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EXECUTIVE SUMMARY 

 

The Protocol developed by the Public Infrastructure Engineering Vulnerability 
Committee (PIEVC), established by Engineers Canada, was used to assess the 
vulnerability of the Sandy Point Sewage Treatment Plant Upgrade to the effects of 
climate change.  The assessment was conducted in response to growing concerns 
about the vulnerability of public infrastructure located in coastal areas of Atlantic 
Canada to the expected local impacts of climate change including increasing storm 
frequency and intensity, rising sea levels, storm surge, and coastal erosion and 
flooding. This project is one of a series of case studies being conducted with the support 
of Engineers Canada to enhance the PIEVC Protocol and is the first assessment to be 
conducted in Nova Scotia.   
 
The PIEVC Protocol combines basic risk assessment procedures into a process that 
first identifies vulnerabilities in public infrastructure systems and then applies an 
engineering analysis methodology in order to recommend mitigation measures to 
address the identified vulnerabilities.  The vulnerabilities are defined as a combination of 
a climate event and its potential impact on a system component.  The likelihood and 
consequence of the climate event and the system impact are considered, in order to 
determine the risk and whether mitigating action is required. 
 
This case study is unique in that the PIEVC Protocol has been applied at the pre-design 
stage of the project, rather than conducting the assessment after the infrastructure has 
been constructed. It has also been applied in this instance to a small wastewater 
treatment plant in a rural community, with a view to learn about the scalability of the 
Protocol and to develop recommendations for how it can best be used to assess other 
infrastructure of a similar scale.  
 
The Sandy Point Sewage Treatment Plant was originally constructed in 1969 to provide 
primary wastewater treatment to a small development area that includes residential, 
industrial and institutional development.  The existing facility has a capacity of 30,000 
USgpd and has been extensively studied since 2001 when deficiencies in treatment 
effectiveness were first identified.  In response to previous studies and the Canada-wide 
Strategy for the Management of Municipal Wastewater Effluent, endorsed by the 
Canadian Council of Ministers of the Environment (CCME) in 2009, the decision was 
taken to replace the existing plant with a new secondary treatment facility which would 
both expand the capacity of the existing plant, and incorporate a more suitable and 
sustainable treatment technology. 
 
The pre-design process identified suitable sites for the new facility and recommended a 
combination of a lagoon system with ultraviolet disinfection as the most suitable 
technology given operational, maintenance and social consideration as well as capital 
costs, particularly for a system like this which is prone to peak flows during rainfall 
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events as a result of inflow and infiltration (I & I) into the aging collection system. In 
parallel with the technology and site selection process, the PIEVC Protocol was used to 
define the categories and system components for assessment, which includes the new 
treatment facility and the existing collection system.  Historical climate data as well as 
climate change model predictions for 2020, 2050 and 2080 were also gathered with 
support from Environment Canada.  Relevant climate parameters were identified for the 
region and included: 
 

 Precipitation as rain 

 Precipitation as snow 

 Sea level rise 

 Wind speed 

 Frost 

 Fog 

 Storm surge 

 Ice 

 Temperature 
 
A vulnerability (risk) assessment was then conducted to identify interactions between 
infrastructure components and climatic events which could lead to vulnerability. The risk 
assessment included screening of the interactions by the engineering team, as well as a 
workshop that included participation from the Municipality of Shelburne, Environment 
Canada, Nova Scotia Environment, Municipality of Yarmouth, Emergency Measures 
Organization (Eastern Shelburne County) and ABL Environmental Consultants Ltd.  
Workshop participants were first asked to identify relevant interactions and then to rank 
the interaction as low, medium or high risk.  This represented a significant simplification 
of the process suggested in the Protocol, but the team felt it was appropriate given time 
limitations and the scale of the infrastructure being assessed. 
 
The risk assessment identified a total of eleven (11) interactions which were deemed to 
be high risk: 
 

 Personnel / Hurricane Event 

 Sanitary Manholes / Heavy (Intense) Rain 

 Sanitary Gravity Mains / Heavy (Intense) Rain 

 Pipe Connections and Fittings / Heavy (Intense) Rain 

 Existing Pumping Station Power Supply / Hurricane Event 

 Existing Pumping Station Power Supply / Ice Storm Event 

 New Pumping Station Power Supply / Hurricane Event 

 New Pumping Station Power Supply / Ice Storm Event 

 Ocean Outfall / Sea Level Rise 

 Process Building Structure / Hurricane Event 

 UV Disinfection / Sea Level Rise 
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 Process Building Power Supply / Hurricane Event 

 Process Building Power Supply / Ice Storm Event 

 End Users / Hurricane Event 
 
There were also one hundred eleven (111) interactions deemed to be medium risk.  
These interactions were all then subjected to engineering analysis to determine whether 
mitigation is necessary and possible, and then to recommend appropriate mitigation 
steps. 
 
