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CHAPTER~I

INCRODUCT ION

1.1 IMPORT ANCE O WATER RESOURCES ASSESSMENT

All 1ife depends on water, It is one of the most
important basie resource available to the eivilization. The
progress of humanity implies a continmuwous inerease in water
consumption due to (ieverlasting demand of water for agri-
cultural,domestiec and industrial purposes, In the present age
of ecoromic growth coupled with populstion growth the intensi-
fication of water resources exploltation may result in its
progressive exhausytion and degradation,thus hindering economic
and soclal development, Concern about the future of water
resources has been expressed in an inecreasing number of articles
and books in recent years, Henee a selentifie direection of
effort 1s needed for a planned angd optimal utilization of
water resources., The improvement of krowledge of the hydrolo-
glcal cycles and of the methods of evaluation of water
resources,as well as a better assessment of these resources
at the regional ,national and global levels and of their
fluctuations in space and time, are essential for the proper

utilization of water resources for the benefit of manking,



In the present study, water balanece approach has been
adopted to assess quantitatively the various components of
hydrologic cycle in order to evaluate the water resources of
the area for the hydrologlesl year 1974-75, The area selected
for the study lies in the main alluvial basin of Bihar State,
This area is endowed with 'good ground water reserves in its
Recent and sub-Recent alluvial deposits,forming a part of the
Ganga basin,which enters the area from Uttar Pragesh and flows

towards eastwards into the basin of Northern West Bengal,

1.2 GENERAL INFORMATION

Biher is the second largest State in Indla by population
which is 56.35 million as against all Ingia figures of 548 millio
(10.4%).The ground area of this State is 1,74,000 gquare kilo-
metres(67,196 square miles) as against all India figures of
3269075 square Kilometres(5.3%).The man-land ratio works out
to 324 per square kilometre against all India average of 171,

Bihar lies between latitude N21°58' ang N27°32' and
longitude E83°20 ' ang E88°.It is bounded on the north by Nepal
on the north east by West Bengal, on the west by Uttar Pradesh
and Maghya Pradesh and on the south by Orissa,

It consists of two distpict physical units — the Gangetic
plain and the chotanagpur platesu.The Ganga river divigdes the
plain into two parts i,e. North Gangetic plain,known as



North Bihar, and the South Gangetlie plain krnown as South Bihar,
Thus Bihar 1s clearly divided into three natural regions

(1) North Bihar,(i1) South Bihar and (4ii) Chotanagpur plateau
which abounds in hills,mduntains ang forests,

The ecomomy of Bihar is predominantly rural and agricul—
tural. About 92 percent of the people live in villages and
86 percent 0f its population 1is dependent on agriculture, The
60 percent of the income of the State comes from the rural

sector.

Out of the total area about 11'. 55 million hectares is
culturable area and the net area sown is 8.54 million hectares,
Annual cropped area is about 11,25 million hectares out of which
nearly.25$ has got irrigation facilities ineluding that by
Ahars and pynes which are mostly ineffective during periogd of
drought. The medium and major projeets which are comparatively
more dependable cover only 0,41 million hectares and 0.82 millior
hectares respectively 1.e. total of 1,23 million hectares ﬁill
the eng of fourth five year plan,

AVATLABLE WATER RESOURCES IN BIHAR

Bihar 1s one of the few States of the country which has
been endowed by nature with abundance of water resources. But
an overall development plan of the State is yet to be prepared

and implemented. Isolated irrigation schemes have mo doubt been



taken up and some of them have been completed also but these

developments have taken place mostly for meeting the Ilmmediate

irrigat ion needs.The Government of Bihar had set up an Irriga-

tion Commission in the year 1967 with a view to prepare compre—

hensive plan for guldanee of the various agencies engaged on

irrigation works, The Commission which submitted its report

in the year 1971 has roughly assessed the water resources of

Bihar on the basis of the datalwhich it could eollect and the

same is given below in Tgable 1.1,

TABLE 1.1 L.
INTEBRATED UTILISATION OF WATER RESOURCES

............................

River Zone Surface Subsur— Present utilization
water reso- face wat— Irri- Domest- ower Tots

urce with— er avai~- gsti-~ 1¢ use and

in the lable on - Indust~

State ry
North 1.63 2.24 . 1,77 0,0g81 = ©0,0037 . 1,.8C
Bihar
South 2.20 1,08 = O,62 0,0615 0,0086 = 0,6¢
Bihar ‘
Chotanag-
pur and 2,76 - 0,025 0,050 00,0898 0,16«
Santhal L : .
Pargam
Total 3.9 3,32 2,355 0.,1976 0.,1021 .65

Somrce . Bihon q‘fﬁac&j{mz Cosmmndston e {.‘Jﬂ:f" .
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So, out of total available water resources of 9;91 million
hectare metre only 2,658 millicn HM 1.e; 26.78% is at present
utilized for combined irrigation,domestic and ingustrial
purposes. It hes been estimated in the same report that the

(Y TR
future water requirement by 1990-9]1 will inerease to 8,27 milidorr

Mt py—83.45%. 08 the-bosal-avallable water resources in.the-—
tate,

1.3 AHEA OF STUDY

The study aréa occupying 6745,225 square kilometres
(26085,5 square miles) i.e. ‘about 3.78% of Statérarea,forms a
part of old Shehabad district(whole of newly created Bho jpur
distriect and northern part of Rohtas district) ang it lies in
the South Bihar plain as shown in figure .

The area lies in between latitude N 24°56' to N25°46' ang
longitﬁde Eg3%8 "' to E84°51 ' and comprises of rearly whole
alluvial plain of old Shahabad district.The entire ares falls
within the survey of India topographlical sheet numbers 630,63P,
72C and 72D.The distribution of geogrsphical area in between
Bho jpur and Rohtas distriets is as followsi-

Bho jpur -~ 3971.1 square kilometres
Rohtas - 2777.125 square kilometres
Total - 6748.225 square kilometres



The area has well defined geohydrological boundaries
viz. on the rorth. the boundary is marked: by the Ganga and on
the east by the Sone,the two rivers uniting in the morth-eastern
corner thus forming Gangg-Sone doab.The area is bounded in the
north west by river Karmanasa.The western and Southern boungary
of the study area are respectively river Durgauti and Western
High level canal of Sone Barrage Project as shown in fig. ‘.
A few kilometres south and south-west of the study area(i.é.
outside the doagb but forming the southern part of Fohtas
distriet) moderately prominent hills and flat~topped plateaus

of rocks of Vindhyan system &re present,

1.4 CRITERIA FOR SELECTION OF AREA

The water balance study is generally relsted to a
defined area or region, A river basin,and in case of large
river a sub basin,is a naturagl unit. It has a defined watershed
boundary. and vithin it there 1s an inter-relationship between
the surface and ground water resources. Therefore a river basin
is sualtable unit for evaluation of quantity,quality and distri-
bution of water resources, ‘Doab’' is found to be a better
defined unit, The word'm' means &n areé bounded by two
rivers of streams.So,river boundary is very well defined in the

case of 'oab ' while this is mot so in the ease of watershed.
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Keeping the above view in mind, the Ganga-Sone doab has
been selected for the present study.The area is bounded from
211 sides by well defined water bodles 1,e, in three sides pere—
nnial rivers are situated while in the western part an irrigetior

canal,having supply 211 through the year is present.

1.5 OBJECTIVE OF THE STUDY

The present study i1s designed to understand and evaluate
the various parameters related to water balance of the doab and
to quantity each of these for a particular period(1974~75 1i.e.
in the water year June '74 to May '75) with a view to work out
a water budget for the area. An attempt has slso been made in
this study to analyse the lithologs in order to fing out the
lateral ang vertical distribution of the a uifer horizmn and'to
prepare a subsurface vertieal variability pattern map of the are

to show theg distribution of sand horizon,

1.6 PREVIOUS WORK

As such no detail hydrologicsl or geohydrological study
has so far been carried out to find out the total water
resources available in this area, However some geological and
ground water investigastions have been carried out in certain

pasrts of this area by the Geological Survey of Ingla.



The earllest étudy regarding 'agricultural and geographical
foatures of Shshsbad distriect ' 1s avallable in Francis Buchanan's
journal of 1812-13. Although this work is more of general nature
and 1s important from historicsl point of view, still 1t gives
a vital information regarding the drainage charagteristics and
the courses of important rivers as they were eﬁmmmgv
that period. '

The rocky terrain to the south of the area was geologi-~
cally mapped and studied by Auden(1939),01dham(1901) (cited in
Pagcoe,1950),Dunn(1942) and K. Narain(1949).They mapped the
Iower and upper Vindhyans in parts of Shéhabad district».

Investigations pertai'ning to the groundg water resources .
have g0 far been of rather local character and mainly dealt with
local industrial or munieipal water-supply problems. In this
respect the investigations by Auden (1939) ang Chater §1(1952)
should be mentioned who have studied water-supply problems in
the area between Dehri-on-Sone and Sasaram,More pecent studles
were done by Foy,Shah,Seth and Goswami(1966) and by Roy and
Sinha(1968).

Auden(1939) estimated that about 20 percent of the rain—
fall would percolate underground. Seth{(1950) has assumed that
50 percent of the rainfall is lost through evaporation while
30 percent of it constitutes to the surface rumoff,Chater ji
(1952) investigated into the problem of water supply to



Sasaram town and based on hls recommendations a successful

tubewell was lgter construeted near the town,

Roy,Shah,Setk and Goswami(1966) whd have studied the
geohydrological features in the western and southern part of
the area have 1indleated the existence of st least four definite
and continuous granular zones in the area and they have algo
found that a minimum thickness of € to 21 M of suitable aquifer
material Wwould be necessary to support wells yielding one
cusec{0.028 Cumec) of water at a drawdown of 6 metres. The water
table gradiernt has been found to be nmainly towards rnorth and
rorthwest and almost always towsrds the prineipal channels
of dralnage.It has been conecluded that groundwater from both
shallow and deeper zones to be generally of good quality angd
the same has been recommended for irrigational,industrial angd

minicipal uses.

Roy snd Sirha(1968) hsve submitied a report on the
groundwater potentialities of Bihar State and in this report
they have 1ngicated that this area is composed of unconsoligdated
alluvium is suitable for high yield prospeets i.e.more than
90,000 litres per hour from ingividual tubewells, They have
concluded that there is inter—connection in between the main
aquifers encountered in the boreholes drilled in this area,
Agequate aquifer zones are encountered within a depth of 70 to
100 metres below lznd surface. The ormal range in variation

of water~table depth is from 2 to 10 metres in winter and
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5 to 15 metres in summer,

Though these studies and investigations were aimed to
get a broad ang general plcture of the ground»water condition
and to have a rough estimate of the avallable subsurface water
resources 1n the area but stlll they serve & useful purpose by

glving basic data for further detailed studies,
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CHAPTER~Z2

HYDROLOGICAL FEATURES OF THE AREA

2.1 GENERAL

The location and boundaries

of the srea has been dealt

in Artiecle 1,3, Parts of the administrative districts,sub-

divisions and blocks lying within

DISTRICT SUB_DIVISION
Bho jpur{whole) Arrsh |

Buxar

Rohtas(part) Bhabua(part)

Sasaram(part)

2.2 LAND FORMS AND PHYSIOGRAPHY

the study ares are as followss-—-

BLOCK

Arrah,Uavaent nagar ,Kilwar,
Barhara,Sandesh,Piro,Tarari,
Charpokharil,Sahar,Shahpur,
Bihea,J agdishpur,

Buxar, Itarhi,Rajpur,Semri,
Dumr'aon,Brahmpur, Nawanagar,

Durgauti,Ramgarh,Mohani a,
Kudrpa.

Karakat,Bikramganj,Dinsra,
Dawath, Dehri, Nasrigan],
Kargahar, Yokha,Sasaram,

- Seosagar,

The whole of old Shahabad aistrict (Bhojpur and Fohtas

districts combined) can be divided physiographically into three

distzinct reglons.

The morthern most part forms an extensive low lying

alluvial plain,fertile and well irrigasted.This zone roughly

extends upto the North 25 degree latitude line, The southern most



part 1s the hilly country of an undulating table land and
forms a part of Kaimur plateau(but it lies outside the study
area), Inbetween the two reglons,an intermediate region occurs
with a cover of erosional scree and detrital material towards
south,while clay and coarse sand-covered plains extend rorth-
wards gradually merging into the vast alluviel plains pf the

north,

Pedological characters of these three regions are also
quite distinct.The southern region 1s covered mainly by rubples
of Vindhyan rocks, The intermediate portion,in general,comprises
the major part of the area under reference and consists of
clay mixed with Kankar.In the eastern part 1.e. near the Sone-
river the soil 1s comparatively light and more sandy. Away
- from the Sone-river the soll gradually becoﬁes poorer and
mixed with Kankar.The soil in the morthermmost part of the
area 1s sandy to loamy in nature.The silt and sands left by
receeding water of Ganga have turned this region into a most

fertile one.

2.3 DRAINAGE

From west to east and south to north the area is mainly
drained by the rivers Ganga,Sone,Karmanasa,Durgauti and Kugra.
Among these rivers Ganga,Durgauti,Karmanasa and Sone are

perennial, The Ganga traverses a distance of sbout 85 miles(i3skm)
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along the morthern boundary of the area. The Karamnass,

Kudra and Durgautl rise in the southern slopes of the Kaimur
platesu and after traversing in a northeasterly direction fall
into the Ganga either directly or after combining with other
streams. The miror streams namely Konch,Ganghat,Chher,Banas,
Thora,Gangi and Karmanasa fall directly into the Ganga. The
supply of minor streams 1s limited to later part of monsoon
periogd only and they remain dry for rest of the months during
the year. During the winding course,the Karmanasa river receives
many tributaries e.g.Kulura,Sarg,Durgauti,Kudra,Goria,Dharmanti
ete. The Sone river separates the districﬁs of Shahabad ang
Gaya and it traverses along the Southern andg eastern boundaries
of the Shahabad district. During the yeers of heavy rainfall

the rivers,especlally the Karmanasa and Sone, are often in spate,

All these rivers have been shown in sho—Rier=B¥sizsliap
vhde flg.2.1,

2.4 MAJOR RIVER SYSTEM
The main rivers draining the study area are describded
below .

GANGA RIVER

The Ganga enters Bihar, at Chausa in Shahabag distriet,
about 155 kilometres from Varanasi.It forms common boundary
of 110 km, length between Uttar Pradesh and Bihar.Its drainage
area at Chausa 1is about 5,30,000 square kilometres, This



includes the drainage area of Karmanasa river (72080 xm?)

which Jjoins Ganga at Chausa, After 1ts confluence witﬁ
Karmenasa,Ganga flows past Buxar in rorth—easterly direction

upto Ballia where 1t bends south eastwards, In this reach of the

river there 1s a constant change of the river bed,

Ganga 1s joined by river Ghaghara from north at Chapra,
The drainage area of Ghaghara of the confluence is about
127950 Km®,Ganga is joined by river Sone before it leaves
Bho jpur distriet (old Shahabad district), The drainage area of
Sone at its confluence with Ganga is about 71259 sq.km,

Small tributaries which join it during its course by
Bho jpur district are Konch,Ganghat,Chher,Banag,Jhora and Gangi
of which the latter is of some importance &s forming the outlet
by which the Arrah Canal jJoins the river.

The deseription of this part of Bihar by the Chinese
pilgrim Hiuen Tsiang,who visited India in the seventh century
A.D, shows that the river formerly flowed much further to the
south than at present.,The town of Masar,which in Hiuen Tsiang's
time was close to the Ganga,ls mow 16 km.away from it,but the
high bank of the old bed can still be traced past Buxar,

Bho jpur,Belauti,Bihia,Arrah and Koilwar., In the Distriet
Gazetteer Shahabad(1924) it is mentioned that in high flood
there has been a steady thrust nmorthwards dquring the last
fifty years in the area immediately morth of Dumrson.and the
site at 25°44'N,where the town of Ballia formerly stood,is
mow south of the river in Shghabad.
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The monthly discharge data for the doab portion under
study arevclassified and restricted and hence they could not
be available.However, the difference of monthly average discharge
“readiag for the river Ganga in between Buxar and before the
| Ghaghara confluence were obtained which are utilized in the
present study. The distance between the two discharge obser—
vation sites 1s approximately 120 km, The dralnage contributed
by the study area to Ganga river 1is obtained with the help of
river basin mgp and this value 1s 3561 square kilometre which
12 about 60 percent of the total drainage contribution from
both the banks of the river Ganga for the reach under consigera—
tion.The drainage from left bank of the river works cut to be
2374 Km®, The streamflow generasted through both the bank of
river Ganga inbetween Buxar and just before Ganga-Ghaghar

confluence 1s as follows?

Month Total stream f1 avera a
June 1974 ’ 55 cumecs

July 1974 172 ®

August 1976 266 "

September 1974 208 "

October 1974 115 "

November 1974 5 "

December 1974 46 "

January 1975 s "

February 1975 30 "

March 1875 27 "
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April 1975 26 cumees
May 1975 o4 "

The above discharge values are to be multiplied by
0.60 to get the streamflow contribution from the study area,

SONE_RIVER .
River Sone, a principal right bank tributary of the Ganga,
rises at Sonbhadra in the Maikalo range of hills in Maghya
Pragesh at an elevatioxlbf 600 M at latitude N 22°44' and longi-
tude E82°4'.It is an interstate river flowing through Madhya
Pradesh for 505 kilometres,in Uttar Pradesh for 96 kilometres
and 215 km, In Bihar. The river Sone Joins Ganga near Maner,
midway between Arrah and Dinapur after traversing a total
distance of 816 km. The total catchment area of the river is
701.96,77 8q.km.(27,103 sq.miles) at its confluence with the
river Ganga.The total catchment area of the river Sone upto
Indrapuri barrage near Dehri-on-Sone 1s 68916 sq.km.From
river basin map it is found that the drainage contributed by
the study area is equal to 576 sq.km.which is about 45% of the
total drainege contribution from both the banks of the river

for the resch under consideration.,

The Sone river first touches on Shahasbad near Kosdera,
a place about 45 m, above the mean sea lewel and after gradu-

ally cunin? round the Kaimur hills on the west,flows by
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Akbarpur 13 metres lower, Proceeding to the north it mrasses
Dehri,Hariharganj, Nanaur and Ko¢lwar and finally it fslls
into the Gangs near Maner,It forms the eastern and north

eastern boundary of the area under study.

Sone receives mo tributaries of any importance from the
point where it enters Sahabad district upam upto Dehri,where
most of its water is dlstributed on the east to Gaya and Patng
distriets and on the west to Shahabad through the irrigation
system of Sone Canals. 014 beds are numerous,but they are
principally found on the eestern bank in the dlstricts of '
Gaya and Patna,One such course however,runs in Shahsbad distri-
ect, It is very obscurely marked but apparently rejoins the
present chagnnel at the depression near Amiawar,a short distance

south of Nasrigan].

The river Sone 1s of greater economle utility to the
district than the other rivers becsuse of Sone canals.The
angcutcat Dehri with the canal headworks and Sone barrage
pro ject at Indrapurl, 8 km.m,upstream of Dehrl are the existing
organised irrigstion system in thls area,detail description of

the same has been given in art 3,5,

The discharge of the river Sone 1s daily recorded at
Indrapuri.Most of the water 1s diverted through Sone Western
and Eastern main canals for irrigation purpose and watever
remains is released downstream of barrage., The data of the
releases through the barrage were made available through the

authority concerned.
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The Discharge Division of Bihar Irrigstion department
malntaing & gauge at Kollwar,which 1s about 109 km downstreanm
of barrage site,and just before the Ganga-Sone confluence.
The discharge data at this site were also obtalned from the

concerned authority,

The difference of two gauge readingsv are glven below,
which gives the amount of streamflow genersted inbetween the *
two discharge measurement site from both the banks of the river,
As mentioned earlier the contribution from study area is about
45 percent of the total catchment of the river for the reach

under consideration.

