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PREFACE

Flood forecasting, reservoir design, watershed simulation,
and comprehensive water resources projects generally utilize some
form of routing technique. RAINFLO model is used to predict the
temporal and spatial variations of a flood wave as it traverses a
river reach or reservoir, or can be employed to predict the
outflow hydrograph from a watershed subjected to a known amount
of precipitation.

The RAINFLO model can be used to calculate regulatory and
design discharges in ungauged watersheds, to complement statisti-
cal analyses in watersheds with scant or insufficient streamflow
data, to calculate probable maximum flood based on the probable
maximum precipitation, and when installed on a specific basin,
for operational flood forecasting based on rainfall data in real
time.

This report has been prepared in connection with ongoing
UNDP Project IND/90/@3 entitled "Developing Capabilities in
Hydrological Studies"

This report has been prepared by Mr. A.V.Shetty, Scientist
"B”, with the assistance of Mr. N.Varadharajan; R.A, under the
guidance of Prof. V.M. Ponce, San Diego State University; U.5.4,

during his visit to Hard Rock Regional Centre Belgaum.

( SATISH CHANDRA )
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1.9 INTRODUCTION

RAINFLO is a comprehensive hydrologic computer software
system to model the rainfall runoff process to forecast real
time Flood in complex watersheds and river basin. The flood
forecasting may be defined as "“the prediction of stage,
discharge, time of occurrence, and duration of flood;
specifically of peak discharge of a specified point on a stream,
resulting from precipitation”. Flood forecasting may be defined
in common usage that implies the estimation of stream flow before
hand its occurrence. The forecast may be useful only when which
satisfies the criteria of accuracy, reliability and timeliness.
Flood forecasting is of fundamental importance to flood warning,
flood control, or river regulation which can help the water
resource managers to take necessary measures to mitigate flood
damage.

The forecasting method should be designed according to the
purpose of forecasting. If flood and damages are to be
assessed, then forecast of flow stages at key locations. along
the river are needed. For control of hydraulic structure, the
forecast 1is in termémaf rivedischarges prescribing the entire
hydrograph. The flood forecast may include the time when the
river will reach the flood level, the time and magnitude of peak
flood, the time when the river will fall below the flood level
and total amount of flood water. The available deterministic
flood forecasting models can be divided into two parts: Flood
routing models real time rainfall runoff models. An operational
forecasting system may incorporate both types of model.

1



The RAINFLO model mainly has following four modules;
- Network Topology

ii. Subwatershed Hydrograph Generation

iii Steam Channel Routing Module

iv. Reservoir Routing Module

ii). Subwatershed Hydrograph Generation

RAINFLO uses established SCS practices for subwatershed
hydrograph generation, including the runoff curve number
procedure for abstraction of flows, dimensionless storm
distribution patters, and the dimensionless unit hydrograph.

Storm distribution can be read as actual rainfall amounts
discretised at selected intervals, or total rainfall amounts for
specified period of time. With the latter, you can supply a
dimensionless storm distribution pattern or use one of seven
RAINFLO built-in storm patterns.

The net precipitation 1s distributed using a phi-index
approach or throughout the effective duration of rainfall
calculated by SCS procedures and otherwise throughout the

specified duration of rainfall(either 24-hr or 48-hr).
1ii). ©Stream Channel Routing Module

RAINFLO features a diffusion wave routing method in which
the routing parameters are calculated based on cross-sectional
rating curvés and geometric characteristics.

The diffusion wave method is limited to nonzero channel
gradients. In the unlikely case that the channel gradient |is
effectively zero, the subreach in question would be considered a

reservoir subreach, and therefore, subject to reservoir routing.
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RAINFLO has two stream channel routing options:

a. a constant parameter method(Muskingum-Cunge); and

b. a variable parameter method (Muskingum-Cunge).

In the constant parameter method the subreach routing
parameters are calculated at the start based on peak inflow
values and kept constaﬁt throughout the computation in time. In
the variable parameter method the routing parameters are allowed
to vary in time as a function of the local flow values.

