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Abstract: The use of hydrological models to simulate rainfall-runoff events is an important tool for the
evaluation of a watershed for different land uses, the SWMM being one of the most widely used models to
represent these processes in urban areas, one of selected area is VTU campus, Belgaum. This work applied the
SWMM in six small sub catchment basins in VTU campus, Belgaum aiming to evaluate the impact of the model
parameters on the watershed responses. Observed pluviometric and fluviometric data were used in the model
calibration, a process made by a manual trial and error method and the simulated and the observed runoff in the
outlets were compared. In the calibration, the average determination coefficients from 0.87 to 0.99 were
obtained, as were runoff peak errors from 0% to 31% and runoff volume errors from 0.3% to 71.1%. The
calibrated parameters were distinct for high and low rainfall intensities in the same basin. The sensitivity of the

parameters was shown to be variable according to the physical basin characteristics.
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1. Introduction

Urbanization creates infrastructure problems and large
modifications in the environment. One of these
changes refers to the increase in runoff, causing or
exacerbating the urban disasters generated by the
floods. Thus, the evaluation of responses from small
urban watersheds is of great interest for the
urbanization impact estimation, risk analysis and all
projects involving these environments. Among the
hydrologic models to simulate urban areas, the Storm
Water Management Model, SWMM stands out. It was
developed by U.S. EPA (Environmental Protection
Agency) from 1969 to 1971 and has undergone
several upgrades. The present study was carried out to
evaluate the use of the SWMM model on small Sub
catchments in VTU campus Belgaum. The focus was
on the events calibration and on the understanding of
the parameters involved in the simulation through a
sensitivity analysis of them, based on observed field
data from flow and rainfall monitoring.

1.1 Literature Review

Watershed models are powerful tools for simulating
the effect of watershed processes and management on
soil and water resources. However, no comprehensive
guidance is available to facilitate model evaluation in
terms of the accuracy of simulated data compared to
measured flow and constituent values. Thus, the
objectives of this research were to: (1) determine
recommended model evaluation techniques (statistical
and graphical), (2) review reported ranges of values
and corresponding performance ratings for the
recommended statistics, and (3) establish guidelines
for model evaluation based on the review results and
project-specific considerations; all of these objectives
focus on simulation of stream flow and transport of

sediment and nutrients. These objectives were
achieved with a thorough review of relevant literature
on model application and recommended model
evaluation methods. Based on this analysis, we
recommend that three quantitative statistics, Nash-
Sutcliffe efficiency (NSE), and ratio of the root mean
square error to the standard deviation of measured
data (RSR), in addition to the graphical techniques, be
used in model evaluation. The following model
evaluation performance ratings were established for
each recommended statistic. In general, model
simulation can be judged as satisfactory if NSE > 0.50
and RSR < 0.70, constituent-specific performance
ratings were determined based on uncertainty of
measured data. Additional considerations related to
model evaluation guidelines are also discussed. These
considerations include:  Single-event simulation,
quality and quantity of measured data, model
calibration procedure, evaluation time step, and
project scope and magnitude. A case study illustrating
the application of the model evaluation guidelines is
also provided. Moriasi et al. [1]. Keith [2], studied
using six discrete event based urban rainfall-runoff
quantity models, used by Federal agencies and these
models were calibrated on twenty-three events
recorded by the U.S. Geological Survey (USGS) on
three urban basins during 1974-1975 in Oklahoma
City. The models were the Rational Method, used by
the Department of Housing and Urban Development
(HUD); TR-20, used by the U.S. Soil Conservation
Service (SCS); HEC-1, used by the U.S. Corps of
Engineers (COE); Urban Flood Hydrograph Synthesis
Model (G824), used by the USGS; SWMM,
developed for the U.S. Environmental Protection
Agency (EPA); and MINICAT, under consideration
for use by the National Weather Service, River
Forecast Center (RFC) . The models were calibrated
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for peak discharge on the recorded floods, and all
except the Rational Method were calibrated for runoff
volume. Kyung-sook et al. [4] used information
contained within a GIS database together with
optimization techniques to infer spatially variable
control parameters for utilization with a catchment
modeling system such as the Storm-Water
Management Model (SWMM). The first of these
alternatives can be described as a “trial and error”
method whereby the values of the control parameters
were modified in a systematic manner to achieve
correlation between the monitored parameters and the
predicted parameters describing the catchment
response. To compare the proposed calibration
process with a more traditional calibration process,
the evaluation criteria used were the relative error in
peak flow and runoff depth and the hydrograph root
mean square error. Resulting from this approach, it
was found that high accuracy control parameter
estimation was obtained. From the comparison of the
new and traditional calibration approaches, it was
found that hydro informatics systems can be used
effectively to evaluate catchment modeling system
control parameters and to improve the accuracy and
efficiency of the catchment modeling system
calibration process.

