks, 
recharge rates, and aquifer behavior under different 
scenarios, including climate change impacts. These 
predictive capabilities enable proactive water resource 
management and risk mitigation.

Optimization of Water Resources Management: 
AI helps optimize the management of groundwater 
extraction, artificial recharge, and water distribution 
by analyzing real-time data and suggesting efficient 
strategies to minimize environmental impacts.

Remote Sensing and Image Analysis: AI techniques, 
such as deep learning, are used to analyze satellite 
images, aerial photographs, and geophysical data, 
enhancing the mapping of aquifers, detection of water 
bodies, and monitoring of land-use changes affecting 
groundwater.

Anomaly Detection: AI-driven models can detect 
unusual patterns in hydrological data that may 
indicate contamination events, illegal extractions, or 
changes in aquifer recharge dynamics, enabling timely 
interventions.

Integration with IoT Sensors: AI systems can process 
real-time data from IoT-enabled hydrometric sensors, 
automating the monitoring of groundwater conditions, 
and providing actionable view for water management.

Conclusions
The rapid advancement of technology has significantly 
enhanced hydrogeological investigations, making them 
more accurate, efficient, and comprehensive. Modern 
techniques such as remote sensing, geophysics, isotope 
analysis, and AI-driven models are now integral to the 

study of groundwater systems. As these technologies 
continue to evolve, they will provide even greater 
insights into the challenges of managing groundwater 
resources in a changing world.
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ABSTRACT
Nepal's geographical location and tectonic setting make it highly susceptible to earthquakes, posing significant risks to life and 
property. Although earthquakes cannot be prevented, their impacts can be mitigated through structural improvements, public 
education, and disaster preparedness. A recent study suggests additional structural and non-structural mitigation strategies 
that could be implemented beyond current practices in Nepal. By learning from past events and investing in these measures, 
the country can reduce the human and economic toll of future earthquakes. Furthermore, planned urbanization is crucial for 
minimizing the loss of life and property, underscoring the need for a proactive approach to earthquake risk management.

Keywords: earthquake, structural mitigation, non-structural mitigation, retrofitting

INTRODUCTION
Earthquakes are unpredictable disaster events that occur 
globally, and Nepal is particularly vulnerable due to 
its location above the converging Indian and Eurasian 
tectonic plates, where the Indian Plate is sub-ducting 
beneath the Eurasian Plate (USGS, 2024). The most 
recent significant seismic events include the Gorkha 
Earthquake of 2015, which had a magnitude greater 
than 7 and severely affected the central part of Nepal, 
and the Jajarkot Earthquake of 2023, which caused 
widespread damage to people and infrastructure. These 
earthquakes destroyed numerous homes and public 
infrastructure, injuries, displacement, and significant 
impacts on livelihoods. Nepal ranks 11th globally 
in terms of earthquake risk and impact (Maplecroft, 
2011; MoPE, 2016) and is among the top 20 countries 
facing multiple hazards worldwide (UNDRR, 2019). 
The country is situated in a high seismic hazard zone, 
with over 80% of its population exposed to the risk 
of natural disasters, including earthquakes, droughts, 
floods, landslides, extreme temperatures, and glacier 
lake outburst floods (MoHA, 2015). The vulnerability 
is especially concerning in densely populated areas 
such as the Kathmandu Valley, which has experienced 
major earthquakes approximately every 75 years.

In Historical records, Nepal has a long history of 
destructive earthquakes, with the earliest recorded 
event dating back to June 7, 1255, during the reign of 
King Abhaya Malla. The recent well-studied last major 
earthquake was the 1934 Bihar-Nepal earthquake, 
with a magnitude of 8.4 on the Richter scale, which 
devastated the Kathmandu Valley, causing extensive 
loss of life and property. More recent earthquakes 
include the 1980 Bajhang earthquake (magnitude 6.5), 
which resulted in 178 deaths and damage to around 
40,000 houses, and the 1988 earthquake in eastern 
Nepal (magnitude 6.6), which claimed 721 lives and 
damaged approximately 60,000 houses and other 
infrastructure. On September 18, 2011, a magnitude 
6.9 earthquake struck the far-eastern part of Nepal, near 
the border with Sikkim, India (USGS/EHP, 2011a). 
The following day, Kantipur Television reported 
that eight people had died, 150 were injured, and 
many traditional homes were damaged. Earthquake-
induced landslides further exacerbated the damage to 
homes and roads. The tremors were felt as far as the 
Kathmandu Valley, where additional damage occurred. 
The earthquake of August 30, 2013, with a magnitude 
of 6.0 and an epicentre approximately 330 km north of 
Kathmandu, followed by a 5.0 magnitude aftershock. 
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Though the tremors were felt across the Kathmandu 
Valley and other parts of Nepal, no significant damage 
was reported (eKantipur Online, 2013b, c). Another 
notable event was the Gorkha earthquake in 2015 
caused a casualty of about 9000 people.

