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Water Use Energy Policy Act of 1992
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Residential plumbing is critical for the health and safety of 
populations worldwide. 
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Integrative Hydraulic – WQ Modeling: 



Goal: Elucidate the factors & their interactions that affect
water quality through integrative water distribution system-
premise plumbing models.
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Area: 266 m2, 4 bedroom, 2 bath
Constructed in 1920s & renovated in 2014
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Retrofitted Net-Zero Energy, Water and Waste

2015: PEX plumbing removed, new PEX plumbing installed, city and rainwater use; 
City water: Groundwater, treated with KMnO4, free chlorine residual, PVC and Iron water mains

http://www.ReNEWWhouse.com



Pipe 
Type

Diamete
r (ID), 

cm

Length, 
m

Total Internal 
Surface Area, 

m2

Cold
1.2

41.9 0.3

Hot 40.9 0.3

Cold
1.7

35.8 0.3

Hot 38.3 0.4

PEX-A pipe 
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Goal: To better understand link between water use & drinking water quality.
Hypotheses:

1. Water quality inside the building influenced by chemical leached by PEX pipes. 
2. Fixture usage pattern & water temperature influence organic & bacteria levels in 

water.
3. Less frequent used fixtures have lower water quality.

https://doi-org.ezproxy.lib.purdue.edu/10.1016/j.chemosphere.2017.11.070


During the 4 month building startup …. 
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Water Usage Monitoring & Analysis
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Salehi et al. (2018). Chemosphere.
https://doi.org/10.1016/j.chemosphere.2017.11.070



Parameter
Total Volume

Used 

(m3)

Number of

Events

Average

Elapsed Time

(hr)

Maximum

Elapsed Time

(hr)
Fixture

Service Line 5.2 3535 0.1 72

Basement-Cold 0.4 60 0.5 72

Basement-Hot 0.04 21 0.7 72

1st Floor-Cold 0.3 619 0.6 72

1st Floor-Hot 0.2 389 0.9 72

2nd Floor-Cold 0.1 145 2.0 72

2nd Floor-Hot 1.0 825 0.5 72

Water Usage Patterns for a Few Fixtures Monitored in December 2015
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Water Usage Patterns

❑ During October to December the daily water usage
varied between 0.169-0.245 m3/d.

❑ Basement fixture was the least used (number of events
at cold: 60-105, hot: 21-69) compared to the other
fixtures in the building (number of events at cold: 145-
856, hot: 326-2,230).

❑ During October to December the most frequently used
fixture was the 2nd floor hot water (bathroom sink,
number of events per month 2,230).



Pressure Results 
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During the 4 month startup, bacteria levels increased with time and 
bacteria were more numerous in hot water vs. cold water

Salehi et al. (2018). Chemosphere.
https://doi.org/10.1016/j.chemosphere.2017.11.070
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TOC Concentration Increased Inside the Building
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Several Heavy Metals with Health & Aesthetic Limits were Detected 
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The basement fixture brass needle valve may have caused maximum 
Zn (5.9 mg/L), Fe (4.1 mg/L), and Pb (23 μg/L) levels compared to other 
fixture water samples. 



Both HPC & Gene Copy Number Increased at 1st & 2nd Floor

Greatest HPC level (856.7 CFU/mL) at day 90 basement hot water.

Positive correlations between TOC levels & bacterial gene copy
numbers at water softener, 1st floor (cold), 2nd floor (cold/hot).
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Water Quality Summary

❑ The maximum water stagnation time was 72.0 hr.

❑ Bacteria & organic carbon levels increased inside the plumbing 
system compared to the municipal tap water entering the building. 

❑ A greater amount of bacteria was detected in hot water samples 
compared to cold water samples.

❑ At the basement fixture, where the least amount of water use 
events occurred, greater organic carbon, bacteria, and heavy metal 
levels were detected. 



Premise Plumbing Hybrid Model
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Integrative Hydraulics – WQ models

• Predict drinking water disinfectant residual and microbial quality at 
each fixture.  

• framework of EPANET-MSX using the EPANET programmer’s toolkit
• parameters: disinfectant concentrations, DBP, THMs, water age, temperature, 

pH, TOC, heavy metal concentration, bulk decay rate constant, wall chlorine 
demand (wall reaction coefficients), microbiological quality, and turbidity.

• Stochastic nature of water demand: Poisson Rectangular Pulse models 
and SIMDEUM model. 



At time = t
& Extended period
• Hydraulic flow and Water quality 

simulation which involve multi-
species.

• Pressure at service line
• Mostly steady state except extreme low/ 

high pressures
• Stochastic demand at each fixture
• Calibration of parameters for each 

season’s data
Water Mains



Simulation for low flows

• Call EPANET Toolkit from 
MATLAB;

• Change water demand values 
based on low demand –
Poisson Model Development

• This is iterated many times. 
• Produce distributions of WQ 

parameters – Fe, AOC, 
Chlorine, etc. 

MATLAB

EPANET 
Toolkit

Low Flow Poisson ModelWQ | 
Multi-Species

Distributions of 
WQ at each 

fixture

Water Mains



Premise 
Plumbing Hybrid 

Model with 
EPANET-MSX 

1. Hydraulics -
Water demand/ 
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2. Water quality -
pH, temp, NOM, 
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