
Predicting Climate Change Impacts to 
Chlorine Longevity in a Drinking Water 
Distribution System 
Laura Meteer1, Yves Filion2, Sarah Jane Payne2 
1,2 Queen’s University, Drinking Water Quality Group, Civil Engineering, 58 University Avenue, Kingston, 
ON, K7L 3N6 Canada

Sept. 2025



Background: Study 
Location

• Alberta, western Canada

• Source water: rivers, snowpack

• Secondary residual: free chlorine 

• DS residence time: 21 days (504 hrs)



Background: Climate Change Impacts
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Methods: SDS Testing
Lab: 7-day SDS testing of free 
chlorine from two WTPs

Notes:
• Experimental conditions: constant 

temperature, amber glass bottles, 
dark storage

• Testing done in triplicate at 0, 2, 4, 6, 
12, 24 hrs, 2, 3, 4, 5, 6, 7 days using 
the DPD method for free and total 
chlorine on a HACH DR 300 



Methods: Analysis of Current and Future Cl 
Decay

 

…eqn 1, first order 
decay

…eqn 2, empirical 
decay co-efficient

Notes:
• Kb empirical relationship developed by Kiéné et al, 1998
• T˚C forecast for  2031 to 2100 (Bush and Lemmen, 2019)
• TOC avg. = 10 yr avg. of summer months, increase = max variance of data 1x, 2x 
• Temperature = worst case 10 yr avg. in DS
• Max DWDS residence time = 504hr/21d



Results: Present day DWDS chlorine risk
Plant 1
• Decay co-efficient = 0.0020 hr-1

• TOC = 0.287 mg/L*
• Hours/days to 0.1 mg/L♠ = 1136/47.33
*2013 to 2022 Plant 1 February average TOC (mg/L):0.541 mg/L

Plant 2
• Decay co-efficient = 0.0029 hr-1

• TOC = 0.695 mg/L
• Hours/days to 0.1 mg/L ♠ = 1120/46.7

Cl longevity  >  Residence 
time (mg/L at 

hr/d)
(504hr/21d
)

♠ Alberta minimum regulatory free chlorine = 0.1 mg/L 



Results: Future Residual Longevity in the 
DWDS

Location
 

Forecast Period
2031-2050

(scenario/max hrs to 0.1 mg/L)
2081-2100

(scenario/max hrs to 0.1 mg/L)
Plant 1 +1.5 ˚C, +2.0 mg/L TOC → 487

+2.3 ˚C, +2.0 mg/L TOC → 460
+1.9 ˚C, +2.0 mg/L TOC → 460
+6.5 ˚C, +2.0 mg/L TOC → 343

Plant 2 +1.5˚C, +2.0 mg/L TOC → 389
+2.3˚C, +1.0 mg/L TOC → 502
+2.3˚C, +2.0 mg/L TOC → 368

+1.9˚C, +2.0 mg/L TOC → 378
+6.5˚C, +1.0 mg/L TOC → 374
+6.5˚C, +2.0 mg/L TOC → 275

• Greater reduction in residual longevity for Plant 2 (3/3 scenarios)
• 1.5˚C ↑ paired with ↑ 2 mg/L treated water TOC will adversely impact Cl longevity
• If water temperature ↑ 6.5 ˚C and TOC↑ 2 mg/L, residual longevity is ~half the 

residence time of the DWDS
• Within 6 yrs both plants could potentially experience loss of Cl residual due to 

climate change impacts



Conclusion: Case Study Recommendations
Operational recommendations 
to mitigate risk:

1. Increase the chlorine residual 
leaving the plants

2. Optimize the TOC levels to 
below 2.0 mg/L

3. Decrease the residence time in 
the DWDS by flushing, storage 
optimization

4. Install booster chlorination 
stations at strategic points or 
treatment upgrades to deal with 
↑nutrient levels 

Operational 
Goal

HC 
Biostability 

Level



Conclusion: Utility Applications

• Modelling

• Master planning

• Risk management

• Process 
improvements and 
optimization

For more, please see: Roshani, E., et al., (2022) “Water distribution systems 
climate change risks and opportunities”, NRC 
https://doi.org/10.4224/40002739



Conclusions: Summary and Future 
Research
• Climate change has potential to 

impact source, treatment and 
distribution water quality

• Case Study
• Present day, no risk 

• Future risk at TOC ↑ 2.0 mg/L, T˚C 
>1.5 ˚C 

• Methodology can be employed 
by utilities to understand possible 
future climate change risk and 
plan mitigation strategies

Future Research:
• Additional Cl testing to improve 

accuracy of the forecast decay 
co-efficient

• Investigate the impact of ground 
temperatures to Cl loss and biological 
regrowth



Thank you!  Questions? 
Comments?
Laura Meteer, MASc.
laura.meteer@queensu.ca


