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Abstract: In this paper an effort is made to examine the quantitative and qualitative efficacy of existing water resources of
Sikandra Rao town and seven of its adjoining villages in fulfilling the water requirement of the region. To accomplish the task,
various data collected from the town officials namely; Lekhpal and Qanoongo (Sankhiki Patrika, Janpad Hathras). were processed
and analyzed The quantity-wise and quality-wise outcome of this study reveal that all the existing water resources of the area
under study are sufficient to meet the current water requirement of the people except the pond waters, which have alkalinity,
chloride concentrations and Total dissolved solid concentrations at an alarming state. Measures are proposed for quality
management of the these water resources.
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Sikandra Rao Town, District Hathras, U.P.,
India - A Case Study

Mubeen Beg’

Abstract: In this paper an effort is made to examine the quantitative and qualitative efficacy of existing water resources of Sikandra Rao town and
seven of its adjoining villages in fulfilling the water requirement of the region. To accomplish the task, various data collected from the town officials
namely; Lekhpal and Qanoongo (Sankhiki Patrika, Janpad Hathras). were processed and analyzed The quantity-wise and quality-wise outcome of
this study reveal that all the existing water resources of the area under study are sufficient to meet the current water requirement of the people
except the pond waters, which have alkalinity, chloride concentrations and Total dissolved solid concentrations at an alarming state. Measures are

proposed for quality management of the these water resources.

Index Terms- Water resources, Sustainable development, Water quality, water requirement and availability and water quality standards.

1 INTRODUCTION

sustaining all life on the earth. Water, has

been used for different purposes, namel
for drinking, domestic, irrigation and industria{
mainly depends on its intrinsic quality hence it is
of prime importance to have prior information
on quality and quality of water resources
available in the region, while planning
developmental projects. The value of surface as
well as groundwater lies not only in its wide
spread occurrence and availability but also in its
consistent good quality, which makes it an ideal
supply of drinking water. Assessment of water
quality is very important for knowing the
suitability for various purposes. Due to its
multiple benefits and the problems created by its
excesses, shortages and quality deterioration,
water as a resource requires special attention.
The rapid growth of urban areas has further
affected the groundwater quality due to over
exploitation of resources and improper waste
disposal practices have further made sustainable
management of water resources a complex task
to achieve throughout India (Scanlon et al, 2002).

Water is a precious natural resource, vital for

Therefore, sustainable plannin and
management of water resources has become a
Friority consideration for the economic and
uture welfare of the country.

During the past few decades the stress on the
availability of water is growing and its quality is
deteriorating. The water resources sector is

presently encountering a series of interlinked
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issues which if not dealt in totality may prove to
have serious ramifications in the long run (Kerr
and Ganesh,2001). Population explosion,
unpredictable rainfall pattern, natural calamities
and climate change further affect water
resources. It is common knowledge that there is
no life without water; the reference is not just
water but safe water. As far as Land
management is concerned, more and more
uncultivable lands can be transformed into
cultivable land by employing soil conservation
measures, however, optimal use of this land for
irrigation is merely possible without water
(Maria, 2004). Therefore, effort should be made
to make available an ample quantity of water for
the irrigation of lands ?or sufficient food
production. In addition to this, water is an
important element for other essential purposes
like, navigation, hydroelectric power generation,
industrial and not the least for domestic
requirements, (Halkidiki, 2001; Kalf, et. al. 2005;
Rajankar et. al. 2009).

A number of studies concerned with water
resource management has been carried out
across the country wviz. Santhana Bosu (1999),
V.P. Gupta (2000), Pradhan et. al. (2001), Rani et
al (2003), Salunkhe (2007), Shrivastava et. al.
(2007), and have suggested various solutions and
techniques for water conservation via direct rain
water conservation, in-situ moisture
conservation, water harvesting and using
irrigation technology for harvested water and
through agronomic and engineering measures.
Water crisis is not a temporary phenomenon to
be dealt with in a crisis management style. It
requires long terms and lasting solution beyond
the short term of decision makers in office, (Wim
van der Hoeck, 2001).