Much of the data required for the Engineering Analysis did not exist or was difficult to 
obtain, but professional judgment and experience was employed where data was not 
available. For the thirty-five (35) components for which potential vulnerabilities were 
identified, the analysis resulted in twenty-one (21) remedial engineering actions and four 
(4) management actions being recommended.  Many of the recommendations could be 
combined and are summarized as follows: 
 

 Reduce inflow and infiltration (I&I) into the collection system 

 Install backup power supplies at the pumping stations 

 Ensure the process building meets code for hurricane resistance 

 Install a radio communications system at the pumping stations and process 
building 

 Install high level pump shutoffs at the existing pumping station 

 Install a bypass on the grit removal system 

 Implement a policy to protect staff from hurricanes, storm surges and ice storms 

 Discuss safe conditions for deliveries from septage hauling companies 

 Adjust scheduling to accommodate required maintenance 
 
Conducting the vulnerability assessment in parallel with the pre-design process also 
implicitly impacted design decisions about technology and site selection and ensured 
that data on the potential local effects of climate change was available and considered. 
It was also identified that climate monitoring equipment could easily be designed into 
new infrastructure to ensure that data is collected during the life of the system for future 
assessments as the effects of climate change become more apparent. 
 
The PIEVC Protocol was a valuable exercise for this project and from this experience it 
seems reasonable that a higher level assessment would be appropriate for the design 
stage and in general for small scale public infrastructure in vulnerable regions.  Specific 
recommendations on the Protocol are also included in the report including 
recommendations for small scale infrastructure and how to better utilize available 
climate data and expertise. 
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1.0 INTRODUCTION 
 
The climate is changing.  As noted in “From Impacts to Adaptation: Canada in a 
Changing Climate” (D.S. Lemmon et al, 2007), Atlantic Canada will experience more 
storm events, increasing storm intensity, rising sea level, storm surge, coastal erosion 
and flooding.  The climatic impacts on infrastructure in this region have been increasing 
in recent years.  Long-standing bridges have been washed out, roads have been 
undermined, and power distribution interrupted.   
 
To date, the design of infrastructure has included the review of historical climate data.  
The uncertainty caused by changing climatic conditions may be undermining the 
meteorological data used to design infrastructure and jeopardizing the safety of 
infrastructure, both existing and proposed.  In the interest of safety, designers now 
need to account for observed trends and climatic projections when undertaking the 
design of new infrastructure.  
 
To address these concerns, Engineers Canada, the business name for the Canadian 
Council of Professional Engineers, established the Public Infrastructure Engineering 
Vulnerability Committee (PIEVC) to oversee the planning and execution of a broad-
based national engineering assessment of the vulnerability of Canadian public 
infrastructure to changing climatic conditions.  The PIEVC has developed a Protocol to 
help guide decision makers through the vulnerability assessment process.  The 
Protocol is a step-by-step process to determine the interactions between climatic 
events and infrastructure components that lead to vulnerability.  Information developed 
through this process assists owners/operators with incorporation of adaptive capacity 
into design, development and management of existing and proposed infrastructure. 
 
A series of seven (7) case studies were conducted in Phase I of PIEVC‟s work, 
resulting in the current version of the Protocol.  Version 9 (dated April 2009) of the 
Protocol was used for the purposes of this study. 
 
The study area selected by the Municipality of the District of Shelburne (MDS) for the 
vulnerability assessment is the proposed Sandy Point Sewage Treatment Plant (STP) 
Upgrade, and to a lesser extent the existing collection system.  The study addresses 
potential impacts of climate change for the decades 2020 and 2050.   
 
The design of the STP Upgrade and the application of the Protocol were undertaken 
simultaneously.  Basically, adaptive capacity was built into the design process.  This 
project will serve as a case study for the continued development of the Protocol. 
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2.0 PIEVC PROTOCOL OVERVIEW 
 
2.1 Introduction 
 
Vulnerability assessment is the process of identifying, quantifying and prioritizing the 
vulnerabilities within a given system.  The Protocol utilizes a combination of basic risk 
assessment procedures to assess the impacts of climate change on infrastructure.  To 
better understand the climate-infrastructure interaction, the practitioner is tasked with 
evaluating the following: 
 

 The infrastructure, 

 The climate (historic, recent and projected), and 

 Historic and forecasted responses of the infrastructure to climate. 
 
The Protocol is divided into five (5) main steps as follows: 
 

Figure 1 – Overview of the Protocol 
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Application of the Protocol is summarized in the text of this report and is to be read in 
conjunction with accompanying worksheets (see Appendix A).   
 
