
CHAPTER - IX
GEOENVIRONMENTAL DIVERSITY AND 

WATER RESOURCES



GENERAL

In the earlier chapters a general description of the various factors and parameters 

of the geological environments have been discussed. The details about the various aspects 

of surface and groundwater resources for the district with due references to the three 

geoenvironmental units have also been highlighted. An attempt has been made here to 

evaluate the characteristics of the geological environment vis-a-vis water resources for 

the individual geoenvironmental unit in particular and the district m general.

EASTERN ROCKY HIGHLAND

The Eastern Rocky Highland is located at the southeastern end of the Aravalli 

mountain chain that provides a distinct and advantageous geoenvironmental setting in 

respect of its natural resource potential of land, water and vegetation. The land is 

bestowed with rich mineral resources like base metals, marble, limestone, granite and 

good quality of the construction materials. The elevations of the neighbouring terrain 

including Mt, Abu and other high rising hills have played a dominant role in obstructing 

the northwest monsoon clouds. This has produced a pocket of high average precipitation 

in the unit.

The structural framework of the metasedimentary rocks and the geometry of the 

large scale granite emplacement has produced a specific type of the drainage pattern of 

the rivers of Sipu, Banas, Saraswati providing a large scale surface runoff from the Abu- 

Jesor-Ambaji hills. The district gets exceptional benefit of hydrogeomorphic conditions 

of this unit for augmenting its water resources. It is quite interesting to observe that the



adjoining districts of Jalor and Sirohi (Rajasthan) in the north and Mehsana in the south 

does not have this advantage of either rainfall or surface runoff. The ERH unit, thus plays 

a crucial role in not only producing high rainfall, but it forms the source area for the 

surface water and groundwater potential for the other two units. Almost entire water 

resources of the district is predominated and influenced by the Banas and other related 

river basins, thus justifying the name of the district. A slight change in structural pattern 

of ERH would have turned the course of the Banas towards Sabarmati. Under that 

condition, the two adjoining units of CAP and WSW would have been almost like 

deserts.
j

The heavy rainfall in ERH unit produces surplus runoff which drains to the 

adjoining unit of CAP. The steeper bed gradient of ERH suddenly becomes flat and at the 

junction of the two units the discharge velocity and the carrying capacity of the Banas 

river reduces considerably. Its bank heights also reduce resulting into the overflow of 

flood waters in CAP unit and widespread inundation of WSW unit.

In 1972 there was a long wet spell coupled with heavy rainfall in ERH and its 

upper catchment. Dantiwada dam overflowed with incoming floods. The upper Banas- 

dam (Dhebaria lake) in Rajasthan breached which caused flash floods in Banas. The 

reservoir rim on the left bank composed of loess sediments gave way to the escaped 

reservoir water and cawed out a new water course for more than 25 km which then joined 

the Banas downstream of Deesa. This phenomenon caused great loss to the land and 

property; fortunately there was no loss to life.

In the design of Dantiwada dam, reservoir sedimentation rate from Banas 

catchment was provided as 361 M3/km. But since its commencement of impounding in

1965, after about 25 years it was observed to have increased to 514 M3/km2 (Singh et. al.,



1983) The rate increased nearly 1.5 times. This has not only adversely affected the life of 

reservoir but it increased rate of sedimentation. The average silt loss works out as 1.95 

mm'/Yr. with proportional loss of fertile soils which is also significant.

The piedmont zone in the western part of the unit is covered predominantly by 

thick sheets of loess deposits. The land of the area is favourable sandy texture forms 

fertile agricultural soils. The soil readily drains away with the flowing water causing large 

scale gully erosion and ravine formation. Such erosion also extends in the loess covered 

land in the adjoining CAP unit. Sharma et. al.,(19Sl) estimated some 155 sq. km area 

affected by ravine formation in the district which is more than 6% of the total ravine land 

of Gujarat.

It has total 835 MCM surface water potential. Of this more than 70% has been 

already harnessed in the major and medium size dam projects but major benefits go to the 

downstream area. There is an ever growing demand for irrigation, industry and domestic 

needs. The unit suffers from a paradoxical situation of chronic shortage among plenty of 

potential.

Hydrogeologically it is a suitable area for large scale groundwater storage. The 

recharge rate is low in the exposed rocky parts of the area which is also subjected to

outflow under gravity. Thus, the resource is not a dependable source for local needs on
a

sustainable basis. This has made designing of large size pipe supply schemes essential for 

providing drinking water to a majority of villages.