Month Total monthly streamflow
June 1974 7041.6 _HM
July 1274 26843.36 HM
August 1974 35821 .44 HM
Septémber 1974 16131 HM
October 1974 - 11085 HM
November 1974 8994,2 HM
December 1974 8856 HM
January 1975 4579 HM
February 1974 3093 HM
March 1975 674 HM
April 1375 527 HM
May 1976 475 HM

'The above discherge velues are to be multiplied by 0.45

to get the total surface and subsurface runoff contribution



from the a8rea under stuady.

DURGAUTI RIVER

The Durgauti river rises from the Ksimur hill range in
the village of Bhakma at an elevation of 457 M, above mean
sea level. For about 14 kilometres it pursues a northerly
course and on the way it is Joined by other minor hilly
streams., After passing through the caves of Gupteshwar ang
the hill fortress of Shergarh,it enters the plains at village
Karamchat in the district of Rohtas.It then moves towards
Jahanabad,about 13 Km, north on the Grand Trunk Road and then
turns to the morth-west running parallel to the road for about
36 km, until it crosses it near Sawath,where 1t bends towards
the morth-east and Jjoins the Karamnasa river.,after receiving
the Kudra river from the east. The catchment area of Durgauti
at its confluence with the Karamnasa river is about 30856 sq,km,
It forms the western boundary of the study area.ln the upper
part of its course 1t has a rocky channel with a narrow vglley
not more than 10 metres wide but after it enters the plain
it 1s wider and at Jahanabad it attains a breadth varying
from 30 to 40 metres.The river bed in the plains is of sand
mixed with nodular 1imestoneé It contains water all the year
round. A weir has already been constructed few kms. upstreams
of Kudra RYS and has @ross commasnd of 16180 hactres, For
last three years the average area irrigated by this scheme
during kharif is about 8900 hactres.The command of the weir

gcheme fallsg within the study area,
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Recently Durgautl Reservoir Project has been
ganct ioned which stipulates harnessing of the water
resourceés of the river Durgautl by constructing a dam near
Karamchat villace and taking off camies on both banks of the
river from this dam.This will enable irrigation of 14956 hactre
of Kharif and 4450 hactres of Rabi i.e. an annual irrigstion
of 19416 hactres,besides‘giving an establishing support to
the ol4 Durgauti-welr-situated 37 km. down stream of the dam
which willy provide assured irrigations of 12135 hactres of
Knarif gnd 4854 hactres of Rabl i,e, additional 16989 hactres

of annual irrigation,

Regular dlscharge measurement of the river 1s maintained
by the Discharge Division of Bihar Irrigation Department. The

two gauge sites selected for the present study are as follows:

The upstream gauge site is at Amason which is about 11 km,
downstream of the proposed dam site and about 6 km, upstream
of Sone Western high level cankl(the southern boundary of the
study area).The catchment area at this gauge sitc 1s about
684 sq.km,

The downstream gauge site is situated at Ankorhi whiceh
ig about 9 km,upstream from the confluence of river Karamnasa

and the site is Just downstream of the confluence of Durgauti



with river Kudra.The catchment arca of the river at this
site 1is about 3018 sq.km, The distance between the above two
ga}"’ge sites is about 80 km,(river distance).

The discharge measurements are carried out regularly during
monsoon period but during non-monsoon season as the river
supply becomes very low so no reguler measurements are done.
For the present study the mon-monsoon dlscharge h?s been
adopted as 25% of monsoon discharge-This-aSS§m§€ibﬁw18'based
on the Bihar Irrigation Commission report in which percentage
of monsoon and ronm-monsoon flows have been worked out for some
rivers for whiech actual discharge observations were regularly
done.The percent age of non-monsoon discharge to monsoon dischar-

ge for Ganga and Sone rivers during the hydrological year

1974~75 works out to be 3% and 28% respectively.

From the river basin map it is found out that the
drainage econtributed by the study ares 1s equal to 1196 sq.km.
which is about 50% of the total' catchment area of the river

for the reach under study.

In between the above mentioned two geuge sites 6230 HM of
water was diverted through Durgauti welr project during monsoon
period of 1974,This amount has to be added to the total monsoon
flow,of the river to gét net streamflow through the study area,
The streamflow generated through both the banks of river
Durgauti in between Amaon and Ankorhi is as follows:



Month : Iotal monthly flow

June 1974 483 HM
July 1974 6508 HM
August 1974 9106 EM
September 1974 8893 HM

October 1974 g2 HM
Total: 22819 HM

By adding 6230 HM water,which 1s diverted through
Durgauti weir scheme, Total strezm flow = 22812+6230=29045 HM
Non-monsoon flow = 25% of‘Mbnsocn flow = 0;25x29045
= 7261.95 M
29045+7261.25

= 362306 HM
The above discharge values are to be multiplied by 0,5 to get

H

Hence total amual stream flow

]

the stresm flow contribution from the study area.

KARAMNASA RIVER

The Karamnasa river rises near Saradag on the morthern
¥side of the Kaimur range, about 29 km.west of Rohtasgarh in
the Mirzapur district of Uttar Pradesh, at an elevation of
250 metres at morth latitude 24°37' and East longtitude
83°37 '.It flows in a morthwesterly direction through the
plains of Mirzapur t1ll Lalitpur village.Entering Varanasi

distriet near Govindpur the river fiows towards east and
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joins the Gunga near Chausa in Shahgbad districet.This forms
the common boundary of 76 K.M. length between Uttar Pradesh
and Bihar in the lower reach. It is Joined by river Durgauti
near village Antdih in the Ramgarh block of Shahabad district.
The other smaller distributaries are Kudra,Goria,Dharmanti
ete., It fomms the rorth-western boundary of the area under

study .

The total catchment area of the Karamnasa at its confluence
with the Ganga is 7208 kﬁ.km. out of whieh 2442 sq.km. lie.
in Uttar Pradesh and 4766 sq.km, lies in Bihar; The catchment
area of the river Durgauti at its confluence with the Karam-
nasa is about 3056 ®q.km. Hence 1709 sq;kms. is the catchment

of the Karzmnasa river in the study area.

This river is tapped at several places in Uttar Pradesh
for irrigstion purpose. There 1s an agreement under which
Uttar Pradesh is to supply 85092,2 HM(41400 acre ft.) of water
from Musakhand reservoir for irrigation in Chand bloek of

Rohtas district.,

There 1s 8 proposal of Bihar irrigation Department to
install pumping stations at Tira and Jaitpura to pump out
monsoon discharge of Karmanasa river for irrigstion purpose

in the tall reach of Sone Canal gy stem.
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Regular discharge measurements only for monsoon
period (June to Octoﬁer) are taken by Disch:crge Divisidn
of Bihar Irrigation Department.The two gauge sites are located
at Tira (just after confluence of Durgauti) and at Sonpa
(locsted 9 km,upstream of Ganga econfluence).The river distance

“between two gauge site 1s equal to 25 km,

The streamflow generated through both the banks of river

Karamnasa inbetween Tira and sompa is as follows:

Yonth | Totel monthly flow
June 1974 333 HM ‘
July 1974 ~ 5321 HM

August 1974 6631 HM

September 1974 5716 HM

October 1974 Total %

Non-monsoon flow = 25% of Monsoon flow
= 0,25x 21943 = 5485,75
say - 5486 HM'
Henge total annual streamflow 21943+ 5486

27429 EM

- i

il

From the river basin mgp it is found that the drainage
contributed by the study area is about 75% of the total catch-
ment area of the river for the reach under studyt therefore,
the atove discharge values are to be multiplied by 0.75 to get
the total surface and subsurface runoff to this river from

the area under study.
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2,5 MINOR RIVER SYSTEM

Some of the minor rivers within the study are

described below:

KAO RIVER
The Kao or IThoba rises on the plateau 9 km. sohth west

of Tilothu, and,after flowing through a gien in northerly
directionyforms a fine waterfall, and enters the plains at the
Tarachandl pass,3 km,south-east of Sasaram.At this place 1t
bifurcates,one branch,the Kudra,turns to the west and ulti-
‘mately Joins the Durgauti,while the other,which preserves
the name Kao,flows to the north,and finally falls into the
Ganga near Caighat,There 1s very little discharge during the
winter and hot seasons but in the rains it is subjected to
high floods.At Bichchliya it is crossed by the Main western
Sone eanal through a syphon aquaduct. In the hilly portion of
its course and bed is rocky =nd full of boulders washed down
during heavy rains,The banks are generally high and firm but
in the plains they are less elevated;This river is one of the
drainage channel of the southern and central parts of the
district. |

A welr hag been constructed on this river which
irrigates 405 hactres of area duriing Kharif and has gross
command of 1820 hactres. The command of this weir falls within
the study area,
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KUDRA RIVER

The Kudra, as already explained,is a branch of the Keao,
and carry off the overflow of that river when it rises in
flood. After leaving the Tarachandl pass near Sasaram,it
is met by & number of small streams, and flowing in the north-
easterly direction,crosses the Grand Trunk Road at Khurmabad
and falls into the Durgauti at Tendwa after a course of 8.0 kms,
In the dry season it contains very little water but during

the rains a large flow passes down it,

KUMHARL RIVER |
This stream is important from the point of view that a

weir has been constructed on it which has command of 3540 aeres

and it irrigates agbout 607 hactres during kharif period.The

command of the weir lies within the area under study.

The river Kumhari orginates at an altitude of 70:&.‘above
MSL in the vicinity of village Bargz=on which is about 24 kms,
above the welr site.In 1ts first reach of about 8 kms,1t acts
like acatech drain of the escppts water from Koilwar distri-
but sy in the east and Arrah canal on its west. through a network
of existing pynes ang Ahars. About 1 km,below the Headworks
the river forms a loop of about 6 kms, The two bifurcations

are krown as Nagi Nadi and Kumhari Ngdi.After loop formation
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the river with its changed name as Nagi nédi runs for

amther 6 kms.where 8 right bank tributary kmown as chawar
Yagl joins it. Then the river ultimately falls into the river
Bangs.The total distance of the river from the Headwerks to
outfall is about 24 kms, |

The river Banas after thi s confluence 1s called Gangi
Nadi whieh traversing further for about 13 kms.meets the river

Ganga,

2.6 METEOROLOGICAL CHARACTERISTICS
2.671 CLIMATE
| The elimate of the area 1s generally ary and bracing

for the greater part of the year., The o0l1ld season starts early
in November and extends to late March. The hot season is

from April to about the middle of June when the monsoon season
commences.The monsoon continues till the end of September,

October is a transition month,

2.6.2 KETEREOLOGICAL SEASON
The metereological seassons in Bihar can be summarlsed
as follows:
1. South West Monsoon
2. Betreating south-west Monsoon
3; North East Monsoon
4, Hot weather period
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The south west Monsqon breaks over the parts of south
"Bihar in the sécond week of June and over South~west Bihar in
the last week of June.However, by the end of June it is esta-
blished over the whole of Bihar. The troughks is,however, mot
stationary but moves north or south of the normal position and
affects the rainfall distribution as it moves. The pulsatory
chax;actér of this action ang of the rainfall pr:ecipiiation

is one of the most important features of the monsoon period
metereologicelly, as 8lso ecoromically for agriculture.There
are three important varistions from the normal in the monsoon
raing,firstly, the beginning of rains may be delayed;'seuondly
there may be prolonged break or breaks lasting over the
greater part of July or August ang thirdly the rain may end
considerably earlier than usual;Consequence of the third
varistion are occ&sionally very serious ang the success of the

Kharif erop largely depends on this rain (Hathia rain),

The second half of the west sezson forms a period of
transitlion leading upto <the establishment of the conditions
of the gry winter season.This transition begins &n the early
Octover and completes in December;The retret is assoclated

with dry weather and sky remains clear,

Yorth Egst monsoon starts in the beginning of January

when the temperature is lowest., Clear skies,low humidity,large



diurnal range of temperature asnd light northerly wind are the
usual festures interruped only at interval by westher distur-
bances. Precipitation in winter though in small amount,is very

important for the rabi crops.

2.,6.,3 RAINFALL

The districts of Bho jpur and Rohtas have a net work of
0 rain-gsuge ststionsg with records extending in most cases to
60 to 74 years, Tables 2.1, and 2.2 give the detalls of the rain-
f£all at the 20 stations and for the districts as a whole.There
are 15 rain gauge stations within the study area.So, the density
of raln gauge stations is of the orderg of one raingauge in
175 KM% ,which is quite suffielent for the present study.Hence
the average depth of rainfzll over the area is calculated by
both Thiessen Folygon method and Isohyetal method and the
values obtained are 1094.é3 mm and 1099.64 mm., respectively.
The values are identical for all practical purposes.Sopeither
of these two method could be safely adopted for working out
‘the avergge depth of rainfsll over the araa; Tables 2.3 and 2;4

show the above two results.

From the given rainfal® data and the pattern of Isohytes
it is found that in gensralAthe southern part of the area
receives more rainfall than the northern part. The area around
Kargahar,Sasaram,Kudra, Nokha receive little more rainfall than
the rest of the district(Fig.24).The area of low rainfall is
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around Piru,Ramnagar,Sakreta,Barshi in the northern portion,
The local maximum anmial rainfall oceurs at Kargahar and the
local minimum is concentrated at Baruhi,The variation in the
‘annual rainfall value is from’984.fimm to 1280 mm,

The area receives 92 percent of the annual rainfall during
June to October i.e. monsoon period,The maximum rainfsll
oceurs in August.The variation from year to year is not large,
In the seventy four yearshi.e. 190i to 1974, the highest rain®
fall amounting to 143 percent of the normal fell in 1936. The
year 1966 bad the lowest annual rainfall amounting to 52 percent
of the normal, During these seventy four years{1901-74) there
were sixteen(16) years vhen the distriet rainfall was leés than
80 percent of the normal} None of these except for 1966,1966,
1967 were consecutive years. From the data it 1s observed that
52 years out of 74 years ﬁhe rainf=11 1nvShahabad,was,between
900 mm. to 1400 mm, Only during 6 years the rainfall exceeded
1400 mm.mark, The average number of rainy days(days with rain-
fall of 2.5 mm, or more) per year for the district is Se.
Frequenecy of Annual Rainfall in the distriet has been given
in Tgble 2,2;

The mormal annual rainfall for the whole distriet
i1s 1122,9 mm,
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FREQUENCY OF ANNUAL RAINFALL IN THE DISTRICT$]901-~74)

Range in mm, C umber of yesr
501-600 Ty
601=700
701-800
8015900 . 1
9031~1,000 15
1001-1100 14
1101-1200 14
1201-1300 5
1301-1400 6
1401-1500 3
1501-1600 o
1601-1700 1
1701-1800 )
--------- . .. Total . . 74 years . .

founce - deplt & Stk , Gont Ebor o
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TABIE 2.2
FREGUENCY OF ANNUAL RAINFALL IN THE DISTRICT$190]-74)

Range in mm, ~ Number of year

501600 Ty
601=700 2
701~800 -

801-900 © g
901~1,000 13
1001-1100 14
1101-1200 14
120 1-1300 5
1301-1400 6
1401-1500 3
15011600 2
1601=1700 1
1701~1800 0

..... . Total. . 74 years. . . .. .. . . .. .

Soumee De pH o lothgtie ,Gonvt o Enha o



TABIE 2,3 | |
AVERAGE DEPTH OF NORMAL RAINFALL IN STUgY AREA

BY ISOHYETAL “METHOD(Fig.24 )

——_

Isohytes Interval = Average: Area plani- Product of
mm, Isyhytes metered in Col.(2) and
mm between Isohytes Col,(3) in HM
(1) (2) Interval(3) Hact
- ares. . '
< 1000 1000 - 51995, 52 51995, 62
10001050 1026 82051,2 84102,48
1050-1100 1075 2234550 .,4 262141,68
1100-1150 11256 142439,68 115244,.64
1150-1200 1175 135833.60 159964.48
1200-1250 1225 62088, 80 77161,28
>12850 1250 4972,80 6216
Total . .. 674832 74072,08

Average depth = 7
in mm,

42072,08x 102 = kXoo=64—mm, 1099.64mm

674832 . .
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TABLE g52,4
AVERAGE DEPTH OF NORMAL RAINFALL IN STUDY AREA
E N _METHOD (Fig.2.5 ).
Stationew  Precipitation . Percenmtage . .. Weighted .
~ in mm, of area PPT N, in MM,

Mohania 1082,6 0,0472 51,06
Mampharpur  1085,1 0,1056 114,61
Buxar 1050,8 # 0.0510 53,69
Sikraul 1083.1 0,0565 59, 50
Ramnagar 988.4 0,1363 134,75
Arrah 1167.4 0.1230 143,67
Ageon 1189,6 0,0737 87.67
Koath 1079.8 0.1302 140, 58
Baruht 984, 5 0,0540 53,20
Dehrd. 1122.6 0,0503 56, 53
Sasaram  1226.6 0.0427 52,43
Chenari 1337.8 0.0233 31,22
Bhabua 11 56.. 3 0,0059 6,82

~ Kargahar 1110.3 0,083 109,10

Total . . 1094,83 MM




NORMALS OF TEMPERATURE

Month Mean daily Mean daily Highest Iowest minimum
maximum ¥inimum tem~ maximum recorded C°C,
temperature perature . recorded

°c. oec, oec,
January 23.9 11,4 30,6 4.4
February 27,6 14.2 34.4 6.7
March 33,7 19,1 41..1 11‘.'7
April 38.9 23.9 44 .4 17,2
May 41..6 27,7 43.2 20,6
June 38.6 28,2 46,1 20,8
July 32.7 26,4 41.4 22.2
August 32,1 26,2 36.1 23.3
September 32,0 25.5 34,6 20.6
October 315 21.9 ' 25,6 14,7
November 29. 3 15,2 83. ] 9.4
December 25.1 11.6 30 7.6
Anmial v32..2‘ ‘ . 21'.2 . - -
epaver @ el e e T e e N £ a
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5.6,4 TEMPERATURE

Meteorological data are available for Dehri, Arrah and
Buxar,Dehri 1s the only observatory now existing in the
district as the other two i: were closed down long ago,.4s the
data of 811 the three stations show similar features the data
for Dehri only are included in this summary‘.

From the middle of March temperzture begins to rise and
hot dry westerly wind blow, May 1s the hottest month.Towards
the peak of summer preceeding the onset of the monsoon maximum
tempersture can reach values as high as 47°C(117°F) on individual
days.With the setting in of the monsoon day temperature drops
by about 8 to 9°C without appreciable drop in .M night tempera—
tures, After the withdrawal of the monsoon by the begimning of
October,temperatures begin to decrease reaching the lowest
value in Januzsry which 1s the coldest month with minimum
temperatureX¥ something going down to 4 or 5°C,

2,6,5 HUMIDITY WINDS

Humidity: The summer months are very dry and relative

humiditges can be as low as 0 percent to 25 percent in the
afternoon,In the monsoon season air ig very humid,during the

rest of the year humidity average about 50 percent in the
afternoon,

Winds: Light south-westerly or westerly winds prevail in the
winter snd early summer months.,Towards the end of’summer easterly

wind set in and continue throughout the monsoon season.,
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IABIE N,2,6

RELATIVE HUMIDITY AND MEAN WIND SPEED

Month Relative Humidlt Mean wing
at Ua% hours fmST at 170 hours speed Km/lw,

Percentage - IS8T in percen-
tage

January 74 &8 4,2
February 63 39 5.6
March 45 26 6,9
April 38 23 7.4
May 47 26 7.4
Juns 64 50 7.6
July 84 77 6.4
August 85 80 5.3
September | 84 80 5

October 74 66 a.5
November 68 52 3.2
December 72 : 49 3.4
Annmaal 67 51 5.5

gQ\-\BC.( . h—Q%DH . &4 LAn J“&)."( ® ) .r‘; (;, }\ni _
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2.6.6 Sv. . i i.. EVAPOTRANSPIRAT ION

The pote ..::1 Lvapotranspiration values were obtained by
the help of Perman’s formula and were calculated by Rao,
Géorge and Rgmasastri (1972) for this area.The values are
shown in Table 2.7,

TABLE No,2,7 . .. . ..
cu.. T.], EVAPOTRANSPIRATION VALUES IN MM

Month ~ PE inm.m,
January 65,6
February | M,.1
“March 149.7
April 189, 5
May ' 217.1
June , 180,7
July 119,9
August 111
September 111.1
October ‘ 118.4
November gl
De cember 62,1
Annual . | 15800,7

The PE values indicate that PE loss 1s more during hot

season i.,e. from March to June when the wind speed is maximum



—38 -

and relative humigity values are lowest.The highest PE month
is May., |

The loss 1g less during winter due to decrease 1n¢w;nd speed
and increase in relative humidity.The lowcst value of TFE ig 62,1m
which corresponds to fhe month of Nbvember.'