2.2 Project Team 
 
This project is a jointly funded initiative of Engineers Canada (through PIEVC) and the 
Municipality of the District of Shelburne.  The project was undertaken with support from 
Environment Canada and the project‟s Steering Committee.  The Steering Committee 
consists of members from Shelburne Municipal Council and operations staff, Nova 
Scotia Environment (NSE), and the Canada-Nova Scotia Infrastructure Secretariat 
(CNSIS).  The following table outlines the members of the Project Team: 
 
Table 1 – Project Team Members 

Organization Role of Organization Individual 

PIEVC Secretariat National Engineering Assessment 
Funding Partner 

David Lapp, P. Eng. 

Municipality of the 
District of Shelburne 

Infrastructure Owner 
Funding Partner 

Emily Tipton, P. Eng. 
Darrell Locke 
Norman Wallet 
Doris Townsend 
Kirk Cox 

ABL Environmental 
Consultants Ltd. 

Prime Consultant Tom Austin, P. Eng. 
Dave Trudel, P. Eng. 
Sarah Ensslin, EIT 

Genivar PIEVC Sub-consultant Specialist Jeff O‟Driscoll, P. Eng. 

Stantec PIEVC Sub-consultant Specialist Roger Rempel, P. Eng. 

Environment Canada 
 

Climate Change Data Gary Lines 
Chris Feetham, MBA, P. Eng. 

Nova Scotia 
Environment 

Steering Committee 
PIEVC Advisory Committee 

Adam d‟Entremont, P. Eng. 
Kyle McKenzie 

National Research 
Council of Canada 

PIEVC Advisory Committee Daryl Dormuth, PhD. 

Canada-Nova Scotia 
Infrastructure 
Secretariat 

PIEVC Advisory Committee Peter Whitmee, P. Eng. 
Donna Jones 

Municipality of the 
District of Yarmouth 

PIEVC Advisory Committee Derek Sutherland 
 

Municipality of 
New Glasgow 

PIEVC Advisory Committee A. Robert Funke, P. Eng. 

Region of Metro  
Vancouver 

PIEVC Advisory Committee Brent Burton, P. Eng. 
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3.0 PROJECT DEFINITION 
 
This section of the report covers the first step of the Protocol: Project Definition.  In this 
step, the practitioner is tasked with identifying the boundary conditions for the 
vulnerability assessment. 
 
3.1 Background 
 
The Sandy Point STP has been owned and operated by the MDS since its construction 
in 1969.  The STP is located at the north end of the Shelburne Industrial Park, south of 
the Town of Shelburne.  Currently, the STP services Roseway Hospital, Nova Scotia 
Community College (Shelburne Campus), the former boy‟s school, surrounding 
residential properties and the developed portion of the Shelburne Industrial Park.  
 
The Sandy Point STP is an Extended Aeration (EA) activated sludge system with a 
design capacity of 30,000 USgpd.  Currently, the STP is overloaded and out of 
compliance with NSE effluent discharge limits.  Wet weather flows have been affecting 
plant performance.  For the purposes of this study, the existing STP is considered to be 
obsolete and will not be carried further into design. 
 
The decommissioned STP is to be replaced with a submersible pumping station 
(existing site).  Flows from the existing collection system (subject to high rates of 
extraneous flow) will be redirected to the pumping station by installation of an influent 
manhole.  The pumping station will convey wastewater to the site of the proposed STP 
Upgrade. 
 
3.2 Design Criteria 
 
This system has been extensively studied since February 2001.  MDS embarked on a 
number of upgrades resulting in the current system.  All of the previous reports agree 
that the existing STP is currently overloaded and in non-compliance with NSE effluent 
discharge limits (based on monitored parameters).  
 
Flow data from the existing STP was provided by MDS operations staff.  A brief 
summary is as follows (see Appendix B): 
 

 Average minimum daily flow – 45,000 USgpd (31 USgpm) 

 Average daily flow – 75,000 USgpd (52 USgpm) 

 Average maximum daily flow – 340,000 USgpd (235 USgpm) 
 
Of note, the average minimum daily flow accounts for a large portion of the wastewater 
to be treated.  This may be attributed to water use or inflow/infiltration (I & I); it is likely 
the latter.  MDS requested that the proposed STP Upgrade be provided with sufficient 
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capacity to service the future expansion of the Shelburne Industrial Park.  A summary 
of the predicted hydraulic loading assessment (including future expansion of the 
industrial park) is as follows: 
 

 Average daily flow – 100,000 USgpd (70 USgpm) 

 Maximum daily flow – 350,000 USgpd (245 USgpm) 

 STP to be expandable in modules to account for possible future (long term) 
servicing of residents of Sandy Point Road 

 
The organic loading to a treatment facility is generally related to the population figures 
for the serviced area as well as the degree of commercial and industrial activity.  
Currently, the commercial and industrial activity within the industrial park is considered 
light in nature (primarily residential).  Upon review of results the raw water sampling 
program conducted by MDS, the proposed loading rates for the STP Upgrade can be 
summarized as follows: 
 

