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ABSTRACT

Reliable prediction of quantity and rate of runfsim land surface into streams and rivers is neadatkaling
with many water resources planning, designing afraylic structures and management problems. Coiovethitmethods
of runoff estimation are expensive, time consunang difficult process and these method of runofasueement are not
easy for hilly and inaccessible terrain. The problemost often encountered in hydrological studieshis need for
estimating runoff from a watershed for which thereecord of rainfall and no record of runoff. Geayghic Information
System (GIS) can effectively use to manage spatidinon spatial database that represent studyteanm has been made

to estimate runoff a catchments using SCS CN metiodh is a widely used and popular method.

In present study land use land cover descriptfocatchment have been use satellite image of IRSSUI. The
major part of the area has steep to very steepeslapsociated with undulating landscapes. theasdilLand cover that
have been identified in the part of catchmentay @nd agriculture, middle part of catchment isficen by loam soil and

forest land cover.
KEYWORDS: A Study on Estimation of Runoff by SCS Curve Numbkthod Using GIS
INTRODUCTION

In engineering hydrology runoff due to storm evéhtoften a major subject of study all abstractidrsn
precipitation ,viz. those due to evaporation, tparadion, infiltration, surface detention and s@ea are considered as
losses in the production of runoff. Rainfall bethg predominant form of precipitation causing stidbow, especially the
flood flow in majority of rivers in India. Runoff eans the draining or flowing off of precipitatiorof a catchment area
through a surface channel. It represents the oudtput the catchment in a given unit of time. . iagge values are
necessary for ungauged catchments for the desigvabus hydraulic structures such as small damog@hical
Information System (GIS) is computer based systesigth tool applied to geographical data for intégra collection,

storing, transforming and display spatial datasfulving complex and management problems.
STUDY AREA

The Man Project is being constructed at villageraled of Manawar Tehsil of District Dhar, MadhyadResh.
The project site is about 2 km from village Jeedalmated on Khalghat-Manawar-Amjhera district r@adl is about 22
km from Manawar. The dam being built on the rivearMdrained by the Narmada is one of the 30 maorsdbeing built
in the Narmada Valley - a part of the controverBlatmada Valley Development Authority (NVDA). Thetdl catchment
area at Man Project site is 713.76 sq. km. The iggibucal location of the Man catchment is 22° 2@” Rl latitude and
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75° 05'40” E longitude.
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Figure 1: Index map showing Man Catchment in Narmad Basin and Rain Gauge

METHODOLOGY AND RESULT ANALYSIS
SCS Curve Number Method

The RCN (runoff curve number) method was originalyablished by the SCS in 1954. It was origindégigned
to be an in “inter agency” tool for the estimatiohrunoff it was therefore never subjected to peejournal review by

anyone outside the SCS.

The SCS curve number procedure in its standard fermawell established modeling method developethén
mid of 20" century by Soil Conservation Service (SCS) andesthan it has been widely used both as a reséaotand

for solving practical programs.

The SCS curve number is water balance equatiordba$e formula of effective rainfall is derived asesult of

transformation

Q= o . )@

P-la+S

Where, P= total precipitation (mm), la = initialsttaction (mm), and S= potential maximum retentjomm).

Q=0, for P - la. The initial abstraction is relatedS by the equation:
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l,=A-S
In the SCS method it is assumed that the valueanfefficient equals 0.2, although for Indian conteertaining
to the black soil region.

_ (P-0.25)?
Q= (P+0.8S)

@)

The potential maximum retention by the soil is givgy relating it to a dimensionless parameter knasrthe
curve number (CN) that depends upon the hydrolsegicgroups, antecedent moisture conditions as ageland use land

cover factors in the catchment area.

25400
TN

S 254 (3

Antecedent Moisture Condition (AMC)

AMC refers to the moisture content present in thé at the beginning of the rainfall runoff evenhder
consideration. It is well known that initial absttian and infiltration and are governed by AMC. parposes of practical

application three level of AMC are recognized bySS#3 follows:
AMC-I: Soils are dry but not to wilting point saigtory cultivation has taken place.
AMC-II: Average conditions.
AMC-IIl: Wet condition.

Soils

In determining the CN values, the hydrological sifisation is adopted. Here soils are classifigd fiour classes
A, B, C, and D based on the infiltration and otluwaracteristic. The important soil characteristicat influence
hydrological classification of soils are effectigdgepth of the soil, average clay content, infilmaticharacteristics and the

permeability. Following is the brief descriptionfolur hydrologic soil groups.
Group A (Low Runoff Potential)
Group B (Moderately Low Runoff Potential)
Group C (Moderately High Runoff Potential)
Group D (High Runoff Potential)

DATA COLLECTION

Rainfall

The rainfall data have been collected for the gkdone 2004 to October 2013 of five Raingauge @tatDhar,
Sardarpur, Gandhwani, Nalcha and Tirla under Manheaent from Land Record Department, Office of Ectbrate,
district Dhar, Madhya Pradesh.

