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pile unit, desalination plant, ash pond, transmission line etc. 
The study area slopes from west to east with Doraipalem drain 
forming eastern boundary; Rambilli drain, the southern  
boundary; and Krishnampalem drain, the south-eastern 
boundary. 

According to land use/cover and soil conditions, curve 
numbers were assigned as shown in Table 1.  

Input Data  
Fig. 2 shows the proposed layout of drainage channels (open 
rectangular section) and runoff contributing sub-catchments. 
Sub-catchments (SC) are divided based on the different 
properties of area, the layout of drains contains four outfalls, 
which join the natural river stream along the outer side of the 
plant area. SCs SC1 to SC3 (Pervious area) contribute runoff 
to Outfall 1, SCs SC4 to SC16 (Pervious area) to Outfall 2, 
SCs SC17 to SC31 (Impervious area) to Outfall 3, and SCs 
SC32 to SC45 (Pervious area) to Outfall 4. SCs SC4 to SC15 
drain the area identified for crushed coal stock pile unit, SC23 
to SC31 for boiler and desalination, SC37 to SC42 for lay-
down and pre-assembly, SC32 to SC36 for residences and 
office complex, and the remaining area on the eastern side of 
the plant for green belt. Each SC has its one outlet node and it 

is connected to the next node through conduit. Water from 
these outfalls is taken to different drains located around the 
boundary of the study area through spillway with adequate 
energy dissipation arrangements. Separate drainage system and 
outfalls are proposed for the middle portion of STPP (Fig. 2). 

Storm runoff from this area reaches Outfall 2 through channels 
(C4 to C21). Channel C22 to C43 convey the runoff to Outfall 
3, and Channel C44 to C59 to Outfall 4. Runoff from Outfall 1 
goes to Krishnapalem drain, from Outfall 2 & 3 to Rambilli 
drain, and from Outfall 4 to Doraipalem drain. The input 
data/parameters used in this study are described below.  

Rainfall: In this study, drainage network is designed for 25 
year of return period of rainfall. Design storm duration is taken 
as 6 hours considering the geomorphological characteristics of 
the area. Employing a distribution factor, this design storm is 
then distributed at 1 hour interval for the first six hour 
duration, as follows (CWC, 1987): 

Time 
(hour) 

1st 2nd 3rd 4th 5th 6th 

Incremental 
Rainfall 
(mm)  

77.78 28.8 17.28 8.64 8.64 2.88 

Table 1: CN values for different parts of study area 
 

Description of Area CN Description of Area CN 

Residential  and office complex area 70 Pump House and desalination unit 61 
Crushed coal stock pile unit 55 Transmission line corridor 70 
Boiler unit 90 Forest cover 70 
    

 

 

Fig. 1: Plan of study area  
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Conduit Properties: Conduits are used to convey the water to 
the outfall, it can be an open channel or closed conduit. These 
are joined with nodes to divert the water and provided with a 
minimum slope of 0.7% so that the water flows by gravity. To 
avoid excessive excavation and filling drops have been 
provided in channels. Conduit properties are defined by 
various terms described in Table 3. 

Outfall: It is the final output obtained in any catchment area 

and is a combination of all sub-catchments which in turn 
contribute to total runoff in the whole catchment area. 
Conveyance system routes the runoff and discharges into the 

river or any storage unit. Four outfalls have been proposed as 
shown in Fig 2 to economize the cost of drainage and improve 
drainage efficiency. Properties of these four outfalls are 
described in Table 4. 

All the above properties were provided as input and trials were 
made for fixing channel dimensions (all rectangular in shape) 
such that there is no overflow in the channel. To avoid 
excessive excavation, the width to depth ratio was taken as 0.5. 
The channel dimensions are proposed using SWMM (Table 5) 

and these were fixed to convey maximum design flow (without 
exhibiting surcharge) with capacity utilization factor ≈ 1. This 
study based on the following considerations: 