In recent years, Nepal has continued to experience 
significant seismic activity. The earthquake of 3 
November 2023, with a magnitude of 5.7 struck at 
the Jajarkot district epicenter has caused a casualty of 
about 157 people.

CAUSES OF EARTHQUAKES IN 
NEPAL
The primary cause of earthquakes in Nepal is its 
location along the convergent boundary between 
the Indian Plate and the Eurasian Plate. The Indian 
Plate is continuously moving northward at a rate 
of approximately 5 centimetres per year, colliding 
with the Eurasian Plate, which creates significant 
tectonic stress (USGS, 2024). This process, known 
as subduction, involves the Indian Plate being forced 
beneath the Eurasian Plate, leading to the buildup of 
immense pressure within the Earth's crust. When this 
pressure is eventually released, it results in seismic 
activity, causing earthquakes. Nepal's position along 
this highly active tectonic boundary makes it one of 
the most earthquake-prone regions in the world, with 
the Main Himalayan Thrust fault playing a critical role 
in the occurrence of these events (MoPE, 2016). The 
uplift of the Himalayan Mountain range, driven by this 
ongoing tectonic collision, further contributes to the 
region's seismic activity.

Tectonic Plate Movements
Tectonic plate movements in Nepal are primarily 
driven by the collision between the Indian Plate and the 
Eurasian Plate. The Indian Plate is moving northward 
at a rate of about 5 centimetres per year and is being 
forced beneath the Eurasian Plate, a process known as 
subduction (USGS, 2024). This tectonic interaction is 
responsible for the uplift of the Himalayas, including 
Mount Everest, as the Earth's crust is compressed 
and thickened. The immense pressure and strain that 
build up along the convergent boundary are eventually 
released as seismic energy, leading to frequent and 
sometimes devastating earthquakes in Nepal. The 
Main Himalayan Thrust (MHT) is the primary fault 

line in this region, where the accumulated stress due 
to the ongoing plate movements results in significant 
seismic activity (MoPE, 2016).

The 2015 Gorkha Earthquake, with a magnitude of 
7.8, is one of the most notable examples of the impact 
of these tectonic movements. It was caused by a 
sudden release of stress along the MHT, highlighting 
the ongoing and dynamic nature of tectonic processes 
in the region. Nepal's location on this active tectonic 
boundary makes it one of the most earthquake-prone 
areas in the world, with significant implications for 
both its natural environment and human settlements 
(UNDRR, 2019). 

SEISMIC CLUSTERS 
Seismic clusters in Nepal, such as the notable mid-
crustal seismic clusters, are significant in understanding 
the region's tectonic activity. One of the most studied 
seismic clusters occurred during the 2021 Lamjung 
earthquake sequence. This cluster involved a series of 
129 seismic events within 14 days, closely clustered 
around the mainshock's rupture zone, indicating 
intense aftershock activity. These events were primarily 
located at depths between 14 to 25 km showing a strong 
correlation with the tectonic features of the region, 
such as steeply dipping thrust faults. Nepal's seismicity 
is primarily driven by the interaction between the 
Indian and Tibetan tectonic plates, making it one of the 
most seismically active regions in the world. Historical 
records indicate that Nepal has experienced several 
devastating earthquakes due to this tectonic activity. 
Seismic clusters in Nepal are often analyzed using 
various seismological techniques to understand the 
mechanics of earthquakes and to assess seismic hazards 
in the region. (National Earthquake Monitoring and 
Research Center (NEMRC) of Nepal) 

PREPAREDNESS AND MITIGATION 
PRACTICE IN NEPAL
Nepal's history of earthquakes has led to the 
development of several preparedness and mitigation 
measures aimed at reducing the impact of these natural 
disasters. These measures are divided into structural 
and non-structural approaches, seismic retrofitting, and 
both pre-and post-disaster preventive strategies.
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STRUCTURAL MITIGATIONS

Building Codes 
Implementing and enforcing building codes that 
require structures to withstand seismic forces is critical 
in reducing the damage caused by earthquakes. These 
codes should be regularly updated based on the latest 
seismic research.