The piedmont zone of the ERH unit due to its hydrogeological conditions of thick 

granular deposition provides an extraordinary type recharge conditions. The zone has got 

the highest rate of recharge in the state. It is shared by the local phreatic aquifers and the 

confined aquifer system of the adjoining CAP unit. Formation of such a common



recharge zone in the ERH unit has a great bearing on the groundwater potential of the 

other two units. It has also a favourable combination of geoenvironmental factors like 

land, soil, drainage and the water resources. This has helped in the high agricultural 

production without any adverse problems and the high agricultural productivity have in 

turn provided a strong economic support to the local population.

CENTRAL ALLUVIAL PLAIN

The Central Alluvial Plain has got a unique combination of favourable 

geoenvironmental features and rich water resources. The unit is made up of thick cover 

of Quaternary deposits which produces rich aquifer system. It is endowed with fertile soil 

cover, rich aquifer system and relatively narrow range of climatic extremes. Moreover it 

receives large scale of the surface runoff from upper catchment of ERH unit. These are 

the major favourable geoenvironmental features for this unit. The higher density 

population and greater concentration of economic activities is the consequence.

Due to ideal combination of land and water resources of the unit, it has become 

agriculturally the most productive part of the district. A large area of the land is arable 

with a greater part having irrigation facilities. The terrain factors, especially soil types are 

most suitable for agricultural purpose.

The environmental factors and parameters are predominantly controlled by the 

structural features related to the Cambay Basin and the geological history of the 

Quaternary period. The limits of the CAP unit are marked by the Sanchor Patan Block of 

the Cambay Basin. Its eastern and western boundaries are delineated by the EMCBF and 

WMCBF while the northern and southern boundaries are marked by the Luni-Sukri Fault 

and Banas Fault. The thick Quaternary' deposition in the structural basin has produced



formation of an ideal aquifer system. The sudden break of steep gradient of ground slope 

in CAP has proved to be favourable factor for erosion control. The rich nutrient laden 

sediments received from ERH also get deposited in this unit.

It is interesting to observe that mspite of the low average rainfall , the surface 

water potential is very high. The large scale surplus runoff from the ERH through several 

rivers like Bargaon, Rel, Sipu, Banas, Umardashi, etc. is received by this unit. Banas is 

the only major river that traverses through the unit, and a major part of its flow is 

absorbed into this unit and the water of the several smaller rivers is discharged into the 

unit.

Flood is one of the environmental hazard of the area, but its causes lie in the 

adjoining unit of ERH. The heavy rainfall in the ERH unit generates greater amount of 

runoff which causes the dams to overflow. During heavy rainfall, the gates of the dams 

upstream are opened to regulate the incoming flow and keep the dam free from overflow 

stresses. The release increases the intensity of flow but in adjoining CAP unit the carrying
I

capacity of rivers reduces due to the falling gradient, thus overbanking floods spread over 

larger areas. The flood water management in ERH unit paradoxically, creates adverse 

effects in the adjoining CAP unit.

The major dams built on the Banas (Dantiwada) and Sipu located in the upstream 

have the irrigation command in this unit. The overall drainage network in the area is 

sparse. However, the gently undulating terrain has provided excellent sites for waterpool 

collection fed by runoff from the local drainage, which has given rise to the distribution 

of surface water bodies as ponds and tanks all over the unit. Although the unit has large 

surface water potential, its development is relatively rather low since the physiographic 

conditions do not provide suitable sites for large surface storage.



The surface water bodies in the form of village ponds and tanks which were 

earlier used to be maintained by the local people are now being neglected, and the local 

initiative at village level is missing. The geomorphic features are most favourable for 

small scale storage of surface runoff as ponds and tanks. The fast migrating courses of the 

streams also have resulted in providing suitable sites for numerous fresh water bodies 

scattered all over the unit. These water bodies were mainly the source to meet domestic 

needs. Today, this source has been almost lost.

In respect of groundwater resource the it is an exceptionally a favoured unit. Its 

geology, has produced a thick aquifer system extending to considerable depth. The large 

runoff and underflow seepage from the ERH keep the aquifer charged. The average 

recharge index for the unit is also very high, which is stored in the upper unconfined 

aquifer system upto the depth of about 150 m. The confined system is more than 400 m 

thickness and has a very high storage capacity. Considering the average aquifer thickness 

of the water yielding of the aquifer system with specific yield of 12% for the total area of 

the CAP unit, the total drainable reserve is rather substantial. The gross storage capcity of 

the aquifer system upto 500 m depth is nearly five times the storage capacity of the 

Narmada dam. This underground storage is more than sixty times the average annual 

recharge potential for the whole of the district.

