Trade Science Ine.

ISSN : 0974 - 7451 Volume 6 | ssue 2

Snviconmental Science

A Tndéian Journal

—= Qurrent Research Peapers

ESAIJ, 6(2), 2011 [51-55]

Hydrological problems of Mudasarlova Reservoir, one of the water
supply surface sources to Visakhapatnam city - A case study

P.Malleswara Rao!, V.Chandraiah?*, V.M ahamood?
1Depar tment of Civil Engineering, AndhraUniver sity, Visakhapatnam, (INDIA)
2Greater Visakhapatnam M unicipal Cor por ation, Visakhapatnam, (INDIA)
3Department of Civil Engineerig, AndhraUniversity, Visakhapatnam, (INDIA)
Received: 17" December, 2010 ; Accepted: 27" December, 2010

ABSTRACT

Hydrological study of reservoir isessentia for proper planning of the reservaoir storage capacity and spillway capacity.
In the present study Mudasaralova Reservoir in Visakhapatnam city is considered. The runoff and yield of the
reservoir is computed using rain fall data of nearby two rain guage stations Pendurthi and Visakhapatnam. The peak
flood flow into the reservoir is also computed. The catchment area map, contour map, drainage map, slope map, and
Land use/ land cover maps are prepared using GIS software. The runoff is computed using SCS-CN and Stranges

curves and the suggestions for improvement of the reservoir are given.

INTRODUCTION

The prediction of runoff includingitstimedistribu-
tion generated by individua storm burstsisessentid for
efficient estimation of reservoir capacity, spillway ca-
pacity for proper forecasting and operation of hydrau-
lic projects. Estimation of monthly, seasonal or annual
runoff may berequired for operational purposesfor
evaluaing reservoir storagerequirements.

Mudasarlovareservoir basinislying betweenthelon-
gitudes83°15°50"E and 83°18°30"E and latitudes be-
tween 17°45°50"N and 17°48°05"N.situated in the
Visakhapatnam city. The catchment islocated between
KallasaKonda, KambaaK ondaand Smhachdamhills.

Themandamiscongructed near S Krishnapuram
villageand it isformed connecting the kambalakonda
and kallasahillsThemain damisearthen dam provided
withaspillway.

Earlier studieson hydrology of reservoirs
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studied on Hydrol ogic parameters estimation using
Geographic Information System (GIS) observed that
the conventiond hydrologic dataareinadequatefor the
purpose of design and operation of water resources
systems. In such cases GIS are of great use for the
estimation of relevant hydrol ogic data.

GI'S can be used for the determination of catch-
ment characteristics, such asland use/ land cover, geo-
morphology, s ope, drainageetc.

Schumann. A. H.2 studied on the devel opment of
conceptua semi-distributed hydrol ogical modelsand
estimation of their parameterswiththead of GIS

Viswanadh. G K. and Giridhar. M. V. S. S stud-
ied on Semi distributed Runoff Modd for aSemi Arid
Areaof AndhraPradesh — A Geomatic Approach.

Yu (1998) derived amode of theform of the SCS-
CN method on the basis of assumptionsasthe spatia
vaiability of infiltration capacitiesand thetempora vari-
ability inrainfal intensities. Under these assumptions,
runoff will beproduced anywhere onacatchment where
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thetimevaryingrainfall rate exceedsthe spatidly vari-
ablebut time constant i nfiltration capacity making no
alowancesfor any run on process. For an exponentia
distribution of infiltration capacity in space, and an ex-
ponentia digribution of rainfal intengty intime, Yucom-
puted that the runoff can be generated using SCS-CN
equation.

Determination of catchment areaand preparation
of maps

The basinareaobtained from survey of Indiamaps
was scanned and digitized inAUTO CAD. Thedigi-
tized maps are further geo referenced and the areas
and the final maps are processed using ARCINFO,
ARCVIEW and DEM (Digitd ElevationModel). The
final layout maps of the reservoir are prepared in
ERADAS software.

Using the above softwaresthereservoir catchment
map, drainage map, flow direction map, land useand
land cover maps, contour map, shaded relief map and
DEM are prepared.

Drainagemap

Thedrainage pattern of themudasarlovareservoir
wasprepared and showninfigure 1. Thetotd tributories
of mudasarlva basin catchment are 14 Nos
(kambaakondahill dopes-6 Nosand kailashagiri hills
dopes- 8 Nos) situated in upstream side of of theres-
ervoir. Asper the present situation most of the catch-
ment areaof mudasarlovabasinisoccupied by resi-
dentid buildingsand lot of developmental activitiesare
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Figurel: Drainagemap
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going on. Dueto thisthe sewageeffluentsfrom theresi-
dentia areaswill be mixed with the surfacewater and
thereservoir water quality will be degraded. Recently
the centrd jail of visakhapatnamisaso constructed in
Mudasarlovacatchment area. Unlesstheeffluentsfrom
jail aretreated and rel eased thequdity of mudasarlova
reservoir will be spoiled.

