I
i
o
in.
{1
|
,9{
J
I
\

310A0 JI190710HAAH NI 431VM

[ft £ E_w.._:n o
_._a___u._.nnpa:uuumw umxn_._ fa ]| .___u:_._u\\

= 5 3 x.h\v\\ \\ \

== l...wl,..

ANNOY9




NON FLOWING WELL IN

[(‘;GNFINEI'J AQUIFER
v

E= ||r H.I “"
Bydlgtpaitiig L

o4

GROUND SURFACE

PERCHED WATER TABLE

FLOWING WELL IN

WELL IN UNCONFINED
AQUIFER
v

s

e REGIONAL WATER TABLE

COMNFINING LAYERS

TS

.l'_'"-\-_

T
:

UNCONFINE D AQUIFER

CONFINED AQUIFER
.

/ CONFINED AQUIFER

et
LREE REMTLRS LS
HH R .,.L\'"

PIEZOMETRIC SURFACE

(

i

OF AQUIFERS

TYPE

RECHARGE AREA

TABLE

GROUND WATER




REMOTE SENSING APPLICATIONS



AIAMNS TVIISAHAOIO 3IDV4HNS

T - E.F LLIAILSIS3H e
S -~ . ~ HOIH —MI0H -
A \ - w &
i e // ’
" s - N 3 g
T i.q.lw.n..!||||.r......u./ - A / -
- s - S h ! - -
,....... z e . WO ¥ s
- ___.|. " i T \ ..-......r #/ _....,_ h____ \_\_ .\_.._\.. _
== udey plol SRR e oy T A o
[t _ﬁmz.uw NOLWYDILSIANT | e E N T
\ ' .....:..r . \ Sy -
- % " -
4 ~yEE- ALIAILSIS 3N
MO - N0S

qﬁr X com s

* D ——— ]

(S} }

-
L=}
=]

_LI
I .|rﬂm

av3IHdS 3AO0HLIITT 40 FHINID -2

5300412373 40 929NIJVdS-D

S300HLD3TI 9NISINYIOd NOW-8'Y

S$300412373 LNIHEND S3IHAVLS TWLIW- A'X

HILIAW LLIAILSIS3Y



HERiE
=~ BATSYT HAd
._..— 1, T Ry dwrg
1 umeag | o efnpued
¥ Esmones
( asmdus WG/ b
u__ iaanod
[ [ELILE
L0 y\ 1R
SRR RS S0 painjdie Ljapim. ose aze crad .._ i
A 3 endg sjpes Suuog o) sralny .
"
wr Budusns Fy s : s i
EoEAA LR
Srm b prege- i by Aiojoy essanay
_Iu.-llll...ll
[ H
sty widt I|I.|1.._
i H
H
1
Rl ki BOr L. i
. : :
= =4 HH0E H
£ : #O0E H FWEUS Rys
ros LE m
—~i
m% wes )
- 1R
St uﬁnf_.m IIIIIIIIIIIIIIIIIII
ﬂ e e #E= AN ES
._.r.-_..
[
[TC0=l ]

$jUeUodWo) g bry [00] 8|qoD

SOI¥ ONITTIEA 40



U

W &{t;.{_{.@f.ﬁ 4;;..._. _a_._,..._.}...f ?..__..3....____._, M, s

el ol e Bty | Coaly Saded b

' Hgilrirfr._bg

itpwnit ety | Ohew eaire |
xel Ve M\ iﬁf? .
s i . o = e
Jog | retren badber (rwaid __...___....
.: 1 T .-...I_, PO A S e
— o T SRS S o — P ... § _.". “w

