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Planning for Clean Water 
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A. Setting the Stage for Safe Water



A. Setting the Stage for Safe Water
Technology



A.1 Overcoming a Significant Technical 
Challenge



Jhung M A et al. Clin Infect Dis. 2011;52:S13-S26

Published by Oxford University Press on behalf of the Infectious Diseases Society of America 2011.

A.1 Placing Clean Water in Perspective of H1N1

Typhoid fever:  1 out of 1,000
H1N1: 1 out of 1,000,000



Palace of Purification ‐1941 
1‐BLD



A.2 Setting the Stage for Safe Water
Planning & Management

Reactionary Proactive



A.2 Common Planning Tool
Boil Water Advisory

“The primary intent 
of a boil water 
advisory is to protect 
consumers from 
potential health risks 
related to drinking 
water of an 
unacceptable 
microbiological 
quality."

Emergency BWA
E. coli

Precautionary BWA
Operational
Monitoring
Source



A.2 Boil Water Advisory 
Case Studies

British Columbia

Nova Scotia

Newfoundland & 
Labrador

What are traits?

How can we use 
BWAs to improve 
management?



A2. Understanding Boil Orders in BC

Source: R. Grover, 2011 UBC Masters Thesis

Active BWAs

1986:  < 25 BWA 

2006: > 450 BWA



A.2 BC Case Study
Why are boil water advisories primarily issued?

Source: R. Grover, 2011 UBC Masters Thesis



A.2 BC Case Study
Do you think the public complied with the BWA?



A.2 Nova Scotia BWAs



A.2 Nova Scotia BWAs



A.2 Newfoundland & Labrador



A.2 Review of NL BWA Data

No Disinfection

Disinfection is turned off due to mechanical failure

Distribution system is under repair

No chlorine residual detected

E coli detected

Water quality & 
operational 
decisions

Water quality & 
operational 
decisions

Microbiological & 
health based

Microbiological & 
health based

Disinfection is turned off due to lack of disinfection

E. Coli detected AND no resampling completed



A.2 Review of NL BWA Data



A.2 Review of NL BWA Data

Water quality & 
operational 
decisions

Water quality & 
operational 
decisions

Microbiological & 
health based

Microbiological & 
health based

Less than 1/8 of all BWAs 
still in place in 2019



A.2 BWA Assessment & Take-aways

Majority of cases relate to operational 
concerns (NL)

BWAs can sometimes last a very long time 
(NS)

Not sure if public is adhering to BWA (BC)



B. Water Safety Plans



B.1 Water Safety Plans

Promoted by the World Health Organization 
(WHO) since 2001

Currently adopted by 93 countries 
Scalable to situation

Proactive, NOT reactive
Risk Based Approach



B.1 Prioritized Risk

Daily Activity Risk from WSP 
Asessment

Calibrate Chlorine Analyzer Low

Record Chlorine Dose Low

Measure Turbidity Moderate

Measure pH in Contact Chamber High

Check Chlorine Pumps for Failure  Moderate

Calculate Contact Time (CT) Low

Address 
Concerns 
with pH FIRST

Address 
these 
Concerns 
NEXT



B.1 Priortization will result in 
“Knowing Your System”

What are the 
consequences of NOT
knowing your system?

• Complacency 
– “Chemical spills could never 

happen here”
• Failure to recognize 

warning signs 
– “Water is a little a difficult to 

treat during storms but we 
manage”

• Failure to respond
– “Our consultant prepared 

our emergency response 
plan”



B.1 Knowing your system 
Requires an Understanding of Risk

Water Safety Plans:
– Risks are identified
– Risks are prioritized
– Action based on priorities

Risk 
Identification

Risk 
Prioitization

Remedial 
Action of 

Highest Risks

Every parameter has a risk
• Zero tolerance
• Can lead to complacency or 
delinquency



B.1 “Know Your System”
Is not Tech-focused

Technical Dimension
On-line continuous 

measurements
Innovative 

technology
Web operations of 

treatment facility



B.1 “Know Your System”
Is not Tech-focused

Technical Dimension
On-line continuous 

measurements
Innovative 

technology
Web operations of 

treatment facility



B.1 “Know Your System”
Requires Planning & Judgment

Planning Dimension
Robust record 

keeping
Continuous 

learning & training
Communication to 

public

Technical Dimension
On-line continuous 

measurements
Innovative 

technology
Web operations of 

treatment facility



B2. Can Water Safety Plans Improve 
Water Quality in Small Communities?

Woodstock, New Brunswick



B.2 Planning is Critical for Safe Water

2000 2013
Are there technical 
barriers to monitoring?



B.2 Regulated Water Safety Plans

Main areas

Other useful 
links



B.2 Water Safety Plans 
Address Routine but Important Activities

How often do you 
experience low free 
chlorine?

Do you monitor your 
chlorine residual?