 Organic loading rate – 38.03 kg/d 

 Solids loading rate – 37.83 kg/d 
 
Upon construction of the proposed STP, a new approval to operate will be required 
from NSE.  It is anticipated that the new approval will adhere to the Municipal 
Wastewater Effluent (MWWE) Strategy (open coastline).  The anticipated effluent 
discharge limits are summarized as follows: 
 

 Biological Oxygen Demand (BOD5) – 25 mg/L 

 Total Suspended Solids (TSS) – 25 mg/L 

 Fecal Coliform – 200 MPN / 100 mL 
 
3.3 Site Selection 
 
Available records (topographic mapping, property mapping and aerial photography) 
have been reviewed in conjunction with the Atlantic Canada Wastewater Guideline 
Manual (ACGWM) separation distance requirements in preparation for locating the 
proposed STP Upgrade.  In total, three (3) sites were considered.  Site #1 is located at 
the south end of the industrial park.  Site #2 is located east of the Shelburne Industrial 
Park and Sandy Point Road.  Site #3 is located east of the old boy‟s school.  The initial 
phases of the STP Upgrade can be accommodated on all three sites without 
encroachment on neighbours.  Future expansion at Site #1 poses some encroachment 
concerns on neighbours to the south.  Site #1 is also more susceptible to the affects of 
climate change (sea level rise, storm surge, erosion, etc.).  Site #3 is at a slightly 
higher elevation than Site #2.  This may affect the sizing of the pumps, length of 
access road required and further extension of power.   That being said, Site #2 is the 
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preferred option for locating the proposed STP upgrade.  Site #2 is approximately 1 km 
(as the crow flies) from the existing STP. 
 

 
     Figure 2 – Location of Existing and Proposed Sandy Pt. STP 
 

Site securement took longer than expected; MDS encountered a number of hurdles 
with securement of all three sites before finally coming to an agreement to purchase 
Site #2.  This contributed to the overall duration of the PIEVC process.  Ultimately, 
MDS ended up with the best suited site for the STP Upgrade.  
 
3.4 Geography & Geology 
 
Sandy Point is located approximately 1 km south of the Town of Shelburne on the 
eastern shore of Shelburne Harbour.  This coastal community has generally low lying 
topography.  The proposed location of the STP Upgrade and surrounding areas slope 
gradually to the west towards Shelburne Harbour.  The climate is moderated by the 
ocean.   
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  Figure 3 –Topography in Vicinity of STP Upgrade  

 
Maritime Testing (1985) Ltd. conducted a geotechnical investigation of the proposed 
location for STP upgrade.  A brief summary is as follows: 
 

 Total of thirteen (13) test pits put down using track mounted excavator 

 Subsurface conditions encountered were found to be uniform across site 

 Rootmat/topsoil (~600mm thick) overlying undisturbed glacial till/soils 
o Till was greenish grey to grey in color and moist to wet 

 Undisturbed till typically consisted of gravely sand, trace silt, and some 
cobbles/boulders 

 Sand and gravel deposits noted in two (2) test pits 

 Groundwater encountered at select test pits (depths from 0.9m to 3.0m) 

 No bedrock was encountered 

 In-situ soils generally suitable to construct earthen embankments 

 Underdrain may be required to facilitate construction (prevent uplift of liner) 
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3.5 Time Frame 
 
The study addresses potential impacts of climate change for the decades 2020 and 
2050.  The conveyance system that serves the Municipality dates back to 1969 and 
earlier.  In fact, portions of the conveyance system date back to the 1930‟s.  The 
service life of conveyance system infrastructure is typically estimated at 50 to 100 
years.  This is dependent on materials of construction and installation environment.  
The year 2020 represents an early design life boundary for much of the early pipework 
and appurtenances. 
 
Sewage treatment facilities typically include structural (tankage, buildings, etc,), 
mechanical (HVAC, equipment, etc.), electrical (power distribution) and civil 
(earthwork, berms, etc.) components.  The service life of structural components is 
commonly estimated at 50 years.  Mechanical and electrical systems are thought to 
have a useful life on the order of 25 years.  This is dependent on changes in regulatory 
requirements and/or available technology.  An expansion of the serviceable area can 
also affect the useful life of a treatment system.  The year 2050 represents an early 
design life boundary for the treatment system and appurtenances.   
 