BORE HOLE GEOPHYSICAL LOGGING



R

(]
=
=
—
e
i
=]
e
-
1
=
=
&)
=
=)
=
]
-
=
=
-
-
-
=
=
-
o=
=
=
=
i
Lo

m “ & :E.:nn.n
i taBaeysip
Pasapng JEyIEaT
e

co b dayng i

i1 194ong g adoy 'peiiedo owuy

| 10a1d

yojjoold dn-yom

5
o
Lim o N
- 4 | 'yInosy afieyzsiq
B =g o £ S
D.“ i A

[ARm=y[Em] W ERG

S30IA30 ONILAIT ¥ILVM

TR nas sd3is
yipm 150d UIPOOA

paiedniiol

v Eisndie
LESE JATWA WYaW3
BT B ELL B

i SR 3E
Drae v iE
FAD GaTwa M2 30
WENITL

T T

\._

asod _._uﬂ___._._.,u\...\. A 5SS

CELE el
widvat LiWINA avea

LT TE 9 3EENE FOND FA YA W Zaal)

AQQEFuUoL HITNATE
Omig TRiIT3E

g

dvd 803
00H 5200y

lasg Srivied

Tt w i S

Jaing ThoEwD 4
D4 @it 380 wGy QROu=T

an

R LU T b ]

Atlvs 55w QrwL

phes 5303 Y w isgeas gnes (W00

W iR ey wEE

@i Sy O s
HEVE IQIAD
AN 53FED 0w T2 Jen0D

DRIEN00 ST

R b L] s
l-\.‘lll\.\.lh.n )
Bfin w3 e
Illlll-.-._..__._-w-r-.f.. ._..H- SR R e
A= -

W BADT O T T

{ Ir ¥4oW Dipuj ) dwng PUOH



S30IA3d ONIdWNd

dWNd 3781SY3WNENS 173M 4330

dWNd 3INIBANL TVIILHE3IA 773IM 4330
]
: ,luﬁnuﬂﬂu,l-
. e, T
-l-.-lnll.
N7d HITHI=AAD - ONIT T4 HILTM IL.\\\\. = WOTHHAYIO HIMLIYINY
W0 TN * Y3LJVOW ONIBRL fF °F
ONIETIE MIWDS HILATOV ONIBNL I
./,l A4diN NOISIL 38AL 0w
BN BNINTIE LSAHHL OHISN0H ONIEYIS 1SANML IATINE LIATHE OF
* ABKNTIS HNOIDD 400 6E
/l ONIETIE LNN MOISNIL 3BNL  BE
M ONIBYAE HOB ONIMDTd LE
. J1vd ONIWTIE LESNHHL aNiHITe BE
SNITNIM §01237430 5%
HIONITE WMILTM  bE
igmL ek .nM
{3dal INOD ] HINIVHLE NOILIAS £
MM TSR HeiE 3did NOILONG MG 37ddIN 35073 IE
MYITIO3 ONYS ISVD NOILDINS  0f
F5¥I NOILINS BE
HOLYLS BNINTIA 353 NOILING BZ
o HIddN " INIGNOH ONIE TF 35 z.u.._“_.wn_i_ L2
SHINTIE HOLOW Y3134 B
TMOH FLTIOSMEILNL B2
GNIHWIE TMOE JIVIOIMMILNL B2
- HOL0Y HITIOD W07 HITT3ami €2
MO8 d0L T2
OHIHTIE NOLYNIBWOD IDHTHISK I
OMIHTIE MINIE ISV uwt.q_.._ww_w Mm_
HSNE SNIYT3IE 8010w ONIHYIE IS¥I IDHYHIS
2597 39HVHISK B
LAVHSE dmWnd L |
ddid NWNI0DT B
awvi9 3893 auenD ONTS OMITANGD NWI0Y B
¥IZINAYLES JANL ONISOIONT b
HINIVLIIN ONIHTIE &I
r IS L4vHE ITIATH OHINY IR LAVHS INIT 2 i
LAVTHS INIT [
GRISYD NOLLINS amMITdnga Lavks 91 §i
LavHs Qwad &
Jivid MOISNHIL 3BNL 8
T OMITFN0D ANN NOISN3IL 3BNL &
LNIWADNTHET 9 NG et e
ON¥IN AMINITS U145 %
HANITHLE MOILINS JIEWISEY HFTID P
a3k AFETHISD £
HOLOW L4ATHS MOTI0H Tvdriyis
]

OMIH HYIM DNISTD —

TWOE dnine

HENE DMIEYIE

3eva " |

FATHA :&:huz-tuzr\\\.\.