2.7 DROUGHT

A sustained period of time without significant rainfall is
called drought. From agricultural point of view the drought is
cdused by the absence of rain particularly during the trans—
plantation.period; Drought generally ereates a crisis for the
supply of drinking water and food productio§, Many existing
wells dry up and the irrigation water based on surface water

sources proves to be 1hadequate for agricultural needs.,

From the data avallable for 110 years 1.9; from 1864 to 1973
1t 1s found that Shehabad district as a whole suffered 21 numbers
of droughts and the year of the droughts are ag follows: 1864-65,
1865-66,1866~67, 186970, 1873-74,1874~75,1896-97,1908-09,
1914-15,1918~19,1932~33,1940-41,1949- 50, 1950-51,1951-52, 1957-58
1958-59,1966~67,1970-71,1971-72,1972~73,1973~ 74,

It is observed that Drought has occurred in consecutive

years which vary from 2 to 4 years in the present case.

Blockwise sssessment of rainf:l11 and erop loss have
revealed that the following blocks of the district are drought

prone pocketss.



Ramgarhj Dargsutij Chand (8),Chainpur(®); Bhabhuaj Bhagwanpur(®)
Chenari(®.), Adhaura(0.),Nauhatta(f); Kudra.

The blocks marked (ﬁ) lie outside the study area. All
these blogks are clustered in the South and Sout-west part
of 0ld Shashabad district.Due to high evapotrangpiration needs and
the comparatively inadequate rainfszll in these areas,conditions
condueive to drought are 78lb,

The groundwater feature,irrigstion faellities,geology,
cropping pattern,classification of land and srea under orops are

dealt in chapters 3,4 ang 5}



CHAPTER=3
EXISTING DEVELOPMENT OF WATER RESOURCES

3,1 AREA AND POPULATION

The total geographical area of the o0ld Shahabad district
is 11320 square Xilometres,which is rmow divided into two
administrative districts namely Bhojpur and Rohtas.The geogra—
phical area of Bho jpur 1s 3971.,10 sq.kms, and that of Rohtas
is 7348,90 sq.kms, The total population of the old Shahabad
district,acecording to 1971 census,is 3939034,The density of popu-
lation for the distriect ié 248 persons per sq.km.

The study area is composed of whole Bho jpur district and
a part of Rohtas gistrict (about 2777.125 sq,kms).The pupﬁlation
of the Bho jpur district 1s 1995146 according to Distriet census
Handbook,1971, The population for 2777.125 sq;kms.area on the
basis of density of population,works out to 966439;

~ Hence total population in 1971 of the study area
= 1995146 + 966439 ¥ 29615885, Rgol by e

Assuming 10% increase in population, So, the population of the
- grea during 1974-75 will be = 2961585 42961568 = 3257743,

3,2 WATER CONSUMPTION FOR DOMESTIC AND INDUSTRIAL PURPOSES

3.2.1 DOMESTIC UTILIZATION

’

, . .-y -t ’ . .
REh BT et k‘ggv( C"‘-u{ LL)A;;Q\,' :‘"‘.« “ﬂ'r!"j ~
]

The comestic utilisation of water has been wokred out e

on the basig of consumption rate of 40 gsllons per head per day.
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So the present domestie consumption
40 x 3267743 = 1309720 gallons per day
21622 HM pér year

3.2.2 INDUSTRIAL UIILIZATION

Bithough agriculture continues to be the main occupétion
of the people,a number of large-~scale industries has come uwp
and there is particular large scale industrialisation in Dalmis-
nagar(Dalmia group of Industries) near Dehri,The main factories
or plants are of sugar,paper,cement,pulp,chemical,sulphuric
acld,asbestos cement,vulcanised fibre,coated board,steel

casting and power plant with capaelty of 100 million units.

The total consumption of water(on the basis of corres-

pondence with the concerned authorities) is found to be 4500 HM,

Hence the sum total of water consumption for domestic and
industrial purposes = 2162244500 = 26122 HM on enquiry from
the concerned authorities it is found that the water used for

domestic and industrial purposes 1s from subsurfape source,

3,3 LAND USE_AND CLASSIFICATION OF LAND

The total geographical area under study 1s 6748.225 sq.km,
and the classification of this area on the basis of land use

is given in Table 3.1,



TABIE 3,1
LAND USE AREA “TMARKS
| A\~
(1) Forest 250 hactres ; Land available
~
(1i) Barren and uncultu— 14720 hactres ) for cultivation
~ rable land. )
) = 77170 hactres.
(111) Land put to non—ggri- 62,200 " )
cultural uses
(1v) Permanent pasture angd 525 hactres )
other grazing land. ;
(v) Cultivable waste other 5120 " )
than fallow land ;
Tule e yoste
(vi) Lang under misecilla~ 4071 ¢ ) {
neous trees and groves ; 1~~" = 53006 h-et
‘ )
(vii) Other fallow land 10,048 " %
~ (viii) Current faollow 39,272 " )
(1x9 Net area sown 5,38,616 "
(x) Area sown more than
once 1,46,940 "
- Henee total area sown = 685556 "

Scovvee %H et Aavdalbue . G} 5% Q:’)\A«\,

EXPLANATIONS
(1) FOREST: All actually forested areas on the land classed

or administered as forest under any legal enactment dealing
with the forest whether state-owned or private are included

under this head.lIf any portion of such land was not actually
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wooded that portion is included under the appropriate heading
of cultivated or uncultivsted land.
(11) BARREN AND UNCULTURABLE LAND |

A1l barren and unculturasble land like hills,deserts,
etc.fall under this head.Land which ecanmot be brought under
cultivation except under prohibitive high cost is also classed
es uncultursble waste irrespective of fact whether sueh land 1s
isolated block or within cultivated holding,

(i11) LAND PUT TO NONAGRICULTURAL USES

All lends occupled by buildings,roads,railways or under
water l.e. rivers,cénals,tanks,shars and other lands put to use

other than agrieulture are classed under this heag.

(iv) PERMANENT PASTURE AND OTHER GRAZING LAND

This represents all grazing lands whether they are

pasture or meadows.

(v) CUITIVABLE WASTE OTHER THAN FALLOW LAND

Cultivable area mot cultivsted for more than five years
is classed under this category.All lands avallable for culti-
vation but not taken up for cultivation ang abandoned after

five years for cne reason or the other are classed as culturable

waste.



(vi) OTHER FALLOW LAND

Other fallow lands are those lands which were under
cultivation but are temporarily out of cultivation for & period

of not less than one year and not more than flve years,

(vi1) QURRENT FALLOW

This represents area which were cultivated in the previous

yesr but are kept fallow during the year under review,

There is,however, a close relationship between the fallow
langd and net area sown,since there are frequent chsnges from
one to the other.Good and timely rainfall and favourable

westher conditions affect the erea under fallow 1and,96vercc‘y.

3.4 AREA UNDER CROPS AND DEVELOPMENT OF AGRICUITURE

’
The three annual cropping seasons may be elassified as
Kharif,corresponding to the period from J{me to October,Rabil
from November to March and ~hot weather from April to May. The
crops of the district fall under three main harvests,the
aghani ,bhadal ang rabj. The aghani is the winter crop which 1s
cut in the month of Aghan and 1s composed mainly of winter rice.
The bhadai 1s the early or autumn crop,reaped in the month of
Bhedo ( August—September ) considting of 60 days rice(Sathi),
Marua,Malze,millets and }ess irportant grainsy while the rabi
crop includes such cold weather crops as vheat,barley,granm,

pulses ete.
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During the year 1974-75 thenet area sown was 538616 hactres
and the area sown more than once &g 196940 hactres corresponding
to the study area,

The area under principal crops including commercisl crops
for the year 1974~75 is given in Table 3.2.Here for the sake of

computat ions,hot weather is included in the rabi crops.

TABLE 3.2
Name of ecrops  Area under erops  Cropping Season
Sugarcane 6200 haectres Rabi ang Kharif
Bhagdai (Autumn)Paddy a1 " Kherif
'Aa&agipe day’ ' 311050" n
Autumn Maize | 10,000 ¥ "
Bhoda) Paady 18049 " Rabi
Wheat 173200 " oo
Barley 10216 " "
Gram 34700 ¢ "
Bhedax Maize 2000 "
Pulses 110800 " "
Potato ‘ 7500 © n
Tobaceo 1000 " "

Total eropped area = 685556 hactres
3@”\(( ! MMW;— Dﬂ‘ t'_!_' N é:’_\" k ! i’%}—‘l\’\.’ '
I\ w o
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The total water requirement by these crops have been
computed on the basls of informations avallable from-the Sone area
Development Authority,Government of Bihar and the computations are
given in Tsble 3,3. S '

COMPUT AT ION FOR CROP WATER REQUIREMENT

Name of KHARIF (June 4o oct.) RART (Nov. +o M“.iﬂ/)
Crop sown Area under Depth of Total Area Depth of Total
in the erops in water water | under water water
area haetres required require- crops required require
inmm, ments in in inmm,  ments
mm, hact. ' in Hm
Sugar 6200 384 2381 6200 1116 6919
cane -
Autumn 3441 900 3097 - - -
" paddy
Ay Rs 311050 960 208608 - - -
paddy
Autumn 10000 275 o780 | - - -
mal ze
bhades - - 15049 1575 23709
padgdy
Whe:t - - - 173200 350 60620
Barley - - - 10916 2256 24 56
Gram - - - 34700 o5 0642
Bhmda:™ ~ - - 2000 575 1150
mai ze
Pulses - - - 110500 180 19820
Potato - | - = 7500 400 3000
Tobgaecco - - - 1000 400 4000

Total 306836HM [Total - 131¢790 EM
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The crop water requirement in kharif ang rabi has to
be met from the existing irrigstion system in the study area.
At present the irrigation is mainly done with sone canal gystemn,
canal systems of Durgauti-weir ,Kso-welr and Kumhari-weir schemes,
Miror Irrigation units consisting of Privelttubewells,pumping sets,
and open wells,state tubewells and other sources like tabks,ponds,
Ahars(smgll reservoir) ang Pynes(channels); The details about
arez irrigated and water utilization from these irrigation

soupces are dealt under art.3.5, 4.6,3.7.

|

3,5 EXISTING DEVEIOPMENT OF IRRIGATION

3.5.1 SUBFACE-IRRIGATION

The area under study falls under the command of following
irrigation schemes:
1, Sone Barrage Project
2; Durgauti welr pro ject

3. Kao weir project

3.5,1,1 SONE PROJECT

Organised irrigetion development in Shahabad district
gstarted with the Sone canal ex-Dehri Aniecut.The idea of using
the water of Sone for irrigation was first thought of around
1850 by Col.C. H,Dickens and for many years the subject was under



disgussion. The project was ultimately completed in the year
187§.The project consists of an anicut across the river Sone at
Dehri.The length of the anieut is nearly 4 km,(12,469 feet) and
two short cansls namely the western and eastern main canals,

20 km, and 11 km, in length resbectively take off on either side
of the anicut.Two navigation canals,the Buxar and the Arrah
canal take off from the western main canal while the Patna canal
takes off from 'eastern canal, The western and eastern canals with
fully supply capacity of 130.3 cumecs and 73.6 cumecs respe—
ctively command an srea of nearly 0;6 million haetres,The amual
irrigation is of the order of O.SS»million hactres.Song canal
syétem provides Airrigation to parts of old Shahabad,Gaya and
Patna districts (now Bho jpur,Rohtas,Aurangabad,Gaya and Patna
distriets),

To meet the increasing demand for water 1n the command
area of the Sone canal ang to improve the existing irrigation
system,the Bihar Govermment undertook,during the second plan
period,the construction of a barrage across the Sone about 8 km,
upstream of the anlcut at Dehri,The existing canals are coﬁnected
to the barrage by means of link canals,The scheme also ineludes
remodelling of the Sone canals.In additmonvto stabilizing
irrigation in the 0ld command,irrigation of 0,125 million hect-
ares 1s provided for.The remodelling of Sone canal system was

completed in 1965-66, Under remodelling scheme discharge in



main western canal was increased from 130,3 cumecs to 187.5 cumecs

and in main eastern canal from 73.6 cumecs to 85,2 cumees.,

The Bihar Govermment has also proposed the construction
of high level canals ex—Sone Barrage for makinguse of the |
regulated releases from the Rihand Dem in Uttar Pradesh. The
scheme envisages the éonstruction of Egstern and Western High
level canals taking off at 8 km, of the link canals on the right
and the left flanks of the Sone Barrage.Execution of Sone High
level canal was taken up in 1968, The work is in advanced stage.
As a matter of fact irrigation from these canals in head reaches
have already started in 1974, It 1s planned to complete the work

in phases so that benefit may accrue even during construction

period.

The total command of western sone canal system angd a part of
total command of western high level ¢ gnal fall in the study area.
3.5.1.2. SONE WESTERN HIGH LEVEL C ANAL

Western High level canal forms the southern boundsry of
the study area, The total length of the canal is 88 km. (29000 ft)
with 160 km.distribution system and 825 km.water courses;Gross
command area is 0,826 lakh hactres and CCA 1s 0,578 lakh
hactres 1n Rohtas district,

The length of canal lylng within the study area is upto
RD 175.25 1.e, about 53.4 ¥m, when the canal crosses river
Durgautli at right angle.



3.5.1.3 AREA IRRIGATED IN 1974~75

Area irrigated during 1974-75 by Sone western cansl system
ineluding western High level canal system in the study area is

as follows?

Canal system Area under ‘ Area under Rabi

.. .. . .. .. .  Kperif irrige—~ = . plus Hot weather
tion,

Sone Western Canal ) 250320 hactre 138620 haetre

%%em includirg ‘ .

Henece total arcy irrigated = 250320 +138620 = 388940 hactres,

S.5.1.4 DURGAUTI WEIR PROJECT

A weir has been constructed few Kilometres upstresm of
Kudre R S across river Durgauti,It has gross command of 16188
hactres(40,000 acres) and the whole command lies within the

study area ang is situated near western border of the area.The

3,5.1.5 KAO WEIR PROJECT

A weir has been constructed across this river whieh lies
south of Western Sone high level canal,The command of this weir

falls within the study area and is situagted south of the Sone

109 )oo
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~

western canal and north of Sone western high level canal.

The Gross command is 1820 hactre which irrigates about 405 hact.

during Kharif,

The area irrigated in 1974~75k kharif by this weir is

4085 Haetres.

3,5,1,6 KUMHART WEIR PROJECT

T commzand of this weir falls in the north-eastern .

portion of the study area,few kilometres south of Aprrah.The

welr i1s constructed across the river Kumhsri whose eatchment

@S Km®

1430 hact,

at the welr site 15&25 square miles,Ilts gross commang is 2@W8. acre

The area irrigated during 1974-75 kharif is 607 hactres.

3.5,1,7 AREA IRRIGATED AND WATER UTILIZED BY THE CANAL SYSTEM

The area 1irrigated and the quantity of water diverted

during 1974-75 1in the canal systems of -ahove mentioned schemes/

pro ject are given in Table 3.4.

LABLE 3.4

Frogect/Scheme Kharif Feriogq

1Rabi period

o D 14 ) Pty 75
Area irri-  uwater uti~  Areu irrigsted water
gated in likgd in in haet. utiis ze
Hact, HM in HM
Sone canal 250320 196411 138620 110647
dystem
Durgauti weir 8903 678~ - ’ -
scheme
Kao weilr scheme 405 308 - -
Kumhari weir _ 607 _462 - -
gscheme Totgl 260036 203965 138620 110647

Hence total annual irrigation from canal system =398855 hactres
Total amual imported water in the study area for irrigation

purpose ¥ 3l46Pz HM
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IRRIGATION ,
3.5,2 FROM GROUND WATER SOURCE
A

At present,subsurface water is being utilized mainly'by
open wells,open wells with boring,private tube-wells and
state tube~wells,In the Bihar state Irrigation Commission
Report 1971,following criteria have been adopted to workout the

utilization of subsurface water resources for irrigation.

Type of well Area irri~ Mean gis- Working Utilizstion
' gated per charge in  hour in . per yesr in

unit in Aes cusees. a year Aere ft,
in hrs.
State Tubewell 300 1.5 3.600 450
Private Tubewell 20 0,2 25400 40
Open boring 5 - ~ 10
(pumping set)
Well A - - - S

The existing number of State Tubewells,Private Tubewells,
open boring and surface wells are given in the Table 3.5 with
present status of utilisation of subsurface water for irrigation

on the basis of above criteria,
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TABIE 3.5
STATUS OF SUB~SURFACE IRRIGATION FOR 1974-75

Type of Well  Existing Ares irrigated Utllisation per year

number annually in in hactare-metre,
hactares .
State Tubewell 460 656848 - 25461 .
Private Tubewell 1990 16107 9791
Open boring 12000 24282 14760
Open Well 18000 14569 11070

Total annual subsurfsce utilisat on of w-ter for
irrigation = 61082 HM

3.5.3. IRARIGATION FROM OTHER SOURCES

The other sources of irrigation in this area are thars and
pynes.Tanké,Small streams and emergency river pumping sets
(ERP gets). Irrigation from these sources are possible only
during monsoon period.Very little irrigation guring the non-
monsoon period is possible thro ugh ERP sets.These mobile
pumping sets utllize supplles in the rivers ang streams by
direct pumping.

Ahars are artificlal reservoirs suiting the topography of
the area ang are meant to collect the rain water.The sghars
are filled by the surface-dralnage of the adjacent lands during
rainy season,They are of the shape of long shallow tank and

are protected by small embankments.From the ahars water channels



(pynes)are constructed to the nearest stream or water-—

course. Pynes also supply weter to shars,The water flows through
a welr from the ahars to the channels leading to the field,
vhen the water 1s low it is taken from the ehars by means of

the 1ifting arrangements.

AREA JRRIGATED FROM OTHER SOURCES

Following figures indicate the area irrigated by other
sources during 1974-75,

Sources Area irrigated e Total area
Rharif Rabi irrigated

Tanksg,ponds ete, 19,250 hactres - - 19,280 hactres

Pynes, Ahars ) 45,650 " 5805 hact. 51,455 "

ERP sets ete. )

Sum total 3 64,9000 hagtres 5805 haet. 70,705 hactres

WATER UTILIZED FOR IRRIGATION FROM OTHER SOURCES

Assuming 25 cm (10 inches) depth of watering by other
sources during kharif and 16 cm (6 inches) depth of watering
during Rabi,the water utilisstion has been worked out as

followss
Periog Water utilisation in HM
Kharif . 0.25 x 64900 = 18225 HM
Rgbl ‘ 0.16x 6805 = 929 HM

Total amual water utilisation = 16226+929 =17164 HM
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3,6 AREA IRRIGATED AND WATER UTILISED BY ALL SOURCES

In the Sone Canal Command area the water requirements

by the crops during Kharif period is met partly from rainfall

and from surface and subsurface sources of irrigationTa-—this -

ihe nonsees -reinfell end frewm dhe mined seuieed.al. supfses aad
subsupface irrigabdom) These sources are Minor Irrigation Units
(comprising of private tube wells,open wells end pumping sets)

and other sources of irrigation ss mentioned in srt.3.5.83.