Pure and safe water in sufficient quantities is
primal to human health (Wim van der Hoeck,
2001 and Chatterjee et. al. 2006), considering this
to be a fundamental objective along with the
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present scenario of population explosion across
the country, a case study has been taken up to
evaluate the water resource potential and quality
of Sikandra Rao town and seven of its adjoining
villages so as to propose efficient water
management  strategies = for  sustainable
development in and around the study area.

2. DATA ACQUISITION

Field visits were planned on regular basis of
Sikandra Rao town (district Hathras, U.P.) and
seven of its adjoining villages; namely
Faridabad, Nagla Jalal, Navli, Umraopur,
Ratimanpur, Mahamahi and Rampur to collect
the data regarding availability and quantity of
water resources in the study area, total land
areas, population and cattle density, average
annual rainfall, irrigation as well as domestic
requirements and standards of living of the
people in the area. To have an insight of the
perspective water resource locations within the
study area, a topographic map was acquired
from the block development office (BDO) at
Sikandra Rao town an(f is shown in Fig. 1(a).
Other details like population of town and its
adjoining villages, irrigable land, non-irrigable
land, barren land, soil type, amount of rainfall,
revenue collection, total area of town and
villages etc. were also acquired from the BDO.
Fig. 1(b) depicts all the major water resources of
the town like canal, ponds, tube wells, wells,
hand pumps, and municipal tanks. The map
indicates a total of four ponds (each having an
average capacity of 0.4 hectare-meters of water),
one canal having a discharge of 15 m?/s, 15 wells,
30 tube-wells, 1000 hand pumps in the town.
Apart from these water resources, map also
revels the town boundary, Kachcha and pakka
houses, vacant plots, schools, telephone
exchange, hospitals, railway station, mosques,
temples etc. From these details, the standards of
living of the people of Sikandra Rao town and
their daily usage of water resources could be
assessed.

To measure the water quality in the study area,
water samples were collected from underground
sources (ie., tube wells and hand pumps) at
varying depths of 12m, 18m, and 30m. Samples
were also collected from ponds, lakes and canals
located within the study area. These samples
were tested in the Environmental Engineering
laboratory of Civil Engineering Department,
AM.U., Aligarh for alkalinity, total hardness,
chloride, fluoride, arsenic, nitrate concentrations,
pH and Total Dissolved Solids (TDS), and
compared with the standards of drinking and
irrigation proposed by Bureau of Indian
Standards (BIS) so as to assess the quality of
existing water resources.

Details of the data collected from town officials
namely; Lekhpal and Qanoongo, Tehsil Sikandra

Rao, utilized in the present study are given in
Table 1(A,B) and pictorial illustration of the sites
visited are illustrated in Fig. 2. Also, for the
purpose of exemplification, scanned reprints of
the same details are reproduced in Fig. 3.

TABLE 1. (A)

DETAILS OF DATA COLLECTED FROM SIKANDRA RAO
TOWN AND ITS ADJOINING VILLAGES

TownVillage SikandraRac Faridabad Nagla Jalal  Navli
Area (Hectares) 268233 32 250 25
Population 156542 7E22 3800 3600

Sources of Water
() Mo. ef canak - - - -
(b Mo of ponds - - 1 -
<) Neo. of tube- _

-] 13 =l 12
wells
{d) No.ofwells = 7 ]
(=l Mo of Hand =1 & &5 1
Fumps
(£) Municipal _ B B _
water tank
Land Use
Di=tibuton
(Hectares)
{a) Total knd 268233 32 250 250
(b Irigated nd 17425 209 1588 1
(<) Neom-imigated 5555 76 54 )
Land
{d) Gardens 345 20 10 7
{=) Barrem land 12 7 ] ]
Drpfﬂ'l.-ufwa.trr 73 1 71 72
table (m}
Amonnt of &2 . &2 &
rainfall {(con )

TABLE 1. (B)