The variable parameter method is more computationally
intensive than the constant parameter method. However, it will
generally result in a meore accurate routing, e=zpecially for
routing overbank flows, long reaches and complex networks.
RAINFLO has the capacity to abstract channel transmission losses
during the subreach routing process. This feature is particularly
suited for cases in which channel losses or gains are important
and can be documented. Average infiltration velocities are needed
by RAINFLO to account for the channel transmission losses or
gains.

iv. Reservoir Routing Module

Reservoir routing method is based on the storage-indication
technique. The system accepts set of elevation storage-storage-
outflow values each reservoir or channel impoundment and uses
this information, to calculate the outflow hydrograph for the
reservoir subreach.

RAINFLO can accept at most one reservoir per stream reach.
Two adjoining reservoirs must be configured into two reaches.

Also a reservoir can span at most one stream reach. Therefore noc

network confluences are allowed within a reservoir.
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To activate the reservoir routing element of RAINFLO,
reservoir routing indicator is to be turned on. One or more
reservoirs can also be considered. To deactivate the reservoir
routing element of RAINFLO can be turned it off.

The RAINFLO model has been applied as an initial application
to the Malaprabha basin upstream Khanapur. The data has been
derived locally on the basis of on site gathering of information
by the field visits made to the Malaprabha catchment upstream of
Khanapur. The field visits and subsequent works in the office
enable to develop a RAINFLO input file suited to the catchment
upstream of Khanapur. The effort has been made to simulate the
daily hydrograph and monthly discharge ¢f wet months using the

model.




2.9 MODEL DESCRIPTION

RAINFLO is a comprehensive hydrologic computer software
system tc model the rainfall runoff process in complex watersheds
and river basins.

As a RAINFLO user, one can specify the stream channel net-
work 1in terms of a set of topological numbers. Using these
topological numbers, RAINFLO orders the sequence of computations
to enable the subwatershed hydrograph generation and the routing
of flows through the specified network of stream channels and
reservoirs.

RAINFLO accepts rainfall input to the watershed or basin and
converts it into streamflow. Fiows are expressed at the basin
outlet, and optionally, at any or all network confluences.

The +total basin area is subdivided into two types of

subwatershed units:

1) wupland subwatersheds, neighboring the basin perimeter,
which generate upland inflow hydrographs tc the stream
network; and

2) reach subwatersheds, adjacent to the stream channel

reaches and generating lateral inflow to them.

Rainfall can be specified distinctly for each subwatershed.
Storms can be input discretely in time or as a total amount for a
given duration. 1In the latter case, you can supply the temporal
storm pattern, or alternatively choose among several RAINFLO

built-in SCS dimensionless storm patterns.



RAINFLO consists of three major modules:

1) subwatershed hydrograph generation;
2) stream channel routing; and

3) reservoir routing.
2.1.0. Network Topology

In RAINFLO, the basic unit of network simulation is the
stream reach. The total number of stream reaches forms the
channel network. The channel network is specified by a set of
topological numbers. Each stream is assigned a topological number
censisting of order-branch-channel information. The array of the
topological numbers determines the connectivity of the stream
network, enabling the routing of flows in time and space.

A topological number has five digits. The first digit is the
order, varying from 1 to 9; the second and third digits are the
branch number, from 1 to 99; and third digits are the branch
number, from 1 to 99 and the fourth and fifth digits are the
channel number, from 1 to 99.

The following steps are to be carried out for the
determination of the topological numbers;

1. develop tree-like schematic of the stream network;

2. delineate all broaches;

3. assign steam orders to the various branches following

RAINFLO procedures;

4. number of the branches following RAINFLO procedures;

5. number of the channels following RAINFLO procedures; and

6. combine order-branch-channel information for each

stream reach into a five-digit topological (NTOPO) number.
6




All stream reaches with @1 as the last two digits of the
NTOPO number are upland stream reaches, and consequently, accept
upland subwatershed hydrograph inflow. Number all upland
subwatersheds sequentially, in order of increasing upland stream
reach NTOPO number, from 1 to number of upland watersheds.

In RAINFLO, confluence is the location where two stream
reaches meet and join their flows. Multiple confluences can be
configured in RAINFLO by using null reaches.

Rainflo stream reaches can be sub-divided in many as maximum
number of subreaches per stream reach to account for cross-
sectional nonuniformity. Within which stream reach, one subreach
at most can be considered a reservoir subreach, and therefore,

subject to reservoir routing.