Seismic Retrofitting  
Retrofitting older buildings to make them more 
resistant to earthquakes can significantly reduce the 
risk of collapse during a seismic event. This involves 
strengthening the structural elements of buildings to 
improve their resilience.

NON-STRUCTURAL MITIGATIONS

Public Awareness
Educating the public about earthquake preparedness, 
such as how to secure heavy furniture, store emergency 
supplies, and create family emergency plans, is 
essential in reducing injuries and fatalities.

Early Warning Systems
Developing and implementing early warning systems 
can provide valuable time for people to take protective 
actions before the shaking starts.

PRE-DISASTER PREVENTIVE 
MEASURES

Hazard Mapping  
Identifying and mapping high-risk areas helps in 
planning land use and guiding construction practices. 
This information is vital for disaster management 
planning and emergency response.

Community Preparedness Programs  
Programs that train communities in earthquake 
response, including first aid and search and rescue 
operations, can save lives immediately after an 
earthquake.

POST-DISASTER MEASURES

Immediate Rescue and Relief
The first 72 hours after an earthquake are critical for 
saving lives. Rapid deployment of search and rescue 
teams, medical assistance, and the provision of 
temporary shelters are essential in this phase.

Reconstruction and Rehabilitation  
Long-term recovery involves rebuilding homes, 
infrastructure, and services in a way that reduces future 
risks. This phase can last from six months to three 
years, depending on the scale of the disaster.

International Support and Technological 
Advances 
International organizations have played a significant 
role in enhancing earthquake preparedness in Nepal. 
The development of technology to track people during 
disasters has revolutionized how first responders 
operate. Programs like the Kathmandu Valley 
Earthquake Risk Management Project (KVERMP), 
initiated in 1997, have been instrumental in preparing 
for seismic events. This project, among others, has 
helped simulate earthquake scenarios, assign roles to 
various agencies, and ensure coordinated response 
efforts.

DISCUSSION AND CONCLUSION 
As earthquakes are a natural process, they can’t be 
blocked but from the proper mitigation measures 
and preparedness minimization of the loss of life and 
property can be made. Beyond the practice of the 
Nepal structural mitigation measures such as base 
isolation, damping systems, foundation reinforcement, 
flexible utility connections, structural redundancy, the 
use of lighter building materials, shear walls and cross 
bracing, soil improvement techniques, earthquake-
resistant infrastructure, and seismic zoning and land 
use planning can be implemented.

Non-structural mitigation beyond the practice of Nepal 
such as securing furniture and equipment to prevent 
toppling, installing safety latches on cabinets and 
drawers, using flexible connections for gas lines and 
electrical conduits, and securing hanging objects like 
light fixtures and suspended ceilings, safe storage of 
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hazardous materials, bracing mechanical systems can 
also be implemented by improving it from the policy 
level.

In conclusion, Nepal's rapid urban growth, particularly 
in the Kathmandu Valley, necessitates comprehensive 
and well-coordinated infrastructure development to 
ensure balanced growth and harmony in its cities. 
The current National Building Code of Nepal is 
inadequate for addressing the demands of modern 
infrastructure, including high-rise constructions. 
Therefore, it is essential to develop a family of codes 
and standards, including the immediate upgrade of 
the current building code, planning and zoning codes, 
and the implementation of a new seismic-retrofitting 
code. These measures are critical to strengthening 
existing structures, especially in the Kathmandu 
Valley, to minimize damage from future earthquakes. 
Additionally, building codes must be tailored to 
the diverse climate, geological, and geographical 
conditions of Nepal, from its cold mountainous regions 
to the hot and humid plains of the Terai. Addressing 
these challenges is a high priority for all stakeholders 
involved in earthquake preparedness.
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ABSTRACT
Groundwater use research conducted indicates the increasing pressure on this valuable resource.  This phenomenon persists 
all over the globe. The pressure is created due to the ever-increasing extraction driven by population growth and rising 
demand. Groundwater levels in Kathmandu Valley are declining which is proven by many reports. The cause of this may be 
over-extraction. The Terai and Inner Terai regions may face similar issues in the future. The aquifers in some areas of the Terai 
region are confined, causing some tubewells to flow as artesian wells. Flowing wells discharge water without the need for 
pumps due to pressure. The unregulated free flow if allowed to be continued, may cause depletion of groundwater, although 
they may be serving as a source of water for various uses.