DETAILS OF DATA COLLECTED FROM SIKANDRA RAO
TOWN AND ITS ADJOINING VILLAGES

Town'Vilage Umraopur FRatimanpnr Mahamahi FEampur

Area (Hectares) 17626 IBG 5179 350
Fopulation 4847 TEXY 123000 10711
Epurces of

Water :

{2) No. of canzls

() Mo of ponds

) Hoo of fwhe-

walls

{d) Fo_ of wells 5 T

{2) No. of Hand 21

Pumps -

() Municipel

wats Enk

Land Use

Dristrib wtion

(Hectares)

(&) Tokl 1znd 1076 IBH 5179 350

{b) Irigzed Eind 187 151 347 15

(0 Nomimigated 26 1165 1545 of

() Gardans B5 35 112 13

{2 Barren lznd 4 1 513 5

Dwepth of water

table ()

Amonnt of

rainfall {cm)

[= T
—
L

11

(¥
B oo owm o=
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(b)

Fig. 1(a) Topographic map of Sikandra Rao town and

its adjoining villages (b) detailed topographic map
showing the locations and quantity of major water
resources of Sikandra Rao town and itsadjoining villages.

(d)

Fig. 2 Photographic illustration of the sites visited for data

collection (a) Wheat crop harvesting at Umraopur village

(b) Fodder plantation at Navli village

(e) Canal passing from Sikandra Rao town to Navelli
village

(d) Surface water storage at Rampur village.
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Fig. 3 (A) Data Collection from Town Official

3.0 Assessment of Existing Water Resources And
Its Uses

The availability and quantity of existing
water resources of Sikandra Rao town and seven
of its adjoining villages was assessed by utilizing
the data collected through regular in-situ
surveys. Details of the major existing water
resources of Sikandra Rao town and adjoining
villages and their utilization for various
purposes are summarized in Table 2 and a brief
discussion is carried through in this section.

The groundwater availability for Sikandra
Rao town and adjoining villages was assessed by
considering the groundwater availability per
unit area of the entire Hathras district multiplied
by the individual areas of the study
regions/villages. On the basis of Central Ground
Water Board (CGWB), Ministry of Water
Resources (India) statistics 2009, replenishable
groundwater potential for Hathras district was
considered as 66010.66 Ha-m (CGWB, 2009). The
district extends to an area of 1800.1 sq-km. The
groundwater potential of adjoining villages is
replenished form the net water groundwater
available for Sikandra Rao town (Table 2.). A 12
km extent canal (Gore wali Canal) passes
through the southern part of Sikandra Rao town
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helps the farmers for irrigating the fields. The
measured bed-width of the canal is 7.2m and has
an average water depth of 1.3m. The average
discharge through the canal ranged to 15 m3§s,
from which, the canal water potential per annum
has been evaluated. Similarly, the averaged
water availability of a total of four ponds in the
town was reckoned on the basis of data collected
from BDO and was taken as 1.6 Ha-m. Data
regarding crop area under different seasons served
in quantifying the water requirements of different
crops.

3.1 WATER QUALITY ASSESSMENT

The quality of water in the study area was
gauged by carrying out the laboratory tests
against the various standards of water purported
by the Bureau of Indian Standards (BIS).
Groundwater samples from three different

2000+ Sikandra Rao Tow n

1800+

@ Alkalinity mg/L

1600
B MPL 200

1400

a() O Hardness mg/L MPL 200

< 12004

; 1000 O Choride mg/L MPL 250

g 800 B pH value 651085
600 B Total dissolved Solids mg/L

MPL 2000

400

MPL: BIS-Maximum
permissible limit

200+

Canal Sample Sample Sample Pond 1 Pond 2 Pond 3 Pond 4
Water (12m) (18 m) (30 m)

Fig. 4 Qualitative Analysis of Existing Water Resources of
Sikandra Rao Town.