Since last 30 years, the confined storage is being withdrawn through progressively 

increasing number of tubewells. The drawl rate has much exceeded the recharge and the 

piezometrjc level in the aquifers are dropping at an alarming rate, resulting into 

■groundwater’ mining condition the adverse of this is observed now turned non-functional 

operiwells and tubewells. The water quality progressively deteriorating. This also had its 

economic as well as social impacts. Construction and maintenance of deep tubewells



being very costly, the smaller and marginal farmers whose shallow wells have dried up 

cannot afford to own a tubewell. Resource rich farmers and other well-to-do individuals 

construct tubewells and sell the water to the smaller fanners on exploitative terms and 

conditions. The government policy of charging electricity at a flat rate encourages the 

tubewell owners for maximum pumping. A monopolized water market has developed in 

the area thus having adverse social implications. Shah (1992) has extensively studied the 

issue and the tubewell owners are described as ‘Waterlords’ in North Gujarat. The costly 

water is generally being used for cash crop growing which is provided high doses of 

chemical fertilizers in order to get higher returns on investments; as a consequence, the 

soil fertility of the unit has been adversely affected.

WESTERN SALINE WASTELAND

The water resource occurrence is of special nature and its relationship with 

environment is also unusual in this unit. The unit has almost negligible surface water 

potential generation related to its own rainfall. The runoff index and its average rainfall 

are low. Though the adjoining unit of CAP also has the same runoff index, its average 

rainfall is higher than that of WSW unit. Thus is indicative of the unfavourable terrain 

conditions of the WSW unit in respect of surface potential generation.

Difference in the pattern of rainfall and topography of the WSW from the other 

two units located in its upstream have interestingly favourable environmental impacts on 

WSW unit. The high average rainfall in the ERH and its very high runoff index generates 

surplus water in Banas river. This surplus water before reaching the Little Rann of 

Kachchh, spread in the southwestern part of the unit and the entire area gets inundated by 

a sheet of water of few tens of cm to about a meter depth. The period of inundation



ranges from one to four weeks. The salinity of the land gets suppressed by the fresh water 

and is a benefit for the agriculture and bumper kharif crop was produced. The products 

were sold in the Marketing Yard of Harij, the nearest taluka headquaters of the Mehsana 

district. Harij used to receive maximum agricultural produce among all other Marketing 

Yards of the state. This is an evidence of the agricultural prosperity. Thus monsoon 

inundation was the gift of Banas to WSW unit. In the past, the inundation used to take 

place very frequently except during some lean rainfall years, inundation based agriculture 

was a special favourable environmental feature. In the year 1965, however, a reservoir 

dam across Banas for irrigation, was constructed at Dantiwada located in the upstream 

and the inundation phenomenon eventually disappeared. It affected the agricultural 

production and increase drought occurrence and sudden divesting floods. The Dantiwada 

dam also resulted in increasing drought occurrences and sudden divesting floods.

In a normal rainfall year, the Banas flow gets stored in the upstream reservoir and 

the river downstream remains almost dry round the year. Even the climatic and 

physiographic conditions of the adjoining units are such that, with normal rainfall, no 

substantial amount of flow is produced to generate any inundation in this unit. Thus for a 

majority of years no inundation is generated. Contrary to this, during the years of heavy 

rainfall, the dam overflows but during the days of cloud-burst, the gates are opened for 

dam safety and to arrange for the incoming floods. During such period of heavy rainfall, 

the WSW area, which is already flooded all over, there is extra addition of floods 

intensifies the effects in the area. There were deviasting effects of the 1972 and 1992 

floods in the area. Similarly the droughts of 1985-86-87 were very severe. This has 

affected the agricultural lands by high salinity due to loss of fresh water supply.



Infact, this unit is charactersied by a large number of surface water bodies. 

Villagers used to collect large quantities of rainfall and the storage was the source for all 

needs, drinking, domestic and cattle. Vegetables growing in the dried tank beds was a 

source of income for the rural poor. These water bodies have now greatly reduced in size 

and number because of siltation and illegal occupancy.

Till late fifties, this unit was dominantly a grassland area and the cattle-rearing 

was the main occupation of the people. There used to be light rainfed agriculture. During 

early sixties, irrigation was introduced. Intially it gave boost to agricultrual production 

but in couple of decades, the groundwater from unconfined aquifers and underground 

storages over-exploited. The recharge rate also declined drastically due to reduce Banas 

flow resulting in the depletion of fresh water storages in the shallow aquifers. The 

consequence was most of the shallow wells went dry. Thus since last more than a decade 

this unit has almost lost its major water resources of surface as well as underground. The 

shallow depth aquifers of confined system are all saline and even shallow borings in open 

well bottom does not help to meet the fresh water needs. This has wide spread 

environmental impact in terms of salinity increase, moisture loss, freshwater scarcity and 

vegetation degradation.

Recently, deep tubewells drilling is on an increase and the selective tapping of the 

Miocene aquifers of tolerable salinity is done which is partly meeting the irrigation and 

domestic needs. But the unit is heading for environmental degradation for water resources 

with an alarming rate.