The research paper explores the geographical distribution of flowing artesian wells in the Sunsari, Morang, and Jhapa districts 
giving specific details about their locations, free flow discharge, and the hydrological conditions of the areas. The study 
identifies 164 deep tubewells, with 24 currently in a flowing state, classified based on their discharge rates. Recommendations 
encompass the restoration of non-flowing wells, upkeep of moderately flowing wells, and regulation of highly flowing 
wells to curtail waste and enhance efficiency. Up-to-date maps and data provide crucial insights for improved groundwater 
management in this part of Terai region.

Keywords: artesian wells, deep tubewells, groundwater depletion, groundwater management, eastern Terai.

INTRODUCTION
A recent global study on groundwater usage has 
revealed that this vital resource is facing considerable 
strain due to excessive extraction driven by population 
growth and increasing demand. In Nepal's Kathmandu 
Valley, the groundwater level is decreasing, indicating 
that more water is being drawn out than replenished. 
This is mainly due to the high population density and 
inadequate recharge. Although this issue has not been 
observed in the Terai and Inner Terai regions yet, it 
may emerge in the future if the overuse of groundwater 
for agricultural and domestic purposes persists.

In the Terai region, many aquifers are confined 
(artesian), meaning they are enclosed between layers 

of impermeable clay. When tubewells are drilled in 
these confined aquifers, the pressure within them 
causes groundwater to rise in the well. In some areas, 
this drilling may lead to the formation of flowing 
artesian wells. An artesian well is one in which 
groundwater naturally rises to a level above the top of 
the aquifer due to pressure inside the confined aquifer. 
If the pressure is high enough to raise the water level 
in the well above the ground surface, the outcome is a 
flowing artesian well, in which water flows freely out 
of the well without the need for pumps. Uncontrolled 
flowing wells can lead to wastage of water and 
potentially deplete the aquifer. However, these flowing 
artesian wells can provide a reliable source of water for 
the community.
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Numerous flowing deep tubewells have been reported 
in the regions of Sunsari, Morang, and Jhapa. This 
report includes details about the specific locations 
and numbers of these flowing wells in these districts, 
along with maps that demonstrate the areas where the 
water is flowing. The report aims to review existing 
databases to identify potential flowing artesian wells in 
these three districts.

The spatial distribution and specific details of the wells 
in the study districts are the main focus of this work. A 
brief description of the groundwater hydrology, aquifer 
parameters, and tubewell information are provided for 
the study districts.

STUDY AREA
The study area includes the three districts belonging to the Koshi province. Jhapa, Morang and Sunsari, are the 
districts chosen for the study and carried out the location of the flowing artesian wells (see fig 1).

Figure 1: The study districts of Terai of Nepal.

The Jhapa district is situated in the Mechi Zone of the Eastern Development Region of Nepal. It is bordered 
by Morang to the west, Ilam to the north, and India to the east and south. The district comprises two distinct 
topographical regions: the Churia hills in the north and the Terai plain in the south. Moving on to the Morang 
district, which is part of the Koshi Zone, it also includes the Churia Hills in the north and the Terai Plain in the 
south, and is bordered by Sunsari to the west, Ilam, Panchthar, and Dhankuta to the north, Jhapa to the east, and 
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India to the south. Sunsari district, also in the Koshi 
Zone, is elongated north-south and includes both plains 
and hills. The district is crossed by the East-West 
Highway, with major market areas like Inaruwa and 
Itahari along the highway. The Koshi River forms the 
western border, with several other rivers also flowing 
north-south. The northernmost part of the district falls 
within the Siwalik range and falls climatically between 
the Tropical and Sub-tropical zones.