2.2.9 Subwatershed Hydrograph Generation

The subwatershed unit hydrograph calculation is based on
current SCS practice. For watershed areas equal to or less than
€.2 square miles, the lag is estimated by the curve number meth-
od, provided the input (AMC 2.9) runoff curve number is within
the range 50-95. Otherwise, the lag is estimated as a percentage
of the time of concentration. The latter is calculated based on
the hydraulic length of the subwatershed and an estimation of the
average velocity along the hydraulir~ length.

The duration of the unit hydrograph is estimated as the
percentage of the lag. The unit hydrograph time-to-peak is
estimated as a multiple of the unit hydrograph duration. The peak
flow 1is calculated based on the subwatershed area and unit

hydrograph time-to-peak. Based on peak flow and time-to-peak,
7




the SCS dimensionless unit hvdrograph is used to calculate the
ordinates of the subwatershed unit hydrograph. The calculated
unit hydrograph is convoluted with the effective storm pattern to
generate the composite outflow hydrograrh at each watershed
outlet..

RATNFLO uses established SCS practices for subwatershed
hydrograrh  generation, including the runoff curve number
procedure for abstraction of flows, dimensionless storm
distribution patterns, and the dimensionless unit hydrograph.

The SCS unit hydrograph is the dimensionless unit hydrograph
developed by Victor Mockus in the 1950@s. The hydrograph was
developed based on the analysis of a large number of natural unit
hydrographs from a wide range of catchment sizes and geographic
locations. This method has been recognised as the SCS synthetic
unit hydrograph and has been applied to mid size catchments
throughout the world.

The BSCS method uses constant rates of actual time base to
time to peak, and also uses a dimensionless hydrograph function
to provide a standard unit hydrograph shape.

The following two methods has been used to find out the
catchment lag

i) The curve number method

ii) The velcoecity method.

2.2.1 Curve number method

The curve number method is limited to catchment of areas
less than 8 km, but recent evidence suggests that it may be used

up to the catchments area 16 square km. The subwatershed unit
8




hydrograph calculation is based on current SCS practice. For
watershed areas equal to or less than 6.2 square miles, the lag
is estimated by the curve number method, provided the input (AMC

2.9) runoff curve number is within the range 5@-95.

2.2.2 Velocity Method

In the velocity method, the main stream divided into reaches

and the two vyear flood or the bankfull discharge 1is to be

estimated. It is also suggested for certain cases to use
discharges corresponding to 1@ year frequencies or more. The
mean velocity is computed and the reach concentration time. is

calculated by using the reach valley length (straight distance).
The sum of the concentration time for all reaches is the concen-

tration time for the catchment.

2.3.0 Stream Channel Routing

The stream channel routing refers to a specific length of
stream channel possessing certain translation and storage
properties. The hydrograph at the upstream end of the reach is
the inflow hydrograph at downstream end is the outflow
hydrograph. Lateral contributions consists of point tributary
inflow and distributed inflows. The stream channel routing is
attributed for the application such as flood flow analysis, flood
control design or flood forecasting.

The hydrologic and hydraulic approaches has been recognised
in the stream channel routing. The hydraulic stream channel

routing is based on the storage concept. Where as in the case of

hydraulic stream channel routing is based on the principles of
9




mass and momentum conservation.

The Muskingum-Cunge method is an alternative approach to
hydraulic and hydrologic routing has emerged in recent years. The
approach 1is similar in nature to the hydrologic routing method,
yet contains sufficient physical information to  compare
favorably with the more complex hydradlic routing techniques.

The Muskingum-Cung method has been adopted for the stream
channel flow routing mode in the RAINFLO. model.

The Muskingum-Cunge method is a physically based alternative
to the Muskingum method. In this method the parameters are
calculated based on flow and channel characteristics. It also
limited to diffusion waves and is based on a single value rating
and does not take into account strong flow non uniformity or
unsteady flows exhibiting substantial loops in discharge stage
rating. The Muskingum Cunge method is Kinematic in nature with a
parameters being based on values evaluated at channel cross-
sections rather than being reach averages. The Muskingum Cunge
method has been calibrated using physical characteristics such as

rating curve, cross sectional data, and channel slope.
2.4.0 Reservoir Routing

The RAINFLO reservoir routing model is based on the storage-
indication technique. The system accepts sets of elevation
- storage cutflow values for each reservoir channel exponent and
uses the information together with starting reservoir elevation,
to calculate the outflow hydrograph for the reservoir subreach.