Table 2b: Properties of sub-catchment provided in SWMM 
Name   Area(ha)  %Imperv  Width(m)  CN Name   Area(ha)  %Imperv  Width(m)   CN 
S1        19.0               0             239.3          70 S24           2.83          90             283             90 
S2         17.0               0             214             70 S25         16.18          90             226.8          90 
S3        19.48             0             243.5          70 S26         11.33          90             159.5          90 
S4           4.85             0             328.8          55 S27         10.12          90             142.5          90 
S5          4.45             0             316.5           55 S28           8.54            0             163.86        61 
S6          4.04             0             346.48        55 S29           8.45          50             293.4          70 
S7           1.61             0             234.8          55 S30           3.64            0             160.8          61 
S8          6.47              0             438.6          55 S31           4.04            0             165.9          61 
S9          6.07              0             431.7          55 S32           8.45          75             136.57        70 
S10        5.66              0             485.4          55 S33           0.81            5             119.1          70 
S11        2.02              0             294.6          55 S34           3.64          75             165.9          70 
S12       8.09              0             548.4          55 S35           3.23          75             165.2          70 
S13       7.28              0             517.7          55 S36           1.62          75               65.6          70 
S14        7.28              0             624.3          55 S37           8.45          20             202.15        61 
S15       2.83              0             412.7          55 S38           2.83            0             162.6          70 
S16         5.26            95            426.08        90 S39         16.18          20             387.1          61 
S17         5.26             0             372.42        70 S40           2.02            0             151.1          70 
S18        11.33            0             540.3          70 S41         16.18          20             385.2          61 
S19          8.09            0             302.5          61 S42          6.48          20             154.3          61 
S20         16.99            0            311.65        61 S43           2.83            0             297.8          70 
S21           3.64          90            331.8          90 S44           1.62            0             170.5          70 
S22           2.83          90            257.3          90 S45           6.88            0             229.3          70 
S23           3.64          90            365.4          90  

Table 3: Conduit Properties 

Particular Definition Range/Value 
Name Name of conduit assigned by user. C1 – C59 
Inlet Node Node at the inlet of conduit. - 
Outlet node Node at the outlet of conduit. - 
Length Length of channel in meters. 121- 1764.2 m 
Roughness Manning’s n (for concrete lined open channel). 0.016 
Inlet offset Difference in height of end of conduit and node at its u/s. 0 
Outlet offset Difference in height of  end of conduit and node at its d/s. 1 – 4.6 m 

 
Table 4: Outfall Node Properties 

Name User-assigned outfall name Remark 
Invert El.  Invert elevation of the outfall Range (1.3 – 4.1 m) 
Tide Gate Tide gate for backwater effect No tide gate is provided 
Type Type of outfall boundary condition Free outfall assumed 
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Table 5: Section of Channels for proposed layout drainage plan using result from SWMM 

S. 
No. 

Channel 
Name 

Length 
(m) 

Q 
(m3/sec) 

U/S 
Inv. 

Level 
(m) 

Slope 

D/S 
Inv. 

Level 
(m) 

Qn/(S)1/2 
Bed 

Width
(m) 

Estimated 
Normal 
Depth 

(m) 

Vel. 
(m/s) 

Adopted 
Depth 

(m) 