GEOLOGY AND HYDROGEOLOGY
The geology of Jhapa district can be broadly categorized 
into alluvium, terrace deposits, and the Churia group. 
The alluvium in the Bhabhar zone, consisting of over 
20 meters of sand and gravel, is located in the northern 
part of the district, formed by rivers from the Lesser 
Himalaya and Churia Hills. The Bhabhar and non-
Bhabhar zones cover approximately 1000 km² and 
586 km², with annual rainfall recharge calculated at 
60 MCM for Bhabhar and 211 MCM for non-Bhabhar, 
totaling 271 MCM per year. The northern alluvium 
extends southwards from the East-West highway to the 
forested terraces south of Bhadrapur, with sediments 
of alternating sand, gravel, clay, and silt layers about 
15 meters thick, dating to the Holocene epoch. Terrace 
deposits, primarily clay, silt, and coarse sand, extend 
southward to the Gangetic Alluvium Formation, with a 
thickness of about 10 meters, dating to the Pleistocene 
epoch.

In Morang district, Siwalik rocks dominate the north, 
with Quaternary deposits in the south, featuring 
alternating layers of sand, gravel, and clay, with finer 
sediments southward. Morang's Bhabhar and non-
Bhabhar zones span 2000 km² and 520 km² respectively, 
with a total recharge of 320 MCM per year.

Sunsari district's Siwalik region is bordered by Terai 
alluvium to the south and the Main Boundary Fault 
to the north, featuring varied sediment layers from 
Neogene to recent times. The Terai plain, part of the 
Indo-Gangetic Plain, is covered by Pleistocene-Recent 
alluvium averaging 1500 meters thick, with sediments 
deposited over older geological formations. Sunsari's 
northern zone is highly permeable, comprising 
outwash, boulders, cobbles, gravels, and sand, with an 
annual recharge potential of about 200 MCM.

GROUNDWATER HYDROLOGY
The landscape of Jhapa district is heavily shaped by 
rivers like Mechi, Hadiya, Phulbas, Devnia, Aduwa, 
Ghagara, Biring, and Kankai. These rivers have 
created a wide plain with many small stream channels, 
allowing water to move from riverbeds to underground 
aquifers. This transformation has resulted in a flat 
alluvial plain stretching from the East-West highway to 
the Indian border. The average groundwater level in the 
shallow aquifer is between 1m and 2.6m below ground 
level, and water levels generally remain shallow before 
the monsoon, not exceeding 5m, except in the far north 
Bhabhar zone. The annual water level fluctuations are 
less than 3m.

In Morang district, the average groundwater level in 
the shallow aquifer is 3.5m below ground level, and 
the water levels fluctuate between 1.6m and 9m from 
September to May, showing variations of more than 
7m. Around 55% of the aquifer is within 40m below 
ground level.

In Sunsari district, the Koshi River and smaller 
tributaries from the Siwaliks form a drainage network 
that impacts the shallow aquifer system. The average 
groundwater level is 5m below ground level, with 
fluctuations between 2m and 7m from September 
to May. Similarly, 55% of the aquifer is within 40m 
below ground level.

EXISTING TUBE WELL INFORMATION 
The information regarding the existing tubewsell 
is based on secondary sources. The inventory work 
includes the collection of data of the spatially distributed 
wells in the study districts. The complete secondary 
information about the wells drilled in the study area 
was very rare to find. Even in the agencies involved in 
the development of groundwater, the consultant could 
not get comprehensive information regarding technical 
details of the wells. Altogether, information on 164 
deep tubewells was collected from the three districts. 
Among which, 49 belongs to Sunsari district, 37 from 
Morang district and rest 80 is from Jhapa district. The 
location of the these deep tubewells is shown in figure 
number 2.
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Figure 2: Location of deep tubewells.

Among these 164 deep tubewells 24 tubewells are flowing. In Sunsari district, 6 deep tubewells are flowing. 
Similarly in Morang and Jhapa district 12 and 6 respectively are flowing. The flowing tubewells are shown in 
figure number 3.

Figure 3: Location of flowing tubewells.
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The technical details of these wells are presented in Table 1.

Table 1: Summary of technical details of flowing deep tubewell.

On the basis of discharge of these flowing tubewells, 
they are classified into three groups namely

•	 Category I: Initial flowing but not at present.
•	 Category II: Tube well with the flowing discharge 

of in-between 0.5 to < 5lps
•	 Category III: Tubewell having flowing discharge> 

5lps

Category I tubewells, which initially had flowing 
water but at present they are no more flowing. It 
suggests that these wells may have potential to become 
operational again with some maintenance or upgrades, 
thus restoring their usefulness for water supply. In this 
regard they are recommended for rehabilitation and 
development, provided they are not damaged. 