In the context of the dam construction at Dantiwada and related environmental 

degradation, the people against the Government for release of dam water and restore the 

Banas flow to protect their Riparian rights. Government realised the environmental
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damage and an agreement has been reached for regular release of water from the dam 

directly, and also through canal outlets, back into the river downstream. The Government 

has also been persuaded for providing regular release in the river and not to use the 

storage reservoir for irrigation so the water reaches this unit. WSW region has been also 

included into the Narmada Project Irrigation Command. But till, the Narmada water 

reaches this unit the released water from Banas and Sipu will continue to protect the 

environment in western parts of Banaskantha. This provides a good example of the Heed 

of the public awareness and the Government’s realisation of the water-related 

environmental issues.

RESUME

The district of Banaskantha presents an ideal case of diversity of geological environments 

manifested which infact, gives a bird eye view of the whole state in a relatively a much 

smaller geographic area of just 12700 sq. km.

The distinct characters in terms of their terrain attributes and water regime is 

observed. Along the E-W axis, the changes in the determining factors like physiography, 

geology, climate and water regime are so well defined that each of the three 

geoenvironmental units has its own independent identity.

The district comprising such diverse geoenvironmental setup also presents a rare 

case of natural balancing mechanism such that adverse effects of each unit are controlled 

and extremes and are maintained within reasonable limits. It is observed that the units 

- when traced a little away from their locations within the district, the extremities of the 

environmental factors and parameters become harsh and more hazardous. The ERH as 

traced in its axial direction of northeast towards Rajasthan gets progressively dry and 

unpleasant while in the CAP unit towards north in its axial extention in Rajasthan, the



productive potential of the land and water resources decreases and climatic conditions 

become more oppressive and the region grades into desert. The WSW, beyond its western 

border abruptly falls into the saline waste of the Ranns of Kachchh. These short range 

geographic variations of the environmental features are indicative of rather unique 

conditions that of the three units of the district. This diversity is predominantly due to the 

water resource distribution in space and time that marks the environmental conditions of 

the three units and that for the entire district more favorable to habitation. Water 

resources of the district therefore, play a key role in the prevailing environments.

On the basis of the studies carried out by the present author on the various terrain 

characteristics of the Banaskantha district, an interesting scenario of environmental 

diversity has emerged. Her findings have been summarized in Table 9.1
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s g

en
er

al
ly

 is
 po

or
. 

Y
ie

ld
 and

 qua
lit

y re
fle

ct
 the

 
en

vi
ro

nm
en

ts
 of 

de
po

si
tio

n.
 

Th
e stru

ct
ur

al
 elem

en
ts

 of 
ea

st
er

n p
ar

t o
f K

ut
ch

 ba
si

n a
nd

 
in

 W
M

C
B

F 
m

ar
k t

he
 bo

un
da

ry
 

co
nd

iti
on

s._
__

__
__

__
__

__
__

__
_

A
rid

-d
es

er
tic

, low 
av

er
ag

e 
En

tir
e u

ni
t i

s d
ro

ug
ht

 p
ro

ne
.

gr
ou

nd
. Dra

in
ag

e is 
al

m
os

t 
ab

se
nt

 ex
ce

pt
 the

 pre
se

nc
e o

f 
B

an
as

 mouth 
di

st
rib

ut
ar

y 
ne

tw
or

k i
n S

W
 pa

rt 
of

 th
e u

ni
t..

ar
ea

 an
d e

xc
ep

t B
an

as
 all

 ge
t 

lo
st

 in 
its

 san
dy

 pla
in

s. T
he

 
w

es
te

rn
 part 

is
 devo

id
 of 

dr
ai

na
ge

.T
he

 an
ci

en
t p

ro
m

in
en

t 
dr

ai
na

ge
 has 

to
po

gr
ap

hi
c 

im
pr

es
si

on
s.

Se
m

i-a
rid

 to
 ar

id
, a

nd
 m

od
er

at
e 

ra
in

fa
ll.

 Part
 of 

th
e un

it is 
dr

ou
gh

t -
pr

on
e.

C
om

po
un

d aq
ui

fe
r sy

ste
m

 of 
un

co
nf

in
ed

 (up
to

 150
 m)

 an
d 

co
nf

in
ed

 (15
0-

70
0 m

) fo
rm

ed
 

of
 Qu

at
er

na
ry

 allu
vi

um
 and

 
Te

rti
ar

y sedi
m

en
ta

rie
s. The

 
co

nf
in

ed
 aqu

ife
rs

 hav
e hig

h 
yi

el
d (80

0-
15

00
 lpm)

 with
 

va
ria

bl
e qu

al
ity

. The
 aqu

ife
r 

sy
ste

m
 is

 st
ru

ct
ur

al
ly

 co
nt

ro
lle

d 
by

 Sa
nc

ho
r-

Pa
ta

n b
lo

ck
 of

 th
e 

C
am

ba
y b

as
in

. Th
e y

ie
ld

 an
d 

qu
al

ity
 re

fle
ct

 th
e c

on
di

tio
ns

 o
f 

de
po

si
tio

na
l e

nv
iro

nm
en

t.