R

LN DHiLSARDY

IA3ITS OMIWVIE

EERREL L]

IA3ITNS ONIEVIR

SNISTI FOHTHIEID




g ...__ ..... /v Bl ..q R i __1

____. _=._ _.= _ﬁ.___ ﬂ.u. ___ iy e
. i

) W;xm_n}ﬂu\r@m_ua h.mx.f .v.
¢! a..ﬁuk xh_.__x A

h.lfﬁ.an }{.a: .
i x__ \._:_.ﬂﬁ.._._ ___- o A | by o 13 1?..___._ ;. _a..“
B e L ..‘._.-l..n..._..i._...l..... .r...c_.i...,..-..tr-......ﬁu.....r.l..x\l “lawlr

i.-.ll..-..v.!.-l.l: AR

n n..q.l.r..lu.. i,
e ar\ D

o

TN ONIM



T

suod @2 10|85
leugd 1182 Jejog

(s]=]=Y ﬂﬂ oW
LT =
TR e - o S
G T P o = i —r YLy
L N .:.r._m_ﬁ.,wr : Ha2 ._c_o_m\ p___.r. ; - u_...#..:.ﬂmn.:..., nﬁfwr
ke e 2, s : o B ke wY
— oy Yhe B o b e Ly T IA
t - rt. = o Tl ; e 1 ki M
-_ X : : e 4 : i
e sy G S e 2
‘vlmwru.l. - B ey
o T e I-I..h-_ I



Stuffing box

Note

Pump stand and bose must bejn
one piece, joined by flonged or
threaded connection

Extend metal sleeve |"or mare
above surface of slab

\/C

Asphaltic seal

—Reinforcing steel

T Tl
-7
[
[ A
k| .
F b
b .
1 s
; -':f':fp b e a s i,
hole ol | et | . - o -
e = =
+ L WELL CASING OF PJPE s —
A I [ 2 =
’-: =% = - = L .
:" ey - = = =
A ———» —
pp=bimin_— e e
——]4b g — o = — o—
:_b - El L] o - .
*! m‘. & B l.--
| === Fi}¥ Pipe joints should be grouted or ~ ——
L=~ | seoled with asphaltic compound from ———
Eplieo it jf i| interior °t>1' wall a3 pipes ore ploced. !
mpieetiy i . .
L""’“"'_-'::: 3 B - i - . LA

*a
B T

SANITARY

AR T Y

PROTECTION



ONILSIAHVH ¥31LVM NIVY dO01L 400d

- - - - T = 10 F gom mamp mth F gy e, R
SR O R L Gl e N A S B e T R
; - - o N e ) = Yoy =y | fengn e M LN
A e R e N e e g e e N e S A e M e T
e e L e e L e iy e s Tt R b B e e W I e el R T
e L% [ oy B Rt R B o i o, aliafos L e
B ) 1rrnnu.n.nr.x;.u__,._.ﬂw.u i |_.__”...,......|,__.._:..... 0 q,uualua...h... S E——
Y - = n - - . m 5 R L
i e i f e M ey D = Bui}sanioH JlomM wDy -
5 L e ¢ - hy - . k. ... b . ta® - g %
L O = - 5 " ajojaq 9oL JIUIOM
L - — f . T ' iAo ¥ .
R e s o [~ .BuIiSaAIsH Jalom UIDY -
am -....:.r)?r.f:f.w........r.l....r J_—J.I. ...-...\I..u...i.......i.....l_...... ...... ] ’ s it el
_.. ; .......J.r.;.......:..l.......lr.: ..a.._.......u._\....n.....lh.u 1 5 X lajjo 31Q0)L JIIOM
oty e A s — e
. ~ e ————— — — —
phe T F el
3 e