3.6 Specific Jurisdictional Considerations 
 
The following governmental agencies have jurisdictional control over the infrastructure 
included in the assessment: 
 

 Provincial Government: 
o Nova Scotia Environment – Operational requirements (approvals to 

construct and operate) 
o Nova Scotia Transportation & Infrastructure Renewal – Roadway 

(Breaking of soils permit) 

 Federal Government: 
o Navigable Waters Protection Act – Approval for ocean outfall 
o Department of Fisheries & Oceans - Authorization for the Harmful 

Alteration, Disruption or Destruction (HADD) of fish habitat 
o Environment Canada - Disposal at Sea permit, Environment Assessment 

 Municipality of the District of Shelburne: 
o Operation and maintenance of collection & treatment system 
o Land ownership   

 

4.0 DATA GATHERING & SUFFICIENCY 
 
This section of the report covers the second step of the Protocol: Data Gathering & 
Sufficiency as it relates to the infrastructure and Climate Change.  
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4.1 Technology Selection 
 

MDS requested the proposed STP Upgrade be designed to achieve a secondary level 
of treatment.  That being said, there is a large range of applicable technologies 
available for consideration.  However, given the design criteria, high rates of 
extraneous flow and the requirement for modular growth, some of the available options 
can be quickly ruled out due to economic viability.  Based on experience, the most 
applicable technologies include lagoons, Sequencing Batch Reactors (SBRs) and 
Extended Aeration (EA) plants. 
 
Factors considered in the evaluation of alternatives include: 
 

 Ease of operation & maintenance 

 Capital & operating costs 

 Impact of peak flows (I & I) on process 

 Reliability (consistently meet effluent discharge limits) 

 Sludge production and management 

 Septage handling capability 

 Susceptibility to climate factors (PIEVC) 

 Social implications (land, odour, noise) 
 
All treatment processes investigated will carry certain common components.  The 
following will be included as a minimum: 
 

 Pumping station (located at existing STP) 

 Screening and/or grit removal 

 Flow measurement 

 Maintenance (blower) building 

 Disinfection 

 Ocean outfall 
 
4.1.1 Lagoons 
 
Lagoon systems are typically comprised of one or more bodies of water contained 
within earthen dam/dykes.  They are designed to receive, hold, and treat wastewater 
for pre-determined periods of time (typically 30 days).  Lagoons are lined with clay or a 
High Density Polyethylene (HDPE) liner material designed to prevent leaks to the 
groundwater table.  Four of the more common types of lagoons include anaerobic, 
aerobic, aerated and facultative lagoons.  An aerated lagoon is being considered for 
this installation.  Aerated lagoons use aerators (submerged or mechanical) to keep the 
contents of the lagoon in suspension and supply oxygen to the wastewater. 
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Lagoons are well suited to small rural communities because they often cost less to 
construct, operate and maintain than other wastewater treatment systems.  Drawbacks 
of the lagoon include the large land requirement and encroachment on neighbours.  
However, land in rural communities is often less expensive and more easily secured.  
Lagoons have been operated in rural communities around the province for decades 
without odour complaints.  Odour complaints are minimized by introducing the 
wastewater through a submerged pipe.  Typically sludge withdrawal is required every 
ten (10) to twenty (20) years. 
 
Lagoons have the capability of storing/equalizing the peak (I & I) flows received at the 
plant.  Freeboard is built into the dam height to accommodate approximately eight (8) 
hours of storage.  Septage handing can easily be accommodated at a lagoon via a 
receiving station complete with camlock connection for septage haulers.  A lagoon 
plant would consist of grit removal, flow measurement, blower building, baffled lagoon, 
aerators and disinfection. 
 
4.1.2 Sequencing Batch Reactor (SBR) 
 
The SBR process is an activated sludge process in which the wastewater is introduced 
into a reaction tank (or SBR tank), one batch at a time. Wastewater treatment is 
achieved by a timed sequence of operations which occur in the same SBR tank, 
consisting of filling, reaction (aeration), settling, decanting, idling, and sludge wasting.  
Basically, the process operates on a fill and draw basis. 
 
Operations of an SBR treatment plant is more costly and complicated than a lagoon.  
Securement of a qualified operator can often prove difficult for rural communities.  A 
sludge management plan would have to be in place.  SBRs are not as susceptible to 
peak (I & I) flows as other mechanical plants.  During large flow events, air to the 
equalization tank (EQ) is turned off and the tank operates as a primary clarifier.  Flow 
overflows the EQ and proceeds to disinfection.  As a minimum, during overflow events 
a primary level of treatment is provided.  Equipment and tankage must be sized 
accordingly.  Land requirement would be minimal to moderate.  
 
An SBR treatment plant would consist of grit removal, flow measurement, screening, 
aerated equalization tank, SBR tankage, mechanical equipment (pumps, actuated 
valves, blowers, compressor) aerated sludge digesters, sludge management and 
disinfection.  
 
4.1.3 Extended Aeration (EA) 
 
The Extended Aeration (EA) activated sludge process is currently in use at the existing 
Sandy Point STP and is being considered for operations staff familiarity.  EA package 
plants are typical for small rural communities.  EA is similar to the conventional plug 
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flow process except that it requires lower organic loading rates and longer retention 
times.  
 
