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Abstract

Introduction: In this research, the comparison of different routing methods and their impact
on the hydraulic characteristics and dimensions of storm water conveyance pipes and the
construction cost of different options is investigated. For this purpose, the rainfall-runoff
simulation model (SWMM), is used for routing. Qaderabad city'is taken into consideration as
a case study with the aim of implementing different simulation options. The purpose of this
study is to compare the construction cost of different hydraulic simulation options.

Methodology: In general, in SWMM model, the routing of the flow in the pipe and conduit is
governed by using the one-dimensional Saint-Venant equation. The Saint-Venant equation is
solved using the implicit finite difference method. Different options are available in this model
including steady flow, Kinematic wave, Diffusion wave and fully dynamic. All methods are
considered in this study to gain a better understanding of each method on outputs and
construction expenses as well.

Results and discussion: After setting up the model, the simulation was conducted in the
selected return period with four mentioned simulation option methods: Dynamic, Diffusive,
Kinematic and Steady flow. Subsequently, the dimensions of the pipes were determined. The
construction cost of each flood routing method was calculated and compared with each other.
The dimensions of the conduits were selected according to the dimensions of the concrete
pipes available in the market and the existence of sufficient freeboard. Hence, no flooding was
expected to occur in the nodes. Generally, the outputs of two fully dynamic and diffusive
methods were similar showing the minimal effect of inertia term. However, the results were
quite different for other two methods. The first two methods yielded shallower depths leading
to smaller dimensions and lower construction costs whereas all momentum terms were
included. Another comparison between flow depth, discharge, time to hydrograph peak were
also conducted. Construction costs were calculated using TAKSA software. The results
suggest that applying fully dynamic simulation, despite more computational costs, puts the
engineers on the safe side with lower construction costs.

Conclusion: The average dimensions of the conduits used in the main conveyance pipeline
were the same in the dynamic wave method and the diffusive wave method; But compared to
the kinematic wave and uniform flow method, it was at least 9.8% lower.

The dynamic wave method and the diffusive wave method had the same construction costs
due to the same dimensions of the pipes used. However, the construction costs of these two
methods were 55.7% lower than the kinematic wave method and 54% lower than the uniform
flow method. Moreover, the construction costs of the kinematic wave method were 2.2%
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higher than the uniform wave method.
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Table 2 Comparison of field measurement results
and numerical model at points A to E

Flow depth (m) Flow velocity (m/s)

Relarive Relarive

Desired Error Error

Points Observed Simulated (%) Observed Simulated (%)
A 0.36 0.29 19.44 | 3.61 4 10.80
B 0.38 0.34 10.53 1.86 1.6 13.98
C 0.52 0.58 11.54 | 2.12 1.89 10.85
D 0.68 0.75 10.29 | 3.96 3.16 | 20.20
E 1.12 1.04 7.14 2.85 3.16 10.88
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Table 3 Hydraulic specifications and construction costs of the main pipeline in different methods

Methods Return Total Qmax Ymean  Dmean Vmax cost
Period(years) Rainfall(mm) (lit/s) (m) (m) (m/s) ($USD)
Dynamic 5 14.7 5671.60 1.61 2.08 291 1,299,009.83
Diffusive 5 14.7 5690.97 1.58 2.08 3.03 1,299,009.83
Kinematic 5 14.7 7035.52 1.76 3.36 1.69 2,735,836.48
Steady Flow 5 14.7 7812.59 1.75 3.44 1.79 2,675,095.62

gy At lagns; gobaill sanze izen
"’M'“"'“ W Ml:c,o LSS )‘)3‘ ‘B)) )‘ oolaw! l) é‘Jj)M
)90 adg> Slly) (swyp s Jlo & cuaSik oye0 b

2l L soel s 4 ol .ol ol anlllas

S 2S5 Az =0
Sy obaig, il gl g, 73U axdllas (pl jo
25 pll SWMM . Jaw 5l sl b b slocs]