Ph
re

at
ic

 aquif
er

 syste
m

 of 
Pr

ec
am

br
ia

n crystallines
. 

G
ro

un
dw

at
er

 restric
te

d to 
sh

al
lo

w
 (2

0 t
o 5

0 m
) d

ep
th

 of
 

lo
w

 yi
el

d (
50

 to
 10

0 l
pm

) a
nd

 
of

 goo
d qua

lit
y (50

0 ppm
 

TD
S)

.  Pied
m

on
t zone

 has 
gr

ea
te

r a
qu

ife
r d

ep
th

 (u
pt

o 1
50

 
m

). I
t fo

rm
s c

om
m

on
 re

ch
ar

ge
 

zo
ne

 fo
r a

qu
ife

rs
 o

f u
nc

on
fin

ed
 

in
 ER

H
 an

d c
on

fin
ed

 of
 C

A
P.

 
Th

e EMC
B

F forms
 the 

hy
dr

au
lic

 b
ou

nd
ar

y.

Se
m

i-a
rid

 with
 high

 ave
ra

ge
 

ra
in

fa
ll.

str
ea

m
s are 

st
ru

ct
ur

al
ly

 
co

nt
ro

lle
d w

hi
le

 low
er

 ord
er

 
ar

e lith
ol

og
y co

nt
ro

lle
d.

 The
 

un
it ma

ni
fe

st
s a 

pi
ct

ur
es

qu
e 

la
nd

sc
ap

e.

H
yd

ro


ge
ol

og
y

C
lim

at
e
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R
ic

h reso
ur

ce
 of 

m
in

er
al

 
su

rf
ac

e w
at

er
 in 

ea
st

er
n p

ar
t, 

ric
h la

nd
 an

d g
ro

un
dw

at
er

 in 
ce

nt
ra

l p
ar

t a
nd

 po
or

 re
so

ur
ce

 
in

 w
es

te
rn

 p
ar

t._
__

__
__

__
__

__
,

Tr
an

si
tia

l 
so

ils
 of 

hi
lls

,
pi

ed
m

on
t, 

al
lu

vi
al

 
pl

ai
n

(f
lu

vi
al

 aeo
lia

n)
 and

 pal
ae

o-
 

m
ud

fla
t. Ne

ut
ra

l in 
ce

nt
ra

l 
pa

rts
 a

nd
 sa

lin
e 

in
 th

e 
w

es
t.

Th
e va

ria
bl

e an
nu

al
 rain

fa
ll 

an
d diverse

 topograp
hy

 
pr

od
uc

e 
lo

w
 a

ve
ra

ge
 ru

no
ff

 (8
3 

m
m

). Q
ui

te
 sub

st
an

tia
l ru

no
ff

l 
is

 receiv
ed

 from 
up

pe
r]

 
ca

tc
hm

en
t. Ma

jo
rit

y of 
th

e 
po

te
nt

ia
l h

as
 b

ee
n d

ev
el

op
ed

 in
 

ER
H

.  Th
e C

A
P a

nd
 W

SW
 do

 
no

t p
ro

vi
de

 go
od

 co
nd

iti
on

 fo
r 

su
rf

ac
e sto

ra
ge

s on
 a l

ar
ge

] 
sc

al
e.

R
ec

ha
rg

e rat
e va

rie
s gre

at
ly

! 
w

ith
in

 (8 
to

 38%
). Tot

al
 

po
te

nt
ia

l 1
02

7 
M

C
M

/Y
r.

In
ce

pt
is

ol
s and

 Arid
is

ol
s of 

Pa
ie

o-
m

ud
fla

ts
 and 

ae
ol

ia
n 

pl
ai

n;
 fin

e cl
ay

ey
 loa

m
 , d

ee
p,

 
sli

gh
tly

 dr
ai

ne
d,

 sa
lin

e,
 al

ka
lin

e,
 

ca
lc

ar
eo

us
, low 

to
 medi

um
 

A
W

C
.

B
ui

ld
in

g 
sa

nd
s an

d b
ric

k 
cl

ay
s.

M
od

er
at

e t
o l

ow
 re

ch
ar

ge
 (16-

 
27

%
) r

at
e a

nd
 ou

tfl
ow

 lo
ss

es
 ar

e 
al

m
os

t n
il.