<+ Faridabad — > *— Nagla Jalal —
1800+

1600+

14004 O Alkalinity mg/L ~ MPL 200

1200+ B Hardness mg/L ~ MPL 200

1000+

O Choride mg/L MPL 250
800

Quality Index

600 O pH value 6.5t08.5

400+ B Total dissolved Solids mg/L
MPL 2000
2004

0- MPL: BIS-Maximum
Sample Sample Sample Pond  Sample Sample Sample | permissible limit
(12m) (18 m) (30 m) (12m) (18 m) (30 m)

4.0 RESULTS AND DISCUSSION

Results of quantity and quality assessment of
water resources potential of Sikandra rao town
and seven of its adjoining villages are presented
in Table 2(A,B,C), Table 3(A,B,C) and Figures 4,

The domestic water requirements of the
residents within the study area such as, drinking,
washing and bathing have been assessed on the
basis of per capita demand of the person per day.
The water requirement of a single person per day
(as per Indian Standard Specification, ISl
standards) for Sikandra Rao town (semi-urban) is
135 liters per day and a value adopted for adjoining
villages is 70 liters per day (rural). Likewise, the
cattle water demand per day per cattle is considered
as 15 liters per day (ISI standards)

depths (12m, 18 m and 30 m) as well as surface
water samples from ponds and canal were
analyzed for alkalinity, total hardness, chloride,
fluoride, arsenic, nitrate concentrations, pH and
Total Dissolved Solids (TDS). Results of the
laboratory analysis are provided in Table 3 and
as bar charts in Figures 4, 5 6 and 7.

Fig.5 Qualitative Analysis of Existing Water Resources of
Faridabad and Nagla Jalal Village.

14001+—— Naveli —><+— Umraopur —><+— Rampur —>

1200 @ Alkalinity mg/L  MPL 200

1000 B Hardnessmg/L  MPL 200

800 O Choride mg/L. MPL 250

O pH value 6.5t08.5
600+ P

Qua;ity Index

@ Total dissolved Solids mg/L.
MPL 2000

400+

MPL: BIS-Maximum
permissible limit

2004

Sample Sample SampleSample Sample Sample Sample Sample Sample
(12m) (18 m) (30m) (12 m) (18 m) (30 m) (12 m) (18 m) (30 m)

Fig.6 Qualitative Analysis of Existing Water Resources of
Navli, Umraopur and Rampur Village.

+——Ratimanpur ———«+——Mahamahi ——
1200+

O Alkalinity mgiL.~ MPL 200
1000

B Hardness mglL. MPL 200
800
OChoridemgl.  MPL 250

600 0 pH value 651085

Quality Index

@ Total dissolved Solids mg/L

400 MPL 2000

MPL: BIS-Maximum
permissible limit

200

Sample  Sample  Sample  Sample  Sample  Sample
(12m  (18m  (30m (12m)  (18m)  (30m)

Fig. 7 Qualitative Analysis of Existing Water Resources of Ratimanpur and Mahamahi Village.

5,6 and 7. A comparison between gross existing
water resources of the study area and the total
water requirements for irrigation as well as
domestic purposes has been carried out and
summarized in Table 4.
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Details of Existing Water Resources of Sikandra Rao
town and Adjoining Villages and their Utilization for

TABLE 2 (A,B,C)

Different Requirements

TABLE 2 (A)

I Irvigaiion Requoransd s for Rabi and Bharif oops
Hharif Crop

1360

SikandraRac Faridabad B Mardi
Jalal
Maize 1683 el =) 3123 2115
Bapa 165 2.5 325 2115
Tuar 0542 11.50 1565 1058
Fulas o025 B.77 o521 032
Ric= 1268 . 1352 F1EE
Vegstable
5 0745 1004 1355 o4
Raki Crop
Whazt &511& 5.2 4704 4428
Cram D& &0 B.11 0252 0245
Potato 243332 .70 1344 1342
Sugarcans 72520 155 1512 1265
Vegetable
H 304 06.36 DE52 e
Total
Irdgation _ _
. 14506 20 2T1LED 17536 1761
Requirem
ent=
I1 Domestic Water Requorannd s
Drinking,
washing £72.51 12474 2702 2186
& Bathing
Cattl=
Total
Domestic
& Cattle
water
Reguirem
ent 3653 12,16 521 657
Grand _ .
Total 106534 1391 10530 98.55
TABLE 2 (C)
Town/'Village 51&::“' Faridabad ~ NaglaJalal Nadi
A E C jn
Cround Water 972670 112 22 2165 2185
Rain Water 1723295 2050 18250 16250
FPonds 165 Q35 Q35 MNiA
Canal Wate 47304 MihA MihA MNiA
Total Existing o o
Resomnces MITLID 3 25456 25456
Gross Existing S385.343177  SI855+I545 83853+
water T4ITLI 254.6=
Resources” =8703.0 =8639.9 BE3R.O