....hm”._.....
L Al
£ x.u.,m__xxx
.\_..____H._x..__x.qm.mx
HI\.....\.....&..\M.....M

nendiz2ry’

ot

F



T73M NOILOANNI HONOYHL 39¥VHO3IY VIOIHI LYV

£5-201

ond Iva

ES-201

- -

£

INCE H3HIN0V

L im o -

B

GR-E6
i15-88

o
3

VIAYHD VI WWI-EX ZF

(3
f A

% 22 TINY NIJO L1075 WwWZ-E % P WG 0F

T —

ANOZ ¥3IJdInby

o oy ey e
= i o il L

i
il
KIBW3SSY P w3 S0 2

04 P Wl e-E5 -] S8-£5

YIS LNIW3D A
wd 19 @]

uu."_n.unm w3 9L i 009 3INgZ WIHNOY
13430 aNNOHSD e oo 13A37 aNnNOHYS

3ATWA
55Yd AB

| Ldodans : 2
HaLl3Iw
HIALYM

M3lA ON3

IS5 HIY
39NvD IWNS53Hd

AVNHNY2

L I NY D



113MONA HONOYHL 39HVHO 3d

‘ssepinog puo ssjaand ‘siessss [E59] ooy [¥¥] TIIMEN0 I9MVHOIN @ . S
pubs  B3JDOD o) BuLd E o0 [ S§173M NOIUVAHISED @ T WM/
e TR b
X3aNi X3aN I ;//Mfwﬁ,.ﬂ
i g0 .
ISNOH dWnd
I————— .ul.-h,.w.l {o2 @ u#p;%
_.-.."..__m.u.,“h _..mn...,,.“.m..mwnwu o .....“.._.um, .
HIANOY 03IMO <" +: FE i Bl = o) o nﬂﬁv
J. . : ......mm:aw X z %«.
30HYHI3Y DNIEND —— Inmmm‘ @ n :
OIHIVIH TIATT HILVR WANIKYH T m @ m »
O | T
B \r 3 \
=== 4% E
ol w | 6N 113M NOIIVAHISED A e
§ » 0 g P » oNIZE 173MON0 G3SNSIO
zi e 3snoM N\ A\ ¥3LINu3Lm
. " INIT Adid
g e HNNVL HILTM
49
ONIBHND LNIN3I ' HILVM MO 4 HIA
MH YL MO LT DY m a2
1417 0L L3TNI
S T b N
|!H|H..H:H|H.. INWA 3IVD 43 13k waim e «®
7 v 1 MOVIAO o,
NOVOAVHIO LV 113IMONA HONOYHL 398VHO3Y NOVOAVYHI9 ‘LNIWIHNIdX3 IOHVHOIY
40 NOILVIN3S3d¥d IJILVIWIHOS 713M9ONA 40 NVd HOL3IMS

VHIHMSYHUVHYW ‘12181510 NOvowr VHIHSYHYHYW ‘12I18LS10 NOVOTIVYP



YHYHANYS ANNOYOYIANN HONOYHL 3OdVHIZ TVIOIHILEY

. -

— i

T HI0d 3Ev3AEISNI

I

e

e

-

|
"""'#;m

ZTEYL HILEM TYNCIESE —T

ITWHHNG ANs

7 MI=N0Y DT SHHS

[

TTEVI g oM &

.|.|||-II|I|-d-I.||I.I
a9 frm

NOILD3S YE——

ws 3L3IHINOD 8O AV —

-

S»J04 SNO3NDI JAISSVN-§

IVSYE d3uNLIVE

1TYSYE ¥YINDISIA—T /A
uwﬂl,u”/ul..r.

¥ i
T

T F71EYL 43 LYW
ST 10S €0 WY HENN



43IVM ONNOYO ANV 30V4dNS 40 3SN JAILONNCNOD

. .r...&_l.g_.,mn L e |
W ,u*.\_w._..\m.,,.mﬂ.. el
YoM AL s

i

/g




RAINFALL RANGE BASED GEOGRAPHICAL AREA (328 M Ha)

RANGE OF RAINFALL (mm})

@ 100-500 D 1000-2500
{ @ 750-1000 @ 2500
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BASIN WISE FLOW & STORAGE POTENTIAL

IN INDIA (BCM)

| Likaly live storage
‘ capacity

ﬂ Average annual flow
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PROJECTED WATER DEMAND (BCM)

BILLION CUBIC METRES (BCM)