1 C1 302.19 0.676 12 0.0017 11.5 0.20 1.5 0.43 1.07 0.8 
2 C2 271.29 1.28 11.5 0.0010 10 0.49 1.8 0.67 1.31 0.8 
3 C3 1764.2 1.972 10 0.0020 4 0.53 2.2 0.6 1.57 1.2 
4 C4 346 0.203 13 0.0008 12.74 0.09 1.2 0.3 0.59 0.6 
5 C8 434 0.47 12.74 0.0008 12.4 0.20 1.4 0.45 0.75 0.8 
6 C12 721.11 0.801 12.4 0.0007 11.9 0.37 1.5 0.65 0.83 0.9 
7 C5 346 0.187 13 0.0008 12.74 0.08 1.2 0.3 0.75 0.6 
8 C9 434 0.44 12.74 0.0008 12.4 0.19 1.4 0.43 0.73 0.8 
9 C13 576.2 0.741 12.4 0.0009 11.9 0.30 1.5 0.57 0.88 0.9 
10 C6 346 0.179 13 0.0008 12.74 0.08 1.2 0.26 0.56 0.6 
11 C10 434 0.423 12.74 0.0008 12.4 0.18 1.4 0.42 0.72 0.8 
12 C14 576.2 0.732 12.4 0.0010 11.8 0.27 1.5 0.53 0.93 0.9 
13 C7 346 0.092 13 0.0008 12.74 0.04 0.8 0.23 0.49 0.6 
14 C11 434 0.196 12.74 0.0008 12.4 0.08 1 0.32 0.61 0.6 
15 C15 576.2 0.338 12.4 0.0030 5.7 0.07 1 0.3 1.21 0.8 
16 C16 132.32 1.542 11.9 0.0008 11.8 0.67 2 0.78 0.99 1.3 
17 C17 176.41 2.26 11.8 0.0080 5.7 0.30 2 0.44 2.6 1.3 
18 C18 159.67 2.548 5.7 0.0006 5.6 1.22 2 1.2 1.05 1.3 
19 C19 420.79 1.151 6 0.0010 5.6 0.44 1.9 0.6 1.05 0.9 
20 C20 654.42 2.957 5.6 0.0009 1.5 1.18 2.5 0.95 1.26 1.3 
21 C21 134.03 2.957 1.5 0.0015 1.3 0.92 2.5 0.8 1.49 1.3 
22 C22 474.7 0.383 13.5 0.0010 12.65 0.15 1.1 0.44 0.97 0.6 
23 C23 786.5 1.012 12.65 0.0007 12.07 0.45 1.5 0.76 0.9 1 
24 C24 357 1.01 12.07 0.0007 10.2 0.46 1.5 0.77 0.9 1 
25 C25 570.12 0.346 11 0.0008 10.57 0.15 1 0.5 0.69 0.7 
26 C26 333 0.54 10.9 0.0010 10.57 0.20 1 0.63 0.85 0.7 
27 C27 505 0.88 10.57 0.0007 10.2 0.39 1.7 0.61 0.85 0.9 
28 C28 121 1.852 10.2 0.0020 7.6 0.50 1.8 0.3 1.61 1 
29 C29 441.47 0.8 8.13 0.0007 7.8 0.35 1.75 0.55 0.9 0.8 
30 C30 314.39 1.39 7.8 0.0006 7.6 0.66 2.3 0.67 0.92 1 
31 C31 253 2.344 7.6 0.0016 7.2 0.71 2.3 0.7 1.44 1 
32 C32 157.9 3.043 7.5 0.0006 7.4 1.45 2.3 1.2 1.11 1.5 
33 C33 680.5 5.041 7.4 0.0003 7.2 3.53 3 1.8 0.99 2 
34 C34 331.4 7.165 7.2 0.0006 7 3.50 3 1.8 1.35 2 
35 C35 384.02 0.796 8.18 0.0007 7.9 0.35 1.6 0.6 0.89 0.7 
36 C36 384.02 1.395 7.9 0.0006 7.66 0.67 1.8 0.86 0.95 0.9 
37 C37 680.5 3.261 7.66 0.0010 7 1.26 2.6 0.95 1.36 1.2 
38 C38 12 10.226 7 0.0008 6.99 4.25 3.4 0.8 1.65 2 
39 C39 187.5 10.4 6.99 0.0015 6.7 3.17 3.4 1.7 1.83 2 
40 C40 345.9 0.164 7 0.0009 6.7 0.07 1 0.3 0.64 0.7 
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(i)  Drainage channels carry safely the storm runoff due to 
25 year design storm.  

(ii)  Channel slopes are kept such that the minimum flow 
velocities are maintained to avoid siltation and channel 
invert such that it avoids deep cutting. 

(iii)  Channels are concrete-lined and they are rectangular in 
shape. 

(iv)  Vertical drops are provided to negotiate high level 
difference. 

(v)  Outfalls are proposed at suitable locations following 
natural topography. 

(vi)  Channel slope, length, bed width are provided such that 
their capacity is generally utilized fully. 

(vii)  CN method is used for modelling infiltration. 

(viii)  Kinematic wave routing is used for flow routing in 
channels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIMULATION RESULTS 
The assumptions made in the analysis of this model are as 
follows: (i) Water contribution at nodes is only from sub-
catchment runoff, not from ground water,(ii) dry weather 
inflow into the node is zero,(iii) evaporation is negligible 
during simulation period and hence neglected, and (iv) Surface 
runoff generated from user defined catchment rainfall is only 
considered. Table 6 summarizes the SWMM simulation 
results. As seen, the total rainfall corresponding to uniform 
design storm of 144 mm is equivalent to 46.011 ha-m, 
volumetrically,  and  infiltration  is  of  the  order  of  40%.  
Continuity in runoff generation is maintained at -0.187%, and 
in routing, it is -0.493%, and these are tolerable. Thus, the 
simulation is satisfactory.  Runoff coefficients (Table 7) are 
seen to range from 0.368 (sub-catchments SC4, SC8 & SC12) 
to 0.989 (sub-catchments SC23 & SC24) with average for the 
entire plant area being 0.589. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