Similar to the SBR, operations of an EA treatment plant is more costly and complicated 
than a lagoon.  The operator currently overseeing the existing plant has recently retired 
and thus any advantage from operator familiarity will be lost   EA plants are susceptible 
to peak (I & I) flows.  The active biomass gets washed out during large events.  Land 
requirement would be minimal to moderate.  
 
An EA treatment plant would consist of grit removal, flow measurement, screening, 
aerated equalization basin, secondary clarifier, mechanical equipment (pumps, 
blowers, etc.) sludge holding tank and disinfection.  
 
4.1.4 Recirculating Sand Filter (RSF) 
 
A Recirculating Sand Filter (RSF) utilizes granular media that promotes biological 
growth.   Primary treated wastewater from the septic tanks flows by gravity to the 
recirculation tankage.  Pumps move the wastewater to the sand filter bed in timed 
dosages.  Wastewater percolates the bed, and the contaminants are broken down by 
the biological growth on the media.  Effluent leaving the RSF is returned to the 
recirculation tankage for recycling.  Typically, an 80/20 ratio is used for 
recycling/discharge.   This is accomplished with a splitter valve. 
 
RSFs are well suited to small rural communities because they often cost less to 
operate and maintain than other treatment technologies.  Operator skill level required is 
minimal to moderate.  Drawbacks to the RSFs include the land requirement and sizing 
of primary tankage.  Package systems typically require three (3) times the peak flow 
capacity within the primary tankage.  MDS would require approximately 1,000,000 
USgal of capacity.  To put that in perspective, this accounts for approximately 1/4 of 
the capacity within the lagoon STP option.  At this size range, RSFs become less 
economical.         
 
An RSF treatment plant would consist of primary tankage, recirculating tankage, 
pumps, valves (multi-zone, splitter), process building, sand filter, and disinfection.  
 
4.1.5 Dissolved Air Flotation (DAF) 
 
Dissolved Air Flotation (DAF) is a clarification process whereby the removal of 
suspended solids is achieved by the introduction of tiny air bubbles, which adhere to 
the suspended floc and float it to the surface, forming a layer which can be removed by 
a skimmer.  DAF is a unit process typically used for polishing wastewater prior to 
discharge (i.e. utilized on effluent from lagoon prior to disinfection/discharge).  DAF has 
been used in place of a secondary clarifier where space constraints prohibit the use of 
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a conventional clarifier.  DAF requires the addition of coagulants/flocculants and as 
such is more costly and complicated to operate than a lagoon.  That being said, DAF 
was eliminated from consideration as an overall treatment process. 
 
4.1.6 Suitability of Treatment Alternatives 
 
The following table summarizes the treatment alternatives evaluated with respect to 
their suitability to MDS‟s treatment requirements (cost are estimated based on 
previous projects/tenders):  
 
Table 2 – Evaluation of Treatment Alternatives 

 
 
A lagoon (complete with future cell) is best suited to the Sandy Point system.  Lagoons 
are the preferred treatment option for systems prone to peak (I & I) flows.  They often 
cost less to construct, operate and maintain than other wastewater treatment systems.  
Lagoons are simple to operate/maintain and often only require part-time supervision. 
 
4.2 Infrastructure Components 
 
The Protocol outlines a procedure to develop interactions between climatic data and 
the infrastructure.  The objective of this stage of the Protocol is to determine which 
components of the infrastructure will be examined further in the study. 
 
The infrastructure can be broken down into six (6) main categories as follows: 
 

 Administration 

 Conveyance system 
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 Treatment System 

 Maintenance 

 Transportation 

 End users 
 
4.2.1 Administration 
 
The administration category includes the MDS personnel responsible for the day-to-
day operations, management and maintenance of the infrastructure.  This includes the 
following: 
 

 Engineering Staff 

 Operations Staff 

 Public Works Staff 

 Support Staff 
 
The ability of operations staff to access, operate and maintain the infrastructure during 
extreme climatic events is vital to the ongoing successful operation of the facility. 
 
4.2.2 Conveyance System 
 
The conveyance system can be broken down into two categories; new and existing.  
The earliest portions of the existing conveyance system date back to the 1930‟s.  The 
overall sewershed was completed in 1969.  The extension of services was completed 
in conjunction with the construction of the existing STP.  MDS undertook a series of 
upgrades in 2002 resulting in the current system.  The existing conveyance system 
was evaluated for potential impacts resulting from climate change only.  A detailed 
examination of the existing system was outside the scope of this study. 
 