In the study SWMM was modified and adapted for
the upper Ballona Creek Watershed, Imperviousness
was obtained from land use data and the spatial
distribution of precipitation was developed using the
GIS and isohyetal map. The calibrated model was
able to predict the observed outputs with reasonable
accuracy, the sensitivity analysis was performed by
changing each parameter while keeping all others
constant and observing the changes in model output.
The percent changes in runoff volume were most
sensitive to changes in imperviousness and storage.
Changes in all other parameter were small by
comparison and sometimes insignificant.  The
complex method of box was used to calibrate the

model for ten storms using several strategies and
weighting functions. Janet B et al. [3]. Cambez et al.
[5], has used the recent version 5 of SWMM for
Microsoft windows satisfactory results were obtained
from the hydraulic model calibration and verification
process, but some limitations where found in the
SWMM catchment hydrological description .The
hydrological reduction coefficients where calculated
based on the volumetric hydrological losses and
where assumed constant for each calibration sub-
catchment. Obtained values for the coefficients were:
.70 for catchments B2-A and B2-B, 0.60 for
catchment B1 and 0.30 for the pseudo-separate
catchment B1-1, However, this methodology carries
this disadvantage of not preserving the measured
impervious areas or the hydrological reduction
coefficients on the model.

1.2 Field Investigations

A variety of field investigations were performed.
Every individual impervious surface was checked to
estimate its hydraulic  properties, including
connectivity. The pavement material of every sub-
catchment was observed. The Pavement material and
physical connectivity of every sidewalk and driveway
were also investigated carefully. The fluviometric and
pluviometric data used in the simulations were
obtained from monitoring stations inside the studied
sub-catchments. Some rainfall events were selected
and classified in groups, according to the total runoff
generated, being used as inputs for the model. Vinay
etal. [6]

1.2.1 Characterization of the study areas

The application of SWMM model was conducted in
six small Sub catchments in VTU campus Belagavi
(figure 1.), whose physical characteristics are
presented in table 1. The region has a characteristic
climate classified as humid subtropical.

Table 1: Physical characteristics of the analysed Sub Catchments

Physical Basin
ara%neters Sub- Sub- Sub- Sub- Sub- Sub-
P catchment 1 catchment 2 catchment3 catchment4 catchment5 catchment6
Area(m?) 9747891  99717.53 9922502 1779841  110847.41  67943.08
Maximum 756 755.29 750.41 745.60 757.24 750.26
elevation(m)
Minimum 745 750.41 745.60 744.96 750.26 747.33
elevatio(m)
Avg.slope of the - 5 0.02 0.02 0.02 0.03 0.02
basin(m/m)
Impervious 40-50 40-50 40-50 10-20 40-50 50-60
area(%)

1.3. Study Area

The study area VTU, Belgaum is shown in the fig.1.
The total area of the study is about 119 acres, under
Kinaye watershed. The latitude and longitude of the

project are 15°46° N and 74’46’ E respectively. The
soil is red soil and red silt loams. The climate of the
district is free from extremes, the dry season is from
March to June, the monsoon season is from July to
October and the winter period from November to
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February. The normal rainfall in that station is 1193.8
mm; December to March is the very low rainfall
months. August is the wettest month with monthly
rainfall in excess of 250mm. The rainfall occurs in
nearly 48 days in a year. The temperatures start rising
from January to a peak of around 39°C in April, the
hottest month in the district. Thereafter it declines
during the monsoon period and December is coldest
month and the temperatures dips down to 9°C.

The maximum rainfall value of 1hr duration, the
maximum 1hr rainfall in a year is considered. For
maximum values of 2hr to 24hr rainfall duration, the
maximum rainfall in a year is considered. The total
duration of this rainfall event was 24hr. Total daily
rainfall on 09" July 2007 was 120 mm. For
considering the highest rainfall value during 09-07-
2007, for this 24hr duration, total rainfall depth was
120 mm. (see table.2).

The storage height showed to be greater in events
with higher rainfall volume. The figure.2 shows the
annual maximum one day rainfall from 2001 to 2014.
The maximum rainfall occur in 2007 is 120 mm and
minimum rainfall occur in 2001 is 48.70 mm.