41 C41 345.9 10.668 6.7 0.0009 6.4 4.35 3.5 1.8 1.7 2 
42 C42 394.8 1.221 7 0.0015 6.4 0.38 1.5 0.7 1.26 0.9 
43 C43 351.2 11.51 6.4 0.0008 1.5 4.88 3.5 1.9 1.73 2 
44 C46 432.2 0.164 9 0.0005 8.8 0.09 0.75 0.46 0.58 0.5 
45 C47 192.6 0.693 9 0.0010 8.8 0.26 1.3 0.6 0.94 0.8 
46 C48 120.3 0.847 8.8 0.0008 8.7 0.35 1.3 0.7 0.9 0.8 
47 C49 400 0.622 9 0.0005 8.8 0.33 1.3 0.7 0.84 0.8 
48 C50 12 1.468 8 0.0040 5.5 0.28 1.75 0.52 1.82 0.9 
49 C51 243.3 1.988 5.5 0.0008 5.3 0.83 2 0.9 1.11 1 
50 C52 427 2.982 5.3 0.0009 4.9 1.17 2 1.2 1.31 1.2 
51 C53 512.6 3.932 4.9 0.0008 4.5 1.69 2.5 1.24 1.3 1.3 
52 C54 530.3 4.262 4.5 0.0008 4.1 1.81 3.2 1.02 1.29 1.5 
53 C44 326 1.419 9.25 0.0008 9 0.60 1.75 0.8 1 0.9 
54 C45 288 1.696 9 0.0008 8.78 0.74 2 0.8 1.04 0.9 
55 C55 235.6 1.874 8.78 0.0008 8.6 0.81 2.2 0.8 1.05 1 
56 C56 215.2 2.019 8.6 0.0009 8.4 0.79 2.2 0.8 1.15 1.1 
57 C57 357.3 2.239 8.4 0.0008 8.13 0.98 2.2 0.9 1.11 1.1 
58 C58 191.2 2.362 8.13 0.0012 7.9 0.82 2.2 0.8 1.31 1.1 
59 C59 464.3 2.672 7.9 0.0006 4.1 1.31 2.3 1.1 1.09 1.1 

Table 6: Runoff Quantity and Flow Routing Continuity Summary 
 

Runoff Quantity 
Continuity 

Volume 
(hectare-m) 

Flow Routing 
Continuity 

Volume 
(Hectare-m) 

Total Precipitation 46.011 Final Stored Volume      0.178 
Infiltration Loss 18.187 Wet Weather Inflow 26.596 
Surface Runoff 26.606 External Outflow  26.550 
Continuity Error (%) -0.187 Continuity Error (%)   -0.493 
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Table 7: Determination of runoff coefficient for sub-catchment 

Sub-
catchme

nt 

Total 
Rainfall 

(mm) 

Total  
Infiltrati

on 
(mm) 

Total 
Runoff 
(mm) 

Runoff 
Coeff. 

Sub- 
catchme

nt 

Total 
Rainfall 

(mm) 

Total  
Infiltrati
on (mm) 

Total 
Run- 

off (mm) 

Runoff 
Coeff. 

SC1 144 64.67 67.99 0.472 SC24 144 2.4 142.6 0.989 
SC2 144 64.67 67.98 0.472 SC25 144 2.4 140.3 0.974 
SC3 144 64.67 67.91 0.472 SC26 144 2.4 140.3 0.975 
SC4 144 89.92 53.02 0.368 SC27 144 2.4 140.3 0.975 
SC5 144 89.76 53.13 0.369 SC28 144 80.37 57.04 0.396 
SC6 144 89.42 53.54 0.372 SC29 144 32.33 110.8 0.769 
SC7 144 88.41 54.47 0.378 SC30 144 80.37 60.87 0.423 
SC8 144 89.92 53.02 0.368 SC31 144 80.37 60.64 0.421 
SC9 144 89.76 53.13 0.369 SC32 144 16.17 126.8 0.88 