The storage 1indication method of routing a hydrograph

through a reservoir is also called +the modified Plus method. A
10




flood wave passing through a storage reservoir is both delayed
and attenuated as it enters and spreads over the pool surface.
Water stored in the reservoir is gradually released through
turbines outlet works called principal spiilways or in extreme
floods over an emergency spillway. Flow over an ungated
emergency spillway weir section or flow through a free outlet
discharge pipe or some other may be estimated using proper fiow
equations. Storage value for various pool elevation in a
reservoir are readily determined from computations of volume
confined between various pool areas measured from topographic
maps. BSince storage and outflow both depend oniy on pool
elevation, the resulting storage-elevation curve and the out fliow
and outflow-elevation relationship can be easily combined to for

a storage outflow graph.
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3.0 APPLICATION OF THE MODEL ON MALAPRABHA CATCHMENT
UPSTREAM OF KHANAPUR

3.1.8 Introduction

The RAINFLO model has been tested‘as an initial application
to the Malaprabha basin upstream of Khanapur (as shown in the
figure 1.0) with locally derived data. This basin was selected
because of its proximity. The field visits were made to the
Malaprabha catchment for on sites assessed and gathering of
preliminary data. The field visits and subsequent work in the
office enabled to develop a RAINFLO input file suited to the
Malaprabha basin upstream of Khanapur. The following data were
collected and assembled in suitable form for computer
utilisation.

1. Precipitation
2. Runoff curve no based on hydrologic soil type land use and
treatment and hydrologic runoff condition.
3. Typical stream cross-sections,
4. Mannings ‘'n” for stream reaches
5. Discharge hydrograph at Khanapur.
The Malaprabha basin upstream of Khanapur was described into
20 catchments and 13 stream reaches and set of  RAINFLO
topological numbers developed. In turn, the 13 reaches were
subdivided into several subreaches upto subreaches in the input
files and a maximum of 20 subreaches internally generated by the

model as shown in the figure 2.0,.
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3.2.9 Description of the Study area

The Malaprabha basin upstream of Khanapur located in the
Western Ghats and sub-basin of Krishna river as shown in the
Fig:1

The Malagzrabha rises at Kanakumbi in the western ghats at an

altitude of about 793 in about 16 km west of Jamboti in Belgaum

district of Xarnataka. The river flows first in on easterly
‘and then in a rorth direction and joins the Krishna at an
elevation of about 482 m about 323 kms from its source. The

total catchment area of the Malaprabha is 11549 km2. Its prin-
cipal source of supply from Ghat section off,the basin. The
catchment area of the Present study are upsiream Khanapur 1is
520 km2.

The location of the catchment area lies between T4°¢E - 75E
Longitudé and around 16° N Latitude and it is along the border of
the states of Karnataka and Maharashtra.

The Malaprabha basin has four distinct seasons in the year.
They are (1) the cold weather, (ii) the not weather, (iii) the
south west monsoon and (iv) post monsoon.

The cold weather from October to February is generally
pieasant in the entire basin. The western and the north -
eastern regions are colder than the rest. The summer is pleasant
in the western part of the basin. The southwest monsoon sets in
by first half of June and end by mid October.

The .red, black, and Laterite soils are the principal soils

found in the study area.

15




3.3.9 Modelling of the Catchment

3.3.1 Topology

The total basin area is sub divided inteo upland and reach
watershed units. To the extent possible, the watershed units
should be of the same order of magnitude in such a way that non
of them should be too big and too small. The malaprabha basin
upstream of kKhanapur wis discretised into 20 subcatchments and 13
stream reaches as shown in the fig :3.0,. A 3et of RAINFLO
topoliogical nunbers developed in which five digit number
containing information on order-branch-channel. First digit
indicates order oi the stream, next two digits for the branch and

last two digits which indicates the channel.

3.3.2 Landuse

Land use pertains to the watershed cover, including every
kind of vegetation, litter and mulch, fallow as well as non-
agricultural uses. Twenty subcatchments have been distinguished
between cultivated land, grass lands, and wocd ard forests. For
cultivated 1lapds, it has been considered that as fallow, row
crop, small grain, closed seed legumes, straight row fields,
contoured fields, and terraced fields.