Study Area- Visvesvaraya Technological Uni

Figure 1: Location map of study area
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Figure 2: Annual maximum 1 day Rainfall Distribution

Table 2 Rainfall Time Series

Rainfall Rainfall Years lday max

duration 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 _rainfall(mm)

1hr max '”(tfr’]’:f]')ty 68 84 127 155 151 134 171 12 118 7.8 7.7 115 84 146 17.1
Intensity

2hrmax Y 118 145 220 268 261 232 206 208 204 135 133199 145 252 125
Intensity

shrmax Y 185 229 346 421 411 365 466 326 321 212 210 313228 397 17.0
Intensity

anrmax Y 219 271 409 497 486 431 551 386 37.9 250 248 37.0 269 469 85
Intensity

shrmax Y 264 326 493 599 586 520 664 465 457 302 299446324 565 11.3

6hr max '”(tr?]r;f]')ty 284 351 530 644 630 559 713 500 49.1 324 32.1 47.9 348 60.7 5.0
Intensity

thrmax Y 285 351 531 645 631 560 7L5 501 492 325 322480349 608 0.1
Intensity

ghrmax | WY 285 352 532 647 633 561 716 502 493 326 322481350 609 0.1

9hr max '”(tr?]r;f]')ty 286 353 533 64.8 634 562 718 50.3 49.4 326 323 482351 611 0.1

10hr max'”(t;':f]')ty 209 369 558 67.7 66.3 588 750 52.5 51.6 34.1 33.8 50.4 36.6 63.8 33
Intensity

Lihrmax "0 318 393 594 722 706 627 80.0 560 550 364 360537 39.1 680 5.0

12hr maxln(tr?]r:]l)ty 330 407 615 747 731 649 828 580 57.0 37.6 37.3 55.6 40.4 705 2.8
Intensity

13hrmax 0 336 415 628 763 746 662 845 502 58.1 384 380567413 7L9 1.7

14hr max'”(t;r:]')‘y 344 424 642 779 763 67.6 863 605 59.4 39.2 389 58.0 422 735 18

15hr maxln(tr?]r:]l)ty 366 452 68.4 830 813 721 920 644 633 418 414 617 449 783 5.7

16hr max Intensity 39.8 49.1 74.3 90.2 88.3 78.3 99.9 70.0 68.7 454 450 67.1 48.8 85.0 7.9

International Journal of Earth Sciences and Engineering
ISSN 0974-5904, Vol. 09, No. 06, December, 2016, pp. 2457-2465



NAGRAJ S PATIL, VINAYKUMAR S PATIL AND VIJAYKUMAR H

(mm)
17hrmax|n(tr$1r;§i)ty 418 516 781 948 92.8 823 1050 735 722 47.7 47.3 705 51.3 89.3 5.1
18hrmax|n(t§1r:§i)ty 438 541 817 99.2 97.1 862 110.0 77.0 757 50.0 495 73.8 53.7 935 5.0
19hr maxln(t;r;;i)ty 449 555 838 1018 99.6 884 112.8 79.0 77.6 513 50.8 75.7 55.1 96.0 2.8
20hrmax|n(tr$1r;§i)ty 453 559 845 102.6 100.4 89.0 113.7 79.6 782 51.7 512 76.3 555 96.7 0.8
21hrmax'”(t;r;§i)ty 456 563 851 103.3 101.1 89.7 114.5 80.2 78.8 52.0 515 76.8 559 97.4 0.9
22hr maxln(t;r;;i)ty 465 575 869 1055 1032 91.6 116.9 81.9 80.4 531 52.6 78.4 57.0 99.4 2.4
23hrmax|n(t;r:;i)ty 475 586 88.6 107.5 1052 933 119.2 83.4 820 54.1 53.6 80.0 58.1 101.3 2.3
24hrmax|n(tr$1r;§i)ty 478 590 89.2 108.2 106.0 94.0 120.0 840 825 545 540 80.5 585 1020 0.8

1.3.1 Sensitivity analysis

For the sensitivity analysis, the events with the best
results from calibration were used, intending to
evaluate the main parameters involved in the peak and
volume of runoff. Starting from the set of parameters
that led to the best calibrations per sub-basin (sub
catchment), one parameter was varied at a time in
fixed percentage increments, whose results were
tabulated and compared. Despite the fact that the sub-

basin widths do not vary in the same watershed, the
sensitivity of this parameter was also analyzed to
evaluate the possible errors of the assumption that its
value is approximated by the equivalent rectangle
length. The following table 3 shows estimation of
runoff for sub catchment 1 to 6 is shown below the
runoff for maximum rainfall of 24 hr duration was
computed for high peak (Year 2007) and low peak
(Year 2001) was done.