SC10 144 89.42 53.54 0.372 SC33 144 16.01 128.6 0.894 
SC11 144 88.41 54.47 0.378 SC34 144 16.17 128.2 0.889 
SC12 144 89.92 53.02 0.368 SC35 144 16.17 128.2 0.89 
SC13 144 89.76 53.13 0.369 SC36 144 16.17 127.2 0.888 
SC14 144 89.42 53.54 0.372 SC37 144 64.3 76.59 0.532 
SC15 144 88.41 54.47 0.378 SC38 144 64.67 76.45 0.531 
SC16 144 1.2 143.4 0.997 SC39 144 64.3 76.59 0.532 
SC17 144 64.67 76.88 0.534 SC40 144 64.67 76.98 0.535 
SC18 144 64.67 75.98 0.528 SC41 144 64.3 76.57 0.532 
SC19 144 80.37 60.33 0.419 SC42 144 64.3 76.57 0.532 
SC20 144 80.37 56.73 0.394 SC43 144 64.67 77.54 0.539 
SC21 144 2.4 142.1 0.988 SC44 144 64.67 77.54 0.539 
SC22 144 2.4 142.1 0.988 SC45 144 64.67 74.79 0.519 
SC23 144 2.4 142.7 0.989      

 
Table 8: Occurrences of maximum discharges/depths at each Node 

Name of 
Node 

Maximum 
Depth 

(m) 

Maximum 
Total Inflow 

(CMS) 

Name of 
Node 

Maximum 
Depth 

(m) 

Maximum 
Total Inflow 

(CMS) 
J1 0.42 0.676 J33 1.82 5.153 
J2 0.54 1.28 J34 1.79 7.161 
J3 1.54 1.97 J35 0.59 0.78 
J4 0.29 0.203 J36 0.85 1.384 
J5 0.28 0.188 J37 0.97 3.294 
J6 0.28 0.187 J38 1.81 10.193 
J7 0.25 0.1 J39 1.81 10.378 
J8 0.45 0.471 J40 0.26 0.165 
J9 0.43 0.441 J41 1.79 10.664 

J10 0.42 0.429 J42 0.67 1.23 
J11 0.34 0.205 J43 1.91 11.503 
J12 0.66 0.804 J44 0.83 1.433 
J13 0.57 0.743 J45 0.83 1.706 
J14 0.53 0.738 J46 0.83 1.882 
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J14 0.53 0.738 J46 0.83 1.882 
J15 0.33 0.341 J47 0.45 0.158 
J16 0.78 1.542 J48 0.58 0.691 
J17 0.78 2.266 J49 0.74 0.851 
J18 5.04 2.549 J50 0.6 0.616 
J19 0.6 1.131 J51 0.73 1.467 
J20 1.22 2.959 J52 3.61 1.991 
J21 4.44 2.957 J53 1.19 3.019 
J22 0.38 0.401 J54 1.25 3.971 
J23 0.78 1.05 J55 1.24 4.292 
J24 0.76 1.012 J56 0.82 2.024 

J25 0.51 0.35 J57 0.94 2.249 
J26 0.64 0.54 J58 0.93 2.364 
J27 0.64 0.884 J59 1.09 2.691 
J28 2.35 1.851 Out1 2.58 1.972 
J29 0.54 0.78 Out2 0.79 2.957 
J30 0.67 1.384 Out3 6.51 11.484 
J31 2.63 2.343 Out4 4.58 6.826 
J32 1.2 3.057    

Table 9: Conduit flow summary 

Conduit 
Name 

Maximum 
Flow 

(CMS) 

Velocity 
(m/sec) 

Maximum 
/ Full 
Depth 

Conduit 
Name 

Maximum 
Flow 

(CMS) 

Velocity 
(m/sec) 

Maximum 
/ Full 
Depth 

 
C1 0.676 1.07 0.53 C31 2.342 1.44 0.71 
C2 1.28 1.31 0.68 C32 3.043 1.11 0.8 
C3 1.972 1.57 0.48 C33 5.041 0.99 0.89 
C4 0.203 0.59 0.48 C34 7.134 1.35 0.89 
C5 0.187 0.57 0.46 C35 0.796 0.89 0.85 
C6 0.179 0.56 0.45 C36 1.395 0.95 0.95 
C7 0.092 0.49 0.39 C37 3.261 1.36 0.79 
C8 0.47 0.75 0.57 C38 10.193 1.65 0.91 
C9 0.44 0.73 0.54 C39 10.371 1.90 0.73 