The State tubewells are provided in the areas outside the
canal command. one State tubewell in this area i ri~ *es about
48 hactres during Kharif and 73 hactres during Rabiy §eason

lAé the number of Minor Irrigation Units in the Canal. comm =ng¢

and the State tubewell command is not men,:sé for the present

study it is assumed that these units zre proyortionetely distri—-
o Comad ‘Cor Lo ot

buted on the basls of epes irrigated inh—ocshal—eOmmand and m

State tubewell command. On the above basis following distributio:

for MI Units has been worked out:

Command of Area izrig-ted Water utilisation

in-hoebies in HM
CANAL Hoa30 32673
ST ATE TUBEWELL 4B4E 248

@ gau vee | i'lboai» r-‘-"{ Sene  Miee e f"‘ o ’[\'“"\“143



- 56 =

The water cerried by the MI Units and the other ninor
sources are used to supplement for the irrigation by the
existing canal system.Ilt 1s generally found that the irrigation
from other sources like Pyne and fhars are mot reliable because
availlability of water im such system is entirely dependent upon
the monsoon rainfall,

The existing status of wster utilisastion from different
sources for the irrigation requirements of crops is gliven in
Table BQGO

TABIE 3.6
ST ATUS OF WATER UTILISATION FOR

X

- IRRIGATION IN 197475 .

S ]

Kharif (June 74 to Oct,74) Rabi(Mov.74 to May 75)

Source of . ,

Irrigat— Water utili~ Water rewu- Water utili- Water requ-

ion sation in irerent by sation in HM iremarnt by
HM crops in HM - - ecrops i1 HM

vide 1,331, vige ¥,7,1.
Canal system 2039656 alsene 110647 171079
State Tube 10184 15277
well

Mimor Irri- 32673 2949

gation units

Other sources 16225 920

Total 26047 . a0amaeiEM 120801 HM 131079 HM




It 1s seen from Table 3.6 that the water requirement
by the erops during Rabi period has been met by the existing
irrigastion systems,However, during the Khzrif period there is
. a ghortfall of 43789 HH of irrigstion water for the crops.This
shortfall in water requirement is sbout 14% of the totsl
irrigstion requirement which 15 likely to be met by the monsoon
rainfall in the area..

\<3.7 EXISTING STATUS OF DEVELOPMENT OF WATER RESOURCES
) L.

Hence the status of development of water resources for

Purpcse Annual water utilisation
Irrigstion | agog4s HM
Domestic 21622 HM
Industrial 4500 EM

Total 418970 HM -

SrTSoommomRSIITE

so, total water utilised for all purposes during June 1974 to
Mgy 1975 in the study area = 418970 HH - 1

—



CHAPTER=4

GEQLOGY OF THE AREA

4,1 INRODUCTION

The entire area under study is a part of Indo~Gangetic
plain consisting of alluvial fall which hag been deposited by
rivers during the Quarternery era, These deposits are recent
to Sub-recent age derived from either Vindhyan or Archaean
rocks,Lithologieally this entire loose,unconsolidated sequence
1s composed of finer material 1like clay and silt and varilous
grades of sand,often cemented to form'pans’,with coarser
grades of sediments,including gravel,peblles ang boulders,

The 11th010g1c¢1 sequence is controlled by the depositional
enviromment and that is why immense lateral and vertical
variationé in texture and composition of the sediments deposited
are notiéed from the bore hole sections.The detailed analysis of
khe varistions has been done in this chapter tc depict their
geohydrofdogical characteristics.

4.2 REGIONAL GEOLOGY

The Indo-Gangetic plaln oceupies roughly an area of
300,000 square miles(7,80,000 square kilometres) and consists
of unconsolidated alluvium (Pliestocene and sub-recent)which
are derived mainly from Himalayan mountains by various rivers

emerging out of them and have been deposited in the depression
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called the Indo-Gangetic basin or trough.The deposition
began after the final upheaval of the Himalayan and it has
continued all through the plelstocene upto the present time,

4,3 ORIGIN

There are various views regarding the origin of the Ganga
basin but people like Suess (1910),Burrard(1912)01cham(1917)
and Glennie(1932) were able to reach some vital conclusions
which have been found to be true by later workers,These are
(1) Formation of Ingo-Gangetic trough 4is intimately connected
to the origin of the Himalaya,(ii) Depth of the Gangetie trough
reduces south-wards,(111) Plumbline deflections ang gravity
anomalles of the area are released to deep crustal, and possibly

suberustal anomalles,

Recently V.V.Sastri et.al (1971) have suggested tectonie
fremework and subsurface stratigraphy of the Ganga basin on
the basis of studies from aeromagnetie,ground magnetie,gravity
and s.eismic surveys and the deep drilling logs.Based on these
data the Ganga basin has been defined as a major platform
depression and classified into seven tectonic zones viz,Monghyr-
Ssharsa ridge,East Uttar Pradesh shelf,Gandak depression, |
Falzabad rigge,west Uttar Pradesh shelf,Sarda depression
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and Delnhi~Hardwar ridge.This classifieation is based on the
continuation of major tectonlc trends from the Peninsular shield
into the Ganga basin,the variation in the thickness of sedimen-
tary cover and the basement configuration as deduced from

dlrferent surveys,

Sastri et}al (op.eit) have coneluded that there are
three main stages of Ganga basin tectonle evolutioh.’The
oldest 1s represented by the metamorphic basement and on purely
regional tectonic consideration the basement in the Ganga basln
may have widely different precambrian tectonie history as well

as structural trends’.

'The second major stage 1s represented'by a platform asso-
clation of Limestones,Shales and quartzarenites,probably
corresponding to the Vindhyan group.They may range from upper
Proterozoiec to Palaeozole.The sequence is generally folded and
gseveral well developed structures are present.,Many faults of
varying magnitudes and extent have been traced in these sediments,
The regional structural patterns within these sediments demonstr-—
ate that the folding ang faulting within these sediments are
essentid 1y controlled by differential movements of basement
blocks, '

The upper stage in the evolution of Ganga basin is marked
essentially by a thick development of Neogene terrigemous

clastie sequence (Siwalik group).The interval between the second
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~ ang the upper stage 1s represented by a marked hiatus in the
deposition and probably leading to considerable local erosion
of the pre—existing sediments,

This inter-pretatlion seems to be essentiéily valid in
the shgllower parts of the Ganga basin namely the west Uttar
Pradesh shelf ang the East Uttar Pradesh shelf whereas in
the more depressed parts of Sarda and Gandak depressions,
presence of additional sedimentary sequence(probably late
Palaeozoic,meso20oic and paleogene) cannot be ruled out. and
1f such sequences are present they may represent additional

stages 1in the evolution of the Ganga basin,

As the tectonic history of the basin has a direet bearing
upon the occurrence,thickness, continuity and texture of the
alluvial deposits beneath the plain,comprehensive study of the
ground water hydrology of the alluviazl f£ill must include
effort to identify &nd lnterpret the effects of structural
deformation, |

4,4 NATURE AND PATTERN OF ALLUVI AL FILL

By its origin alluvium soil is composed of a number of
different textural lithological units viz, sand,gravel,silt
and clay etc.lmgxix In the Ganga basin the depositional history



of alluvial fill which ineludes its distribution,continuity
and occurrence are thus the function of stream morphology,
stream erosion,transport and deposition.This is further
influenced by other factors like gradient,fluctuation

in stage and discharge,sediment load and water temperature
of the stream. The effects of climatic changes, time—factor
and tectonle movements have also direcet bearing upon the

depositionsal envriomment of the alluvial fil1,

Agcording to Jones and Hofmann(1967) the distribution

of sediment types and textures areally and with depth indi-
cates thst periods of widespread bralded-stream deposition,

in which medium to coarse—grained sand blanketed large seg-—
ments of the plain,were followed by periods in which most of the
plain was traversed by meandering streams having wide seasonal
variation in stage.Vast interfluvial flood basins occurred
between major rivers,Along the stream meander belts,coarse-
grained sediments were deposited.The sediments formed by meander—
ing streams occur as longitudinally continuous strips and reflect

long established stream courses,

There are o distinctly marked stsges in the deposition
of the alluvium. The whole of the alluvium is,in fact,one
cont inuous and conformable series of fluiviatile and subaerial

deposits whose accumulation is,to some extent,still in progress.
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The alluvium consists chiefly of beds of clay either sandy

or calecareous corresponding to the silts,mud and sand of the

mo dern rivers, Besides these,beds of gravel,compact sand,kankar
are also met with;kankar modules are formed in the zone of
the subsoil where there is wide fluctuation of water table.It 1is
generally accepted that during the dry part of the year,water
riges up above the watertable by caplllary action and quickly
evaporates out leaviing behind the solute deposited around a
micleus of soll particle. With contimuation of this process,
kankar nodules are formed when the subsoil water have been
surcharged with calcium bilcarbonate.

4,5 THICKNESS OF THE ALLUVIUM

The thickness of the Ind~Gangetic 2lluvium has been
estimated by the help of seismie survey and by deeper drilling
conducted by the 0il and Natural Gas Commission in the various
parts of Punjab,Haryana,U.P. and Bihar,According to the 011
and Natural Gas Commission the maximum thickness of alluvium is

less than 10,000 feet i.e. 3050 metres,

The thickness of the alluvium in Bihar has been demarcated
from borehole logs and geophysical refraction studles as well as
electrical resistivity traverses over the major parts of
Shahabad, Gaya,Patna,Bhagalpur and Muzaffarpur dlstriets, The main
alluvigl basin where considerable alluvial thicknesses are moticed
lie morth of 25 degree latitude across the entire breadth of
Bihar, However, in the area South of Gaya an exception is

moticed east of longitude 86 degree,where the Kharagpur and
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Rajmahal hilks fir¢m the maln features with an intervening patech
of relatively shallow glluvial fill,

According to data given by Foy and Sinha(1968) in the main ¥
basinba=in, as geophysical data indicates,south of the Ggnga,
the alluvial thickness ranges to a maximum of 700 metres. Appro-
ximately north of latitude 25 degree the depth to bedrock
ranges from 100 metres northwards to a range of 0 to 700 metres
nesr the Ganga.The deepest tract south of the Ganga spreads
between Buxar in the west to 86 degree longitude in the east near
Mokameh.The geophysical traverses run in the distriet of Muzafar—
pur and Saran indlcate that the alluvial basin is much thicker
5eing of the order of 1000 to 2500 metres. The geophysical
traverse algso tentatively draw a line between the Vinghyan and
Archaen basement.Thlis conjectural line passes parallel to the
Sone river, a few miles to its east,stretching from south to
morth, The basement below the alluvium in Saran and Muzaffarpur

dlstricts also appears to belong to the Vindhyan system,

4.6 GEOLOGY OF THE AREA UNDER STUDY

Ag mentioned esrlier,geologically the study area forms
a part of the Ganga basin,which merges westwards into the
Uttar Pradesh basin and east-wards into the basin of northern
west Bengal, Only few kilometres south and south-west of the
study area(i.e. outside the doab but forming the southern part
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of Rohtas district) moderately prominent hills and flat-topped
plateaus of Vindhyan system are present, Vindhyans are ancient
sedimentaries,slightly metamorphosed showing little or no ma jor
deformations or disturbances but well ceﬁented(silcified) by

load metamorphism,

The study area,which comprises of entire Bho jpur and
morthern part of Fohtas district(i;e. nearly entire alluvisl
plain of old Shahabad district), has good groundwater poten-
tialities dque to presence of consigerable grenular zones with
effective porosity,because the alluvial deposits,which mainly
consists of variable proportions of sand,gravel,clay ete. by
virtue of their loose,unconsolidated nature sre the best reser—

voir of groungwater.,

TECTONIC FRAME WORK

Sastri et.al. (op.cit) have concluded that this area lies
in the East Uttar Pradesh shelf which is delineated by the
Monghyr-Saharsa ridge to the east and Faizabad ridge to its
west. The outeroping Vindhyans of the Sone Valley and the base—
ment form the southern border of this zone; This shelf merges
to the north into the Gandak depression.This shelf zone is
malnly characterised by east west trending aeromagnetic contours
indlecating several easterly pluging highs and lows. The basement
here 1s assumed is to be the econtinuation of the Satpura folded
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belt overlain sucecessively by the Vindhyan and Neogens sequences.
A mejor north easterly trending fault,with a downthrow to the

South—-east is traced from near Sasaram(west of Sone river) in the
Southwest through Muzeffarpur district upto the Indo-Nepal border.
This fault zoné appear to have controlled the arientstion of river

Sone,

THICKNESS_OF THE ALLUVIUM

The informstion about the thickness of alluvial material
is malnly derived from geophysical soundings carried out by the
Geological survey of India and by deeper explorstory boreholes.

[Roy ana Sinha(op.cit. ) On the basis of these data, 2 map of
depth to bedrock has been prepared and contours of equal depth
are plotted as shown in figure.41 . The contours indicate
that the depth to bedroek increases progressively towards the
north attaining a value of the order of 700 m. on the south

of the Ganga'. Two profiles(Fig‘.q.z and4-3) have also been
drawn to show the ground slope,bed rock and position of water
table,

The main features concluded from the map (Fig, 4. Jand
profile (fig.42943 are as follows:

(1) The bed rock slopes uniformly from the foot of its
out erop to the central portion i,e, upto latitude 25 degree
30 minutes north.Beyond 25°30 'N latitude the thickness of
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alluvium abruptly increases from 350 to 700 metres within
a distance of about 12 km, This may be due to loeal Eas’c—-wes'c'
fault in the basement with its downthrow towards morth,

(11) A sharp change in the course of river Ganga towards
east,sceems to be controlled by the East-West fault in the

basement which may be active during the recent perlicd also,

(111) The E-W trend of the cortours is psrallel to the outerop
of the Vinghyan rock.

(iv) As the depth to bed rock increases north-ward it may
be broadly concluded that &a distinet increase in the percen—
tage of aquifer horizons eould occur northwards from the
marginal terrain adjoining the outercp area of the older rocks

in the south,

4,7 SUB-SURFACE GEOQLOGY OF THE AREA

As the pregent study 1s also directed entirely towards
the unravelling of water-yielding porous granulsr horizons
of the alluvial and detrital covers of the plainsg lying to
the morth and northeast of the hardrock areas,so the sub-
surface geological Iinformatlons as obtained from well logs

are analysed and interpreted keeping the above vievw in mind.

Lithologs from sbout 200 well logs were available for
the study out of which 8 of them vere deep emugh down to the
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the basement . It 1s inferred from the study of these well logs
that the alluvium is made up of clays(brown and grey5 sand and
kankar,The other lithologlcal members are gravel(Bajri) and

Lshel (clay mixed with silt), Bhe 2iphelopbenl Iowgs «f #iwe velids
wee phver St Appendix

The geclogical formations exercise considerable control
on the geohydrologicel conditions, As a result, the groundwater
reservolrs with adequate potentialities are restriceted in the
alluvial tract., As mentioned esrlier the alluvial deposits mainly
consists 6f variable proportions of sand,gravel and clay.Clayey
materials have very low effective porosity and permeability.It
is the sands,gravels and coarser fragments and theilr admixtures
which turn out to be the dependsble aquifer zones., The relative
preponderance of coarser and finer materials regulates the
hydrological characteristices of aquifers.Unassorted materizls

are inferior to uniformly graded materials ss water ylelders.

4,7,1, SUBSURFACE FEATURES THROUGH LITHOLOG SECTION

Based on the available lithologs of the area,three
sectlons are drawn to decipher the subsurface geology and
correlpation of aquifer horizons. However,correlation based
entirely on lithologs has serious limitetions unless electrical

logs are also available,
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4,7.2 SECTION-1 (BUXAR-KOILWAR AREA)

The section (1) as shown in figurez%ﬂ representing the
northern part of the area runs just morth of latitude 25°30'
in a E-W direction in between Buxar and Koilwar(Ganga to Sone)
passing through,Buxar,Dumaraon,Barhampur,Belauti,Arrah and
fo11war,

The section reveals the presence of one major aguifer zone
below a clay capping of about 4.5 m, to 6 m, in the west and east
(at Buxar in the western part ang near Arrah to Koilwar in the
eastern part). In the eentral portion(Dumraon to Belauti)
thickness of top clay inecreases, This shows that near the river
Ganga in the west and near the river Sone in the east,the
thickness of top clay 1s much less as compared to the central

part of the area,

At Buxar the top aquifer horizon i1s at the depth range of
4,5m, to 42 m, but at Dumraon which is about 15 km. east of
Buxar this top aquifer 1s absent as there is 45 m,.thick clay
capping, Further e¢ast at Brahampur the clay capping reduce to
15 m. angd top aquifer is found at the depth range 15 m, to 36 ﬁ.
as at Buxar,.Beyond Belauthi and upto Sone river the thickness
of clay capping reduces and top aquifer horizons are encountered
in the depth range af 3 to 30 m, at Arrah and at 6 m, to 75 m.
at Koilwar.The second clay layer at Buxar seems to be continuous

upto Brahmpur,beyond this upto Sone river the clay layers are
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isolated and are local in horizontal and vertical extent,
Similarly the third clay hori» n pinches out near Brahampur,

All the three gquifer horizons encountered at Buxar ean be
correlated with those met at Dumaraon and Brahampur, However,
further towards east i,e. near Belauthi on accozirxt of the absence
of intervening clay layers only one thick aguifer mne is encbun-
tered in the depth range of 22 m. to 92 m, beyond which depth
drilling has mot been done.Here all the three aquiferzones whieh
are met at the western part,merge together,Beyond Belauthi upto
Koilwar the thickness of sand horizon increases much more as

compared t0 clay horizon,

It eould be broadly conecluded that more elay zones are
encountered in the central pért of the area(doab) while near
'western ang eastern partion i,e, near to river Ganga andSone

the percentage of granular (aquifer) horizon is very high
4,7.3 SECTION 2 (BICHHIYA-SAHAB AREA)

This section as shown in fig.44D lies just north of latitude
25°15' in a E~W direction in between Bichhiya and Sshar (river
Durgauti to vSone) and passes through Blchhiy:,Hamgarh,Baruna, .
Kochasg,Dinara,Dawath,Sakreta and Sahar.In this section Bichhiya
and Ramgarh lie outside the study area,but as the lithologs at
these two places are avsilable upto bed rock so these have also

been congsigered.

CERTRAL LIBRARY UNIVERSHY OF «OOWMEE

r\(\__r\-- “? .
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The top clay layer lies in the depth range of 4 to 27 m,
and the distribution of the capping is somewhat erratic, The
thickness of clay capping increases gradually,eastward from 13m,
at Bichhiya to 18 m. at Ramgarh and 27m, at Baruna.At places
there are isolated thin sand lense within the clasy c@pping.There
seems to be a lateral East-West contimuity of the clay horizon
at the depth range ¥of 18 to e3 m. in the central and eastern
portion,It is found that the top aquifer which cccurs in the
depth range of 4,6 to 27 m, show a similar continuity. The second
and third aquifer horizons can be correlated in all the bore-
holes of this section. The cumulative thickness of clay horizon
is comparatively more in the central portion than in the esstern

and western portion,
4,7.4 SECTION 3 (SIMPUR-DEHRI AREA)

The section (3) as shown in the fig.44(0runs in the V=S
direction from Ganga river in the mrth to western high level
canal in the south and it passes through Simpur,Arrah,Singht,
Charpokhari,Sgkreta,Nasriganj and Dehri, Simpur lies in the
mrthern portion while Dehri is ¥ situzted in the southern

part of the section.

The clay cappimg which,increases from 2.4 m, thickness
at Simpur to 33 m, thickness at Charpokhar (lying in the central
portion) 1is reduced to 2 m, at Nasriganj and 4.5 m., at Dehri,
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The three ayuifer horizons which are encountered in the
central portion at Sakreta and Nasriganj,merge together to from
thick aquifer zone 1in the range 2.4 m., to 93 m, at Simur and in
the range 25 m., to 97 m, at Arrsh,both representing northern part
of the study area, Ag the elay capping is in the range of 27 m.
to 33m, at Singhi and Charpokhari so the top aquifer horizon is
absent at these two places. However,further southwards at Sgkreta
and Nasriganj all the three aquifers are encountered. At Dehri
only first and second aquifer horizons are present due to

presence of bed rock at 54 m. depth.

It 15 found that the clay 1s more in the central ang
southern portion while it 1s very less in the morthern portion

of the section,

4,8 CONCLUSICN BASED ON SUBSURFACE LITHOLOGYCAL SECTIONS

By comparing the E-W (1 ang 2) and N-S(3) sections following

econclusions regarding subsurface lithology can be made.