Contour map

The contour map of the mudasarlovabasinispre-
pared and presented in figure 2. From the contour map
itisnoted, theside slopes of kailasahill and kambaa
kondahill are very steep. Dueto thisthe velocity of
rainfal / runoff will behigh.

Figure2: Contour map
Averagerainfall estimation

Inthe computation of averagerainfal, threerain
guage stations namely Pendurthi, Visakhapatnam and
Bheemuni patham were considered and thesian poly-
gonwasdrawn. From the polygon it is observed that
therainfdl of Pendurthi and Visakhapatnam rain guage
stations are effective. Hence, the rainguage station
of Visakhapatnam and Pendurthi were considered
for computation of average annual rainfall of
mudasarlovabasin. Theaverage annud rainfall com-
puted for mudasarlova catchment are shown in
TABLE1

a) Theaverageannud rainfal is1023.18mm.

b) ThemaximumAnnud ranfal is1351.164mm.
¢) Theaveragemonsoonrainfadl is905.094mm.
d) Themaximum monsoonranfalis1289.69mm.
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ANNUAL YIELDAND MONSOONYIELD b) Builtuplands -0.78 Sg. Km.

c) Croplands - 3.47 Sg. Km.
Annual yield d) Fdlowlands - 1.64 Sg. Km.
Theaverageannua yield of muadasarlovabesinis & Forestlands - 4.8550. Km.

4.265 x 10'm?. Which is computed by considering f) Pantations -2.9850. Km.
strangesrunoff curvesand annud rainfall. L o L L S L

Monsoon yield

a) Thecatchment areaof Mudasarlovareservoiris

17.06 sg.km.

b) Theaveragemonsoonrainfalis905.094 mm.

c) TheStrangesrunoff coefficientis24.849.

d) Therunoff depthis224.907 mm.

€) Theaverage monsoonyield of mudasarlovabasin

i$3.837x 10 m?.

The 75% dependableyield is calculated by con-
sidering past 54 yearsyield occurred for rainfal | of 792
mm which occursin 1981. Therunoff coefficient of
strange tableis 21.09. The 75% dependableyield is
2.850x 10 . e ————

Computation of runoff Figure3: Land use/Land cover map

Severa empiricd and andytical methodsareaval-
ablefor estimation of runoff. Among them the USDA
s0il conservation service curve number method (SCS-
CN) isthemost popular and widely used method. In
thismethod the soil classification Land Useand Land
Cover Thematic Mapsfigure 3, Antecedent moisture
condition areconsidered for eval uating thecurve num-
ber and runoff. Theweighted CN valuesare shownin
TABLE 1. The maximum runoff was estimated using
rational method and it is106.634 m?. and the runoff
volumeof differentintengtiesof rainfdl indifferent years
were computed and presented in TABLE 2. Theland
use/land cover mapsshowninfigure3, Shaded Relief
map and dope/flow directionmapinfigure4. Thefol-
lowing aretheLand Useand Land Cover areas.
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a) TheBaesoils -1.38Sg. Km. Figure4: Flow direction map
TABLE 1: Showingaverageannual rainfall of Mudsarlova catchment
S Rain gauge Average annual Average annual Influencing area
N(; st at?ong rainfall monsoon rainfall In acres D) x (3 2 x (3
1) ) (©)

1 Visakhapatnam 1071.23 955.83 3089.225 3309279.764  2952773.93
2 Pendurthi 891.5 766.06 1127.293 1004981.709  863574.076
Tota 4216.518 4314261.473  3816348.006

Average annual/monsoon rainfall = Total/4216.518 (mm) 1023.181 905.094
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TABLE 2: Calculation of weighted CN
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Classification
from Areas Area
landuse/ CN in Total CnxALA
land cover Sg.m area
classification
1. Baresoils 82 1377187.8904 0.081 6.642
2. Builtuplands 84 785041.7366 0.046 3.864
3. Croplands 78 3471481.2949 0.203 15.834
4. Fdlowlands 86 1637938.5415 0.096 8.256
5. Forestlands 55 4851169.3562 0.284 15.620
6. Plantations 58 2976553.1565 0.174 10.092
7. Scrubs 60 1357085.3707 0.080 4.8
8. Water bodies 0 607181.3221 0.036 0
Totd 17063638.66 1.000 65.108
TABLE 3: Calculation of runoff depth and volume
Sr. Date Rainfall Runoff Ruanf X
No inmm_ Depthinmm volumein m
1. 9-10-95 65 3.643 62162.840
2. 12-10-95 62 2.848 48597.243
3. 14-7-96 89 12.588 214797.033
4. 15-7-96 74 6.497 110862.460
5. 31-10.98 109 22.744 388095.398
6. 9-10.99 96 15.908 271448.364
7. 10-10-99 47 0.267 4555.992
8. 14-10-99 62.9 3.077 52504.816
9. 31802 45.09 0.129 2200.7400
10. 7-10-03 90.57 13.307 227017.42
11 22-10-03 83.83 10.320 176059.200
12 23-10-03  102.49 19.219 327876.14
13 24-10-03 93.95 14.907 254313.42
14 27-11-03 41.17 0.001 17.06
15 23-4-04 55.68 1.460 24907.6
16 10-6-04 44.33 0.087 1484.22
17 13-6-04 49.26 0.491 8376.46
18 14-7-04 45.32 0.143 2439.58
19 19-9-2005 112.2 24.545 418827.011
20 20-9-2005 161.2 56.484 963822.566
21 3-8-06 99.49 17.66 301279.6
22 4-8-06 124.91 32.103 547677.18
23 25-9-06 62.40 2.948 50292.88
24 29-9-06 49.39 0.534 9110.04
25 30-10-06 46.85 0.2%4 4333.24
26 9-11-06 49.13 0.476 8120.560
27 23-6-07 52.80 0.967 16497.02
28 24-6-07 58.20 1.964 33505.84