The conveyance system infrastructure includes: 
 

 Existing Gravity Collection: 
o Sanitary manhole (MH) – Serve as access point for 

connections/maintenance to the gravity collection system.  Often MH‟s 
can be a potential source of I & I.   

o Sanitary gravity mains – Buried infrastructure (roadways or easements) 
that conveys wastewater from within the sewershed to the STP.  Aging 
collection systems are often prone to I & I.   

o Pipe connections & fittings – Improper service connections can be a 
potential source of I & I.  Aging collection systems are prone to failures at 
fittings (weathering, corrosion, etc.). 
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 Existing / Proposed Pumping Station: 
o Power/back-up power supply – Power is required for operation of pumps, 

controls, communication and flow/level indication.  Power failure can lead 
to uncontrolled overflow at the pumping station. 

o Control Panel – Automated system that controls, records, monitors and 
maintains the operation of the pumping station (both locally and remotely; 
see communication).  Susceptible to power failure in extreme weather 
conditions. 

o Communication – SCADA or telemetry system that communicates 
data/alarms to central monitoring station.  Receives supervisory and/or 
override commands from central monitoring station.  Susceptible to loss 
of communication during extreme weather conditions.  Extreme 
temperatures may affect operation. 

o Wet well & chamber – A wet well is a tank in which wastewater is 
collected.  Wet wells house submersible pumps, level indication, etc.  A 
valve chamber is provided as an access for maintenance (isolation) 
purposes.  Sizing of the wet well is dependent on flows realised within the 
collection system.  

o Pumps – Raw wastewater is lifted to the STP for treatment by 
submersible pumps located in the pumping station wet well.  Sizing of the 
pumps is dependent on flows realised within the collection system.   

o Level indication – Level indication is provided by an ultrasonic level 
sensor complete with mechanical floats serving as back-up.  Extreme 
temperatures may affect operation. 

o Flow measurement – Flow measurement is provided by a magnetic type 
flow meter.  The measurement range is dependent on flows realised 
within the collection system.  Extreme temperatures may affect operation. 

o Valves & fittings – Valves are supplied for maintenance (isolation) 
purposes and to prevent the backflow of wastewater.  Typically, valves 
are supplied within a chamber. 

o Forcemain – Pressurized pipeline that conveys wastewater from a 
pumping station to the STP for treatment.  Materials of construction may 
lead to corrosion issues. 

 
4.2.3 Treatment System 
 
As noted earlier, the existing STP is considered to be obsolete and as such does not 
form part of the infrastructure to be assessed.  Only infrastructure pertaining to the STP 
Upgrade will be considered further.  Figure 3 illustrates a simplified process flow 
diagram for the proposed STP Upgrade. 
 
The treatment system infrastructure includes: 
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 Treatment System: 
o Flow measurement - Flow measurement is provided by a magnetic type 

flow meter.  The measurement range is dependent on flows realised 
within the collection system.  Extreme temperatures may affect operation. 

o Grit removal – Wastewater contains solids/grit that can interfere with 
downstream treatment processes. An aerated grit chamber is provided 
for removal of the majority of the heavier particles, while keeping the 
lighter particles in suspension. 

o Septage receiving station – Location for the receipt/handling of hauled 
septic tank waste (residential in nature).  Often includes communition 
(grinding) and screening.  For billing purposes an automated control 
system will be required.  Susceptible to loss of communication during 
extreme weather conditions.  Extreme temperatures may affect operation. 

o Site piping – This includes all on-site pipework located at the STP (raw 
and treated wastewater) and a portion of the outfall pipework. 

o Ocean outfall – A pipeline that discharges treated effluent to a marine 
environment.  Discharge is subsurface complete with concrete ballast 
weights to account for wave/ice action.  Hydraulic design dependent on 
sea level. 

o Lagoons: 
 Berms – Raised earthen area used to contain wastewater for 

treatment.  Subject to erosion/weathering during extreme weather 
events. 

 High Density Polyethylene Liner – Geomembrane material used 
for reduction of the hydraulic conductivity of earthworks 
(containment of wastewater).  Subject to UV degradation.  
Extreme temperatures may affect materials effectiveness. 

 Aerations system – Injection of compressed air through 
submerged diffusers to keep the wastewater in suspension 
(completely mixed). 

o Process building: 
 Structure – Includes process building sub/superstructures. 
 Blowers – Rotary lobe positive displacement blowers provide air to 

lagoon aeration system. 
 UV disinfection – Chemical free disinfection process to treat STP 

effluent.  Ultraviolet radiation used for the destruction of 
pathogens.  Effectiveness of treatment dependent on 
characteristics of wastewater.     

 Control panel - Automated system that controls, records, monitors 
and maintains the operation of the STP (both locally and remotely; 
see communication).  Susceptible to power failure in extreme 
weather conditions. 
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 HVAC – Controls temperature and humidity within process building 
for the protection of equipment and operator comfort. 