TABLE 2 (B)
I Irri gati on Re quaransds for Rabi aad Bharif aops
Fharif Crop
Ummo- Ratiman- hiaha-
pur pur mahi Rampur
Maire 25665 1551 1512 12.60
Baga 15741 1551 1512 12 60
Tuar 060 3165 0756 0545
Pukes 260490 0313 0252 0270
Rice 19535 5151 4365 5200
Vegetable
H 360000 0536 0672 0624
Raki Crop
Wheat 36 7025 9716 65,50
Gram o 52 0377 0521 0353
Potato 14 96 2005 2726 5.50
Sugarcans 16.55 2259 31235 2115
Vegstable
H .45 10004 13585 0540
Total
Irigation 4 ceas 29404 4. 16 T4
Requirem
ents
I Domestic Wator Requoransds
Drinking,
washing 12512 17472 30680 369
& Bathing
Cattle
Total
Domestic
& Cattle
water
Requirem
ent .56 2625 2135 2464
Grand 13497 2w 3E 29533
Total
TABLE 2 (D)
To“'rv'\":i.'lla.gn Umras- Ratim an-pur MMaha-mahi Rampur
pur
E F o H
Ground Water 10241 13750 15255 12835
Rain Water 15152 24374 33664 27750
Ponds NiA NiA NiA NiA
Canal Water NiA NiA NiA NiA
Total Existing 383.03 38203 52656 35585
Eesources
Gro== Exi 51:i.1.1.g _ I _ .
weater 8385.3+383 B385.3+38003 B3853.34+3266 = 8383.3+355.9
Eesomnces" .9 =BT60.2 =8T6T.3 EOILY =8T4L.2

The quality of water within the study area is
safe and acceptable for domestic and irrigation
requirements except for the pond waters in
Sikandra Rao and Faridabad village having
alkalinity, chloride, total hardness and TDS at
levels of maximum permissible limits in
accordance to Bureau of Indian Standards (BIS).
Fluoride, arsenic and nitrate tests were conducted
on groundwater samples collected from 12 m, 18
m and 30 m depth and results are given in Table 3
(A,B,C). Results indicate that fluoride
concentrations at lower depths were slightly
above the permissible limits (i.e., > 1.0 mg/l). This
can be attributed to the fact that fluoride occurs in
the groundwater naturally from the breakdown
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or weathering of the bedrocks and soils. However,
the permissible limit for fluoride can be extended to
1.5 mg/I for drinking purposes (as per BIS), hence it
can be concluded that the fluoride concentrations
within the study area lies in the range of permissible
limits. Summary of results presented in Table 4,
reveals that the existing water resources of Sikandra
rao town and adjoining villages are in abundance
after fulfilling the major requirements of the people.
Although, according to the methodology adopted for
determining the groundwater reserves in the present
study (i.e., the groundwater reserves for villages has
been computed on the basis of groundwater
availability per unit area of the entire Hathras district
multiplied by the individual village areas), the total
existing water resources of the joining villages are
scarce and are replenished from the groundwater
reserve of Sikandra Rao town. The quality of water
within the study area is safe and acceptable for
domestic and irrigation requirements except for the
pond waters in Sikandra Rao and Faridabad village
having alkalinity, chloride, total hardness and TDS
at levels of maximum permissible limits in
accordance to Bureau of Indian Standards (BIS).
Fluoride, arsenic and nitrate tests were conducted on