BASIN-WISE PER CAPITA WATER AVAILABILITY

15000

L33 M
_.|m_m, 1
8 &
= m
g 2
2 =
X w
i | e
w9
[ = ]
=2 2
S |
e
SRR L B E
[ = EO - |
2 B as S
s Gt L

HY3IA ¥3d NOSH3d ¥3d "N "ND

Snpu|
efues

yeseg p
m::mr&;mum
IPEUBLEW

Iweyeg g
UBLBIgE

UBABPOD)
BUUSLY
Kaganes
IBUUSH
EPELLLER
ide|
e

NEULBEGES




AT T [y T VN
=0 1 |}u..- \ 3
) H'\ r' %, \:. \:'\"'
A ol p \

LN L L F
DUkaHGAN "] L 5
HANGAT Pty | o *dhbﬁntﬁbﬁ___

HIMACHAIY 7Y TR

IE:S‘I-I Y, \




g

JAMMU f
’ .l § uRi-I AND (_J»-
L R R KASHMIR 5

[

. H

{ URI-I ?':P;JE'-'I' WANPO 4
: BAGLIHAR =

[ sawaLkor A @ DULHASTI ]
O, A

~. x =
L 0 SSHAMERR.,  apaT 22000 £
> | ;
S.AMEAI,_.,,__\. | ot AT

IRPY :
K _ g |
.{Cehr N.JHAKRY:

(] " "
! ARCHAM
- VWANGTOO

g TERERIE
7 BN e ke w

-

RENPURS S BHERF 7

- I'L‘
JUTTARAKHAND! ' URARRALA
A d 71 P.MANE
, 4 {OTESHWAR.,



Physical Infrastructure : Utilities |

f"(- L} F“
u >
TN =
= 'J [ = IE
| !
i-u.; i 3?
/ ¢ : -
L5 | ‘ ® W
Ny \ ]
. . ' . v
I"-"“ | h-."'l
- i Ghaziabad
th
HE k.
\ .-'1
*J'
&
hadurgarh ..
TOROMAK g rmrcifid
— e [ !
i
L
.m-:
l“ I-\-
4 R
-__r":"q‘*
r'}.'?“‘ ’
’ - l,h.r
1
....-’l B F Y
! “ 7 / AIRPORT
. =
By ¢
l“ B J‘
o ,r'
IJ ""ﬁ. I'i"
R
S
: \
Gurgaon 5 ,
&2 Faridabad
!
XOT 10 SCaLe
Legend
| @‘1 U1 Water (Treatment @ U4 Solid Waste (Sanitary
= | Plant etc.) Landfill etc.)
U2 Sewerage (Treatment r )
_._ Plant etc.) ¢ it Dirsins
- U3 Electricity (Power Houseas, .
|L Substations elc.) \:\ River Yamuna




5. IMPLICATIONS

5.1 Water Supply

Every year various parts of Delhi face water scarcity. Delhi is dependent for raw water from distant sources
and augmentation of raw water for Delhi has been a permanently unsolved issue i.e. escalating population
cannol be matched by proportionate increase in the raw water availability. The water supply to citizens of
Delhi is through water treatment plants i.e Chandrawal (90mgd), Wazirabad (120mgd), Haiderpur (200mad),
Shahdara (100mygd) and rest through Ranney Wells/Tubewells .

WATER TREATMENT ;-% DELHI
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5.1.1 Excessive Pressure on Delhi's Water Supply

According to Delhi Jal Board, the current treatment capacity in the year 1999, is 2645 mid. and it is
supplying water @ 232 mid. Against this, the demand for water is 4765 mid, based on MPD-2001 norm of
363 litres per capita per day for urban population and 100 Ipcd. for rural population. Thus against the present
waler demand, the shortage is approx. 45%. This shortage/gap is likely to increase to 47% by 2001 AD

which will increase to 57% in 2021 AD inspite of including the additional water supply from Tehri dam which
is under construction and likely to be commissioned by 2002,

9000
| 8114
8000 f#_,—-:
7034 —
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4000 Pl 4765//

3000

2000
2736
1000 -
0 .
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E__3 AVAILABILITY(MLD)
; ~—— DEMAND(MLD)

——PLANNED CAPACITY OF TREATMENT PLANTS (MLD)

Source ; Dethl Jal Board / NGHIFE

However, the demand supply gap will become much wider in case water from Tehri dam is not made available
as per onginal schedule. On the other hand, plans are underway in Delhi to install more and more water
treatment plants without tying up the raw water sources. In fact, for the Kishau and Renuka dams in Himachal

Pradesh, which are some of the proposed future water supply sources, even the project reports and invest-
ment decisions have not been taken up.