Category II tubewells, with a flowing discharge of 
0.5 to 5 liters per second, should be left as is. Local 
communities currently use these wells for drinking 
water and residential reasons. Any alterations or 
interventions may disrupt their current utility, therefore 
maintaining their current status guarantees that the 

local population continues to have access to critical 
water resources.

Category III consists of tubewell having a flowing 
discharge of more than 5 liters per second. Most of 
them do not have any mechanism to regulate free flow. 
In this context, they require the establishment of a 
regulating mechanism to manage the free flow of water. 
In addition, the free-flowing water from these wells is 
not being properly utilized which is creating in some 
places water logging. By implementing a regulating 
mechanism, the flow of water can be controlled 
to prevent wastage and ensure that this valuable 
resource is used more efficiently and effectively by the 
community.

FLOWING AREA
In 1994 Groundwater Development Consultant carried 
the groundwater studies as a part of a reappraisal of 
groundwater development for irrigation in the Terai. 
The study includes a review of aquifer systems, aquifer 
development potential, the methods currently being 
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used to exploit these aquifers for tubewell irrigation 
and the possibility that tubewells may be better 
designed and constructed at sizes and cost appropriate 
to the Terai Irrigation.

For the development of tube well irrigation in the Terai 
districts of Nepal, the Groundwater Development 
Committee (GDC) prepared a comprehensive 
groundwater development strategy. As part of this 
strategy, the GDC developed hydrogeological maps, 
with updated versions completed in 1994. These 

maps illustrate the groundwater potential across the 
entire Terai region and include detailed groundwater 
potential. It also shows flowing areas. Figure 4 presents 
the hydrogeological map of the Jhapa, Morang, and 
Sunsari districts, which was prepared by the GDC. 
At the time these maps were created, the availability 
of deep tubewell data was limited. Despite this, the 
maps were valuable for representing the groundwater 
potential and providing essential insights into the 
region’s groundwater resources.

Figure 4: Hydrogeological map of Jhapa, Morang and Sunsari prepared by GDC.

The number of tubewells developed in the Terai 
areas has increased significantly since the maps were 
created. The data from these new tubewells paint a 
more thorough and complete picture of groundwater 
conditions. Figure 5 displays the updated "flowing 
areas" in the Jhapa, Morang, and Sunsari districts, 
which reflect the improved data provided by the 

newly installed tubewells. The revised data can be 
used to augment and improve the original GDC maps, 
providing more precise and thorough information 
on groundwater resources. This updated mapping 
can aid in the better management and utilization of 
groundwater for irrigation and other uses in the Terai 
region.
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Figure 5: Updated after GDC Flowing area in Jhapa, Morang and Sunsari.

CONCLUSIONS
The presence of flowing artesian wells in these areas 
brings both opportunities and challenges. While 
these wells serve as an important water source for 
local communities, the lack of regulation has led to 
water wastage and the potential depletion of aquifers. 
Categorizing the wells based on their discharge 
rates emphasizes the need for different management 
approaches, including rehabilitating inactive wells, 
maintaining moderately flowing wells, and installing 
regulatory mechanisms for those with high discharge 
rates.
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ABSTRACT
The Magnetotelluric (MT) geophysical method has been effectively utilized for groundwater exploration in the Terai and Dun 
Valley regions of Mid-western Nepal. This study aims to evaluate the application of MT in mapping subsurface resistivity 
structures and delineating aquifer systems up to a depth of 500 meters, providing crucial insights into hydrogeological 
conditions. The MT method measures naturally occurring electromagnetic fields to determine the resistivity of subsurface 
materials, enabling the identification of aquiferous zones and the general depth of burial of sediments. Results from the 
study indicate that the resistivity of subsurface materials in the area ranges from 0.1 Ωm to 4.0 Ωm, highlighting significant 
variations that correlate with different geological formations. The groundwater occurrence in the region is predominantly 
controlled by unconfined and confined aquifers, which are critical for water supply in the Midwestern region. The MT survey’s 
ability to distinguish these aquifer types has proven essential for determining suitable locations for tubewell installation and 
optimizing drilling depths, thereby enhancing the accuracy of groundwater exploration efforts. The effectiveness of the MT 
method in both sedimentary environments and fractured rock settings makes it a valuable tool for groundwater exploration in 
complex geological terrains. Its non-invasive nature and ability to provide high-resolution resistivity data make it particularly 
advantageous in areas where traditional exploration methods may be limited or challenging. This study demonstrates the 
potential of the MT method as an integral part of groundwater exploration strategies in Nepal, contributing to more informed 
decision-making in water resource management. Overall, the findings underscore the importance of advanced geophysical 
techniques like MT in enhancing the understanding of subsurface hydrogeological frameworks, especially in regions with 
diverse geological settings. The MT method not only offers a detailed assessment of aquifer distribution but also supports 
sustainable groundwater management practices in areas with critical water needs.