(1) The smount of clay 1s more in the central and southern

part of the asrea while it is less in the northern portion.

(11) The aquifer and aquicluds horizons show greater lateral
continuity in the East-West direction espeecially in the northern
portion.However, in the North—South direction this extent 1is more
of local character. This can also be observed from the centre of

gravity map(fig. 4'8) drawn by further analysing the lithologs



vide Art.4.8, Art.4.9 and Art.4.10,

(111) In the central and southern portion there are more

number of clay layers inbetween the aquifer horizons.

(iv) The total thickness of clay in the southern part of the

area 1.,e, towards the outérop areas of Vinghyan rocks,is more
while the total thickness of sand horizon is greater near the
present river (Gangs and Sone) courses 1.,e. in the easterXmorthern
and western part of the doab,such a conclusion is in conformity

with the vertieal variability maps vide Art.4.9 snd Art.4.10.

4,9 SUB-SURFACE LITHOLOGICAL MAP

4.9,1 INCRODUCTION

For geohydrologieal studies,the subsurface maps are
prepared to ascertaln the position and thickness of the various

horizons,

The conventional facels maps are designed to show the areal
variastion in a stratigraphie unit; However, mo single number or
symbol completely expresses the whole chéracter of a stratigraphie
section., The variety of rock types present,their repeated position
in the stratigraphic interval and the varying thicknesses of beds
from top to bottom of the section present a complex inter

relationship that is difficult to reduce to any single summary
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mumber. Therefore, & series of maps are needed each communicating
information on the selected features of the overall aspect. 4

map that shows the areas varlation in percentage of sgand in a
stratigraphic unit communicates no information on whether the sand
oceurs as & single body or many or whether it is near the top

or bottom of the unit,

The distinetion between corwentional facies maps that show
the areal variations and vertical variability map is that,the
latter takes account of individual beds ang their placements in
the section. They may be illustrated by compiling the stratigra—

phic# data from the out crops and from well logs respectively,

Fig.45 (&) shows hypothetical litholog showing sandstone,
shale and limestone distribution(Domenico et 31;1964).1n
preparing the conventional fecies maps of any unit e.g.sandstone,
the total amount of sandstone present in the unit is obtained by
adding the thickness of each sandstone occurrence and expressing
the result as & total footage,This combines all the sandstone

into a single aggregste &8s has beeny shown in fig.4.5 (B),

By this proeess the total thickness of the sandstone is
computed and from this,it could be possible to prepare conventional
maps of sandstone thicknesses,percentage of sandstone in section

or various ratios involving the sand content.



For vertieal variability;{ maps, the sandstones are
retained 1n thelr original positions and thicknesses as shown
in £1g(C), Preservation of sandstone identities permite?l
preparation of maps showing the number of sandstones in the
section,the average thicknssses of the sandstone or the average

position of the sandstone in the sectién.

4,9,2 TYPES OF VERTICAL VARIABILITY MAPS AND METHOD OF THEIR
PA JON v
The vertical variability maps have been divided imto two
categories (Domenico et.al,l964),

(1) Mgps designed to show the degree of dlfferentiation of g
section into discrete units of gifferent lithologie parts.,

(11) Maps that stow relative position of one lithologie type withi

a given sectlon,

In the case of second type of maps, the moments have been
applied to express the positional relations of the beds as a
continwous varigble, (Krumbein angd Libby,1957);1t ineludes ‘centre
of gravity' and ‘'standgard deviation' maps.Variations in the gross
lithology can be deseribed by mapping the relative centre of
gravity and the relative standard devistion around the centre,

By superimposing the centre of gravity and standard deviation

mapPs, a vertical variabllity map can be prepared.
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CENTRE OF GRAVITY (MEAN POSITION)MAP

The relative centre of gravity expresses the average
position of selected units within a 1afger unit either as a
dist&nce 1in metres from a predetermined dstumy plane or as a
percentage Qf total thickness of the sectionr’ also measured

from the datum plane,

The method of computing the mean position of sands in a
stratigraphic unit is illustrated in fig.4.¢ .The position of
sach sénd unit is indicated .on a sample log as shown in the
Fig. (A). The distance from the top of the stratigrasphic unit
to the centre of sand horizon is measured and recorded for each
sand oceurrence,8s 1s the thi;kneSSes of the individual sand,

The distance from the top'h' for each sand is multiplied by

the sand thickness't' to obtain the product h.t. The products are
summed and divided by the total sand thickness.This 1s the

centre of gravity of the sands below the top of the section,
expressed as a welghted mean that takes into account the thickness
of the 1ndividual sands. Centre of gravity also represents the

welghted arithmetic mean position of the sand.

The centre of gravity can be expressed as a relative value
by dividing it by the thickness of the section and multiplying
the result by 100 to obtain the percentage of the distance from
the top of the unit to the position of the centre of gravity.

P



'f (e

Similar relative values can be plotted on & base map for each
control point, and contours of equal values can be drawn through

the points.

Centre of gravity ingicates the changing position of the sand
below the top of the unit,but they do not indicate whether the
individual sands occupy a narrow zone within the stratigraphie
unit or whether they are distributed throughout the unit, So it
is desirable to supplement the centre of gravity map with ancther
type of map that indlcstes how wldely,on the average,the sands
are distributed through the section, This ean be done by computing
the second moment of the sand dlstribution.which is ealled the
standard deviation map,

4,9,3. STANDARD DEVIATION(AVERAGE DISPERSION)IMAPS

The centre of gravity represents the first moment of the
distribution. The second moment deseribes the average spread of
the distribution and can be used to compute the standard deviw
ation of the sand bodies about the centre of gravity.The standarq
deviation is that interval which when added to and substracted from
the centre of gravity,provides a range that contsins,on the

average,about two third of the sands in the distribution,

The method of computing the standard deviation 1s shown in
the Fig.4.6 . When the standard deviation is expressed relatively
as a percentage of the total thickness,it provides an easily

visualised measure of the dispersion of sands through the unit,



A combined pattern map based on the centre of gravity and
standard deviation can be prepared to show how the two aspects

are related.

4,10 SUBSURFACE MAPS OF THE AREA

In thls study an attehpt has been made to draw the centre
of gravity map,standard deviation map,vertical variability paftérn
map and percentage of cumulative sand thickness map in order to
find the lateral and vertieal distribution of the aquifer (sand)
horizons.These maps have been drawn on the basis of gome 200

lithologs avallable for different parts in this area,

As the chief water ylelding formation in the area are sangd
with gravel and kankar,they have been grouped together to form
sand unit. On the other hand.clay and silt together with kankar
have been grouped together as the impermeable horizons,represen—
ting the other 1.e, clay unit,It is found from the lithologs of
various well that the major water yleldlng sands which have been
tapped by the state tubewells lie within a depth of 250 feet(?ﬁxn),
rrﬁm the ground surface; So, the mapping unit chosen for preparing
these maps is the interval upto 75 m, depth below the ground

surface.

Based on the values of relative standard deviation angd
relative centre of gravity(computed as desecribed above),contour

maps have been prepared as shown in Fig.47 and 4.8. After
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superimposing the centre of gravity and standard deviation
maps, a vertical variability pattern maep has been prepared. To
supplement the vertiecal varigbility pattern map,cumulative sand

thickness percentsge map(conventional facies map) for depth

4.11 IN'ERPRET ATION OF DATA

In the vertical vasriability pattern map(¥ig,.4.9 3 which is
prepared by superimposing,the centre of gravity and standard
deviation maps,various classes can be ldentified which show the

variation in the dgistribution of aguifer horizon baéed on the

Relatjve centre of gravity Relgtive standard deviation
20% to 40% (High position) 0 %Zto 2% (small sprea-d)
40% to 60% (Medium position) £0% to 40% (large spread)
60% to 80% (Low position)

Thus six possible combinations can be made each of which

has been deseribed below:

4;11-1. CLASS=I
CHARACTERISTICS |
20% to 40% (nhigh position)
0% to 20% (smsll spread)

u

Relative centre of gravity

)]

Relatipe standard deviation
Average percentage of permeable material

i.e.percentage of cumulative sand thickness = 55%
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The above interpretation indicate that the main sand ang
gravel development occurs in the upper porition of the section
and generally consists of one or a few thin lenses interbedded
with the materials of negligible permeablility.In reference to
the ground surface the centre—of-gravity is between 156 to 30 m,
in depth. As the percentage average 557 the permeable materials
occur as relatively thick lenses interbedded with almost equal

thickness of c¢clay lenses.
4.,11,2 CLASS~1

CHARACTERISTICS
40% to 60% (Medium positio
0f to 0%(Small spread)

Averagé'percentage of permeable materials in the north and

it

Relative centre of gravity

Relstive standard deviation

i

north west is 85%(very high) while it is 70%(high) in east
and is low 1.e.35% in the West,

The area under class II occurs as three different zones —
one in the north and north east along river Ganga,the second
in the east along river Sone and the third in the west along

river Karamnasa,

Northern Zone — The main sang and gravel development occurs in
the middle porition of the section and in reference to ground
surface the centre of gravity is between 30 m. to 45m. badlow



~ 81 -

ground surfacel The very high percentage of sand indicates very
thick lenses of sand and very thin interbedded layers of silt

and clay.

T e nd Ea rn ne

The centre of gravity and spread are similar to the northern
portion as deseribed above.The high percentage of sand indieates
large body of sand interbedded with relatively thin lenses of
silt and clay formstion,

The abové mentioned two portions lie adjolining to the river
Ganga,Sone and Karmanasa,The interpretation seems to be logical
ag in those portion the proportion of sand horizon is always
much higher as compared to the clay formation. As these areas lie
near to the river,therefore in the recent past they might have

been the course of the river.,

Western Zone The mean positlon and spread are similsr as
described above but the percentage of sand horizon 1s relatively
small(35%) indicsting low sand-cley ratio,It means that in the
middle portion thin lenses of sand spread from O to 15 m. either
side of the centre of gravity which is about 30 to 45 m.below

ground surface,

4.11.3 Clgss III
CHARACTERISI ICS

]

60% to 80%(1low position)
0% to 20%(small spread)

Relative centre of gravity
Relative standard deviation

1]
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Average percentage of permeable material in the northern and

western part = 25% and in the eastern part = 50%,

The maln development of permeable materials im in the
lower portion of the interval and consists of thin lenses spread
from O to 15 m, either side of the centre of gravity,which is

about 45 to 60m,below ground surface,

4,11.4 CLASS IV

CHARACTERISTICS

Relative centre of gravity = 20% to 40% (high position)

it

Relative standard devistion 20% to 40%(large spread)

Average percentage of permeasble material = 209 to 35%(Low)

The main development of permesable materials occeurs in the
upper portions of the interval with a spread of 15 to m, either
side of the centre of gravity;The low percentage of permeable
materials coupled with 8 large spread indicates that there are
many thin lenses of sand horizon with large quantities of

material of negligible permeability (clay) interspread.

4.11.5 CLASS-V

CHARACTERISTICS

40% to 60%(Medium position)
20% to 40% (Large spread)

Relative centre of gravity
Relative standard deviation

dt



Average Percentage of permeable material in morth west ig 60%

(high) while it is 35f(low) in the southern part.

The large spread combined with a relatively high percentage
of materials indicate a general alternating sequence of sand-
gravel and silt-clay throughout the total section with the maln
development near the middle of the section,

North west zone — The high sand and gravel percentage indlcates
relatively thick sequence of sand as compared to the elay horizon.
Southern zone : The low percentage of permeable material
indleates that thin lenses of sand are interbedded alternatively
with relatively thick clay units,

The spread is from 15m to 30m. either side of the centre
of gravity which lies betﬁeen Pm, to 45m, below the ground

surface.
4,11.6 CLASS VI

CHARACTERISTICS

Relative centre of gravity

60% to 80% (low position)

Relatiye standard deviation 20% to 40%(Large spread)

it

Average percentage of permeable materlal is 25%(very low)

The very low sand and gravel percentage coupled with

large spread indlcates relatively thin lenses interspread with
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large quantities of silt and clay. The spread is15m. to 30 m,
elther side of the centre of gravity which is 45 m. to 60 m.
below the groung surface,In this class the main development of

permeable material is in the lower porition,

4,12 DISCUSSION

The above pattern of distribution of sgpd and elay horizons
indleate that these are mainly deposited by the shifting courses
o river Ganga.The central part of the doab shows a higher concen—-
tration of sand in the lower portion while clay is predominant at
higher levels.This may indicate that the deep sand horizon in
zone {3) and (6)(Fig.4.9 ) represent the channel sand deposited
by the ancient river course while the clay in the upper horizon

is mainly a result of flood plain deposit.

Ag the course of river Sone was mainly restricted further
towards east 1t has not played any important role in the sedimen—
tation of alluvium in the doab under study.
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CHAPTER-GS5

GROUND WATER

5.1 IN'TRODUCTION

Ag mentioned earller the study area lies within the main
alluvial basin of Bihar which forms a part of the Ganga basin.
Such areas unger alluvial tract are generally endowed with vast
groundwater reserves.The raln water which percolates dowmwards
finds its place in the alluvial formations below the soil capping.
Fresh groundwater occurs in the interstices between the grains
of granular material.These unconsolidated granular materials
are usually compdsed of sands of various grades,gravels and
pebbles, Besides,recherge'from rainfall the other sources of
recharge of ground water reservoir in the alluvigl terrain are
(a) inflow from neighbouring basins,(b) artifieial recharge due
to irrigation water and (e¢) natural recharge by rivers and streams

during high floods.

5.2 GROUND WATER IN ALLUVIAL TRACTS OF BIHAR

The alluvial deposits of Bihar by virtue of their loose,

unconsollgated nature are the best reservoir of groungwater,.



The thickness of the all ivial material ranges from 20 to 3 metres
near the southern hard rock areas to nearly 2500 metres in the
morth Bihar, A consigerable proportion of thig thicknessconsists
of granuler material capable of ylelding good water suppliles,
The main alluviel basin where considerable alluvisl thicknesses
are noticed lie rorth of 25° latitude across the entire breadth
of Bihar,However,in the area south of the Ganga,an exception

is noticed east of longitude 86°,where the Kharagpur and Rajmahal
hills form the main features,with an intervening patch of relati-

vely shallow alluvial fill,

The total alluviagl area of Bihar,which comprises almost
entire morth Bihar and the greater arcas in Patna,Shahabad
(excepting the Adhaura platesu in the South) Gaya (excepting the
@Ghotanagpur plateau and its vicinity),parté of Monghyr(western par
and north Bhagalpur,is about 94,000 square kilometres vhich is 54%
of total ground area of Bihaf.The high yield zone has been compute
as about 75,000 square kilometres which is 43% of total ground
area of Bihar;The mormal amual rainfall in the alluvial plains
of Bihar is 1242 mm,Assuming 20 percent of annual rainfell as
recherge to groundwater reservoir,the annual average recharge
due to rainfall in the alluvial tracts of Bihar works out to
2,33 million hactre metre. The utilization of annual draft till
1974~75 works out to 0,40 million HM,whieh is about 17% of the

anmual recharge.In this rough estimation recharge due to other
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mirnor recharging agents, as mentioned in Art.5.1,has been negle-
cted.

Hence it 1s seen that about 83% of the annual recharge due
to rainfall reﬁains unut1lized, So,there 1s immense prosgpect of
’utilising this ground water resource through proper planning
exploration and development for enhszneling the agro-economic poten—
tialities of the state, Fortunately,the areas of meximum demogra-
phic growth coincide with the tracts endowed with rich soils and

adequate groundwater reserves,

5,3 GROUND WATER CONDITION IN STUDY AREA

The valley of rivers Sone and Ganga and its tributaries are
excellent water-bearing zones.The alluvial fill ranges from shallow
depth of 20 to 20 m, near terrain agjoining the hard rock areas of
Kaimur plateau to S500=700 m; depth range near the southern bark of
river Ganga,So,there is distinet iincrease in the percentage of

aquifer horizons north-wards.,

The study area has large potentialities of ground wster.About
90 percent of the area lles within the high yield zone and rest of
the area in the southefn portion 1s of mogderate yield type. The
Sone basin comprising of Dehri-Arrah and area along south of
Ganga i.e. Arrah—-Buxar are among the best granular zones.The
ploneer high yielding tubewells were taken up in this area,

much before independence.
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There 1ig ampie scope of groundwater exploitation‘on
large scale.At present the groundwszter utllisation on large
scale are limited to (1) area inbetween the south bank of the
Ganga and Maln line of Eéstefn Rgllway from Koélwar to Buxar,
(11) from Chausa to Mohania along the right bank of Karamnasa
river and (1ii) along a linear tract along the rivery Sone in
Dehri-T ilouthu ai-eas and Dehri-Sgsaram areas.,The existing annusl
withdrawal of groundwater in the area is of the order of 61082 HM
for irrigstion purpose Awhereas the surface water utilisation
for the same purpose is of the order of 314612 HM,The percentage
of groundwater utilisation is 19.4% of the surface water for the
irrigation purpose.So,there is good prospect for supplementary
irrigation by tubewells particularly in the tail reaches of the
canals of Sone cdmmand,where shortage of water is being experi-

enced at present,

5,4 OCCURRENCE AND NATURE OF GROUNDWATER RESERVOIR

The prinecipel groundwater reservoir in the area 1s the
unconsolidated alluvial deposits consisting mainly of inter—
bedded and lenticular sands,silts and clay as revealed from
geological cross—-sections,The geological cross-section donot
indlcate any confirning layers which may be continuous over
very large distances.The verious clay = layers show local

confinement only.
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Groundwater in the are& occurs under unconfined condition
in shallow aquifers and under unconfined to semi-confined condi-
tl ons 1n'thé deeper aquifers.’he general gradient of the water
tables is towards morth and river Ganga and Sone are generally
of effluent nature; The depth to water table generally varies
from 1.5 to 13 metres in different parts of the year. The average

seasonal fluctugtlion of water tabhle is of the order of 2 t0 4 metr

The shallow aquifers are usually tapped by open vells and
shallow tubewells,while deeper aquifers are at present tapped by
deep tubewells,

5.5 CONDITION AND NATURE OF WATER TABLE DURIUG 1974m75

Data regarding groungwater levels have been plotted in a
number of mapstBpr— indlcating the depth to water level,
geasonal water level fluctuation.and'éater table contours.A

detalled dlsceussion 1s given below,

5.5,1 PRE MONSOON WATER TABLE DEPTH

In figure (Efl),which shows the premonsoon depth to
water table contours,it l1s seen that the depth of ground water
varies within the range of 4 m. to 13 m, The depth of groung-
water level in the morthern and north-east portion of the area
is 4 m, to 10 m, while in the south and south-west it lies within
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4m, to 13 m, It 1s noticed that along the bank of main
rivers viz,Ganga and Sone, the depth to water-table reduces
but it increases towards the central and the southern portion
of the area,There are three localised zones viz.at Nokha in
the South,at Piru in the east and around Arrah-Ugwantnagar in
the rorth-east,vhere the depth to water~table is minimum i.e,
within 4m,

The average depth to water-table,during pre-monsoon

period of 1974,as has been worked out in table 5.1 is 7.2454 metre

5,5,2 POST MONSOON WATER T ABLE DEPTH

The post monsoon depth to watertsble contours,as shown in
figure(4.2),indicate that the depth of groundwater level lies
within the range of 9 m, to less than 2 m. The maximum depth
of 9 m, is localised at Kargahar in the south-west portion of
the are2 while in the north the maximum depth of 8 m., and more

15 localised within the area bounding Raghunathpur and Ekrasi,

The areas within which the depth to watertable is less
than 1,5 m, are prone to waterlogging.lhe waterlogged sres 1is
located within a tract which passes through Sasaram,Dehri,
Yokha,Rajpur, Nasriganj,Piru, Lalganj,Charpokhari, Sakreta, Sghar,
Sandesh and fhangam.This streteh of area roughly follows the

course of the river Sone.
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The average depth of water table for this period as has
beem¥y worked out vide Table 5,3 is 4,8922 metres

5.5.3 PREMONSOO N WATER T ABLE COTOURS

The water table contours for Premonsoon of 1974 have been
plotted in figure (§:3), The water table contour map gives an
idea about the hydraulle gradient ang direetion of groundwater

moveneunt .