Frequently HIGH
Occasionally MODERATE
Rarely LOW
Never LOW

Yes
No HIGH

How often do you 
measure chlorine 
residual?
Daily LOW
Weekly MODERATE
Monthly MODERATE

Health Impact

Likelihood



C. Applying Water Safety Plans



C.1 Community with Three BWAs 

Sample Point E

Sample Point D

Sample Point C

Sample Point B
Sample Point A

February 2016
• Positive detect for 

coliforms
• Cl2 Residual = 2.0 mg/L

May 2016
• Positive detect for 

coliforms
• Cl2 Residual = 1.14 mg/L

December 2016
• Positive detect for 

coliforms
• Cl2 Residual = 1.46 mg/L



C.1 Water Treatment Facility

Pre‐Treatment

DAF

Filtration

Chlorination

Distribution

Surface Water



C.1 BWAs – Feb, May & Dec

Sampling Location Time
Chlorine 
(mg/L)

Turbidity 
(NTU)

pH
Temperature 

°C

2/19/2016 New Waterford Treatment Plant 9:35 2.00 0.06 7.40 6.90
2/19/2016 Lingan Power Plant 8:45 1.34 0.08 7.24 6.10
2/19/2016 Home Hardware Store 9:55 1.60 0.10 7.27 6.30
2/19/2016 Horyls Superior Sausage 9:20 1.34 0.08 7.05 6.90
2/19/2016 New Victoria Post Office 9:45 1.63 0.12 7.35 6.70

5/19/2016 New Waterford Treatment Plant 8:45 2.00 0.07 7.61 14.00
5/19/2016 Lingan Power Plant 9:40 1.26 0.08 7.73 10.50
5/19/2016 Home Hardware Store 10:45 1.51 0.09 7.47 11.70
5/19/2016 Horyls Superior Sausage 10:10 1.14 0.09 7.39 12.00
5/19/2016 New Victoria Post Office 10:30 1.45 0.08 7.44 10.70

12/9/2016 New Waterford Treatment Plant 10:10 2.10 0.24 7.31 5.50
12/9/2016 Lingan Power Plant 9:05 1.46 0.26 7.32 10.90
12/9/2016 Home Hardware Store 10:45 1.57 0.25 7.17 8.90
12/9/2016 Horyls Superior Sausage 9:55 1.49 0.24 7.23 10.30
12/9/2016 New Victoria Post Office 10:25 1.54 0.18 7.07 10.40

February BWA

May BWA

December BWA



C.1 Approach to understand system

Task One: Data Collection
– Interviews with plant staff
– Gathered SCADA and sampling data

Task Two: Data Analysis
– Basic Statistics: Mean, SD
– Reference Distributions and optimal parameters

Task Three: Risk Analysis and 
Recommendations

– Probability density functions (PDFs)



Task One: Data Collection



C.2 SCADA Parameters for Analysis

8761 Rows 24 Parameters 6 Years 1,261,584 
Data 
Points

Raw pH Filter1 Runtime
Raw Flow Filter2 Runtime

Raw Turbidity Filter3 Runtime
Coagulant Level Filter1 Effluent Turbidity

Stabilization Tank pH Filter 2 Effluent Turbidity
Oxidation Tank pH Filter3 Effluent Turbidity

DAF1 Effluent Turbidity Filter1 Flow Rate
DAF2 Effluent Turbidity Filter2 Flow Rate

DAF1 Floc pH Filter3 Flow Rate
DAF2 Floc pH Chlorine Residual
Treated pH Clearwell Residual

SCADA Parameters



C.2 Exploratory Analysis

Mean = 2.26 mg/L

Mean = 2.038 mg/L

0.5 mg/L

0.5 mg/L



Task Two: Data Analysis



C.3 February BWA



Isolating 
Chlorination

Periods of low 
chlorine residual 
before a BWA 
occurred

Variability in 
Clearwell Chlorine 
before events



Task Three: Risk Analysis



C.4 Reference Distribution Approach
Gather data from 2012-2017 to form a baseline & 
compare

Reference
2016

Reference mean = 
2.231 mg/ L

2016mean = 
2.038 mg/L



C.4 Risk Analysis

Alarm for 
High 
Chlorine

Optimal Operations

Alarm 
for 
Low 
Chlorine



C.4 Risk Analysis

Alarm for 
High 
Chlorine

Optimal Operations

Alarm 
for
Low 
Chlorine

Probability = 
0.00001

Probability =  0.97
Probability = 
0.0031



C.5 Key Findings

Interviews & Data Analysis revealed that 
– Occurred at peak Filter Run Times

• Possible floc carry over from DAF
– Rapid decreased chlorine in clearwell

Risk Analysis showed that:
– Normally within optimal operating parameters 

for chlorine disinfection



C.5 Key Findings

Interviews & Data Analysis revealed that 
– Occurred at peak Filter Run Times

• Possible floc carry over from DAF
– Rapid decreased chlorine in clearwell

Risk Analysis showed that:
– Normally within optimal operating parameters 

for chlorine disinfection



C.5 Long-term Goal
CWRS Water Safety Plan

Traditional 
Disinfection

New Methods of 
Disinfection



Summary Thoughts

Water technology is necessary for 
addressing serious public health risk

Proper management and planning is 
essential for long-term success

BWA Water Safety Planning
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Northumbrian Water Limited 

Private Water Company in the United 
Kingdom

Services counties of Northumberland, 
Tyne and Wear

Revenue: 730.6 million GBP (2012)
Net income: 214.3 million GBP (2012)
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