 Tot
al

 pot
en

tia
l 138

 
M

C
M

/Y
r.

Lo
w

 ra
in

fa
ll,

 an
d f

la
t t

op
og

ra
ph

y 
pr

od
uc

es
 lo

w
er

 ru
no

ff
 (6

2 m
m

). 
Bu

t th
e su

rp
lu

s re
ce

iv
ed

 from
 

C
A

P 
un

it 
ra

is
es

 th
e p

ot
en

tia
l to

 a 
si

gn
ifi

ca
nt

 ex
te

nt
. T

he
 un

ta
pp

ed
 

ru
no

ff
 fl

ow
s d

ow
n t

o t
he

 Ra
nn

s 
of

 K
ac

hc
hh

.

B
ui

ld
in

g 
sa

nd
s a

nd
 b

ric
k 

cl
ay

s.

En
tis

ol
s o

f a
llu

vi
al

 pl
ai

ns
; s

an
dy

 
lo

am
, d

ee
p,

 we
ll d

ra
in

ed
, wit

h 
m

ed
iu

m
 A

W
C

,

H
ig

he
r ra

te
 (22

-3
8%

) re
ch

ar
ge

 
po

te
nt

ia
l and 

pr
ac

tic
al

ly
 no 

lo
ss

es
 due

 to 
ou

tfl
ow

s. To
ta

l 
po

te
ni

ta
l 4

13
 M

C
M

/Y
r.

M
ed

iu
m

 rain
fa

ll av
er

ag
e an

d 
sa

nd
 co

ve
re

d pl
ai

n to
po

gr
ap

hy
 

pr
od

uc
es

 lo
w

er
 ru

no
ff

 (6
2 m

m
) 

w
hi

ch
 pro

du
ce

s low
 pot

en
tia

l 
bu

t it
 is 

su
bs

ta
nt

ia
lly

 inc
re

as
ed

 
du

e to
 dow

nf
lo

w
s fro

m
 ER

H
 

an
d t

he
 un

ut
ils

ed
 su

rp
lu

s fl
ow

s 
do

w
n 

to
 C

A
P 

an
d W

SW
 u

ni
t.

B
as

e m
et

al
s, m

ar
bl

e,
 lim

es
to

ne
, 

gr
an

ite
, g

ra
ve

l a
nd

 sa
nd

.

Lo
w

 rec
ha

rg
e ra

te
 (8-

15
%

) in
 

ex
po

se
d ro

ck
y,

 ar
ea

 and
 hig

h 
(2

0-
32

%
) rech

ar
ge

 rate 
in

 
pi

ed
m

on
t z

on
e.

 B
ot

h a
re

as
 ha

ve
 

hi
gh

 outflo
w

 losses
. Tota

l 
po

te
nt

ia
l 4

76
 M

CM
/Y

r. 
In

ce
pt

is
ol

s o
f h

ill
y te

rr
ai

n a
nd

 
pi

ed
m

on
t z

on
e ; 

lo
am

y-
sk

el
et

al
, 

ne
ut

ra
l shallo

w
 excess

iv
el

y 
dr

ai
ne

d 
lo

w
 A

W
C.

H
ig

h aver
ag

e rainf
al

l and 
ex

po
se

d rocky
 topogra

ph
y 

ge
ne

ra
te

 hi
gh

 ru
no

ff
 (1

21
 mm

). 
A

dd
iti

on
al

 run
of

f fr
om

 upp
er

 
ca

tc
hm

en
t e

nt
er

s t
he

 un
it.

 O
f t

he
 

to
ta

l po
te

nt
ia

l, q
ui

te
 su

bs
ta

nt
ia

l 
un

ut
ili

se
d pa

rt fl
ow

s do
w

n to
 

ad
jo

in
in

g 
C

A
P 

un
it.

M
in

er
al

s

So
ils

G
ro

un
dw

at
er

Po
te

nt
ia

l

Su
rf

ac
e

W
at

er
Po

te
nt

ia
l

la
T



A
N

TH
R

O
PO

G
EN

IC
 FACTO

R
S

C
H

O

A
gr

ic
ul

tu
re

 ca
ttl

e b
re

ad
in

g l
ig

ht
 

in
du

st
ry

, m
in

in
g 

an
d 

tra
di

ng
.

D
am

, s
to

ne
 q

ua
rri

es
 an

d i
nd

us
try

 
in

 the
 east

, gro
un

dw
at

er
 and

 
ca

na
l ir

rig
at

io
n a

nd
 ind

us
try

, in
 

th
e ce

nt
er

 and
 tran

sp
or

t and
 

ca
na

l p
ro

po
se

d 
in

 w
es

t.