Toposheet

Survey of India Toposheet No. 46 N/2,46 N/3, 46 ,N¥6 N/7 of scale 1:50,000 are collected from Natana
Valley Development Authority (NVDA), Indore (M.P.).
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Soil group and Land Use and Land Cover (LULC) map

The Sheet No.2 of Madhya Pradesh Soil Map and Megppinit under Man catchment has been collected from
National Bureau of Soil Survey and Land Use PlagiifBSSLUP), Nagpur Govt. of India.

National land use/land cover mappisglownloaded for Dhar district of Madhya Pradesimgi$RS-LISS Il

1:50,000 scale which is downloaded from the wehsitBHUVAN having portal name as www.bhuvan.nrse.go

Table 1: Distribution of Land use and Land Cover (LULC) of Man Catchment

. : Area Percentage of
Cover Description No. of Pixel (Sq.Km) Area
Agriculture , Crop Land 345814 311.233 43.60%
Scrub land ,Barren ,West Land 25198 22.678 3.18%
Scrub Forest ,Forest 45645 41.081 5.76%
Deciduous ,Forest 225528 202.975 28.44%
Wetlands ,Wate_r Bodies , River Stream | 28427 o5 584 3580
Canal, Reservoir, Pond
Fallow ,Agriculture 90921 81.829 11.46%
Built up, Rural 5305 4.775 0.67%
Elf::rc;en/ Unculturable / Waste Land, Scrub 21547 19.392 2 7204
Builtu p, Urban 3127 2.814 0.39%
Grass , Grazing 1261 1.135 0.16%
Evergreen/Semi Evergreen 18 0.016 0.002%
Built up , Urban 284 0.256 0.04%
Total 713.76 100%

Computation of Weighted Average Curve Number

The average value of curve number for AMC-I, AMGaiid AMC-IIl as given in Table 2 have been appratety

used in the equation suggested by SCS to compaitdiriact runoff depth in mm using the average valugaily rainfall in
mm.

Calculate weighted curve number by Z CNixAl Cl:iiXAi ‘4

After the getting values of, CN-Il are given and -Ciind CN-II given by equation 5 and 6. CN-l and-GNthe
potential retention S is computed using the eqoafi@nd Initial Abstraction la are given by 0.2SArc GIS to apply in

raster calculator in this equation and find outydainoff by spatial distribution show in figure 5.

CN,for AMC — I = 0.39 x CNy; x e(0-009%CNm) 5)(
CNyy; for AMC — III = 1.95 x CNj; x e("0-00663xCNn (6)

In Arc GIS above equation used in Raster calculatol to calculate direct runoff flow chart showfigure 5.
Spatial Distribution of runoff show in figure 6

Impact Factor (JCC): 3.0238 NAAS Rating.06
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Table 2: Area Weighted Average CN of Man Catchment

Antecedent Moisture AMC-I | AMC-Il | AMC-III
Condition, (AMC) Dry Average | Wet
Average Curve Number, CN 62.75 76.97 88.31
Potential Retention, S 150.78 75.97 33.61
Initial abstraction, = 0.2 S 30.14 15.19 6.72

The calculation of CN’s for large areas or manyirdzge basins can be cumbersome and time consuming,
therefore a GIS is an appropriate tool to use tmhsan application. The composite curve numbenéymal condition is
76.97, where for the dry and wet conditions are/82and 88.31 respectively. The forest cover ret#tiesrainfall for

maximum period and moderates the direct surfaceffinaving minimum value of curve numbers.

Table 3: Computation of Average Curve Number

Soil Type Land Use Description Area (Sq.Em.) | CN I | AreaxCN T | CNT |AreaxCN T | CN I Area x CN I
B Agriculture | Fallow 15636 43 129782 683 1068 31 034 145969
D Amiculture | Fallow 66.123 03 6149 59 838 353879 979 617290
B Agriculture | Fallow 0.081 78 634 614 499 907 737
B Amiculture Crop Land 0.003 55 015 332 010 745 021
B Amculture Crop Land 78.133 78 6095.92 614 4797.10 90.7 708734
D Amiculture Crop Land 128207 91 10766.80 803 18370.52 97.1 1215039
D Agculture Crop Land 4862 03 43211 838 40730 979 £7598
B Scrubland, Barren Waste Land, 5.848 20 467.83 64.1 374.86 018 336.77
D Scrubland, Barren Waste Land, 13383 i 1333.69 738 116359 037 1472.89
B Bamen Waste Land Scrubland 1464 03 136.18 HER 122,63 079 1334
B Unculturable / Bamen /Wasteland Scrubland 0.172 20 1373 64.1 11.00 018 13.76
D Unculturable /Bamen (Wasteland Scrubland 19.195 i 168912 758 143441 057 1337.86
B Bult up , Rural 0987 66 63.12 46.6 46.00 231 2108
D Built up Faral E| 43 313.03 683 23767 034 35207
D Built up ,Urban 3081 43 15574 683 11032 034 28764
B Forest Deciduous 0.708 47 3326 180 19.80 67.1 17.50
B Forest, Deciduous 200.193 55 11010.64 352 704454 145 1£010.14
D Forest Deciduous 2113 82 17328 66.9 14136 028 96.19
B Forest Evergreen /Semu Evergreen 0.016 40 0.62 114 033 393 093
B Scrub Forest , Forest 34836 47 163731 180 074.77 67.1 233704
B Scrub Forest Forest 4316 33 13740 3312 13189 43 31148
B Scrub Forest Forest 1913 67 128.16 478 0133 233 60.23
D Grass Grazing 1134 20 100.91 773 8767 96.2 09.07
D Water Bodies River Stream Canal 13568 100 2336.79 039 2431359 100.3 256917