Table 3: Estimation of runoff for maximum rainfall of 24 hours duration for the Year 2007 and 2001

SUBCATCHMENT -1 - 2007

Rainfall Infiltration rate 10-

Infiltration rate 25- Infiltration rate 60-

Duration Flow 5_(mm) 1_0(mm) 4Q(mm)

(Hr) (CMS) Impervious cover % Impervious cover % Impervious cover %

35 45 60 35 45 60 35 45 60
1Hr Runoff 0.36 0.43 0.50 0.36 0.43 0.50 0.36 0.43 0.50
2 Hr Runoff 0.36 0.43 0.50 0.36 0.43 0.50 0.36 0.43 0.50
3 Hr Runoff 0.44 0.55 0.72 0.40 0.51 0.68 0.40 0.51 0.68
6 Hr Runoff 0.44 0.55 0.72 0.40 0.51 0.68 0.40 0.51 0.68
12 Hr Runoff 0.44 0.55 0.72 0.40 0.51 0.68 0.40 0.51 0.68
24 Hr Runoff 0.44 0.55 0.72 0.40 0.51 0.68 0.40 0.51 0.68

Estimated runoff for maximum rainfall of 24 hr duration varies from 0.36 to 0.72 CMS.

SUBCATCHMENT - 2 - 2007

Infiltration rate 10-

Infiltration rate 25- Infiltration rate 60-

gf;g{%ll. Flow 5(mm) 10(mm) 40(mm)

(Hr) (CMS) Impervious cover % Impervious cover % Impervious cover %

35 45 60 35 45 60 35 45 60
1 Hr Runoff 036 042 047 0.36 0.42 0.47 0.36 0.42 0.47
2 Hr Runoff 036 042 051 0.36 0.42 0.51 0.36 0.42 0.51
3 Hr Runoff 044 055 0.73 0.40 0.52 0.69 0.40 0.52 0.69
6 Hr Runoff 044 055 0.73 0.40 0.52 0.69 0.40 0.52 0.69
12 Hr Runoff 044 055 0.73 0.40 0.52 0.69 0.40 0.52 0.69
24 Hr Runoff 044 055 0.73 0.40 0.52 0.69 0.40 0.52 0.69

Estimated runoff for maximum rainfall of 24 hr duration for 2007 is varies from 0.36 to 0.73 CMS.

SUBCATCHMENT - 3 - 2007

Infiltration rate 10-

Infiltration rate 25- Infiltration rate 60-

gﬂg{ﬁ::} Flow 5(mm) 10(mm) 40(mm)
(Hr) (CMYS) Impervious cover % Impervious cover % Impervious cover %
35 45 60 35 45 60 35 45 60
1 Hr Runoff 035 042 047 0.35 0.42 0.47 0.35 0.42 0.47
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2 Hr Runoff 035 042 051 0.35 0.42 0.51 0.35 0.42 0.51
3 Hr Runoff 044 055 0.72 0.40 0.52 0.69 0.40 0.52 0.69
6 Hr Runoff 044 055 0.72 0.40 0.52 0.69 0.40 0.52 0.69
12 Hr Runoff 044 055 0.72 0.40 0.52 0.69 0.40 0.52 0.69
24 Hr Runoff 044 055 0.72 0.40 0.52 0.69 0.40 0.52 0.69

Estimated runoff for maximum rainfall of 24 hr duration for 2007 is varies from 0.35 to 0.72 CMS.

SUBCATCHMENT -4 - 2007

Rainfall Infiltration rate 10- Infiltration rate 25- Infiltration rate 60-

Duration Flow 5_(mm) 1Q(mm) 4_0(mm)
(Hr) (CMYS) Impervious cover % Impervious cover % Impervious cover %

35 45 60 35 45 60 35 45 60

1Hr Runoff 0.06 0.07 0.08 0.06 0.07 0.08 0.06 0.07 0.08
2 Hr Runoff 0.06 0.07 0.09 0.06 0.07 0.09 0.06 0.07 0.09
3 Hr Runoff 0.08 0.10 0.13 0.07 0.09 0.12 0.07 0.09 0.12
6 Hr Runoff 0.08 0.10 0.13 0.07 0.09 0.12 0.07 0.09 0.12
12 Hr Runoff 0.08 0.10 0.13 0.07 0.09 0.12 0.07 0.09 0.12
24 Hr Runoff 0.08 0.10 0.13 0.07 0.09 0.12 0.07 0.09 0.12

Estimated runoff for maximum rainfall of 24 hr duration for 2007 is varies from 0.06 to 0.13 CMS.

