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ABSTRACT
Hydraulic modeling of pressure transients in water distribution networks (WDNs) has shown increasing promises
in various applications, such as WDN design, fault detection, and risk assessment. To facilitate the integration of
transient simulation in these simulation-based applications, this paper contributes the first, general, and open-source
implementation of transient simulation software: Transient Simulation in water Networks (TSNet). TSNet is a Python
package with the following capacities: (1) read EPANET INP files and establish initial conditions, (2) perform transient
simulations under various conditions, i.e., valve and pump operations, leaks, and bursts, with and without surge
protection devices, and (3) obtain, visualize, and post-process results. TSNet not only provides transparency needed
by the research community, but also presents a platform where users and developers can further develop, improve
and extend the existing transient model. This paper presents the capabilities of TSNet, an example application, and
additional resources for TSNet.
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1 INTRODUCTION

Aging infrastructure and growing water demand have imposed increasing challenges on the performance of wa-
ter distribution networks (WDNs) to secure safe and reliable water supply. Facing with these challenges, various
methods have been proposed to assess the pipeline conditions and detect anomalies (Xu et Karney, 2017).
Model-based technique, exploiting the hydraulic behavior of WDNs, is one of the most popular approaches for
tackling the problem of pipeline condition assessment and anomaly detection owing to its cost-efficiency and
non-intrusiveness (Rajani et Kleiner, 2001). The core drivers of these model-based techniques are hydraulic
models, including steady-state (Rossman et al., 2000) and transient models (Wood et al., 2005). Transient-
based models are generally believed to be superior to steady-state models because a considerable amount of
information about the state of the WDN can be revealed within a very short period of time as the transient wave
travels rapidly through the pipe at wave speed (Xu et Karney, 2017).

The extensive transient-based applications, including system design, condition assessment, and anomaly de-
tection, require efficient and accurate hydraulic transient simulation tools as core drivers. However, the lack of
freely available, openly accessible, and easily interactive software impedes the applications of transient-based
methods to complex pipe networks. As results, the previous transient-based applications are largely restricted
to pipe segments, such as reservoir-pipeline-valve systems, and small networks of simple typologies. Although
a number of commercial software exists for transient simulation in WDNs, such as Hammer (HAMMER, Bentley,
2019), Pipe 2018 (KyPipe, LLC, 2019), and InfoSurge (Innovyze, 2019), the use of these software for research
purpose is limited. Ultimately, there is a clear gap between the currently available transient simulation capacities
and ever growing demand in the flexibility, accessibility of transient simulation tools. Hence, the authors are
motivated to develop an open-source package rendering easiness for interaction, modification, and extension of
transient modeling and simulation. The Transient Simulation for water Networks (TSNet) is a Python package
designed to (1) provide users with open source Python code for simulating transients in WDNs that can be
integrated with other case specific applications, and (2) encourage users and developers to further develop and
extend the current transient model.
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2 PACKAGE CAPACITIES

TSNet, as a Python package for transient simulation in WDNs, is available in Python Package Index (PyPI). All
source codes can be downloaded from the GitHub repository at https://github.com/glorialulu/TSNet. The
online documentation, including detailed descriptions of the numerical scheme, installation instructions, setting-
up and performing transient simulation, getting simulation results, and modeling conventions and limitations, are
available at https://tsnet.readthedocs.io. The major capacities of the package includes: (1) read directly
from an EPANET formatted water network model input file and create the corresponding transient model; (2)
set up transient models by define transient-related features such as wave speed and time step; (3) define
operational changes in valves and pumps as well as background leaks and pipe bursts; (4) perform transient
simulation using method of characteristics (MOC) (Wylie et al., 1993); (5) model open and closed surge tanks;
and (6) obtain and visualize flow and pressure results.

3 APPLICATION AND RESULTS

The example application in this section demonstrates the multiple capabilities of TSNet Python package on an
example network, which comprises 126 junctions, 1 reservoirs, 2 tanks, 168 pipes, 2 pumps, and 8 valves, as
depicted in Figure 1. Wave speed for all pipes are set to be 1200m/s. Four scenarios (S1, S2, S3, and S4) were
set up: S1 simulates pipe burst at Junction 73, which starts at 1s and takes 1s to fully develop to the final burst
coefficient of 0.01m3/s/(mH2O)0.5; S2 models the linear closure of Valve-1 within 1s; S3 predicts the impacts
of PUMP-1 linear shut-off within 2s; and S4 simulates the background leak at Junction-20 with leak coefficient
of 0.01m3/s/(mH2O)0.5 . The results of the four scenarios were reported at the chosen junctions, as by black
dots, and presented in Figure 1, where pressure transients of different shapes and amplitudes can be observed.
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Figure 1: Example network for demonstrating TSNet usage and the results for four example scenarios.

The results of this example application demonstrate the simulation capacities of TSNet. More examples as
well as all source codes, software documentation, example codes and networks, and contacting information for
reporting bugs and questions are included in the GitHub repository (https://github.com/glorialulu/TSNet).
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