TABLE 3(A)

Arsenic (mg1} MPL 001

Town/Village 5 ample 13 Sample 12 Sample 12
m depth m depth m depth
Sitandra Rao (1L v rli] QLO07D (1L eris]
Faridabad DD DL00SD D000
MNagla Jalal ODOSE QL0056 Q0056
MNavli 00049 0.0D4s 00049
Ummopur 0007s 0LO007S 0.007S
Ram pur ODOES OLODES OD0ES
Rati manpur 00045 OL0D4S 00045
kahamahi 00050 00050 000
TABLE 3(B)
MWitrate [;n'l.g.'ll MPL 45
l'mﬂrn"\":i.]lagn Sample 12 Sample 12 Sample 12m
m depth m depth depth
Silandra Rao 42 42 £
Faridabad 35 35 =
agla Jalal 33 33 D
Navli 41 41 #
Um mopur 38 38 3=
Ram pur 34 34 *
Ratimanpur 33 33 D
wlahamahi 42 42 £

groundwater samples collected from 12 m, 18 m and
30 m depth and results are given in Table 3(A,B,C).
Results indicate that fluoride concentrations at lower
depths were slightly above the permissible limits
(i.e., > 1.0 mg/l). This can be attributed to the fact
that fluoride occurs in the groundwater

TABLE 3(C)

Fluoride (mg/1} MPL 1.0

Tm'rl."\":i.].'l.:.ge Sample 12 Sample 18 Sample 30m
m depth m depth depth
Silandra rary 085 [+R= 4] 1587
Faridabad 075 055 122
INagla Jalal o7s o5 095
Mavli as 055 154
Ummopur 075 0.5 165
Ram pur OLEE osl 133
Ratimanpur 075 0L56 115
kfahamahi 0LES 0.51 141
TABLE 4

COMPARISON OF WATER AVAILABLE

Quantity of
water . ¢ Water Qruality Status
available || ERETETO )
water Water
Town/Villag e i . requirements Reserve
m:tu:tg \
for dif feromt Status . S
water Domestic Irrigation
us=es (Ha-m}
TR0 UTCES
(FHa-m}
v v
i [emacpt
Sikandm Rae T4ITLE 15575 58 wr (emaept :
for pond  for pond
water) wate)
wr v v
. o . except {esccept
7B 7
Faddabad 57080 45671 forpond  for pend
water]) wate]
Nagla Jalal 5639 250,66 w v v
Nawli 56369 27316 wr v v
Umracpur 5782 30142 wr v v
Ratimanpur ET&3 51556 wr w v
Maham ahi 2119 73511 wr v v
Ram pur 57412 ST4AT w v v

Summary of results presented in Table 4,
the existing water resources of Sikandra rao
town and adjoining villages are in abundance
after fulfilling the major requirements of the.
people Although, according to the methodology
adopted for determining the groundwater . in
the present study (i.e., the groundwater for
has  been computed on the basis of villages
groundwater availability per unit area of the
entire Hathras district multiplied by the
individua village
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areas), the total existing water resources of the
joining villages are scarce and are replenished
from the groundwater reserve of Sikandra Rao

town.
5.0 CONCLUSIONS

following conclusions are being made

Water resources in Sikandra Rao town and
adjoining villages are sufficient to fulfill the needs
of the people of the region but due to rapid growth
in population and changes in the lifestyle of the
people, certain strategies like Rain water
harvesting, Ground water recharging, Water use
education, Efficient irrigation methods, should be
adopted for sustainable water management and
development of Sikandra Rao town. Use of
submersible pumps and jet pumps should be
monitored and controlled for proper water water
withdrawal to preserve the ground water table
level. Ponds are proposed to be constructed in
which water can be stored during rainy season and
can serve cattle for drinking. withdrawal to
preserve the ground water table level. Ponds are
proposed to be constructed in which water can be
stored during rainy season and can serve cattle for
drinking. development of Sikandra Rao town.
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