SUBCATCHMENT -5 - 2007

Rainfall Infiltration rate 10- Infiltration rate 25- Infiltration rate 60-

Duration Flow 5_(mm) 1_0(mm) 4Q(mm)
(Hr) (CMS) Impervious cover % Impervious cover % Impervious cover %

35 45 60 35 45 60 35 45 60

1Hr Runoff 0.40 0.48 0.54 0.40 0.48 0.54 0.40 0.48 0.54
2 Hr Runoff 0.40 0.48 0.57 0.40 0.48 0.57 0.40 0.48 0.57
3 Hr Runoff 0.49 0.62 0.81 0.45 0.58 0.77 0.45 0.58 0.77
6 Hr Runoff 0.49 0.62 0.81 0.45 0.58 0.77 0.45 0.58 0.77
12 Hr Runoff 0.49 0.62 0.81 0.45 0.58 0.77 0.45 0.58 0.77
24 Hr Runoff 0.49 0.62 0.81 0.45 0.58 0.77 0.45 0.58 0.77

Estimated runoff for maximum rainfall of 24 hr duration for 2007 is varies from 0.40 to 0.81 CMS.

SUBCATCHMENT - 6 - 2007

Rainfall Infiltration rate 10- Infiltration rate 25- Infiltration rate 60-
Duration Flow s(mm) 1_O(mm) 4Q(mm)
(Hr) (CMYS) Impervious cover % Impervious cover % Impervious cover %
35 45 60 35 45 60 35 45 60
1Hr Runoff 0.24 0.28 0.30 0.24 0.28 0.30 0.24 0.28 0.30
2 Hr Runoff 0.24 0.28 0.35 0.24 0.28 0.35 0.24 0.28 0.35
3 Hr Runoff 0.30 0.37 0.49 0.28 0.35 0.47 0.28 0.35 0.47
6 Hr Runoff 0.30 0.37 0.49 0.28 0.35 0.47 0.28 0.35 0.47
12 Hr Runoff 0.30 0.37 0.49 0.28 0.35 0.47 0.28 0.35 0.47
24 Hr Runoff 0.30 0.37 0.49 0.28 0.35 0.47 0.28 0.35 0.47
Estimated runoff for maximum rainfall of 24 hr duration for 2007 is varies from is varies from 0.24 to 0.49
CMS
SUBCATCHMENT -1 - 2001
Rainfall Infiltration rate 10- Infiltration rate 25- Infiltration rate 60-
Duration Flow §(mm) 1_O(mm) 4Q(mm)
(Hr) (CMYS) Impervious cover % Impervious cover % Impervious cover %
35 45 60 35 45 60 35 45 60
1Hr Runoff 0.10 0.11 0.10 0.10 0.11 0.10 0.10 0.11 0.10
2 Hr Runoff 0.10 0.11 0.10 0.10 0.11 0.11 0.10 0.11 0.10
3 Hr Runoff 0.16 0.20 0.26 0.16 0.20 0.26 0.16 0.20 0.26
6 Hr Runoff 0.16 0.20 0.26 0.16 0.20 0.26 0.16 0.20 0.26
12 Hr Runoff 0.16 0.20 0.26 0.16 0.20 0.26 0.16 0.20 0.26
24 Hr Runoff 0.16 0.20 0.26 0.16 0.20 0.26 0.16 0.20 0.26

Estimated runoff for maximum rainfall of 24 hr duration for 2001 is varies from 0.10 to 0.26 CMS.
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SUBCATCHMENT -2 -2001

Infiltration rate 10-
5(mm)

Infiltration rate 25-
10(mm)

Infiltration rate 60-
40(mm)

Impervious cover %

Impervious cover %

Impervious cover %

35 45 60

35 45 60

35 45 60

010 011 010

0.10 0.11 0.10

0.10 0.11 0.10

010 011 010

0.10 0.11 0.11

0.10 0.11 0.10

016 020 0.25

0.16 0.20 0.25

0.16 0.20 0.25

016 020 0.25

0.16 0.20 0.25

0.16 0.20 0.25

016 020 0.25

0.16 0.20 0.25

0.16 0.20 0.25

Rainfall

Duration Flow
(HN) (CMYS)
1Hr Runoff
2 Hr Runoff
3 Hr Runoff
6 Hr Runoff
12 Hr Runoff
24 Hr Runoff

016 020 0.25

0.16 0.20 0.25

0.16 0.20 0.25

Estimated runoff for maximum rainfall of 24 hr duration for 2001 is varies from 0.10 to 0.25 CMS.

