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Why do we need multispecies modeling?

Challenges of multispecies 
modeling

• Parameters from lab do not 
always reflect system

• Slow, computationally 
expensive

• Manual intervention

Contaminants of Concern 
are usually reactive

• Lead (widespread; 
e.g., Flint MI)

• Arsenic (nationwide;
AZ, NM, NV, UT specifically)

• Bacteria (worldwide; 
e.g., e coli.)



WNTR / EPANET-MSX Integration



WNTR + EPANET-MSX 

Requirements
• Read/write EPANET-MSX input 

files

• Similar style to WNTR

• Library of reactions

• Result-object integration
• Direct use with existing metrics

• Well-defined JSON format / 
schema



WNTR + EPANET-MSX integration structure

Hydraulic 
model

Multi-species 
model

Conceptual 
separation
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Model
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wntr.msx.model.MsxReactionSystem

Reaction 
System

Species

Constants

Parameters(
global value 

only!)

Terms

Wall 
Reactions

Tank 
Reactions

Differences 
from EPANET-MSX

• Diffusivity assigned on 
species objects

• Coefficients can carry units
• ReactionSystem object 

checks names immediately
• NO NETWORK-SPECIFIC 

INFORMATION IN THIS 
SECTION



wntr.msx.model.MsxNetworkData

Network 
Data

Pipe 
parameters

Tank 
parameters

Initial node 
quality

Initial link 
quality

Sources by 
species

Source 
patterns

Differences 
from EPANET-MSX

• Per-tank and per-pipe 
attributes in dictionaries

• ONLY NETWORK 
INFORMATION IN THIS 
SECTION



JSON based data files

Easily 
passed 

between 
programs

JSON-
schema 
provides 
validation

Can be 
extended 

easily



Reaction libraries

• Once loaded, a library must be 
adapted to your network
1. Set global initial quality
2. Set parameters for individual 

pipes or tanks
3. Set initial quality for non-

global values
4. Create sources, if necessary

• Any reaction model can be used 
in a library

• “network_data” should be 
removed
• No initial quality
• No parameter values
• No sources

• WNTR has a basic library of 
reactions from the EPANET-MSX 
user guide

• Users can specify own library 
directory to use



Example



Model initialization11



Add the reaction system12



Add the network-specific data



Run the simulation

EPANET quality parameter is
saved as the “quality” key in 
the WNTR results object

MSX species quality values
are saved using their name
as the key in the results object



Simulation results, hour 12



Simulation results, hour 24



Example parameter study

• Examine the effect of changes in the river decay coefficient, k1, on 
chlorine residuals in the network

• Vary k1 from 1.3 to 16.9 day -1 



Example parameter study results18

Lake
is only 
source

Lake
is only 
source

Lake and river
sources mix



Conclusions



Summary

1. Multispecies water quality using EPANET-MSX 
coupled with WNTR

2. Library of reaction models built-in, and user 
customizable and extensible

3. Resilience and impact metrics from WNTR can be 
used directly on MSX data
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