5.1.2. Levels of Water Supply

The Water Supply in Delhi is far from uniformly distributed. The NDMC area/Deihi Cantenment area gets
average supply above 450 liters per capita per day while Narela/Najatgarh zone gets less than 80 liters per
capita on an average with some parts getting less than 35 liters per capita per day water supply. Except the
NDMC area the rest of the city has water problems i.e. low water pressure, erratic municipal water supply.
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5.1.3 Depletion of Ground Water

In order 1o meet the water demand - supply gap ground water withdrawal in the NCT Delhi has emerged as
a comman place phenomenon resulting in  the ground water levels falling in the range of 20-30 meter below
land surface in south and south western parts of Delhi. Over exploitation of ground water has disturbed the
hydrological balance leading to decline in productivity of wells, increasing pumping cost, more energy re-
quirement and brackish water upcoming etc.
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5.1.4 Ground Water Quality

Besides the quantity, quality of potable water is another serious concern as it directly affacts the health of citizens.
instances have been noticed in the past where, in many places, the sewage water got mixed up with water supply
thus contaminating it. The quality of ground water is also variable in space and depth. In the areas west of the ndge
comprising blocks Majafgarh, Kanjhawala, Alipur, City (part) and Mehrauli (part) the salinity of ground water gener
ally increases towards South-West and Morth-West direction being fairly high in areas around Dhansa , Raota in
South-West and Auchandi, Kanjhawala and Tikri Kalan in North-West. Occurrence of high nitrate concentration are
at several locations i.e. Saboli (Shahdara) and Kutabgarh (Kanjhawala) have nitrate contents above 1000 mg/ in
ground water. Such high levels of nitrate concentration in shallow ground water could be due to leaching from solid
wasles, discharge from sewage water etc. The ground water in vicinity of the landfill in Yarmuna floodplains also
have high nitrate concentration. Similarly Fluoride and other harmful chemical concentrations beyond permissible
limits are cbserved in the ground waler al several locations in Delhi.
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5.1.5 Future Water Supply to Delhi

The futura raw water supplies for Delhi arc proposed to be augmented through the lullowing sources:

1.  Bhakra storage

2.  Sub-surface water
3. Tehri Dam

4.  Renuka Dam

5 Kishau Dam

6.  Lakhwar Dam

Of the above, so far only the first two sources are confirmed for water supply in the near future. The Tehri
Dam is expected to be completed by 2002 AD and will be able to supply raw water at that stage. As far as
the vlher three dams are concerned hardly any work has been started,in fact even the project reports and
investment clearance. are yet to be given for these projects. As such no raw water supplies can be foreseen
in the near future from these dams. A flow diagram of the ultimate sources of water supply to different
proposed treatment plans in Delhi has been drawn up by WAPCOS.

The total cost of the dams according to Central Water Commission (1996) was estimated to be Rs. 7714 crs.
The cost component of the projects as have been given are of initial project estimates. The cost may escalate
due to delay in execution, increase in cost of materials, manpower and priority of purposes.

Among the above proposed dams, Renuka and Kishau are under investigations and still to get clearances i.e.
investment clearances, clearances from Ministry of Environment & Forests and Ministry of Welfare, etc. Tehri
dam has been started but certain difficulties are being faced in the execution of the project due to paucily
of funds, agitation by the local people and environmental groups. As per the schedule, stage | of the Tehri
dam is 10 be commissioned by year 2002 AD provided that the carrier system is simultaneously put in position.



/' FUTURE SOURCES OF RAW WATER FOR DELHI
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