Keywords: magnetotelluric, groundwater exploration, subsurface resistivity, aquifer systems, geophysical method

INTRODUCTION
Groundwater is a vital resource that supports domestic, 
agricultural, and industrial needs, particularly in 
regions with limited surface water availability. 
In Nepal, groundwater plays a crucial role in the 
livelihoods of millions, especially in the mid-western 
region, where surface water resources are often scarce, 
seasonal, or difficult to access. However, despite its 
importance, systematic exploration and management 
of groundwater resources remain limited. The growing 
demand for water due to increasing population, 
urbanization, and agricultural expansion has intensified 
the need for efficient groundwater exploration and 
sustainable management practices.

Traditional methods of groundwater exploration, such 
as drilling and surface geophysical surveys, often 
face challenges in the complex geological settings of 
mountainous regions like Nepal. These methods may 
provide limited resolution of subsurface features, 
making it difficult to identify and delineate aquifers 
accurately. In this context, the Magnetotelluric (MT) 
method has emerged as a powerful tool for groundwater 
exploration.

In this geophysical survey, we used the Magnetotellurics 
(MT) method, an electrical geophysical exploration 
technique that utilizes naturally occurring 
electromagnetic energy propagating into the earth to 
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determine the electrical resistivity of the subsurface. 
The low-frequency electromagnetic field is measured, 
and the wave impedance is calculated and expressed 
in terms of the resistivity of the subsurface. The depth 
of investigation depends on the frequency of the 
electromagnetic wave, leveraging the principle that 
lower frequencies penetrate deeper into the Earth's 
crust. MT surveys typically explore depths ranging 
from a few hundred meters to over 10 km. The 
resistivity versus depth cross-section developed from 
MT data can be interpreted in terms of rock type, and 
spatial variations in the resistivity-depth relationship at 
closely spaced surface locations can reveal subsurface 
geological structures. 

Mid-Western Nepal, characterized by a diverse 
geological setting with complex tectonic features, 
presents unique challenges and opportunities for 
groundwater exploration. The region encompasses 
a range of geological units, including sedimentary, 
metamorphic, and igneous rocks, often disrupted by 
faulting, and folding due to active tectonic processes. 
These geological complexities significantly influence 
the distribution and movement of groundwater. 
Therefore, advanced geophysical methods like MT are 
essential for accurately mapping aquifer systems and 
assessing groundwater potential in such challenging 
terrains.

This study aims to explore the effectiveness of 
the Magnetotelluric method in identifying and 
characterizing groundwater resources in Mid-Western 
Nepal. By integrating MT data with geological 
and hydrological information, we aim to provide a 
comprehensive understanding of the subsurface aquifer 
systems and contribute to the sustainable management 
of groundwater resources in the region. This research 
will not only enhance the knowledge of groundwater 
distribution but also guide future exploration and 
management strategies in similar geologically complex 
regions of Nepal.

STUDY AREA AND SURFACE 
GEOLOGY
The Magnetotelluric (MT) method was utilized for 
groundwater exploration at 46 locations across the 
Banke, Bardiya, and Surkhet districts in mid-western 
Nepal. Banke and Bardiya, located in the Terai region 

of the Nepal Himalaya, are characterized by extensive 
alluvial deposits mainly composed of sand, silt, clay, 
and gravel. These sediments create an ideal setting for 
unconfined and confined aquifers, which are essential 
for the region's water supply. In contrast, Surkhet is 
situated within the Dun Valley, a geologically complex 
area with a mixture of alluvial deposits. The Surkhet 
valley features a combination of sand, silt, clay, gravel, 
and rock deposits, reflecting a dynamic depositional 
environment shaped by active tectonic processes. 