The contours inglcate that the hydraulle gradient in
the eastern part of the area 1s towards NE while in the remain-
ing part it is towards MW i,e, meinly towards river Ggnga. The
river Sone,Karmanasa,Durgauti and Ganga are all effluent in
nature. The general pattern of the water-table contour conform
appropximately to the topography of the area.The groungwater
contours range from the elevation of 95 m. in the southern
portion to £ m. in the northern portion of the area.,The highest
elevations agre met with in the southern and south-eastern part,
of the area 1,e. close to hardrock outcrop;The direction of
groundwater movement 1s practically parallel to the flow of
the river Sone along its western bank.,The water table gradient
1s steePer near the outcrop area and it flattens out towards the

‘econtral and northern portion of the doab.



TABLE S,1

AVERAGE PREMONSOON WATER TABLE DEPTH IN 1974-75

81, Contour Average Area in Proguet of Col,(3)
’ interval contour hactres x col,(4) in H,K,
No, in metres interval
‘ in metres
(1) (2) (3) (4) | (5).
1 ;.eﬁs than M 19062,62 76250,48
2. 4M-51 4,5M 72512, 61 306306, 74
3. 5M=6M 5. M 144356,15 733958.82
4, EM=7M 6. 5M 103043, 6 . 6697834
8, 7TM-8M 7. 54 90756 680662, 5
6. 8M~-oM 8, M 86462,12 734928
7. 9M-10M 9,8 70950 674025,08
8, 10M-11M IO;EM 43187,87 453472, 64
o, 11M-10M 11,5M 25616, 67 §2829%,08
10,  loM1aM 12, 84 5566,48 - 69486
11, More than 134 134 3375 . 4372 .
sum Total 664878,12 4817307,1HM
hactres

Henee average depth to water table

0
= 6648 g. o = 7.2454 metres,
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TABLE 5,8

AVERAGE POST MONSOON WATER TABLE DEPTH IN 1974~75

w—————

Sl., Contour Inter- Area in

Ayerage Pproduet of Col(3)
vkl in metres corntour hactres and Col,(4) in HM
o, interval
in metres , L
(1) (2) (3) (4) (5)
1 less than oM oM 52996, 925 119293,85
2 oM-3M 2,91 102958,72 ©572396,80
3 3M-4M 3,5M 87684,85 206897,01 .
4 4M, sM 4,81 93713 421710,0
5 -6M 5, 8 103548, 91 569515, 20
6 6M-YM 6,5 118984,61 772400,0
7 ™M-8M 7.5M4 68862.933 516472.0
8. 8M-9M 8, M 35104, 564 2982388, 8
] Greatg%:i than oM . .4426,731 39836,80
Sum Total 67580, 11 . 05303610.48M

hactres

So average post monsoon depth to water table

" bt

= 4,8922 metres.

- i, T s T A 2 et i e o




TABIE 5,3

FLUCTUATION IN DEPTH TO WATER TABLE DURING

PREMONSOON TO POST MONSOON PERIOD OF 1974-75

Serial Contour inter—

Average Area in Produet of

o, val in metres contour hactres col,(3) ang (4)
interval in HM

(1) (2) (3) (4) (s

1 Less than 1M M {7a388.28  173348.28

2 1M=-oM i. 5M 196435,.99 224653.98

3 oM 3M c.5M 138421,.28 346053'.45

4 Mgl 3.5M 76089, 28 262811.5

5 AW 4.5 48225,77 217016

6 SMm6M 5. 5M 27872.72 153300

7 More than 6M 64 16066'.833.,‘,96401.,...._,

. Sum Total . ,675460'.25. ... 1543884.HM
hactres

Hence,average rise in water table depth from non-monsoon

to monsoon period of 1974f75

" LR



TABLE 5.4
CHANGE IN DEPTH TO WATE TABLE

IN A YEAR 1974-75_

The following observation shows the difference of depth to

water table during May 1274 and May 1975 i.e.Premonsoon’'74

and Premonsoon*75,

g

s1,

Contour Average Area in Producet of Col,3,
No. Intervzl contour hactres amd ¢o0l.4 in HM
in metres interval
in metres
(1) (2) (3) (4) (5)
1 <-1M -~1M 53360 -~ 532360
2 -] ~OM -0, 5M 130896 -65448
3 OM-~ 1M +0, 5M 300688, 64 +150344, 32
4 IM-2oM +1, 5M 126806,4 +190209,9
5 OM-3M +2, 5M 5347°8,4 +133895
6 >3M +M 16576 +497°R
%2 sum Total 68176 5,44 +523876,92 -
118808,0 . .
- = 405068 HM
Henge net rise in depth to water table during
the year 1974-75 = 405068
681765,.44
= 0,594 metre

f—t— bt
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5,6.,4 POST MONSOON WATER TABLE ZRNRXEX CONTOURS

In Fig.(8:3) along with premonsoon water table contours,
post monsoon water table contours for the year 1974 have also
been plotted. The groundwater contours range from 100 M in
the southern part® &M near the northern boundary of the area.
The highest elevations are met with in the southern part ang
south—eastern part of the area., A perusal of Fig.4 -2 where both
pre and post-monsoon water table contours are plotted, shows
that the contours show &8 complex system of ground water ridges
aligned parallel to the main irrigation esnals.This 1s indieca- |

tive of excessive seepage from these unlined canals,

In comparison with the pre~monsoon water table contours
it 1s observed that:
(1) The hydraulic gradient of post-monsoon water table is
sbeeper.
(11i) Consigerably minor deviations of the contours are roticed
locally,as a contrast to the relstively smooth non-monsoon
contour trends.Such irregularities or deviations are probably

due to the effect of irrigation and local water logging.

(111) Effect of water courses is more promounced during post
monsoon than pre-monsoon,becouse even non-perennial stresms
have water in them during the beginning of post monsoon periogd

1.e. QOctober.
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5.5.5 WATER TABIE FLUCTUATION

Figure(5'4) shows the contours of water table fluctuation
i.e, the difference of pre and post monsoon depth to water table.
The contours indicate that the rise in water table ranges from
1M to 6M, The rise is more near the southern portion of the area,
where 1t varies from 4M to 6M, A localised zone where the rise
in the depth is 5 M,1s moticed in the central portion within
the area sround Nawanagar,This 1s the area where there is greater
percentage of clay(fig.4/0)indicating a low specific yleld,
Thereby it 1s but natural to expect 2 larger fluctuation, Higher
fluctuation of weter level near the rivers ix can be explained

due to recharge gdguring the flood perlod.

The average rise in the depth to water table for the perilod
premonsoon aznd postmonsoon 78 has been worked out as 2,285M

vide Table 5,3.

5.5,6 CHANGE IN DEPTH TO WATER DURING THE PERIOD PRE-MONSOON'74
A ONSO0N '75

L

Figure(§S) shows the difference of depth to water table
contourg during May 1974 and May 1975,1t shows the change 1n
the depth of wrter~table dwing s year.The contours vary from
-1M to +3M, The minus contour shows depletion in water—table
‘s, recharge 18 less than withdrawl whereas the plus contour
show rise in water table,The zero coatour shows no change in

the depth of water-table,



In the areas along the major rivers i.,e. Ggnga and Sone
the rise in water table is upto 2 M while towards the Southern
and Western portion i.e. the areas along Western high level
cénal and Durgauti river the rise is upto 3M,In the Central
portion i.e. the area around Kargahar,Nokha,Kochas ang
Basdiha,there 1s depletion of 1IM in the depth of water tablew
Beyond the 25°15' latitude line {;owards north and north—east
the variation in depth ranges from O to 1M except for a
loecalized zone towards ﬁorthweast around Undwantnagar where a

depletion of 1m., in depth of water table has been noticed.

The average rise 1in the depth of water table during
1974-75 has been worked out as 0,594 metres vide Table 5.4,

5,6 AQUIFER CHARACTERISTICS
5.,6,1 DEFINITIONS

TRANSMIGSSIBILITY

The trénsmissibility is the product of the averasge
permeability and the thickness of the aquifer.The permeability
(k) is the amount of flow per unit cross-sectional area under
the influence of & unit gradient.Cosequently transmissibility
is the rate of flow under a hydraulic gradient equal to unity
through & cross—seéction of unit widgth over the whole thickness
of the aquifer.It 1s designated by the symbol T. It has bthe
dimensions of (Length)®/Time. -



STORAGE COEFFICIENT AND SPECIFIC YIELD

The storage coefficlent and the specific yleld are both
defined as the volume of water relessed or stored per unit
surface area of the aquifer per unit change in the component
of head measured normal to that surface,Bdth ' are desighated by

the symbol S an¢d are dimensionless,

The storage coefficient refers only to the confined parts
of an aquifer and depends on the elasticlty of the aquifer
material and the fluld.

The specific yleld refers to the unconfined parté of an
aguifer.ln practice,it may be considered to equal the effective
porosity or drainable pore space because in unaonfined'aquifers
the effects of the elasticity of aquifer masterial ang flﬁid are
generally negligible,

5.6.2, DETERMINATION OF AGUIFER CHARACTERISTICS

The knowledge of the geohydrologieal structure of the
aqulfer 1is essentlal for the evaluation of safe yleld from
groungwater reservoir,This information regarding the structure
can be obtained by determining the geohydrological constants of
the aquifer,which comprise of the getermination of coeffiecient
of transmisgsibility ang the estimate of specific yield of
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storage ooeff‘iciem:'.ﬁ'or different conditions of aquifer 1,e.
confined,unconf ined or leaky( a confined aguifer whose confining
layers are semi~pervious having a limited resistance to vertical
water movement )4, a systemstic analysis is required for the
determination of these constants,This analysis consists of
earrying out @ pumping tests and analysing the test data for

whiech a number of methods are available.,

In the stugdy area only short duration pumping tests have

been done by the Geologlcal survey of India, Some step—drawdown
tests Wwere also carried out by the Cemtral Ground Water Board,
The short duration pumping tests have been shown that the
aquifer is under confined condition, The strort dquration tests
are likely to give erroneous results regarding aquifer chara-
cteristics. Geological cross—section based on lithologs of
existing tube-wells have revelaed that the aquielude are of
localised nature and thereby the aquifers do mot appear to be

of confined character.,

Singhal (1967) has suggested that systemstic long range
pump tests should be carrled out to evaluate the hyaraulice
characteristices of the deeper aquifers in the Indo-Gangetic
Plain.Hg has further suggested that 'at least two observation
wells should be put for notlng the drawdown, one of these should

tap only the shallow aquifer and other the same horizon as the
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pumping well, Druw-down in the shallow observation will indleate
water-table cbnditions for the tested aquifer and a change in the
values of coefficient of storage can be explained either due to
the delayed gravity drainage or due to the heterogeneity of water
bearing material ,If the pumping from the deeper aquifer does not
appreciably influence the water-level in shallow observation well,
a change in the vaiues of coefficient of storage would indicate
leaky artesian condttion. In order to decide the real nature of
an aquifer the sub-surface geology and sedimentation conditions

should also be given due importance,

Sinee no long duration pumping test has been carried out
in the stugdy=aresz and moreover the short duration pumping test
analysis will not give the true representative values of aquifer
chéracteristica,so,values of § and T have been adopted on the
basis of analysis done over similar type of agquifer in the adjoin-
ing area of Uttar Pradesh,.In this regrrd it 1s worthwhile to
mention that Chatter jee and Roy(69) have found that the ground-
water charazcteristies of the Ganga~Sone alluvial traect of Bihar
do not deviate from the same of the Ganga alluvium of Uttar
Pradesh,Punjab and West Bengal,The aquifers are mostly semi-
confined or free and yields vary from place to place depending

mostly upon facles variations®,
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5,6.3 VALUES OF S AND T IN INDO.GANGETIC PLAIN

The values of 'S' and 'T' in gifferemt parts of Indo-

Gangetic plain are &s followss

S1,%, FPlage

1. Ganga-Hindon Doab 2156
2, Ramganga-Ganga Doab 205
3. Ganga-Yamuns Doab at Meerut 187
4, Gomti-Sai Doab in Egstern UP 136

140

S North Varanasi

5.6..4. VALUE OF '?' BY STEP DRAW DOWN TEST

‘! in CQQZSQQ,

fsf

0,132
0,118
0,110
0,096
0,096

The @enmtral Ground Water Board has carried out step

draw—down tests in the study area and the values of ’T' as

obtained are given below:

- Sl.Mq.  _Flage

1, Akolhi
2. Basantpur
3. Mohania
4; Ratwar

The average value of T works out to 188 em®/sec,

5.6,5 VALUES OF 's' AND ‘T ' ADOPTED

'I" “] mﬂ :SEIO

164
184
197
207

For the present study the values of transmissibility'r’
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and specific yleld'S' have been adopted as 188 cm®/sec.and 0,11
respectively, The value of specific yleld has been adopted on
the basis of the subsurface lithology of the area,which reveals
unconsolidated alluvial deposits of sand,silt and clays and
eonstituting a very extensive hetrogeneous unconfined aquifer,
The behaviour of wster table and its fluetuations to a minimum
value 1n the month of May/June before monsoon and rising atf to
a maximum value in month of Cctober/lovember just after rajiny

season also confirms the unconfined nature of agquifer.
5.7 CHEMICAL QUALI‘I‘Y OF GROUND WATER

The chemieal quality of ground-water in the srea has been
studied in gdetall by the Central Ground Water Board.A large
number of water samples from the shallow as well as deeper aquifer

have been analysed. The general range of chemlcal components is

given belows:

PH 7 to 8,8

EC 180 to 240 micro ohm at 28°C
Chloride 8 to 68 ppm

Bicarbonaste 150 to 80 ppm

Total hardness as c¢a Co3 70 to 580 ppm

TDs 90 to 400

| The results indicate thst the groundwater 1s generally
fromh ang potable.
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CHAPTER-§

WATER BALANCE

6.1 INTRODUCTION

The Internstional Hydrological Programmes ineclude

systematic'groundWater investigations in selected basin,

This involves identification of representstive and
experimental baéins or other units,where co—ordinated hydro—
logical and hydrogeologlcal studies could yleld quantitative
data on the recharge of ground-wster systems ang water balance
which is essential from the péint of view of water resources
evaluation on which any programme of future development has

to be based.

6.1.1 WATER BALANCE

The term ‘water balance ' means a guantitative expression
of the hydrologie cycle and its components.It is basically a
statement of the law of conservation of matter as applied to
the hydrologic cyele,It states that in a specifiesd pericd of
time all water entering a particular area must either enter
into storage within its boundaries,be consumed therein,be
exported therefgrom or flow out eilther as surface or subsurface

flow.
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In one of its more general forms,the water balance may

be expressed as followss

Inputs Outputs

(1) Precipitation on area (1) Evapotranspiration from area
(11) Surface water flow (11)Surface water outflows
(111 )Groungwater inflow {i111) Ground water outflow

The water balance requlres that the various inputs balances
the varlous outputs,any difference being accounted for by the
aggregate cheanges in surface water,soill wster and groungwater
storages, Sokoloﬁ and Chapman (1974) have given a good aceount

of methods of water balance computations,

6.2 WATER BALANCE EQUATION

In the present study most of the terminology used is
as suggested by Sokolov and Chapman{op.cit ).

In the equation form, the water balance for an area may

be stated as followss

Pr QI + Gop = Q+ By + Guo 28G & 4Ss

P 7 Precipitation in the area

US1 end QUI ere respectively surface and Groundwater inflow
from areas outside doab boundaries,

Q = Streamflow both surface and sub-surface

E, ¥ Evapotranspiration from area



=106~

Quo = Ground-water exported to areas outside the
boundaries of the study-area.

AG

ASsg

u

change in Groundwater astorage

i

Change in soil moisture storage

The longer the period over which the hydrologic equation
is drawn, the closer the several items approach the steady state
due to theg approach to an average value for climate conditions,
Since complete long term data for the aréa under study is mot
available the balance for year 1974-75 has been worked out.

6.3 PRECIPITATION

The average rainfall for the area under study has been
vorked out by Thiessen polygon method(Fig.¢-1) for the period
June,1974 to May 1975.1t 1s found to be 869,83 mm,which is
about 79,5% of 75 years average amnual rainfall value(1094,83 mm)
The computation for average depth of rainfall during 1974-76 1s
shown in Table 6.1‘,

6s3v1. WATER INPUT DUE TO PRECIPIT ATION

The area y = 6 . ; Av.depthey Racufald = 870,25 W
he area under study 74822, 5 hactres wﬂ Toks 6.4 and 62

Henece water input due to precipitation guring 1974-75

= 870,625 x 674822, 5
Brafet

P = 587517,33 HM
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TABLE 6,1
Aversge depth of rainfall in the srea by Thiesgen Polygoh Mathod
Station Precipi~ Percentage Welghted preci~-
tation in of area pitation in mm,
mm,

Durgauti 872 0,0098 | 8,56
Mohania 899, 21 0,0368 32,39
Manoharpur 885 0,0783 69. 24
Ramnagar 811,23 0,0638 51.. 8l

Buxar 819.11 0,0316 25.96
Sikraul 892,17  0,0491 43,83
Dumraon 822 0,06582 45,43
Shahpur | 837. 31 0.09a3 78,16
Barhara 860 0,0204 28.29
Koilwar 883, 2 0.0147 13.02
Ugwantnagar 880 0,056 49,28

Ageon 870.2 0.104 90,63

Kaoth 878.32 0,1447 127,07

Dehri - 905,2 0.0515 46,70
Sasaram 912,11 0,0312 28.456
Kargahar 893.1 00,0589 £2.65

Kudra 891 0,0356 31.73
Chenari 863.4 00,0049 4,24

Kochas © 879 0,0459 40,37

Bhabua 979,59 0,00196 1,92

Total 869,83 mm,

mEomnmmennes
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The average depth of rainfall in the study are for the

period June 1974 to May 1975 has also been computed by

Igohyetal method(Fig.6:%),The average depth of precipitation

comes to 871,42 mm,as given in Tpble 6.2,
TABLE 6,2

AVERAGE BEPTH OF RAINFALL BY ISOHYET AL METHOD

NPy

Area inbetween

Isohyetes Aver age Product col (2) x
interval Isohyetes Isohyetes )
in mm, in mm, égtgl:val in 10060  in HM
D) <€42489<K (3 (4)
< 8285 826 82477 68043
825-850 837.56 67482 : 56516
85Q~875 862.5 161002 130241
875-9500 887.5 334913 2972356
900926 912, 5 27492 25086
925-950 937.5 2801 2344
>9850 950 99997 . 9407

Total 675864 ... ...688962

Average depth in mm, 538962 x 1000

675864
= 871,42 mm,

So, for the presemt study the average depth of rainfall

adopted

= 871.42 +869,83

2

= 870,625 mm,
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6.4 SURFACE AND SUBSURFACE INFLOW

The water utilized in the area through surface irrigation
system is the surface inflow Ggy.

QsI = 314612 HM (Art.3,5,1,7 Table 3.4)
Hence total input in the study area during 1874-785,

P+ Qgx |
58751%.33 + 314612
902129, 33 HM

u

The groung water inflow (Qur) from the south has been
neglected becBuse the southern boundsry is demareated by rock
egposures of Vindhyan age. Along the other sides it 1s ban
bounded by well gefined water bodies i,e. river Gangs, Sone,
Karmnasa, Durgauti which are of effluent nature,

6, 5 TOT AL RUNOFF(Q)
This ineludes total streamflow in the erea carried by the

rivers draining the area of the doab,In this case the four boung-
ing rivers i,e. Ganga,Sone,Karamnasa and Durgauti carry all

the runoff( both surface and sub-surfage) from the study area.So,
the stream=flow has been determined by substracting the upstreanm
discharge from gownstream dlscharge and add'i'cing to them the
evapotranspiration loss at potentisl rate for the reach of the

river under reference,
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The computation for streamflow has been given in

Table 6.3. The discharge data &are taken from article 2.4.