| 713.765 54941.679 44794.123 63034578
AMC-I= 76.974 AMCII= 62.757 AMC-ITT=§8.313
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LAND USE AND LLAND COVER MAP OF MAN CATCHMENT
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Figure 2: Cover Description of Man Catchment
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Figure 3: Soil Map of Man Catchment
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CURVE NUMBER MAP OF MAN CATCHMENT
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Figure 4: Curve Number (CN-Il) Map of Man Catchment
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Figure 5: Methodology adopted for Computation of Cuve Number

www.iaset.us anti@iaset.us



44 Sunil Ajmera & Atikur Rahman Khan

Table 4: Using SCS CN of Man Catchment Rainfall andRunoff in mm

Year | Mm Jan | Feb | Mar | Apr | May Jun Jul Aug Sep QOct | Nov | Dec | iTotal
5004 " RAINFALL | 0.00 | 000 | 0.00 000 | 0.00 | 4980 | 19746 | 401.88 | 8486 | 2734 | 0.00 | 0.00 | 76134
| RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 | 4444 | 13404 | 0.00 0.00 | 0.00 | 0.00 | 17848

2005 "RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 4426 | 260.76 | 80.68 | 20760 | 1.72 | 0.00 | 0.00 | 595.02
| RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 9586 | 18.86 | 3367 | 0.00 | 0.00 | 0.00 | 14839
2006 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 73.66 | 296.10 | 55148 | 164.16 | 0.00 | 0.00 | 0.00 | 1085.40
RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 80.75 | 22515 | 13.14 | 0.00 | 0.00 | 0.00 | 319.04

5007 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 12636 459.24 | 37056 | 19446 | 42.79 | 0.00 | 0.00 193 41
RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 | 16.04 | 21958 | 159.13 | 1893 | 0.00 | 0.00 | 0.00 | 413.68

2008 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 2290 | 18424 | 136.04 | 310.18 | 73.70 | 0.00 | 0.00 | 727.06
| RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 13.87 1.67 6947 | 0.00 | 0.00 | 0.00 | :85.01
2009 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 8596 | 33344 | 11848 | 89.16 | 5334 | 0.00 | 0.00 | 68038
RUNOFF 0.00 | 0.00 | 0.00 000 | 0.00 | 2551 | 9088 | 1746 6.16 0.00 | 0.00 | 0.00 | 140.01

5010 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 9732 | 21934 | 37478 | 18260 | 0.00 | 0.00 | 0.00 | 87404
| RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 245 3224 | 8646 | 4865 | 0.00 | 0.00 | 0.00 | 16981
2011 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 20.18 | 232,62 | 39258 | 6592 | 180 | 0.00 | 0.00 | 713.10
RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 3476 | 79.04 | 12.09 | 0.00 | 0.00 | 0.00 | 12589

2012 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 2886 | 302.44 | 22770 | 31348 | 6552 | 0.00 | 0.00 | 938.00
RUNOFF 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 | 10443 | 3545 | 10485 | 0.00 | 0.00 | 0.00 | 24473

3013 RAINFALL | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 25666 | 433.40| 32678 | 25454 | 0.00 | 0.00 | 000 | 127138
| RUNOFF 0.00 | 0.00| 0.00 000 | 000 | 6272 | 169.18 | 56.16 | 5864 | 0.00 | 0.00 | 0.00 | 346.70

CONCLUSIONS

In this study an attempt is made to study the hgdio features of Man catchment. the amount of fufrom
same watershed were the records of runoff is natlabte. Many methods can be used to determineruheff from
ungaged watershed. Soil Conservation Service (8t®)e Number method is a simple, widely use anitiefit method
for determining the amount of runoff from a raihf@ben in a particular area. In the present sttlilymethod was used to

estimate the direct surface runoff from Man catchinaad with the help of Geographical Informatiors@yn (GIS).

e The results in the present study shows that rundfie catchment can be studied for reliable aeyuadong with

the spatial variation of soil type and land useetyp

* The SCS curve number method which is used for fuesifmation is most accurate and in future we @ampare

it with other conventional method which is alsodigar runoff estimation.
» The analysis can be extended to assess the implacidouse changes. on the rainfall runoff relaghup.

e The catchment area in which runoff data is avaélahben comparison between actual runoff and obdemveoff

can be easily prepared.
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