C10 0.423 0.72 0.53 C40 0.164 0.64 0.37 
C11 0.196 0.61 0.55 C41 10.637 1.71 0.89 
C12 0.801 0.83 0.72 C42 1.221 1.26 0.74 
C13 0.741 0.88 0.63 C43 11.484 1.73 0.95 
C14 0.732 0.93 0.59 C44 1.419 1 0.91 
C15 0.338 1.21 0.35 C45 1.696 1.04 0.92 
C16 1.542 0.99 0.60 C46 0.164 0.58 0.89 
C17 2.266 1.27 0.33 C47 0.693 0.94 0.72 
C18 2.548 1.05 0.93 C48 0.847 0.9 0.92 
C19 1.151 1.05 0.67 C49 0.622 0.84 0.75 
C20 2.957 1.26 0.73 C50 1.467 1.82 0.58 
C21 2.957 1.49 0.61 C51 1.988 1.11 0.91 
C22 0.383 0.97 0.6 C52 2.984 1.3 0.98 
C23 1.012 0.9 0.76 C53 3.934 1.3 0.95 
C24 1.009 0.9 0.75 C54 4.264 1.29 0.7 
C25 0.346 0.69 0.72 C55 1.874 1.05 0.82 
C26 0.54 0.85 0.91 C56 2.019 1.15 0.73 
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Table 8 shows the summary results of nodes, the maximum 
depth and total runoff inflow into the nodes from SCs. As seen, 
none of the nodes show flooding or surcharge condition. Table 
9 shows the occurrences of maximum flows in different 
drainage channels/conduits. The velocities in different 
channels range from 0.49 m/sec (C7) to 1.94 m/sec (C28). The 
maximum velocity attained in each channel is generally below 
2 m/s, which is safe.  

SENSITIVITY ANALYSIS 
Sensitivity analysis (Table 10) was carried out to evaluate the 
effect of change in SWMM input variables on its output. Each 
of the above sub-catchments has been characterized by Area 
(ha), Imperviousness (%), Slope (%), Dp, Di, np, ni and 
infiltration method adopted. These characteristics show the 
runoff generation potential from that area. For sensitivity 
analysis, only one variable is changed at a time and the other 
parameters/variables are kept at their normal value. The 
resulting output is compared with each other for Peak 
Discharge (Qp), Time of Peak Discharge (Tp), and Volume of 
Hydrograph (V) at different outfalls. In sensitivity analysis, 

only one variable, i.e. Di, does not change because in the 
SWMM percent of the impervious area with no depression 
storage is assumed as 100%. All the four parts (with individual 
outlets) of the whole study area are different from each other 
because of their significantly varying properties. For 
comparison of parameters, out of four outlets of the study area, 
only two outfalls 2 and 3 have been chosen as these are 
relatively more pervious and impervious, respectively, and 
sensitivity of each parameter presented in Figs. 3 through 9. In 
these figures, the % change in parameter value is shown with 
respect to the above normal condition used for 
drainage/channel design. Notably, the sensitivity results of the 
other Outlets 1 and 4 were, in general, similar, and therefore, 
not shown here. 

Sensitivity of Slope: Fig. 3 shows that, with increasing slope, 
both Peak Qp and V  increases, and Tp decreases. As an 
example, with increasing value of slope from 10%  to 20% of 
that given in Table 10, Qp  increases by 0.046 and 0.128 CMS 
at outfalls 2 and 3, respectively.On the other hand, Tp  for 
Outfalls 2 and 3 remains constant up to a certain slope value 
and then reduces rapidly. 

C26 0.54 0.85 0.91 C56 2.019 1.15 0.73 
C27 0.88 0.85 0.68 C57 2.239 1.11 0.85 
C28 1.851 1.94 0.53 C58 2.362 1.31 0.74 
C29 0.8 0.9 0.68 C59 2.676 1.09 0.98 
C30 1.39 0.92 0.67     

 

(a) Peak discharge Qp 

 

(b) Time to Peak Discharge Tp 

 

(c) Hydrograph Volume 

Fig. 3: Sensitivity of Slope at different Outfalls 
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Sensitivity of Channel Roughness Coefficients: Fig. 4 shows 
that both Qp and V decrease with increasing n. With 10% to 20 
% change as above, Qp decreases by 0.172  and 0.926 CMS for 
outfall 2 and 3 respectively. On the other hand, Tp deacreases 
with both increasing and descreasing n. 