TABIE 6,3

TOT AL RUNOFF DURING 1974-785

Neme of  Total anmial Ootream flow Evaposdeng~  Total stres
River flow genera- contribut- peration loss flow contri
ted through 1on from e in bution from
both the ban- study area the reach of study area
ks in HM in HM river vide c0l.3 +
Table 6.4, ecol.,4.in HM
in HM
(1) (2) (3 (4) (5)
o 7 2¢.0 U s
Ganga £84 307 170884 ,05 32400 202984 05
) T ' ot S ¢
Sone 123620.6 43620 Yaro 58330"
- 1 o
Karmanasa 27429 20571,75 1406.‘.,5 21978
Durgauty 36306 18153 1800 10053’
- Total . . = 303245
o

BN ‘! 29,

€6.5.1. The value of total run off generated during 1974-75

from the study area Q =

303045 HM, 261

6.6 gmpomawspmu 0¥ (Bg)

Potential evapotranspiration values for the area under
study are given vige Table 2,7 article 2,6.6. The—evapebranss.. .
pipation st potential rate will occur from the water-logged ared
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and areas unger forest, tall trees,tanks, .ponds and lakes

area under,u(i?nr streams and riversfaﬁd areas adjace “to
ma jor /:’ennial rivers.The evapo,ration from p:}!;)ﬂal river
eo)aréﬂhas been already accoa:(h/ted in Table .643.

(1) E¢ from water lo ares

The wster logging occurs when the water table comes within

1,5 m. depth from ground surface.Assuming that the water table

remains under this range of depth froem August to Mareh,the ET
values have been workéd out as follows:
Water logged area = 45252,48 hactres vide fig.s.2
Evapotranspiration at PE arate during August to Ogtoker
= 30,5 mn. vide Table 2.7
Et value during Monsoon period

= 3&055 x 45252.48
1

=16,808,47 W 7ye 1 farny v
Rate of potential EvapotranspiratioanMuring %vemb'e-r. th
March = 452,4 mm,
Ey velue daring Non-monsoon period

= 452,4 x 456252,48
1000

= ‘2(3,4'72.;.'-2;;--’]::IJ“I -~ 1O23¢ Hm((—u{,ww'ng L'mm,i VL e
8o, annual Ey = value from water logged area

= 15,408,47 + 20,472,22 = 35880,69 HM
i - .

= 1797035 Hm

(,o‘f’%‘-"m“"—a Lvesn Vany o Hcm)
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(11) E¢ from area under forest and tall trees

From article 3.3 (a) the area under forest = 2% hactres
and (b) area undger misecillaneous trees and groves = 4071 hact.
Assuming that 2% of (b) consist of tall trees.Sop the area
under tall trees = 0,5 x 4071 = 035 hactres,

Totgl area = 2035 +250 = 2085 hactres

The evapotranspiration from this area occurs at potential rate
throughout the year,

Henee

E; wvalue during monsoon period i.e.June to October

= 64],1 . x 2285
1000

= 1464,91 EM

Ey  value during ron-monsoon period i.e,November to May

859 x 2285
1000

= 1962.82 HM
So,annual Ey value = 1464.91 + 1962.82 = 3427,73 HM

"

(1i1) Area unger terks,.ponds lakes

The area under tanks,ponds and lakes = 15,000 haetres,
From enquiry it is found that the approximate rumber of ponds
and lakes in the area = 20,000, Assuming area under one pond

as 0,75 hactre, the total area works out to 15,0C0 hactres.
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Et ¢ Mrua¥y dquring monsocon period

= 641,] x 15,000
1000
= 9616,5 HM
Ey & E® tes quring mon-monsoon period

= %g&yx 15,000 .

= 19,885 HM
Annual Bt value = 9616.5 + 12,885 = 22501,5 HM (pccunu

- ) ot
> P1250 ey Liraa, Vi e

(iv) Area under Perennisl rivers

Théigvapotranspiration from perennial rivers 1,e, Ganga,
Sone,Karmnasa,and Durgauti,has been considered while computing
‘the total runoff(Q) from the study area (article 6.5). So Eg
value from these #reas has not been considered under Evapotrans
piration.However, tie computation for the same is given in
Table 6.4. N |

TABLE 6.4

COMPUT ATION FOR [.VAPCERANSPIRATION FROM
PERENVIAL RIVE..S

Effect— Average Percentage of PR Ann- ET val

ive length wigth drainage contri-~ yal ra- Produc
River in HM, in KM bution from te mm, of
study erea for Col,.2,!
the reach of 4,5 in
River , Hit
(1) (2) (3) (4) (5) (6)
- T 301 29 - v
Ganga 120 3 60% 150051 32400
Sone 109 2 45% © 15061 }:4&91
Karmnasa 25 0.5 75% " 18000,1 ! :@
Durgauti 80 0.3 50% n 15060;1 18060

- ~ ' 1548
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(v) Area under miror streams and rivers
Total lenggth of all minor streams and rivers
= 300 km,
Average wigth of the river = 0,25 KM
Period of flow = 3 months
Effective area for Evapotrenspiration

=3 x 300 x 0,25 x 100
12

= 1875 hactres
Annual E¢ from this area = 1800,1 x 1875

“1000

v
2812.5 HM

o it o AN (O et s, W
— e s e L e s T e e

i

Evapotransviration at potential rate will also occur
from the areas adjacent to perennial rivers i.e. Ganga,SGme
Karmnasa ang Durgauti.It is assumed that 1/4 km.width of
land along these rivers is effective for H.tt. (3
Sop effective area along the river bank

= 0,25 (120+30+55-90) x 100 = §625Hacke
=-8360- hactres

Evapotranspiration dquring moncoon period
562

5
= 6_%%51 X 8850 = 5362,18-HM 3606 HM
1l

& Aven o.ﬁawﬁ wren Fne Aag breaw rwﬂ&dcc( oy Hup
bra ¢ of 'gtwLZ’ Covere L  Mnde wadw {.,0"(31:[( a2 a
icle f—’C% S5.9
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PE, during non-monsoon period

625
=889 X BED = FIeSHHb <ABBAMN  241p M
10 . CC«JBJMWU' s Lineas
‘a fyoes
fnnual By value = 5853936 + PIZE:65 = lo6R6.88-M 000 LE
‘ T Goawk

Hence -Total of-annual-Ei—value-at—Potential rate
35880, 69-+-3427+73—+—££6015-6-+12525,83

74335,75 HM-~

"

1
6.6.1, WACTU4E EVAPOTRANSPIRAT ION DJE TOQ RAI NFALL

A

% Totad rumoff generated from the area = 803245* M(rtge 6.5.
~Lhis-total runoff conteins contribution both from the rainf:ll
dnd-the—i-nflow-—of - surface water from area oucslde the doab,
Assuming the comtribution from the surface inflow(GSI) to the
total runoff(y) as 157 of (ST then the net total rumoff from
~the area due to rainfall = 303245 - 47287 = 255958 HM
As input due to rainfall P = 587517.38

Henee _percentage of rainfall converted into rurncff

= 255958 - 45 .44
S87EL7 a3 | toedr

say 437 | .

Now out of total precifitation over the area about 43% is
converted into runoff and is not available for evapotrans—
piration except PF from water surface which has already been

taken into accoaint, Further out of remaining 57% guring the

-
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AN rainy season,substantial amunt percolates deep down the
earth to join the water table and is rot available for Et
excePt in cases of water logged arecs,areas under tall trees
and forest,arecas adjoining to the perenmial river,whieh have
already been taken into aceount as art,6,6,The average
percolation as measured in similar catchment in Uttar Pragdesh
»y tritiun injection method (Seksen2,1974) comes to about
22% of rainfall,

Soil molsture accretion of 100 mm(Ssksena '74) after
Jovember has been t:izen whiech shall be availasble for ET in
the subsequent month.Based on this criteria the monthly values

for actual Ey has been calculated in Table 6.5
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?ﬂso, actual rate of annual evapotranspiration during 1974-75
= 401,602 mm,

Area available for the Evapotranspiration

Total area - paved area — area already taken for PE

i

674822.5 — 2500 - (45252,48 +2285 + 15000 +1875 + 8350) hactres

it

674822,5 — 75262,48 = 599560 hactres

. As part of this area 1s covered with vegetstion,so while
computing for ET, the factor of cropping,intensity has to be
consigdered. ,

The existing cropping intensity in the area = 103 %
so the annual evsapotranspiration in the are2 due to rainfall

at actual rate = 1,03 x g%%6§22 x 5295660

= 248008 HM

P e ey

,\é. 6.2 ADDITIONAL EVAPOTRANSPIRATION IN IRRIGATED AREA

In irrigated areas,due to application of additional water
through eanals,tubevwells and other sources increased evapo—

transpiration takes place limited to the maximum value of PE,

The existing camal system in the area are unlined.looses in
transit through such system will mainly comprise of seepage int
the sub-soll and little of evaporattion loss.It has been assume
in the present study ’cha’q about Bg-gpéi'cent of the transit looss
is dque to seepage and éga”éf the transit looss is caused by

evaporation.The rate of transit losses have been adopted
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onh the basis of the Bihar Irrigation Commission Report ang it
is of following order:
Transit losses in mailn canal = 10% of the canal head discharge

" . B  pistributaries and minors = 15% of
distributarles head discharge.
n " " Water courses and field channel = 207 of
X outlet discharge.

The transit losses,seepage and evapotranspiration have been

computed on above basis vide Table No,6.6,6.2., and 6,8.
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, The total water available at the cultivators field for
irrigation is equal to 258562, 55 HM and assuming that 75 percent
of water applied in the field has been used up by plants for |
transpiratibn ang by surrounding soll for evaporstion ang the
remaining 25% of water is the recharge to the groundwatsr from
the irrigated field.Based on this interia the computations hag

been done 1in table €.8,

The annual Evapotranspiration loss from irrigated fleld

works out to 193921,39 HM,

The annudl Evapotranspiration due to irrigation water
| = 24994,11 + 193921, 39
= 218215,5 HM

X6.6,3 TOTAL EVAPOTRANSPIRATION

The total annual Evapotranspiration on all zccounts is

given as follows:

]

74335,75 HM
248008 HM

(1) Potential Evapotranspiration

i

(11) Actual Ivoootranspiration from
rainfall, L
(111) Adaitiowl 'vapotransoiration = 218915,5 HM

Total 'vapotranspiration =541259, 256 HM
so, annual Evapotr:ns. iration guring 1374-75

Ey = 541259,25 Ui
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6.7 CHANGE IN GROUND WATELR STORAGE

The change in ground water storage has been computed
by the help of the difference of depth to water table contours
during May 1974 and May 1975, The contours are shown in
fig.s5.5.0etail deseription of the cortour ang the ecomputation
for average rise in depth to water-table during the year has
been dealt in article 5,5,6, and Table 5.4, The net rise in
depth to water—table during the year 1974-75 bBas been worked

out as 0,594 metre.

f

Since specific yleld 11%(vide art.5.6.5)

Area of the study

¢}

674822,5 Hactres
Henee inerease in groundwater storage

AG = 0110 x 0.594 x 674822.5

6.8 CHANGE IN SOIL MOISTURE STORAGE (ASg)
The change of the soll molsture in the period involved

6,9 GROUND WATER OUTFLOW TO AREAS OUTSIDE THE LOAB(Q wo)

The outfiow of ground water fronm the area is governed by
the hydraulic gradient ang the transmissibility of the aquifer.
This gradient of the aquifer can be determined by taking the
slope of the water table mormal to water table contours,The

outflow 1s then determined by the folldwing relationship.
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L
Q== Ti a4
where T 1s the transmissibility
i 1is the hydraullie grasdlent average over & length
L 1sthe total length of the contour £line
The out flow as has been worked out in Table 6.9, comes

| TABLE 6,9 |
COMPUT ATION FOR Qug (GROUND WATER QUT FLOW)

Perioga T,Transmi~ Ib.of Average Length of Out flow of HM
ssibility days hydraulie contour = product of 2,3,
en®/sec. Gradient 4 and 5,

1 2 3 4 5 6

Monsoon 188 163  3.41x10~% 13,12 x 10%*  1111.85 HM

period ‘ metres

Non-mon - '

soon 188 212 3.56x10 14,464%10¢ 1773.15 HM

period netres

Total . 2885 iM

6.7 WATER BALANCE RESULT
The water balance eyuation 1s modified for the present study as

P+ (g1 = Q+ Eg + Qo +4G



- 126 -~

The items on left hand side of the equation represent input
components while the r'ight hand sidé items are output compo~
nents. It 1s to be seen that for an equilibrium to exist the
left hand side must be equal to right hang side of the sbove

equation,

il

The Input component 02129,23 HM (art. 6.4)
- The sutput compon-nd = 303245 + B521958,25 + 2885+44C ¢, O

S 9
= 85145.,15 LM

The difference of left hgnd slde and right hand side
= 20gizY, 3" - 821482,156

]

10327 01, Triz ‘s unsceounted water.

"/ 6.8 UNACCOUN'ED WATER

The unaeccounted water may be due to the following reasonss

(L) The subsurfece lithologs have inagicated that the

confining leycrs are comparised of lenses of silt and clay and
therefore it is passible thatthis water may be leaking through
the bottom most cinfining layer and may not reflect itself in

rise of water tablo,

(11) It is possible that the specific yield of 117 as
adopted,may not be "ruely representative for the area if
this value is corrected in the light of unacecounted water as

follows:?
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Correct specific yield = AG hnaccounted water g
verage rise of depth x Area
%40gg,gg+;0§gzn
.594 x674822.5

0,136 %

= 13.6%

Now we arrive at a specific yield value of 13.8% as given

Y

above.However, this is quite on the higher side keeping in
view the lithology of aquifer,

(111) There may be under estimation in the estimated value of
total runoff(Q),Evapotranspiration(Ey) and Ground Water outflow

(Quo).

However, out of the above three reasons the maximum weight
age 1s to be given to (i) and thus unaccounted water 1s to be
taken as leakage through bottom most 2quieclude and the water

balance equation is rewritten as

P+ QuI + @1 = Q@+ E + Quut &G+ 45g+ L
Where L is the leskage of groundg water through bottom most

aquiclude.

The groundWater balance for this period has been given

in Chapter 7.
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CHAPTE Re 7

GROUND WATER BALANCE

7.1 GENERAL

Ground water hydrology deals with the hydraulic chara—
cterigstics of aquifers and the hydraulie function of aquifer
in respense to recharge and discharge of water-matural or
induced.The mass movement of water within an aquifer system
containing water is a function of the gradient in gravity
head,of the abllity of the aquifer to transmit wafer,and of
its storage function.?he interval complexities of aquifer are
to some extent offset by influent and effluent seepage along
stream channels and canals,which redistribute the water
resources more readily than ean occur within the aquifer
themselves.In this setting,the wide seasonal range of stage
of the rivers results in massive regharge of the ground water
reservoir during monsoon and massive dlscharge from it during
the winter ang summer,This annual cycle of recharge and dis-
charge eombines with the groundwater flow beneath the inter-
fluvial areas in the general direction of the land-surface

slope.

The nature of recharge and discharge in a grounswater
basin could be studied by analysing the hydrologie data of a
number of years preferably covering one cycle of a dry ang wet

years,Thig will enable to determine the recharge for an average



year, sO that ground water potential of the area is known, Any
development of the area beyond this average recharge would

cause Mining' of ground-water and this will not only increase
the cost of pumping but also effect the surface supply of the
bounding streams,lt is,therefore,necess.ary to' limit the exploit-

ation,of groung water reservoir to the safe yleld of the aquifer.

7.2 GROUND WATER BALANCE EQUAT ION

In termg of the hydrologle cycle for a particular groundg—
water basin,a balance must exist between the quantity of water
supplied to the basin and the amount stored within or leaving
the basin.The groundawater balance equation provides a quantita—

tive statement of such balance.lt contains following components,

ITEM OF RECHARGE

(1) Precipitation infiltrating to the water table
(11) Natural recharge due to influent seepage from streams.
lakes and ponds.
(111) Artificisl recharge from canals,reservoirs,return flow
of irrigstion water, spreading operations and seepage due to

subsurface irrigation,

ITEM OF DISCHARGE
(1) Evaporation from capillary fringe and in waterlogged

area or shallow water table areas and transgpiration by phreoto—

phytes.
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(11) Natur@l discharge i.e. effluent seepage and spring
flow of Streams,lakes and ponds.

(111) Groung water outflow to areas outside the boundaries
of specifled area,

(iv) Artifiecial discharge by pumping,flowing wells,or

drains and other consumptive use.

The ground water 'balance requires that the total items
of recharge,balance the total items of dlscharge,any differ-

ences being &ccounted for by changes in ground water storage.

The ground water balance equation can be written as

followss

(Bp =Rp + RaQUI) — (Eg+Dg+Dg+Quo+ed )=t aGs,..(7.1)

where

Rp = Recharge to ground water due to rainfall

Rn = Natural recharge from streams,lskes and ponds i,e.

infiluent seepage.

Ra = Artifielal recharge from canals,reservoirs,spreading
opergtion and injection wells, and return flow of
irrigation water,

QUI = Ground water inflow from érea outside the basin

boundgary.
Bt = Evaporation from capillary fringe 1n water logged
or shallow water table areas and transpiration by

phreotophytes,



- 131 -

De = Natural discherge by seepage and spring flow of streams,

lakes ang ponds i.e. effluent seepage loss,

De = Artificialldischarge'by pumping or other 1lifting devices
or flowing wells ang other consumptive use.

QU0 = Ground water outflow.

Gl = Ground water leakage from the bottom-most aquiclude.

AGs = Change in ground water storage for the period considered,

7.3 PERIOD CONSIDERED FOR BALANCE

The ground water balance considered for the monsoon and
norn-monsoon period separately as follows:?

(8) June 1974 to October 1974 (Monsoon period)

7.4 GROUND WATER BABANCE FOR MONSOON PERIOD

7.4.1, RECHARGE DUE TO RAINFALL (Rp)

Part of the rainfsll on the ground is infilterated into
the sgoil while other runsoff;Ths fraction of water that
1nfiltrates'is utilized partly in filling the soll moisture

deficlency and part of it is percolated down rezching the
water table. This water reaching the water—table is known as

the rechsrge from rainfall to aquifer,



As direct measurement of this element is extremely
difficult it 1is being generally estimated by emperical formulae
or indirectly by estimating 211 other items of grbundwater
balance equation(7.1) and solving equation for prodable value
of Rp., In the present study both the approach have been utili-

zed to determine Rp.

EMPERIC AL FORMULAE

Three emperical relstionships has been utilized to deter—

mine the recharge from rainfall gata,

(1) CHATURVEDI FORMULA

This formula was developed in the Ganga Yamuna Doagb in

1936 and glves recharge as & function of anmual precipitation,

2/6
R = 2(p-15) . (7.2)
Where R is the net recharge due to precipitation during
the year in inches

and P = Annual precipitation in inches,

(11) U,P,IRRIGATION RESEARCH INSTITUTE, ROORKEE FORMULA

It is a modification of Chaturvedi’'s formula ang is
expressed as

R = 1.35 (P-14)1/2 e . (7.3)
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(141) AMRITSAR FORMULA

This formula has been developed by Irrigation and Power

Research Institute,Punjab,smriisar in the form, ﬁ&xxgxﬁ
R = 2.5 (p-16)1/2 . (7.4)

The computation for Rp has been given in Table 7.1, The
recharge 1s ecaleulated for the annual rainfall during 1974-75

and also for 74 year average annugl rainfall,

7.4.2, NATURAL RECHARGE (INFLUENT SEEPAGE)Rn

The seepage of water from the rivers both major and
minor during the period of high flood is considered as natural
recharge or influyent seepage.The rste of recharge or seepage
to the ground‘water has been assumed as 1,5 cumees per million
square metres of vetted area, The computation for Rn is

given in Table 7.2.