SUBCATCHMENT - 3 - 2001

Infiltration rate 10-
5(mm)

Infiltration rate 25-
10(mm)

Infiltration rate 60-
40(mm)

Impervious cover %

Impervious cover %

Impervious cover %

35 45 60

35 45 60

35 45 60

010 011 0.10

0.10 0.11 0.10

0.10 0.11 0.10

010 011 0.10

0.10 0.11 0.11

0.10 0.11 0.10

016 020 0.26

0.16 0.20 0.26

0.16 0.20 0.26

016 020 0.26

0.16 0.20 0.26

0.16 0.20 0.26

016 020 0.26

0.16 0.20 0.26

0.16 0.20 0.26

Rainfall

Duration Flow
(HP) (CMYS)
1Hr Runoff
2 Hr Runoff
3 Hr Runoff
6 Hr Runoff
12 Hr Runoff
24 Hr Runoff

016 020 0.26

0.16 0.20 0.26

0.16 0.20 0.26

Estimated runoff for maximum rainfall of 24 hr duration for 2001 is varies from 0.10 to 0.26 CMS

SUBCATCHMENT -4 - 2001

Infiltration rate 10-
5(mm)

Infiltration rate 25-
10(mm)

Infiltration rate 60-
40(mm)

Impervious cover %

Impervious cover %

Impervious cover %

35 45 60

35 45 60

35 45 60

0.02 0.02 0.02

0.02 0.02 0.02

0.02 0.02 0.02

0.02 0.02 0.02

0.02 0.02 0.02

0.02 0.02 0.02

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

Rainfall

Duration Flow
(HN) (CMYS)
1Hr Runoff
2 Hr Runoff
3 Hr Runoff
6 Hr Runoff
12 Hr Runoff
24 Hr Runoff

0.03 0.04 0.04

0.03 0.04 0.04

0.03 0.04 0.04

Estimated runoff for maximum rainfall of 24 hr duration for 2001 is varies from 0.02 to 0.04 CMS.

SUBCATCHMENT -5 - 2001

Rainfall

Infiltration rate 10-
5(mm)

Infiltration rate 25-
10(mm)

Infiltration rate 60-
40(mm)

Impervious cover %

Impervious cover %

Impervious cover %

35 45 60

35 45 60

35 45 60

0.11 0.12 0.11

0.11 0.12 0.11

0.11 0.12 0.11

0.11 0.12 0.11

0.11 0.12 0.12

0.11 0.12 0.11

018 022 0.29

0.18 0.22 0.29

0.18 0.22 0.29

018 022 0.29

0.18 0.22 0.29

0.18 0.22 0.29

018 022 0.29

0.18 0.22 0.29

0.18 0.22 0.29

. Flow
Duration

(HN) (CMYS)
1Hr Runoff
2 Hr Runoff
3 Hr Runoff
6 Hr Runoff
12 Hr Runoff
24 Hr Runoff

018 022 0.29

0.18 0.22 0.29

0.18 0.22 0.29

Estimated runoff for maximum rainfall of 24 hr duration for 2001 is varies from 0.011 to 0.29 CMS.

SUBCATCHMENT -6 - 2001

Rainfall

Infiltration rate 10-
5(mm)

Infiltration rate 25-
10(mm)

Infiltration rate 60-
40(mm)

Impervious cover %

Impervious cover %

Impervious cover %

35 45 60

35 45 60

35 45 60

0.0 007 0.06

0.07 0.07 0.06

0.07 0.07 0.06

0.0 007 0.06

0.07 0.07 0.07

0.07 0.07 0.06

. Flow
Duration
(HN) (CMYS)
1Hr Runoff
2 Hr Runoff
3 Hr Runoff

0.11 0.13 0.17

0.11 0.13 0.17

0.11 0.13 0.17
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6 Hr Runoff 011 013 0.17 0.11 0.13 0.17 0.11 0.13 0.17
12 Hr Runoff 011 013 0.17 0.11 0.13 0.17 0.11 0.13 0.17
24 Hr Runoff 011 013 0.17 0.11 0.13 0.17 0.11 0.13 0.17

Estimated runoff for maximum rainfall of 24 hr duration for 2001 (table 5.1) is varies from 0.07 to 0.17
CMS.

1.3.2 Effect of different rainfall on peak runoff from
SWMM model

For sub-catchment 1 to 6, the variation of runoff for
corresponding rainfall. For 1 hr and 2hr rainfall peak
runoff is 0.57 CMS, for 3 hr rainfall peak runoff is
0.81 CMS and for 12hr and 24 hr peak runoff is 0.81
CMS. Graph for Runoff rainfall event for sub-
catchment 1 to 6, is shown in figure 3.