! A
 tran

si
tio

na
l pha

se
 of 

la
rg

e 
sc

al
e p

as
to

ra
l a

ct
iv

iti
es

 ch
an

gi
ng

 
ov

er
 to 

irr
ig

at
ed

 agric
ul

tu
re

 
In

tro
du

ct
io

n o
f i

nd
us

tri
al

 gr
ow

th
 

ce
nt

er
s 

an
d 

ag
ro

-r
es

ea
rc

h
ac

tiv
iti

es
.

Pa
st

ur
e,

 ca
ttl

e b
re

ad
in

g,
 lig

ht
 

ag
ric

ul
tu

re
.

C
an

al
 

co
ns

tru
ct

io
n 

of
N

ar
m

ad
a proje

ct
, borde

r 
ro

ad
s, 

ot
he

r 
tra

ns
po

rt
ac

tiv
iti

es
 rela

te
d to

 Kan
dl

a 
po

rt 
an

d 
K

ac
hc

hh
 mi

ne
s.

O
rig

in
al

 mo
ns

oo
n in

un
da

tio
n 

ag
ric

ul
tu

re
 is 

al
m

os
t v

an
is

he
d 

an
d marg

in
al

is
ed

 farmer
 

m
ig

ra
te

 ou
t o

r tu
rn

 to
 lab

ou
r 

jo
bs

. Irriga
te

d agric
ul

tu
re

 
th

ro
ug

h gr
ou

nd
w

at
er

 lift 
is

 
be

in
g 

in
tro

du
ce

d.

In
te

ns
iv

e 
ag

ric
ul

tu
re

,
in

du
st

ry
, c

at
tle

 b
re

ad
in

g 
an

d 
tra

di
ng

.

G
ro

un
dw

at
er

 ex
tra

ct
io

n b
y 

de
ep

 tubewe
lls

, canal 
irr

ig
at

io
n fro

m
 Dan

tiw
ad

a 
da

m
.

O
rig

in
al

 pas
to

ra
l act

iv
iti

es
 

ch
an

ge
d 

to
 

irr
ig

at
ed

ag
ric

ul
tu

re
 

an
d 

ag
ro


in

du
st

rie
s m

ai
nl

y b
y o

ut
si

de
 

en
tre

pr
en

eu
rs

.

Fo
re

st
 produc

ts
, light 

ag
ric

ul
tu

re
, mine

s and 
in

du
st

ry
.

Su
rf

ac
e w

at
er

 d
ev

el
op

m
en

t 
by

 da
m

 co
ns

tru
ct

io
n,

 st
on

e 
qu

ar
rie

s, met
al

 minin
g,

 
to

ur
is

m
, pilg

rim
 cent

er
s 

an
d 

ag
ro

-r
es

ea
rc

h
ac

tiv
iti

es
.

D
ev

el
op

m
en

t o
f in

du
st

ria
l,,

 
gr

ow
th

 ce
nt

er
s a

t a
lm

os
t a

ll 
to

w
ns

. M
aj

or
 c

on
ce

nt
ra

tio
n 

al
on

g S
H

 41
 an

d 
53

.

M
ai

n 
O

cc
up

at
io

n

D
ev

el
op

m
en

ta
l

ac
tiv

iti
es

O
th

er
 fa

ct
or

s

!

(C
)

7

22
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EN
V

IR
O

N
M

EN
TA

L RISKS
 AN

D
 HA

ZA
R

D
S :

 NAT
U

R
A

L 
C

A
U

SE
S

Th
e  ea

st
er

n pa
rt

 has
 leas

t 
de

po
sit

io
n 

w
hi

le
 in

 th
e c

en
tr

al
 

pa
rt

 it 
is m

od
er

at
e an

d th
e 

m
ax

im
um

 d
ep

os
iti

on
 is

 in
 th

e 
w

es
te

rn
 p

ar
t.

Th
e ea

st
er

n p
ar

t ha
s hi

gh
es

t 
ra

te
 of

 la
nd

 an
d s

oi
l er

os
io

n 
w

hi
le

 it
 is

 le
as

t i
n 

th
e w

es
te

rn
 

pa
rt

.

Th
e ERH

 flow
 gene

ra
te

s 
flo

od
s f

or
 th

e C
A

P.
 Th

e C
A

P 
ha

s  limited 
ab

so
rb

in
g 

ca
pa

ci
ty

. The 
un

ab
so

rb
ed

C
A

P f
lo

od
s c

re
at

e la
rg

e s
ca

le
 

in
un

da
tio

n  
in

 W
SW

.

Th
er

e  i
s la

rg
e s

ca
le

 flu
vi

al
 sa

nd
 

de
po

sit
io

n in 
th

e braid
ed

 
ne

tw
or

k o
f B

an
as

 mo
ut

h z
on

e.
 