Sensitivity of np: Fig. 5 shows that an increase in np in any sub 
catchment decreases both Qp and V, and vice versa. However, 
the trend of change in Tp contrasts for the two outlets. 
Notably, the change in np doesnot affect much Tp in 
impervious area. 

Table 10: Values of input parameters 
Parameter Symbol Values/Range 
Slope (%) S 0.1 

Manning’s n for pervious overland flow np 0.05 
Manning’s n for impervious overland flow ni 0.012 

D-Store Pervious (mm) Dp 2.54 
D-Store Impervious Di 0 

Channel Roughness Coefficient n 0.016 
Imperviousness (%) I 0-90 

Curve Number CN 55-90 
 

Peak Discharge Qp 

 

 

(a) Peak Discharge Qp 

 

(b) Time of Peak Discharge Tp 

 

(c) Hydrograph Volume 

Fig. 4: Sensitivity of Channel Roughness Coefficients (n) at different Outfalls 
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(a) Peak Discharge Qp 

 

(b) Time of Peak Discharge Tp 

 

(c) Hydrograph Volume 

Fig. 5: Sensitivity np at different Outfalls 
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Sensitivity of ni: From Fig. 6, as ni increases, V consistently 
decreases. On the other hand, consistency in trends for Qp and 
Tp for the two outfalls is not apparent, rather opposite 
behaviour is seen. Such an abnormal behaviour may be 
attributed to the fact that both np and/or ni effect the flow 
behaviour in conjuntion with the energy slope, according to 
Manning’s formula, which is a dynamic, and perhaps the most 
perplexing, variable to decide the flow behavour.  

Sensitivity of Dp: Fig. 7 shows that with increase in DP, both 
Qp and V decrease,  which  is  quite  obvious  as  it  affects  the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 watershed storage that is lost through evaporation/seepage, 
and hence, reducing the surface runoff. As also seen for Outlet 
1, Dp is expected to increase Tp as with reduction of surface 
runoff, flow velocities are also reduced.  

Sensitivity of Curve Number: Fig. 8 shows that with increase 
in CN, both Qp and V increase, but Tp decreases. It is 
consistent with the general expectaton that as CN increases, 
surface runoff (both in rate and volume) increases and, in turn, 
velocity increases leading to reduction in Tp.  

 

(c) Hydrograph Volume 

Fig. 6: Sensitivity of ni at different Outfalls 

 

(a) Peak Discharge Qp 

 

(b) Time of Peak Discharge Tp 
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Fig. 7: Sensitivity of Depression storage in pervious area at different Outfalls 
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Sensitivity of Imperviousness: Fig. 9 shows that with 
increase in Imperviousness of an area, as expected, both  Qp 
and V increase, but Tp decreases. As compare to impervious 
area pervious area shows higher variation in Tp, because 
increase in % of I does not affects the area much which is 
already impervious in nature. The increased imperviousness 
decreases the infiltration losses and therefore increases both 
surface runoff and flow velocities. 

The results obtained from several runs of the model can be 
summarized on using the values of Qp at different outfalls, and 
according to the difference in Qp for the same % change in 
parameter values, the sensitivity of these parameters can 
described in order of their ranking CN > %Imperviousness > 
Manning’s Roughness > Flow Width > Np > % slope > Ni> Dp    
As seen, Dp is the least sensitive parameter, and Curve Number 
the most sensitive in prediction of runoff peak discharge. 

 

(a) Peak Discharge Qp 

 

(b) Time of Peak Discharge Tp 

 

(c) Hydrograph Volume 

Fig. 8: Sensitivity of Curve Number at different Outfalls 
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CONCLUSION 
The study designed the channel network in a planned industrial 
complex of an area of 885 acres using SWMM. The model 
exhibited an error of -0.182% in continuity, which is quite 
tolerable. When subjected to sensitivity, Curve Number was 
found to be the most sensitive parameter in runoff peak 
prediction and D-Perv is found as the least sensitive parameter. 
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