METHODOLOGY
This method measures natural variations in the 
Earth’s electromagnetic field to determine subsurface 
resistivity, which correlates with geological formations 
and water-bearing zones. Data acquisition involved 
deploying MT sensors at each site, capturing signals 
over a range of frequencies to probe different depths. 
The resistivity profiles were analyzed to identify 
potential aquifer zones, delineate their extent, and 
assess their quality. The useful reference for this study 
is shortly described below: 

Cagniard, L. (1953).  The basic theory of the 
magnetotelluric method of geophysical prospecting 
from Geophysics, 18, 605–635 is very useful for 
the present work. This seminal work outlines the 
foundational theory behind the Magnetotelluric (MT) 
method, providing insights into the principles that 
guide geophysical prospecting using electromagnetic 
fields.

Essam Aboud. Water exploration using 
magnetotelluric and gravity data analysis; 
authored by Wadi Nisah, Riyadh, Saudi Arabia 
is very useful reference for the present study.  
This study highlights the application of MT and gravity 
data analysis in water exploration, demonstrating the 
effectiveness of these methods in identifying aquifer 
systems in complex geological settings.

Spitz, S. (1985). This paper discusses the properties 
of the MT impedance tensor, focusing on the impact 
of rotational transformations on data interpretation 
and providing critical insights for accurate subsurface 
mapping. In the present work the conceptual framework 
was derived from this reference. 
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Zhdanov, M. S. (2009). This comprehensive book covers advanced theories and methods in geophysical 
electromagnetics, offering a detailed exploration of electromagnetic techniques, including the MT method, for 
subsurface investigations.

PQWTS-S500 Manual and Catalogue
The manual provides operational guidelines, technical specifications, and detailed instructions for using the 
PQWTS-S500 system in groundwater exploration. It includes calibration procedures, data interpretation, and 
maintenance tips to optimize the use of this geophysical tool.

Figure 1: Tubewell study location map.

RESULTS AND DISCUSSIONS

2D image and interpretation
To identify water-bearing aquifers in the study area, a resistivity survey was conducted at 46 different locations. 
In the survey results, the dark blue color indicates clay or low-permeable materials, while light blue signifies 
water-bearing formations with high resistivity. Yellow and red colors represent rock and hard formations with 
very low resistivity, as shown in Figure 2. A frequency value below 200 megahertz indicates a low-permeable 
formation, whereas a value above 200 megahertz suggests high-permeable materials with a high likelihood of 
containing water-bearing aquifers.
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Figure 2: Description and analysis of profile map.

Dhakaila deep tubewell Bardiya
A well drilled at Point 2 encountered a water-bearing aquifer at a depth of 141 meters, yielding a water flow rate 
of 24 liters per second (Fig. 3). 
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Figure 3: 2D profile map and well logging report of Dhakaila deep tubewell.

Rajena deep tubewell Banke
A well drilled at Point 5 revealed a sequence of subsurface layers: the first layer, a mix of gravel, was found at a 
depth of 45-50 meters. Below this, a clay layer was encountered between 50-75 meters. The second aquifer layer 
was identified at 78-81 meters, followed by the third layer at 187-190 meters, and the fourth layer at 230-233 
meters (Fig. 3). The well yielded a water quantity of 15 liters per second from these aquifer layers.
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Figure 4: 2D profile map and well logging illustration of Rajena deep tubewell.

Katarniya Deeptubewell Bardiya
A well drilled at Point 14 encountered a water-bearing aquifer at a depth of 135 meters, yielding a water quantity 
of 18 liters per second.    

Figure 5: 2D profile map and well logging report of Katarniya deep tubewell.
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CONCLUSIONS
The Magnetotelluric (MT) geophysical method has 
been successfully applied for groundwater exploration 
in the Terai and Dun Valley regions of the Nepal 
Himalaya. This technique has provided valuable 
insights into aquifer and sediment relationships within 
an investigative depth of up to 500 meters, making 
it highly suitable for hydrogeological studies. The 
MT method effectively identifies aquiferous zones 
and determines the general depth of tube wells. The 
study revealed that the resistivity of subsurface 
materials within the area ranges from 0.1 Ωm to 4.0 
Ωm. Groundwater occurrence in the study area is 
primarily controlled by fractured and weathered zones 
in rocky formations, while in the Terai region, it is 
mainly influenced by sediment types and formation 
permeability. There is a high probability of encountering 
groundwater in rocky and silty zones. The MT method 
proves to be effective and relatively cost-efficient for 
investigating great depths compared to deep electrical 
sounding, although it is sensitive to surface and urban 
noise due to the urbanization level in the study area.
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