Th
er

e a
re

 sev
er

al
 oth

er
 an

ci
en

t 
ch

an
ne

l sa
nd

 de
po

sit
io

n in
 the

 
ot

he
r par

ts
. The

 entir
e uni

t 
re

pr
es

en
t  a 

de
po

sit
io

na
l sit

e o
f 

es
tu

ar
in

e delta 
of

 late

Ba
na

s, th
e on

ly
 dra

in
ag

e ha
s 

br
ai

de
d  m

ou
th

 an
d t

he
 in

co
m

in
g 

flo
od

 in
un

da
te

 lar
ge

 ex
pe

ns
e o

f 
ar

ea
. T

he
 ot

he
r f

la
t a

re
as

 de
vo

id
 

of
 drainag

e and 
cl

ay
ey

 
su

bs
tr

at
um

 also
 pro

du
ce

 loca
l 

in
un

da
tio

n c
on

di
tio

ns
. Ho

w
ev

er
 

in
un

da
tio

n is 
bl

es
sin

gs
 in 

di
sg

ui
se

 for
 the

 agr
ic

ul
tu

re
 in 

th
is 

un
it.

Th
e mea

nd
er

in
g curv

es
 of 

st
re

am
s erod

e con
ve

x ban
k 

er
os

io
n onl

y,
 wi

nd
 als

o c
au

se
 

lim
ite

d 
so

ils
 er

os
io

n.

M
od

er
at

e er
os

io
n ra

te
. Th

e 
flo

od
s caus

e rive
r ban

k 
er

os
io

n.
 Though

 it is
 

lo
ca

lis
ed

, it
 is 

qu
ite

 in
te

ns
e.

 
Th

er
e is l

im
ite

d but 
ex

te
ns

iv
e wind 

er
os

io
n 

af
fe

ct
in

g 
to

p 
so

ils
.

Th
e la

rg
e sc

al
e fl

uv
ia

l lo
ad

 
br

ou
gh

t  in
 by

 th
e B

an
as

 an
d 

ot
he

r riv
er

s ge
ts

 dep
os

ite
d 

he
re

 as
 flo

od
 te

rr
ac

es
, le

ve
e 

an
d c

ha
nn

el
 ba

rs
. Mos

t o
f 

th
e present

 landscap
e 

re
pr

es
en

t cu
t th

e b
la

nk
et

 of
 

ae
ol

ia
n sa

nd
 dep

os
iti

on
 of

Th
e rive

r c
ha

nn
el

s a
re

 fla
t 

w
ith

 lo
w

er
 ca

rr
yi

ng
 ca

pa
ci

ty
 

an
d flood

s from
 upper

 
ca

tc
hm

en
t o

ve
rb

an
k 

co
ve

ri
ng

 
la

rg
e  are

as
. Dam s

pi
lls

 
in

cr
ea

se
 the

 flo
od

 int
en

sit
y 

an
d f

re
qu

en
cy

.

Th
e riv

er
 cha

nn
el

s ha
ve

 
su

ffi
ci

en
t c

ar
ry

in
g c

ap
ac

ity
 

an
d flo

od
s are

 gen
er

al
ly

 
co

nf
in

ed
 w

ith
in

 b
an

ks
. T

he
 

D
am

 spillo
ve

r gene
ra

te
 

flo
od

s i
n t

he
 d

ow
ns

tr
ea

m
.

T
he

 hig
he

st
 ero

sio
n ra

te
. 

L
ar

ge
 sc

al
e f

lu
vi

al
 er

os
io

n 
in

 roc
ky

 par
ts

 and
 gul

ly
 

; fo
rm

at
io

n in 
fo

ot
hi

ll
! pi

ed
m

on
t zo

ne
. Th

e da
m

 
i re

se
rv

oi
rs

 h
av

e r
em

ar
ka

bl
y

hi
gh

 se
di

m
en

ta
tio

n 
ra

te
.

V
er

y 
lim

ite
d 

an
d

re
st

ri
ct

ed
 

to
 only

co
nc

av
e riv

er
 ban

ks
 as

flo
od

 te
rr

ac
e p

oc
ke

ts
. Th

e 
an

ci
en

t arid
 phas

e has
 

m
ad

e la
rg

e sc
al

e ae
ol

ia
n 

de
po

sit
s as 

ob
st

ru
ct

io
n

du
ne

s.

_ . -------
---

--
.  -

  —
J.

...
   

-

Fl
oo

d 
/ I

nu
nd

at
io

n

E
ro

sio
n

D
ep

os
iti

on



Th
e s

al
in

ity
 ha

za
rd

 is 
al

m
os

t 
re

st
ric

te
d to

 W
SW
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