7.4.3 ARTIFICTIAL RECHARGE (Ra)

The recharge to ground water from the canal system and
from the irrigated field are considered under artificlsl
recharge.The recharge from these systems have already been cal-
culatedq in Tsbles 6.6,6,7, and 6.8 vide art.6.6.2. The
recharge from canals during transition in monsoon period
(kharif) = 70167.84 iilM, The recharge from irrigated field
during kharif = 438:4.4 HM,Hener RA,artifici-1l recharge
= 70167,84 + 43822,4 = 114002,24 HM



TABLE 7.
COMPUT AT 10 FOR RECHARGE DUE T0. B4l FuLL (Rp)

Formula used

for the year 1974~75

gy

For 74 year average rain fall

Anmual av, Recharge Percentage 74 yr. Recharge Percentage of
rainfall p;. R inmm, of snnual Anmnual av, R in mm. Annual rainfall,
in mm. rain fall  rainfall S : C
P in mm,

Chaturvedl 870,625 165,60 19,034 1094,83 193,04 17.63%

formula

U.P, Irriga- 870.625 154,305 17.73% 1094.83 185,17 16,92%

tion Resear-

ch Institute

formula

Apritsar 870.625 271.15 31.17% 1004,83 330,708 30,2¢

formula
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TABLE 7,2

Effective Effective Rate of see~ Period of high

River Natural recharge
length wetted page loss flood in days = Product of
metre area in M®* cumecs/m®, : c0l,3,x 4x5. in HM

(1) (z) (3) (4) (5) | ()

: 3 6 o0 |
Ganga 120x10 60x10 1.5 cumecs 30 23328 HM
_ per 10%°sq.m.

Sone 190 x 10% 27,25x10° " 0 7063, 2HM

Karmnasa 25x10% 6.25 x10° . n 15 1215 HM

Durgauti 80x102 20x10° “ 15 3888 HM

Minor 300x10%  15x10° | n 7 1360,8 HM

rivers _

Total . .. . .36855 HM
mmbawuwwnzwmw Recharge #n = 36855 HM,
The Hmommwmm from lakes and ponds are omitted because they are mostly

effluent in character,

AN . ro. S
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7.4.4 GROUND WATER I NFLOW{(Qu1)

The ground w-ter inflow from area outside the boundary has
been neglected because the study area ia bounded from alls ides by
well defined water bodies.Moredver, it is observed that the
hydraulie gradient of the water table contour is from south to
north and in.the southern portion Vindhyan hill 1s situated,
therefore due to presence of tkeir ground water barrier,the
inflow of ground-wster in the study area from the Southern portion
cén be neglected.

7.4.5_EVAPOTRANSPIRATIO N (Et)

The evapotwmmmmbration from grouhd water will t;ke place
in c:se of water logged areas,arcuas covered with forest ang big
trees,ar eés under pones,tnnké znd lakes ang arees acdjscent to
ma lor perennlial rivers.the v:lue of E¢ from ahove wentioned areas
have been calculated vide art,6,6 and thls value for monsoon
neriod works out to 15,408.47 + 1464,91 + 9816,5 + 5353.18
l.e. B = 31843.16 Il

7.4.6. W2 L I CR AP (BFFLUENT SEEPAGE) De

The total flow in the study area on this account is carried
away by the main bounding rivers,Gsanga, Sone,Marmanssa ang
Durgauti.The difference in monthly flows in these rivers in betwee:
the points upstream ang downstream of the reach of the rivers

falling within the study ares are known vide art.2.4, The effluent



seepage from the doab has been determined by computing the

bage flow component from the hydrograph of the rivers (Fig.224R3)
and is given in Table 7.3. There will be also evaporation

loss in the resch of the river falling within the study area.

The evaporation loss is assumed as lo¥ of the discharge value.

TABLE 7.3 = ... ..
NATURAL DISCHARGE (EFFLUENT SEEPAGE)DS

t

River Effiluent Evgpotranspiration Natural discharge
seepage loss in the reach = col(2)+col.(3§ in
in HM of river BEM

(1) (2) (3) o

Ganga 13le2 1al2 14434

Sone 4340 434 4774

Karmanasa 1645 164 1809

Durgauti 1452 145 1597

Total = 22614 HM

Hence,natural discharge during monsoon period

De = 22614 HM

7.4.7. ARTIFICIAL DISCHARGE (Dg)

The withdrawl of ground water by tubewells and open wells
for irrigation,domestie :ngd ilndustrial purposes will constitute
the artificial dlscherge De.



The withdrawl from existing state tube wells,private
.tubewells,cpen.boring and dug wells have been computed vide
Table 3.6 art.3.6 for irrigation purpose ang vide sasrt.3.2 for
domestic andindustrial purposes.The values obtained are as
follows: ‘

Drawl during monsoon (kharif) period for
1rrigation purpose = 49857 HM
for domesic and industrial
purposes = 5 _ x 26122 = 10884 HM
Henece artificial disigarge,Dc during monsoon period:

= 42857 +10884 = 53741 HM

7.4.8 GROUND WATER OUr FLOW (Gro)

The ground water outflow as computed vide art,.6.9,Tsble 6.9
works out to 1111.85 HM for monsoon period.
so, Quo = 1111.85 HM

7.4.,9 GROUND WATER LEAKAGE (Gl)

It has been found that there 1s a leakage of 10647 HM
(vide srt.6.8) of water from the bottom most aquielude as s
diseharging faetor 1,e. output components of water balance
equation.

The ground water leakage for monsoon period is computed
as follows

The annugl leakage = 10647 M
Hence leakage during June to October =.5__ x 10647

Gl = 4436 HM
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7.4.10 CEANGE IN GROUND WATER STORAGE (4Gs)

Fig, (54 ) shows the fluctuation contour i.e.the difference
of pre and post-monsoon depth (May/June 74 to Oct. '74) to water
table contours.The detall deseription and computation are given
in art.5.5.5. and in Table 5.3.

The average rise of water teble works out to 2.285 metre
Specific ybeld 11%
674822.5 Hactres .

]

The arca of study '
Hence.change in ground water storage
AGs =.0,11x2,285x6748822.5

= 169616.63 HM |

PR Y

V) 7.5 GROUND WATER BALANCE RESULT FR§ FOR MONSOON PERIOD

Recharging fagtors.
1. Rec—ﬁarge due to rzinfall = Rp HM

i

2, Notural recharge,iin | 36855 HM

3. Artifieial recharge,fa

N

1140.<,24 WM

4., Inflow' from Southern boundary,QUI =Nil(assumed)
Total = ( Rp +140857.52) HM

) /

Diggharging foctorg

1. Evapotranspiration loss Et = r1842,06 II)M
2, Woturel -~ischsrge{effluent
seepage JDe = 2614 HM
3. Artificial discharge(Pumpage)De = 53741 HM
4. Ground water ou*flow i, = 1111.85 HK
6. Grounduiter lezicge,Gl = 24436 HX¥
Tounl = 113745, 01 HHU
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Adaltional storage,AGs = 169616.63 HM
Tgking Recharge — Discharge = Additional storaege
' i.e. Bp + 150857,94 — 113745.71 = 169616,63

or .,Rp = 169616,63 — 37120.33
~ Rp = 132496, 3

Net input due to rainfall P,vide art.6.3.1.= 587517,33HM
». Percentage of rainfall to recharge = ¢2.55% |

7.6 The percentage of rainfall whiceh recharge the ground
wagter reservoir as computed by the emperical formula vide Tgble 7,
are as follows:

Formula used Recharge as percentage of .

rainfall
Chaturvedi formula 19,03%
U,P,Irrigation Research 17.73%
- Amritsar formula 31.17%

The variation in percentage is from 14,19% to 31.17%.
From the present study this values comes to 92.55%-,

To determine the best applicablility of the above values,
the water balance for the remaining 7 months period viz.from
November 1974 to May 1975 v éhall be made and the value whieh
fits most in thls water balance shall be the true representative

for the study ares, However,it may be made clear that much
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reliance should nmot be placed on values obtained from
emperical formula as these were developed for areas outside

the study area boundaries,

7.7 GROUND WATER BALANCE FOR NON MONSOON PERIOD

The non-monsoon period 1s from November t0 May.The same
water balanee equation shall be applied here to workout the
balance by equating the items of recharge to the 1ltems of
dlscharge.Further in this period the rainfall is of the order
of 46 mm,whiech is spread over a period of 7 months,andd the
intensity snd duration of rainfall is such that there will be
hardly any percolation to water-table and so for this period
the recharge due to rainfall shall be nil, This the water—
balance equation (7.,2) is modifled for this period snd itwwill
be as follows: |
Gs +Gyp + Rn + Ra = Et + De +Dc +B1 +4 ., | (7.5)
Here, Gs = Ground water storage available at the beginning
of the period.

AG = change in ground water storage during a year
Other terms are alresdy defined in art.7.2. |

7.7.1. GROUND WATER BTORAGE AVAILABLE (Gs)

This has already computed in art,7.4.10 as change in
ground water storage (AGs) ang equals to 169616.63 HM,
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7.7.2 GROUND WATER INFLOW(QuIL)

The ground water inflow QUI 1is assumed as nil and it 1is
neglected, '
7.7.3 JAT7:AL RECHARGE (Rn)

The rivers are mostly effluent during the non-monsoon
period>and 50 the influent seepage has been neglected and is
assumed nil for this period,

7.7.4 ARTIFICIAL RECHARGE (Rg)

The recharge from the c¢znal system and from irrigated field
have been computed in tables 6,63 6,73 6.8 vide art.6.6,2.

The recharge from canals during transition in

mon-monsoon (Rabi ) period = .37260,8 HM
and recharge from irrigated field = 20806,94 HM
Hence,Ra artificial recharge = 3726Q8+:0806.24

58067,04 HM

7.7.5 EVAPOTRANSPIRAT IO N(E¢. )

The evapotranspiration from ground water source have been
caleulated vige art.6.6 ang this value for non-monsoon period
works out to 20472,05+1962.82+12,885+7172,65

i.€0. Et = 42422,69 IM

7.7.6. NATURAL DISCHARGE (EFFLUENT SEEPAGE)Dg

The difference of upstream discharge from théed down —stream
discharge has been given in art.2.4.This gifference of two

gauge readings correspond to the contribution of the river flow
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frém the both banks in the reach of the river lying within the
study-erea,During the mon-monsoon period,ttis difference of
discharge in the river resch is emtirely contributed by ground

water (effluent seepase).

From river basin map the percentage of drainage contributed
by the study area to each bounding rivers are known as mentioned
in art.2..4.l\bw by multiplying the difference of discharge data
with the percentage of drainsge contribution for each bounding
river ang the‘n adding to 1t theevapotranspiration loss in that
reach of river,the effluent seepage from study area can be workec
out as glven in‘Table,7;4.

_TABLE 7,4
 .COMPUTATION FOR NATURAL DESCHARGE,De . . . . . .

River Difference Flow gener— LEvapotseneapira—- Total efflu-

of #/s dis- ated in the tion loss in ent Seepage
charge from river reach the river reach = c0l,3+4
D/S dischar- from stud in HM in EHM
 ge in HM area in '
(1) (2) (3) (4) (5)
Ganga 70355 42213 18900 61113
Soms 27198 12239 8580,83 20819
Karmanasa 5486 4114 820 4936
Durgauti 7261 - 3B 1040 4670
Total 91536, 12HM

Hence natural discharge during non-monsoon period

De = 91536,.12 HM
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7.7.7 ARDIFICIAL DISCHARGE De

The vwithdrawl from existing state tube wells,private tube
wells,open boring snd dug wells have been computed vide Table 3.1
art,3.5.2 and vide art, 3.2 for irrigation and domestiec and indu-

strial purposes respectively.The values obtained are as follows:

Withdrawl during monsocon (Rabi) period for irrigation
purposes = 18225 HM
and for domestie and industrial purpes es = %Ex 26122 = 15237,83HM
182256+15237,83
33462 M

Henee artificial discharge,De

i

7.7.,8 GROUND WATER OUTFLOW (.UQ)

The ground weter out flow as computed vide art,6.9,Table 6,8
works out to 1773.15 HM for non-monsoon period

so, QUO = 1773,15 HM

7.7.9 GROUND WATER LE/KAGE (G1)

The ground water leakage for non-monsoon period is
computed as followst

The annual le:'tage vide art.6.8 = 10647 HM

Hence leakage d¢uring November to May = %Ex 10647

Gl = 6211 HM
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7.7.10 CHANGE I GROUND WATER STORAGE (AG)

The change in groung-water storage is computed by solving
the ground-water w:ster balance equation for the non-monsoon
peri od, The value obtained is then compared with the value of
AG as computed in art,6,7,The two values should be in close

agreement for a good water balanece.

* 7.8 GROUND WATER BALANCE RESULTS FOR NON-MONSCON PERIOD

Rechar act

1, Water available in stpr;ge, Gs = 1692616,63 UM

2. Ground water inflow,QUI = Nil (assumed)

3. Natural recharge,fn =  WMl(assuned’

4, Artifieial rechsrge,Ra = 68067,04 HM
Total227683,67 HM

D1 ins factors |

1. Evapotranspiration,E¢ = 490490¢,62 IIM

2, Effluent seepage,De = 9153.12 HM

3. Artificial discharge,De = 33462, HM

4. Ground water outflow §po = 1773.15 EM

5. Ground vater lezkage,Gl = _ 8211 HM

Total 175474, 96 HM

dow, from water balance equation(7.5),
227683,67 = 1,2621.84 +1iG
1.e. ch:nge in storage duriag 1974-75.AG

22768r,67 -175474,96
£e208, 71 HM

i
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CHAPTER=S8

CONGLUSION

8.1 The present study has been taken up to assess,

understand and evalugte the various components related to
water balunce of the dogb with a view to workout the water
resources of the area for the water year June 1974 to May 1975,
An attempt has also been made in this study to prepare‘a
subsurface vertieal variability pattern map of the area to

shhow the dlstribution of sand horizon,

As a result of the study carried out the following

important conelusions are brought out:

8.2 The subsurface vertical variability psttern map(fig.4.9)
indi cates that the subsurface lithodogy of the area is mainly
built up by the shifting courses of river Ganga.The map
further reveals that the central psasrt of the area has higher
concentration of sand in the lower portion while elay is
predominent at higher levels.lt may be concluded that the deep
sand horizon represent the channel sand deposited by the
anclent river course while clay in the upper horizon is mainly
a result of flood plain deposit;ln contrast to this, in areas
close to the present river courses, sand is predominant near

to the surface while clay is at deeper levels,This also
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indicates that the eclay in the lower levels represent floogd

plain deposits of the ancient river course,

8.3 The depth to bedrock map(fig.4') and the profile(fig.d 2
and 4.2) showing the bed rock topography,ground slope and posi-
tion of water table,indicate that the depth to bedrock increases
from south to north,Beyond 25°30'N latitude the thickness of
alluvium abrutly inereases from 400M to 700 M within a distance
of about 12 km, This may be due to loeal Ezst West fault in

the basement with i1ts downthrow towards north,The shzrp change
in the course of river Ganga towards east seems to be

controlled by the E-~W fault in the basement which may be -

active during the recemt period also,

Another fault has been postulated by Sastri et.al,(op.cit.)
to be parallel to river Sone in a NE-SW direction.

8.4, The subsurface lithological sections(fig.4.4) show that
the amount of clay is more in the central and southern part

of the area while it is less in the northern portion,The
aqulfer ang aqulicludes horizons show greater lateral continuity
in the E~W direction while in the N-8 direetion this extent
is more of local character.This feature can also be observed

from the centre of gravity map(fig.4g).
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The total thiekness of elay in the solthern part of the
area 1g more while the total thieckness of sand horizn 1s
greater near the river Ganga and Sone,such'a coneclusion is in

confirmity with the verticsl variability map(fig.49).

8.5 The subsurface‘ lithology shows that the doab consists of
unconsolidated alluvial deposits whieh constitute an extensive
heterogeneous unconfined aquifer.The behavicur of water table
and its fluectuations to a minimum value in pre~-monsoon period
and rising to é maximum value in post monsoon period also

confirms the unconfined nature of the aquii‘er'.

The average value of Transmissivity,T, has been computed
to be 188 em®/Sec.and specifie yleld has been assumed to be 117
on the basis of subsurface lithology of the area,

The configuration of water table contours indicate that
the general gradient of water table is towards the present
river coursesThere are also groundwater ridges along the unlined
canals which are result of seepage from these canals,The average
water table fluctuation from premonsocon to postmoon 1974 is
+2.285 M(Table 5.3) ang the water table fluctuation from the

period pre-monsoon 1374 to premonsoon’?5 is +0,504M,

8,6 A major part of the presemt study 1s devoted for computing
water balance for the period June'?74 to May '75. Various elements
of hydrologie egquation have been evaluted within the 1limit of
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(vi) Annual deep percolation or groungwater \/

leakage through the bottom most aquiclude = 10847 BM

(vii) Annual change in ground water storage = 52208 HM Ve

(viii) Tnxfollowing quantities are expressed &s percentage
f

o cund water recharge

((a) Gz'oun er outflow i e .natulgl discharge

14?0 8

(b A\ Groung water wi~ hdrawl or Groundwater dra

x 100 = 25,%%

(¢) Evapotranspiration losg from Ground water

?4335,75 x 100
341420, 58

(d) Ground water le

(e) Annual change (riselim\ground water storage

- 52208,7 %100
341420,50

= 5, 0%
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accuracy and a&vailability of pertinent data. B ~cod hydrologie
water balance (art,6.,7) for 1374,75 hasbeen obtained.The water
balance har rlso indic ted that there is leskage of grounduater
through the bottor most acaiclude because the confling layers

are comprigsed of leases of silt and clay,

\8.7 From the groundwater balance(art.7.8) study following

eonelusions may be drauwn

(1) The total rainfall falling in the area is
distributed as followsw®

(a) Total Runoff = 437 .
(\1) é@rcolati'm to Groundwater
rese1voir = 037
(e¢) Evapotranspirztion ang
other losses including .
B soil molsture retentbn _= > YR
Tt ‘-v\h TR Zotal 1007 -

(11) Totsal annual Ground water recharge from all the
v Yeea [ 976 - /5
sources = 341420,58 HM

A
(111, Total annual ground water withdrawel (pumpage) w yAR 97,

from all sources = 87404 HM

(4v) Total amual effluent seepage including ground
water outflov iSB~BaERERL. discharge = 1141:41 HM

l\potranspiration lossesfiom
oung Mater resei\goir/; = 7483385, 7/5 HM ;_;.%

b

(vA\Total ann
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(vi) Annudl deep percolation or groungwater \//

leakage through the bottom most aquiclude = 10§47 HM

(vii) Anmual change in ground water storage = 52208 HM \,

(viii) T
of

following quantities are expressed as percentage

ound water recharge

({a) Groun 1 discharge

w\atier cutflow 1 e.nat
\ 8414?0. ~#af

(b )\ Groung water\xthdrawl or Groundwster dra

(e) Annual change (risel)in\ground water storage
, . N

52208,7 x106\\
341420,50

{

il

5, 0%



- 152 =

(4x) The breakup of total annual groundwater rech arge is

as folloys:

(a) Recharge from Rainfall

i

lopass,2 x 100 .,

it

38,809

(b) Recharge from inflyent seepage (Natural recharge)

. /o
- 341420, 58 | - !

(¢) Recharge from irrigation water or asrtificial
recharge = 172069, 28 x100

= !

241420,88

]

0 ,4%

8.8 It is seen from art.8.7 that out of total annual recharge
S SEE TN -
/ v«)‘,ujs

onl} about 25% of ground water 1s withdrawn ang about 557
—r— .

of groundwater is lost through effluent seepage and evapotrans—
piration.The analysis further indlcates that there is a nst
rise in.groundwater storage of about<m % Sop there is good
prospect for utilizing the groundwater by providing more

number of tubewells for irrigation purposes psrticularly in the
tall reaches(northern portion) of the canals of Sone command,

vhere shortage of water 1s being experimnced at present.
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It is necessary that water balance study for more number
of years should be dowme 8o that a better quantitative evaluation
of water resources and its fluectuatlons can be assesséd.This
would also require correct assessment of geohydrological
characteristics and systematic colleétion of hydrological

data both for surface water and ground water.
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