The Malaprabha basin upstream of Khanapur was sub-divided
into 2@ sub-catchments. Those sub-catchments were visited and
classified into forest, agriculture, fallow and barren land. The
percentage of respective classifications 1s identified and

accordingly curve number has been selected.

3.3.3 Soils

All soils are classified into four hydrologic scil groups of
16
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distinct runoff producing properties. These soil groups are
labeled as A, B, C, and D. After the survey, the red loamy soils
distributed in. the study area. The red loamy which is of soil
with moderate infiltration rates when wetted thoroughly,
primarily moderately deep to deep, moderately drain to well
drained, with moderately fine to moderately coarse textures.
These soils have a moderate rate of water transmission. The soils

of the study area is considered to be "B’ group.

3.3.4 Base Flow

RAINFLO requires the specification of base flow at the
upstream and end of each subreach.

In the absence of surface- groundwater flow interaction,
calculate or estimate base flows such that they generally
increase in the downstream direction, from reach to reach.
Continuity of base flows through confluence should also be pre-
served.

The outflow at the starting of the simulation period is
measured at the outlet of the basin under study. The weightage
was given on the basis of the area of each reach, subreach and

upland and accordingly distributed to the reaches and subreaches.

3.3.5 Land Slope

The average land slope is obtained by superimposing square
grid pattern over the catchment topographic map, evaluating the
maximum land slope at each grid intersection within the catchment
and averaging these values to obtain a representative value of

the catchment land slope.
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3.3.6 Cross-Sections

Cross-sectional data of X-Z coordinates has been measured..
X-coordinates measured from a reference point located to the left
of the left most cross-sectional point(looking downstream) and X-
coordinate value should not be less than the previous one. Z-
coordinates measured upwards starting at a reference point
located below the lowest cross-sectional point. On an average
two cross-sections have been taken in each reach and subreach
watershed as shown in the fig: 2. Mannings “n” has been derived
on the basis of channel surface by the help of guidelines given
by the Hydrologic Hand Book of Ven .T. Chow and Roughness Charac-
teristics of Natural Channels by Barns. Three Manning’s coeffi-
cients taken each from the inbank channel, left overbank channel

and right overbank channel .
3.3.7 Rainfall

The remarkable variation of rainfall has been noticed in the
study area. Therefore measured point rainfall of a raingauge
which 1is within the subcatchment or in the vicinity of the
subcatchment has been considered. Eight raingauge station 1is
considered +to take actual (measured) rainfall amounts for reach
and subwatersheds as shown in the figure:4. The Kanakumbi rain-
gauge 1is considered for the upland (7). Jamboti raingauge sta-
tion is applied for three subwatersheds of reach 3@191, upland
(4), reach 2020land reach 30102. Desur has been considered for
upland(3) and upland(6). Shanthibasthavad for the reach watershed
20101. Asoga for the reaches 30103, 20303, 30105, and upland(l).

Khanapur raingauge station for reach watershed 30105 and 20401.
19
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Gunji raingauge is considered for the upland(2) reach watershed

19201 and 2@301. Jamgaon has been considered for the upland(5).

3.3.8 Average Velocity Along Hydraulic Length

The average velocity 1is normally based on the bankfull
flood plains where the depth of overbank flow may be 1@ to 20
feet during a major flood event, it may be desirable to use
correspondingly higher velocities for frequencies up to 19090
years.

Either average velocity along hydraulic length or average
land slope is used to calculate the subwatershed lag. Therefore,
you can choose not to specify both velocity and slope. However,
it has to be chosen this option, one must include a zero value
in place of that not being used in the computation of the lag.
For example, if the subwatershed area is 10 square miles, the
average velocity method will be used; therefore, the average
land slope =should be specified as zero. The average velocity
has been identified on the basis of bankfull discharge at a

particular section in the specified upland.



4.0 RESULTS AND DISCUSSIONS

The rainflow model has been applied to simulate two high
flow months in river Malaprabha which are in the month of August
1989 and July 199@. Nine test runs have been carried out to draw
some conclusions especially to find the sensitiveness of the
variable parameters which are incorporated in the model and to
compare the output of the flow series by the nodel with the
observed flow series in the river. In each test run, set of
parameter values such as SCS curve number coefficient, slope,

velocity, curve numbers, and Manning’s 'n° have been selected.