Journal of Hydraulics

272(2), 177?
14



§EF €958 6 Loutd o 0,90

Sy yuap

e Cow 48 -5
Qmax (/) 255 Oz ATl
Ymean (M) Goe xSlo> 1 Sileo
Dmean (M) Lxe (539 b8 Sk
Vmax (m/s) ey ST
R CiS 5l 0,90 5 pglis b (Swb lode
(Mm) yere
T (Jlo) e85k o9
t (min) s )b pglas
R S iboygo baelu YF 5L aSlos
Jly
Q (m/s) b,> oo
Sy S5l s
v M/8) by awgio e yu
q JUE Jsb )0 (29,5 b 59959 20
X m)yb,> e slael yo alold
So JUE o
g (m/s?) a5 ols
M)k > alaio o

&lw-Y

Aghajani, N.; Karami, H. (2015). Extraction of IDF
Curves from Daily Precipitation Data(Case Study:
Mashhad Synoptic ~ Station). Proc. <of.. 10%
International Congress on Civil Engineering,
Faculty of Civil Engineering, Tabriz Univexsity,
Iran. (In Persian)

Akdogan, Z. and Giiven, B. (2016). Assessing the
sensitivity of SWMM to variations in hydrological
and hydraulic parameters: a case study for the city of
Istanbul. Global NEST Journal, 18 (4), 831-841.

Cappelaere, B. "Accurate diffusive wave routing,"
Journal of Hydraulic Engineering, vol. 123, no. 3,
pp- 174-181, 1997.

Du, J. Quian, L. Rui, H. Zuo, T. Zheng, D. Xu, Y.
Xu, C.Y. (2012). Assessing the effects of
urbanization on annual runoff and flood events using
an integrated hydrological modeling system for
Qinhuai River basin, China. Journal of Hydrology,
464, 127-139.

O S boyeo b Lol Jasl dg) bas o oo ancia I
Ty ey 4 Seed Seelus gae by, o (Jle
sy > skl Ui al) 1o 3 e g i 11
VAL Jlas (Soridy zoe (S o Sl zae
Ok g SSleimw zoe Slaghyy & S g i
Sg oS AL Plas Bl

OV 4 Comd g s T/ Plas  Soicn zee
JEsl dlg) a0 sad eoliiwl (g, sl Kl IV
1D DS (Shd Toe 9 Seslas Toe b9 3 Lol
Sl Baileful > 5 Silotws g0 g, 40 Lo Lol
Lo @y syle olal O Jgaz j0 04 S QAL
! 00 45‘)‘ JLM: IN v_uj)la 0,99

@ argi b (Suaisy gee 5 Selus goe gy Y
! sl 1o 0ol solaiul gl slal ogr LS
Camd 995790 cpl 22! loas o Ll ascils JLSy
Ol U9y & S 9 DOYT. Soiletew oo 9,
Gy 227 loanse (rizen o5 yieS OF/ JFuile
Skl Jasl dgf s o oo g5 BT 00 VI
°)5‘> L: ;J)'L..w ) ‘_83)} LS«") fS‘J} as sl ul.m.a
P9y & Semd Sesbs gae by, 0 (o B i
Bl Bule 0l 9 Soilevw gse o Soaiidy zoe
olas Jol Jal bz )0 Gee >g,5 155,000 VI
ClS 5l oye0 b O 10 (2,5 Bes SiSlas aS ol
(S ISy Tge gy A S Suelind zge by, 40 D
o yi) Aolae SMax SCslind g g, Sl s azgi b
P Sy Sodly 4 gl WS o0 Bld LS b 4 )
3915 4 e yibin Glewlne i o8, o g oog
2l @ Cod @l Glaanie alS g gale &l
u_';v_hm LSLQ‘.’] céa 9 6)51 e Sl Qlf..\.;.;f o)‘al 9
2,8 18

Journal of Hydraulics



kel @30 95591 @ox bghs oly2] 4y 3 dulio

Rabori, A. M.R. and Ghazavi, M. A. (2017).
Reveshty, "Sensitivity analysis of SWMM model
parameters for urban runoff estimation in semi-arid
area. Journal of Biodiversity and Environmental
Sciences, 10(5), 284-294.

Rossman, L. A. "Storm Water Management Model
User’s Manual Version 5. 1, no," September.
Cincinnati, OH, vol. 45268, 2015.