From 1 hr rainfall the peak runoff occurs, after 2 hr
runoff will decreases till 4 hr 30 min there will be no
runoff. From 2 hr rainfall the peak runoff occurs after
2 hr and 3 hr rainfall duration, after 3 hr runoff will
decreases till 5 hr 50 min after 5 hr 50 min there will
be no runoff. From 3 hr rainfall the peak runoffs

Sub catchment 1 Runoff 24 Hr rainfall event 2007
Totad Tgtg Tota  Total

Total  Total Peak

Subcatchments Precip Runon Evap  Infil  Runoff Runoff Runoff B
coeff
mm gy mm omm g 1006k CMS
Sl 1192 0 145 6519 4955 1193 051 0416
B Graph - Subcatchment St Runeft = e -

@

Sub catchment 3 Runoff 24 Hr rainfall event 2007

2 Graph - Subcatchment 52 Runotf ro e )
@

occurs after 2 hr, 3 hr and 4hr rainfall duration, after
4hr runoff will decreases till 6 hr after 6 hr there will
be no runoff, From 6 hr rainfall the peak runoff occurs
after 2 hr, 3hr, 4hr and 7 hr rainfall duration, after 7 hr
runoff will decreases till 9 hr 50 min after will be no
runoff. From 12 hr rainfall the peak runoff occurs
after 4 hr, 5 hr 30 min, 6 hr 30 min and 10 hr rainfall
duration, after 10 hr runoff will decreases till 14 hr 30
min after 14 hr 30 min there will be runoff. From 24
hr rainfall the peak runoff occurs after 5 hr, 7 hr, and
10 hr rainfall duration, after 10 hr runoff will
decreases till 25 hr 30 min after 25 hr 30 min there
will be no runoff. In between 15 hr 20hr in this 5 hr
duration the runoff is less.

Sub catchment 2 Runoff 24 Hr rainfall event 2007

Total Totay Total Total  Total  Total  Peak

Subcatchments Precip Runon Evap  Infil  Runoff Runoff Run off
mm gy omm mm mm  10761tr CMS

S2 1192 0 145 6519 4945 1219 052 0415

Runoff
coeff

VKM

The peak runoff is 0.52 CMS.
Sub catchment 4 Runoff 24 Hr rainfall event 2007

Total Totgy Totd Totdl  Total Total Peak

Subcatchments Precip Runon Evap  Infil  Runoff Runoff Run off Rugeft
coeff

mm gy mm mm mm  10A61r CMS
S3 1192 0 145 6519 4946 1212 052 0415

B Graph - Subcatchment $1 Runaft e

Peak runoff is 0.52 CMS.
Sub catchment 5 Runoff 24 Hr rainfall event 2007

Total Tota Total Total Tota Total Peak Runoff
Subcatchments Precip Runon Evap  Infil  Runoff Runoff Runoff o
mm gy ommomm gy 10A6lr CMS

S4 1192 0 145 6519 4942 217 009 0415

1 Graph - Subcatchemern 4 Runolt = e =

Peak runoff is 0.09 CMS.
Sub catchment 6 Runoff 24 Hr rainfall event 2007

Total Totay Total Total Total  Total  Peak

Subcatchments Precip Runon Evap  Infil  Runoff Runoff Run off Rl
coeff

mm gy mm mm mm  10n61tr CMS
85 192 0 145 6519 495 1356 058 0415

£ Gaph - Subcatchment S5 unolf = men
)

Totdl Totg Total Total  Total Total Peak Runcff
Subcatchments Precip Runon Evap  Infil  Runoff Runoff Runoff ::;ﬁ
mm gy  ommoommogm 10460 CMS

S6 1192 0 145 6519 4939 829 035

0414

2 Graph - Subentchmen 56 Bumolt on =

Subcatctmant 56 Rurcdl (CMS)

—\ﬁ

Peak runoff is 0.58 CMS.

Peak runoff is 0.35 CM]S.

Figure 3: Graph for Runoff rainfall event for sub-catchment-1 to 6
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1.4 Calibration

With the procedure adopted to calibrate the events, a
set of parameters that led to the best fit between the
observed and the simulated hydrograms was obtained
for each event. Table 4 provides Calibration values of

Nash-Sutcliffe efficiency (NSE), RSR and runoff
peak values using SWMM model. The validation
obtained comparing the calibrated values are shown in
table.5.