Results:

Test Run One:

Year: 1989 Month: August
SCS CN Coefficient 3 R

Slope : 12.3, 16.8

Velocity : ©.5, 0.5, 2.3, 9.65, @.5

Curve Number 74, T2, 73, 77, 75, 72, 718, 63, 74,

14, 76,~- 73, 75, 68, 76, 71, oy Tl.

Manning’s ‘n° : Initial(lower)
Monthly Discharge < Observed Estimated
159.9624 MCM 113.66388 MCM

As presented in the fig:5(1), the observed monthly discharge
is 159.0624 MCM where as estimated discharge is 113.66388 MCHM.
The peaks observed and estimated hydrograph neariy follow the

Same trend. However higher ma%gitude of discharge is largely
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deviated and high peaks always higher in the case of simulated

values.

Test Run Two:

Year: 1889

SCS CN Coefficient
Slope

Velocity

Curve Number

Manning's "n”

Monthly Discharege

Month: August

: .2

: 10.3, 16.8,

: 9.25, ©.25, ©.20, ©.50, ©0.25

: 69, 67, 68, T2, 79, 67, T3, 55, 69,

69, 70 - 68, 7@, 61, 71, 66, 68, 66

: Changed(higher)
Observed Estimated
159.064 MCHM 99.98564 MCM

The output of the above selected set of parameters as shown

in the figure: 5(ii). The observed monthly discharge is 159.064

MCM, where as estimated by the model 99.98564 MCM it is less,

when compare to the test run one.

Test Run Three:

Year: 1989

SCS CN Coefficlient
Slope
Velocity

Curve Number

Manning's 'n”

Month: August

S

10.3, 16.8,

: .50, ©.50, ©.30, ©.65, .50

69, 67, 68, 72, 79, 687, 73, 58, 69,
69, 79 - 68, 79, 61, 71, 66, 68, 66

: Changed(higher)

24
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Monthly Discharge : Observed Estimated

159.064 MCM 190.55355 MCM

As we can see from the figure: 5{(iii), ordinates of the
hydrograph almost have the same magnitude when compare to the

other test run. However, there is variation in the discharge.

Test Run Four:

Year: 1989 Yonth: August

SCS CN Coefficient @.1

Slope 5. 8. 30138,

Velocity 0.25, 0.25, ©.20, ©.5@, .25

Curve Number : 69, 67, 68, 72, T8, 87, 73, 538, 89,
69, 70 - 68, 72, 61, 71, 66, B8, 86

Manning's "n”’ : Changed(higher)

Monthly Discharge : Observed Estimated

159.0624 MCM 192.77733 MCM
The result of this set of parameter is presented in the

figure: 5(iv).

Test Run Five:

Year: 1989 Month: August
SCS CN Coefficient A ) o |

Slope i tB.3, 16.8%,

Velocity : .25, ©9.25, 9.20, ©.59, £.25

Curve Number : 89, 67, 68, 72, 7@, 67, 73, 58, 69,

69, 70 - 55, 7@, 61, T1, 6E, 68, 66
Manning's ‘n°’ : Changed(higher)

Monthly Discharge : Obzerved Estimated
26
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159.9624 MCM 192.77405 MCHM

The simulated and observed values are presented in the
figure: 5(v).
Test Run Six:
Year: 1994 Month: July
SCS CN Coefficient : B2
Slope 10 .G R
Velocity : 9.50, .50, .30, A.65, ©.50
Curve Number 0, 888, T2,:719, BY, 13, 5B, 58S
69, 7® - 68, 7@, 61, 71, 66, 68, 66
Manning s "n” Initial(Lower)
Monthly Discharge Observed Estimated
310.60627 MCM 346 .05994 MCM
The observed and estimated daily hydrograph has been drawn
as shown in the figure: 5(vi).
Test Run Seven:
Year: 192¢ Month: July
SCS CN Coefficient A ) 1
Slope 12.3, 18,8,
Velocity : #.58, @.50, 2.39, @.85,-@.58
Curve Number 7¢. 67, 68, 72, 1@, 87.,:73, 59, €9,
69. T8 - B8, 7@, Bl, "TLrF 66.<68, 86
Manning's ‘n” Changed{higher)
Monthly Discharge Observed Estimated
21@.80627 MCHM 345 89739 MCM
The observed and simulated daily diacharge has been rlotted

as shown in the figure:

5(vii) using the above set of parameters
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in the RAINFLO model.