g Scrubs -1.36 Sg. Km.
h) Water bodies - 0.60 Sg. Km.
Total = 17.06 Sg. Km.

Maximum daily runoff

Themaximumdaily runoff cdculated fromtheavail -
able dataSCS-CN method. Themaximumrainfal is
occurred on 20-9-2005 with arainfall of 161.20 mm.
Fromthisthefollowing caculaionsaremade. Thedally
run off volumeand maximum daily yield areshownin
TABLES.

a Theweghted CN forthebasin... 65.108.

b) Therechargecapacity of thebasin... 136.121 mm.

c) Themaximumdaily runoff depth... 56.484 mm.

d) Themaximum daily runoff volume... 963.822 x
10°m?

€) Themaximumdailyyield... 0.965x 10°n?

Peak flood discharge

The peak flood dischargeinto thereservoir iscom-
puted using the RyvesformulaDickensformula, Inglish
Formula and Rationa method. The computation is

TABLE 4 : Estimation of maximum rate of runoff using
variousformulae

gc; Method Formula  Coefficient Ré{?ﬁ?;;”
1. Dickensformula Q=CA%* 25 209.857
2. Ryves formula Q=CAZ® 30.34 201.064
3. Inglisformula 403.692
4. Rational method Q=2.778CAl 0.45 106.634

TABLE5: Tableshowingtheresults

Ero' Parameter Data calculated
1023.181mm
1. Average annual rainfall (Obtained from previous
11 years data)
2. Maximum annual rainfall ~ 1351.164 mm
3 Ayerage annual monsoon 905.094mm
rainfall
4 Maximum annual monsoon 1289.690mMm
Rainfall
5. Catchment area 17.06 Sg.km
6. Annual yield 4.265x10°m*
7. Monsoon yield 3.837x10°m3
g, 75% dependable monsoon 2.850x10° m*(from 50
" yield years data)
. 106.634 cumecs
9. Maximum runoff rate (from rational formula)
10. Maximum annual yield 5.459x10°m®
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showninTABLE 4. All theaboveresultsare summa-
rizedinTABLEDS.

CONCLUSIONS

The catchment areaof the MudasarlovaReservoir
iscalculated using GIS software. Knowing the catch-
ment areaand maximum daily runoff iscomputed using
SCS-CN method. Annual yield, Monsoonyield and
75% dependable yield is calculated from strange’s
curves, maximum rateof runoff isca culated usng Four
methods.

Theaveragerainfal iscomputed fromtheaverage
annud rainfall of Visakhapatnam and Pendurthi Rain
gauge stations by Thiessen Polygon Method. Thiessen
polygon network is constructed for three rain gauge
stations of Visakhapatnam, Pendurthi and
Bheemuni patnam. It wasfound that Bheemunipatnam
rain gauge station hasno influenceon theMudsarlova
basin. Thefollowing conclusonsaremade
1. @ Theaverageannud rainfall is1023.181mm

b) The average annual monsoon rainfall is

905.094mm

¢) Themaximumannud rainfal is1351.164mm

d) The maximum annual monsoon rainfall is

1289.690mm

2. Theaverageannud yiddand maximumannud yield
was computed using strange’s curves.

a) Theaverageannual yiddis4.265x10°m?

b) Themaximum annud yieldis5.459x10° m?

3. Theaverageannua monsoonyield and maximum
annua monsoonyiediscaculated using strange’s
tables
a) Theaverageannua monsoonyieldis3.837 x

10°m?3

b) Themaximum annud monsoonyieldis8.147 x

105 m3

4. 75% dependableyidd caculated from previous54
years data (1951-2004) using strange’s tables is
2.850x10°m?

5. TheMaximumdalyrunoff iscdculaedfromtheavall-
able datausing SCS-CN method. The maximum
rainfal occurred on 20-9-2005witharainfall of about
161.2mm. Thefollowing conclusionsaremade
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a Theweighted CN for thebasinis65.108

b) The recharge capacity of the basin is
136.121mm

¢) Maximumdaily runoff depthis56.484mm

d) Maximum daily runoff volume is 963,
822.566 m?

€e) Maximumdailyyiedis0.965x 10°mm?

6. The maximum runoff rate or flood dischargein
MudsarlovaBasinisarrived consdering Ryvesfor-
mula which is mostly used for South Indian
catchments. Asper thisthe Pesk flood dischargeis
44.73 cumecs.
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