Table 4: Calibration values of Nash-Sutcliffe efficiency (NSE), RSR and runoff peak values using SWMM model

Catchments R’ NSE RSR Runoff Peak (CMS)

Min Max Min Max Min Max Min Max

S1 0.912 0.996 0.228 0.756 0.300 0.88 0.360 0.720

S2 0.918 0.993 0.275 0.765 0.293 0.85 0.370 0.740

S3 0.918 0.993 0.275 0.765 0.293 0.85 0.370 0.740

S4 0.915 0.998 0.287 0.766 0.292 0.84 0.070 0.130

S5 0.916 0.994 0.256 0.761 0.296 0.86 0.410 0.820

S6 0.910 0.990 0.299 0.761 0.291 0.84 0.240 0.500

Table 5: The validation obtained comparing the calibrated values
SWMM parameters for each basin
Catchment ni np Infiltration (mm) Pervious (%) Impervious (%)

min  0.011 0.13 60 35 65
Sub Catchment 1 — 0012 015 5 60 40
min  0.011 0.13 60 35 65
Sub Catchment 2 — 0012 0.5 5 60 40
min  0.011  0.13 60 35 65
Sub Catchment3 = 0012 0.15 5 60 40
min  0.011 0.13 60 35 65
Sub Catchment 4 — 0012 0.5 5 60 40
min  0.011 0.13 60 35 65
Sub Catchment S — 0012 0.5 5 60 40
min  0.011 0.13 60 35 65
Sub Catchment6  — 0012 0.5 5 60 40

In the calibration process, some observations could be
made. Similar to the conclusions of Zaghloul [7], in
simplified discretizations, the runoff peak is greater
than in detailed discretizations. In the Cancela basin,
this increase was 8.2% for the events of Group A and
6.1% for Group C. Reduction in time was noted in
simplified discretization with an average value. It is
possible to conclude that in natural river beds, as
illustrated in Chow & Ben [8] [9], when the water
level grows until the bankfull depth, the Manning’s
decreases. However, when this depth is extrapolated,
the flow finds greater resistence due to the distinct
composition of the boundaries, especially because of
the vegetation, usually denser in these regions. This
profile is also observed in the analyzed watersheds,
even in the urbanized areas, where a vegetated
transition zone can be found between the stream and
the impervious areas.

I3 b im 2
IE‘ (Y:'O 5 _ljs'rm)

EMSE Bl =1

RSR = =
| n 5
|IZ (},!obs _ ymean )Q
\I i=1

" STDEV,,,

Where, ni Manning’s impervious value, np Manning’s
pervious value.

To check the results are validate or not the SWMM
results were compared with the Rational runoff
formula (i.e. Q=CxIxA, where Q= discharge, I=
intensity of rainfall, A= area) and performance table is
show in table 6. Results of 1 hour runoff data is
showed in table 6.

Table 6: One hr runoff by SWMM and Rational

method
SWMM Rational runoff
Results Flow
model runoff formula
Sub
catchment 1 CMS 0.32 0.36
Sub
catchment 2 CMS 0.32 0.35
Sub
catchment 3 CMS 0.32 0.35
Sub
catchment 4 CMS 0.05 0.06
Sub
catchment 5 CMS 0.36 0.40
Sub - ems 022 0.23

catchment 6
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To check the existing drainage adequacy, peak
discharge were computed by using manning
roughness coefficient. Manning equation gives the
value of velocity of liquid in the channel if the cross
section area of channel is known discharge can be
computed by multiplying the velocity into cross
sectional area. Table 7 shows the performance of SWMM.

Table 7.Performance of SWMM

Results  Flow SWMM Manning's
model runoff equation runoff

Sub

catchment 1 CMS 0.55 0.82
S oms 057 0.82

catchment 2 . .
Sub

catchment 3 CMS 0.56 0.82
Sub

catchment 4 CMS 0.10 0.82
Sub

catchment 5 CMS 0.63 0.82
S cms 038 0.82

catchment 6

Conclusions

The results obtained using the Pearson’s correlation
coefficient and the SWMM model software is almost
equal The result of six sub-catchments, it can be said
that existing drainage system is adequate for existing
conditions but As the impervious cover increases
above 60% or rainfall intensity increases in future, the
peak discharge may exceed the design capacity of
existing channel in sub catchment 5. To control the
runoff on the sub catchment 5 we can change the
drainage dimension to ({0.85+ 0.607x0.75) m, SO
that in future we can reduce the runoff or we can
provide Green Roofs or Continuous permeable
pavement or Infiltration trenches.
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