Test Run Eight:

Year: 199¢ Month: July
SCS CN Coefficient : 9.1

Slope T 8.5, 13.8,

Velocity : 9.25, 8.25, 9.20, 2.50, 8.2

Curve Number : 69, 87, 68, 72, 7@, 87, 73, 58, 89,

69, 79 - 68, 79, 61, 71, 66. 68, 66

Manning’s ‘n° : Changed(higher)
Monthly Discharge s Qbserved Estimated
310.60627 MCM 343.53997 MCM

The above data set has been taken to draw daily hydrecgraph

for the month July 1992 as shown in the figure: 5(viii).

Test Run Nine:

Year: 1999 Month: July

SCS CN Coefficient B2
Slope : 12.3, 18.8,
Velocity : 9.50, 0.50, 9.30, .65, ©0.50
Curve Number s Th, T8 T8, -TT, 75, 72, .78, 53, 14,
74, 73, - 73, 756, 66, 78, 71, 73, 11
Manning“s ‘n” : Changed(higher)
Monthly Discharge - Observed Estimated
. 310.6@0627 MCM 351.26442 MCHM

The figure: 5(ix) shows the simulated discharge as well
the observed daily hydrograph for the month of July 1890.
33
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Discussions:

In the case of test run one and two, slope of the wupland,
SCS curve number.coefficient has been kept constant with each
other. Velocity and curve numbers of the test run two kept low
when compare to test run one and Manning’s 'n’ has been in-
creased in the test run two. Evidently it shows the effect of
these parameters that the volume of discharge in the case of test
run one is more when compared to the run two.

It also can be seen from the test run one and three that,
the monthly discharge is more in the test run one. Where SCS
curve number coefficient, slope, and velocity kept same in both
the cases and curve number has been decreased in the test run
three. Manning’s ‘n° is increased in the case of test run three.

It has been compared with test run one and four and also
noted that the volume of the discharge in the test run one 1is
more than run four. In this case SCS curve number coefficient,
slope, velocity, Manning's 'n° and curve numbers kept low in the
test run four.

As we can see from the test run two and three, all parame-
ters has been kept constant in both the cases except velocity.
The velocity is less when compare to the velocity taken in test
run three. The discharge is more in the case of run three.

Test run two and four has been compared with keeping veloci-
ty, curve number, and Manning’s 'n’ same. SCS curve number coef-
ficient and slope varied and result shows that discharge in the
run four is greater than the run two.

Keeping all the parameters constant except SCS curve number

coefficient in the test run two and five. In the case of run five
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SCS curve number coefficient i1s decreased conversely dizcharge
is more.

It 1is alsc compared run three and with test run four by
keeping SCS curve number coefficient same in both the cases and-
SCS curve number coefficient, slope, and velocity kept low in
the run four. As & result of it discharge is more in the case of
test run four.

Curve number, slope, and Manning’s ‘n° taken same for both
the cases and SCS curve number coefficient and velocity decreased
in the test run five. As a output discharge in the case of run
five is more compared to the run three.

In this case all the parameters kept same except slope for
the test run four and five. It is found that there is very little
change in the discharge in the case of run four and five.

All the parameters except Manning's 'n” has been kept same
in both the cases of test run six and seven. The discharge in the
case of run six is more when compared to the case of run seven as
the Manning’s ‘n” has been increased in test run seven.

SCS curve number coefficient, slope, velocity has been
decreased and Manning's "n” kept higher in the case of run number
eight where as curve number same as run number six. It is noticed
that discharge in the case of test run six is more than run
eight.

It 1is also compared test run six and nine with keeping all
parameters except curve number. The curve number has been in-
creased in the test run nine accordingly discharge also increased
remarkably.

SCS curve number coefficient, slope, velocity has been
37



decreased and Manning’s 'n° increased in the case of test run
~eight. Curve number kept same for both the run seven and eight.
As a result we got more discharge in the case of test run seven.

In an another comparison between test run seven and nine,
all the parameters taken same in both the cases and curve number
has been increased in the case of test run nine. It 1is noticed
that discharge in the case of test run nine is more than test run
seven.