Sharifan. R. Roshan, A. Aflatoni, M. Jahedi, A. and
Zolghadr, M. (2010). Uncertainty and sensitivity
analysis of SWMM model in computation of
manhole water depth and subcatchment peak flood.
Procedia-social and behavioral sciences, 2(6), 7739-
7740.

Tsai, C. W. (2003). Applicability of kinematic,
noninertia, and quasi-steady dynamic wave models
to unsteady flow routing. Journal of Hydraulic
Engineering, 129 (8), 613-627.

Wang, H. Hu, Y. Guo, Y. Wu, Z. and Yan, D.
(2022). Urban flood forecasting based on the
coupling of numerical weather model and
stormwater model: A case study of Zhengzhou city.
Journal of Hydrology: Regional Studies, 39, 100985.

Yin, J. Yu, D. Yin, Z. Liu, M. and He, Q. (2016).
Evaluating the impact and risk of pluvial flash flood
on intra-urban road network: A case study in the city
center of Shanghai, China. Journal of hydrology,
537, 138-145.

Liu, Y., Zhang, W. and Cui, X. (2012). Flood
Emergency Management Using Hydrodynamic
Modelling. Procedia Engineering Journal, 28, 750-
753.

Yuan, L, Mikelonis, A.M., Yan. E. (2023). Using
SWMM for emergency response planning: A case
study evaluating biological agent transport under
various rainfall scenarios and urban surfaces. Journal
of Hazardous Materials, 458, 131747.

H. Huang, E. M. (2020).

Applicability of Kinematic Wave Model-for Flood
Routing under Unsteady Inflow. Water, 12(9), 2528.

Zheng, and  Luo.

Floud, J. (1997). Urban and housing indicators.
Urban studies, 34(10), 1635-1665.

Ghahraman, B. Shamkoiean, H. Davari, K. (2010).
Extracting regional equations  for precipitation
intensity-duration-frequency (IDF) wusing linear
moments theory (Case study: Khorasan provinces.
Iranian Journal of Irrigation and Drainage. 1(4), 132-
142. (In Persian)

Gu, X. Zhang, Q. Li, J. Singh, V.P. Liu, J. Sun, P.
Cheng, C, (2019) Attribution of global soil moisture
drying to human activities: A quantitative viewpoint.
Geophysical Research Letters, vol. 46(5), 2573-
2582.

Harsha, S. S. Agarwal, S. and Kiran, C. H. (2020).
Urban Flood Modelling and Management using
Storm Water Management Model.

Khanmohammdai, N. and Rezai, H. (2013).
Application of Grey Theory Rainfall — Runoff
Modeling fofsYears of Data Lacking(Case Study:
Shahrchay Watershed, Urmia). Water and Soil
Science Journal, 23(4), 73-86. (In Persian)

Li; D., How, J. Zhou, Q, Lyu, J, Pan, Zh, Wang, T,
Sun, X, Yu, G, Tang, J. (2023). Urban rainfall-runoff
flooding response for development activities in new
urbanized areas based on a novel distributed coupled
model, Urban Climate, 51, 101628.

Mahdavi, M. (1992). Applied Hydrology. University
of Tehran Press. Iran, 437P. (In Persian)

Mays, L. W. (2001). Stormwater collection systems
design handbook. McGraw-Hill Education.

Ministry of Energy, Publication No. 118-3. (1992).
Bases and Design Criteria for Sewage and Storm
Water Collection System, Accessed 12 February
2024; https://sazeplus.com/n-118/ (In Persian)

Mohammed, M. H. Zwain, H. M. and Hassan, W. H.
(2021). Modeling the impacts of climate change
and flooding on sanitary sewage system using
SWMM simulation: a case study. Results in
Engineering, 12, 100307.

Peruma, M. Ranga Raju, K.G. (1998). Variable-
parameter stage hydrograph routing method: 1.
Theory. Journal of hydrology eng., ASCE, 3(2), 115-
121.

Qahraman, B. and Abkhazr, H. R. (2004). Correction
of Intensity-Duration-Frequency Relationships of
Rainfall in Iran. Journal of Agricultural Sciences and
Natural Resources, 8(8), 56-67. (In Persian)

Journal of Hydraulics
7,177

16





