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Abstract

Due to urban overcrowding, the population density of residential areas and water use per unit are increasing. Therefore, it is necessary
to study the flow of water supplied to cities and to improve the healthy circulation of urban water. This study used Modelica, a non-causal
analytical program. Using Open Modelica, the researchers constructed a model linking water distribution and sewerage, as the basis
of a balanced urban water model. Using the programmer's toolkit provided by EPA-NET and EPA-SWMM, which are commonly used
to simulate the existing water supply and sewage pipe networks, Open Modelica-based water distribution networks and sewage pipe
networks can be connected and simulated based on the customer block. A model was built so that 90% of the hourly water consumption
supplied to the water supply pipe network can be automatically introduced into the sewage pipe network. If a matching table is constructed
to connect the nodes of the water supply pipe network and the sewer pipe network, the nodes will reflect in the graphical user interface
(GUI) developed in Open Modelica. It was developed to enable modification of links, pumps, tanks, and valves. The 48-hour water
supply was simulated using the developed model, and it was confirmed that water supply and sewage networks were successfully connected.
In the future, we plan to develop a more expanded and realistic urban water circulation model by considering additional urban water
circulation factors, such as sewage treatment, water reuse, rainwater use, storm runoff, and low-impact development facilities. Through
this study, it was confirmed that Modelica can simulate changes in the system over time. Since it is a formula-based non-causal simulation
language, it is possible to establish and reuse relationships between blocks through block-by-block development of urban water circulation
elements. It is expected to contribute to the visualization and concretization of future urban water circulation models.

Key words : Urban Water Balance Healthiness, Urban Water Balance Model, Linkage of Water Distribution and Sewer Networks, Open Modelica
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Table 1. Head Loss Equations Applied in EPA-NET

Formula b
Hazen-Williams 475 « CMF e g . 1.85
Darcy-Weisbach 0.0252 « fle,d,q)d® « L 2
Chezy-Manning 4.66n% « d°% . L 2

* C : Hazen-Williams coefficient, & : Absolute roughness in Darcy-Weisbach equation factor, f : Darcy-Weisbach friction

factor, n :
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Manning’s roughness coefficient, d : Pipe diameter (m), L : pipe length (m)
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Fig. 1. Typical Diurnal Water Demand Pattern (Multiplier) Adapted from Bowen et al.

(1993) and Heinrich (2007)
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Table 2. Features and Limitations of Dynamic Wave and Kinematic Wave Solutions

Feature

Dynamic Wave

Kinematic Wave

Network topology

branched and looped

branched only

Flow splits yes with flow divider nodes
Adverse slopes yes no
Invert offsets yes ignored
Pumping yes only from storage nodes
Weirs and orifices yes only from storage nodes
Ponded overflows yes yes
Lateral seepage yes yes
Evaporation yes yes
Minor losses yes yes
Culvert analysis yes yes
Hydrograph attenuation yes yes
Backwater effects yes yes
Surcharge/Pressurization yes yes
Reverse flow yes yes
Tidal effects yes yes
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(a) Causal
Fig. 2. Causal and Acausal Approach

(b) Acausal
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(a) Water distribution network (EPA-NET)

/////{///;

(b) Sewer network (EPA-SWMM)

Fig. 4. Water Distribution and Sever Networks in the Study Area

Table 3. Matching Table between Water Distribution and Sewer Networks with Target Population and Base Water Demand

Junction no. of Water Junction no. of . Base Water Demand

Distribution Network Sewer Network No. of Households Target Population (I/min)
30 18 275 660 159.50
25 45 204 489.6 118.32
31 2 580 1,392 336.40
29 28 400 960 232.00
32 27 172 412.8 99.76
28 47 359 861.6 208.22
23 43 353 847.2 204.74
19 44 216 518.4 125.28
24 1 311 746.4 180.38
22 31 230 552 133.40
14 45 middle school 600 145.00
26 40 high school 300 72.50
21 13 park 150 36.25
27 24 elementary school 1,050 253.75
11 46 kindergarten 160 38.67
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Fig. 5. Mapping of Water Distribution and Sever Networks
in the Study Area
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