It is also compared between test run eight and nine and all
the parameters value has been increased in the case of test run
nine. The discharge from run nine is more when compared to the

run eight.
Conclusions:

The above discussions shows that, apart from the rainfall,
parameters such as .SC5 curve number coefficient, slope, velocity,
curve number, and Manning's 'n° has its role in the discharge. It
is more clear and evident that curve number is mors sensitive
than any other parameters as we can see from all the test runs.
It is also noticed that from the run three, four and five initial
abstraction has edge over velocity. When compared with the run
two and five initial abstraction is only the parameter for change
in discharge, which is high in the case of test run number five.
From the basis of the run two, three, four and five slope and
velocity has very little effect in the RAINFLO model.

In the test run six and seven only Manning's 'n° has been
changed and increased in the case of test run seven. It is also
observed that discharge is less in the case of test run seven.
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Hence Manning's 'n” is sensitive in the model.

As we observed from the simulated and observed ordinates of
hydrograph and monthly discharge values, there i3 some magnitude
of variation. It is mainly depends on how closely we modeled the
natural system or catchment. At last we can conclude as follows;

The cross-sections of the channel are representative to
the reach under consideration cne and it need not bte same
throughout reach.

SCS dimensionless unit hydrograph has been used calculate
ordinates of the subwatershed unit hydrograph which 1is
developed in United States <f America. It may not b= true
for Indian conditions. It is better to develop dimension-
less unit hydrogreph fcr Indizn cerndition.

Urever dictribution of rainfall in space and time may have
its own effect in attainirg the peaks of observed with

simulated values.

The selection of curve number, moisture conditions, base
flow and initial abstraction coefficient should be very close to
the natural system otherwise it may give unreliable =simulated
values.

In econtrast, the values of ordinates 2f monthly hydrcgraph
of observed and estimated using the model for the month of August
1989 and July 199€, July values are very cleose to the observed

values as represented in the figures: 5(f; to (i). The following

is the best suited zet of parameters for the month of July.

SCS CN Coefficient s
Slope ¢ 8.88. 15.3.
Velocity : @.25, ©9.25, 9.20, @ 59. 0,25
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Hence Manning's 'n” is sensitive in the model.

As we observed from the simulated and observed ordinates of
hydrograph and monthly discharge values, there i3 some magnitude
of variation. It is mainly depends on how closely we modeled the
natural system or catchment. At last we can conclude as follows;

The cross-sections of the channel are representative to
the reach under consideration cone and it need not be sanme
throughout reach.

SCS dimensionless unit hydrograph has been used calculate
ordinates of the subwatershed unit hydrograph which 1is
developed in United States <f America. It may not be true
for Indian conditions. It is better to develop dimension-
less unit hydrogrepk fcr Indizrn cendition.

Urever. dictribution of rainfall in space and time may have
its own effect in attainirg the peaks of observed with

simulated values.

The selection of curve number, moisture conditions, Dbase
flow and initial abstraction coefficient should be very close to
the natural system otherwise it may give unrelliable simulated
values.

In contrast, the values of ordinates o5f monthly hydrograph
of observed and sstimated using the mcdel for the month of Auzust
1989 and July 193@, July values are very <lose to the obssarved
values 3= represented in the figures: 5(f) to (i). The following

is the best suited set of parameters for the month of July.

SCS CN Coefficient |
Slope ¢ §.38. 3.8,
Velocity : 9.25, 9.25, ©.20, @.59. ©.25
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Curve Number : 69, 67, 68, 72, 79, 67, 73, 58, 69,
69, 7@ - 68, 79, 61, 71, 66, 68, 66

Manning' s "n’ ": Changed{higher)
Monthly Discharge : Observed Estimated
310.60627 MCM 343.53997 MCM

It is suggested that most reliable and close resultsmay be
obtained taking finer cross-sections of channel reach, and by
observing hourly rainfall values. The possibility of missing of
peak flood values are quite common while taking the observation
as genarally take reading at fixed times (once or twice in a
day). Hence continuous recording of discharge data are not avail-
able. Therefore automatic stage recorder is advisable in this
regard.

The output of the model when compared with the observed
values are within the tolerance limit and the errors are found to

be around 10%.
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APPENDIX

REGIONAL CENTRE, MALAPRABHA BASIN, U/S OF KHANAPUR®

"NIH/BELGAUM
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