 Power/back-up power supply – Power is required for operation of 
equipment, controls and communication.  Power failure can lead to 
untreated effluent discharge. 

 Communication - SCADA or telemetry system that communicates 
data/alarms to central monitoring station.  Receives supervisory 
and/or override commands from central monitoring station.  
Susceptible to loss of communication during extreme weather 
conditions.  Extreme temperatures may affect operation. 
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 Figure 4 – Proposed STP Upgrade Process Flow Diagram 
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4.2.4 Maintenance 
 
Similar to administration, the ability of operations/support staff to access and maintain 
(rehabilitation & repairs) the infrastructure during extreme climatic events is vital to the 
ongoing successful operation of the facility. 
 
4.2.5 Transportation 
 
For the purposes of this study, transportation pertains to the roadway infrastructure 
used by operations/support staff for access to the conveyance and treatment systems.  
The ability of operations staff to reach or gain access to the infrastructure during 
extreme climatic can affect the performance/operation of the facility.  This includes: 
 

 Roadway – conveyance 

 Roadway – treatment 

 Septage haulers 
 
4.2.6 End Users 
 
End users include the residential, commercial and institutional members of the 
community who are serviced by the conveyance/treatment system owned and 
operated by MDS. 
 
4.3 Climate Change 
 
Climate change is defined as a long term shift in overall weather conditions.  Typically, 
it is measured by changes in temperature, precipitation, snow cover, wind, and 
numerous other climatic indicators. 
 
The earth‟s climate varies naturally.  Its average state is regulated by the earth‟s orbit 
around the sun and the natural greenhouse gas effect.  Increasingly, humans have 
been contributing factors with the burning of fossil fuels and changes in land use 
policies (deforestation) that result in the release of more heat trapping gases (including 
carbon dioxide).  These additional gases contribute to the overall greenhouse effect 
(natural + human influences) that results in global warming. 
 
Climate change is more than just a warming trend.  Increasing temperatures will lead to 
many changes in the weather including the amount/type of precipitation, a change in 
wind patterns, changes in ocean currents, sea level rise, and an increase in 
type/frequency of extreme weather events.   
 
The potential uncertainty caused by changing climatic conditions is undermining 
infrastructure decision processes where meteorological data is used; thereby 
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jeopardizing the safety of infrastructure, both existing and proposed.  In the interest of 
safety, designers now need to account for observed trends and climatic projections 
when undertaking the design of new infrastructure.      
 
4.3.1 Climate Baseline 
 
The province of Nova Scotia is surrounded by three major bodies of water; the Gulf of 
St. Lawrence to the north, the Bay of Fundy to the west and the Atlantic Ocean to the 
south/east.  Nova Scotia climate is constantly influenced by the ocean (Atlantic 
Maritime ecozone).  This proximity to the ocean leads to a humid environment that 
receives significant amounts of precipitation.  Coastal areas are generally cooler in the 
summer and warmer in the winter than inland areas.  Nova Scotia is prone to tropical 
storms and hurricanes in the late summer and early fall.  However, the cooler waters 
off the coast often weaken the storms prior to making landfall.   
 
The relevant climate parameters associated with the design, development and 
management of the infrastructure include: 
 

 Precipitation as rain 

 Precipitation as snow 

 Sea level rise 

 Wind Speed 

 Frost 

 Fog 

 Storm surge 

 Ice (inc. sea ice and ice accretion from freezing rain) 

 Temperature 
 
4.3.2 Climate Change Assumptions 
 

Climate change modelling was undertaken by Environment Canada (EC) using the 
Canadian Global Coupled Model Version 1 (CGCM1) and Version 2 (CGCM2); as well 
as, the Hadley Climate Model Version 3 (HadCM3) to quantify anticipated changes to 
various climate factors.  Model results were provided using the Intergovernmental 
Panel of Climate Change (IPCC) Special Report on Emission Scenarios (SRES) “A2” 
and “B2” greenhouse gas and aerosol projected evolution.  These two emission 
scenarios were chosen to express both the low and high end expectations of future 
greenhouse gas emissions.  Such an approach is intended to lessen the uncertainty 
surrounding projections extending 20 to 50 years in the future. 
 
Where specific data was not available for Shelburne, EC utilized the closest available 
weather station as a reference.  The referenced weather stations included Roseway, 
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Western Head, and Yarmouth.  For the purpose of this study, it was assumed that all 
three locations experience similar weather patterns. 
 
Model results are discussed in the following sections.  It should be noted that modelling 
results are projections based on various scenarios.  Results will vary depending on 
input parameters chosen. 
 
4.3.2.1 Temperature and Precipitation 
 
Regional trends in seasonal temperatures for Atlantic Canada show an overall warming 
of 0.3ºC from 1948 to 2005 (Lewis, 1997; Lines et al, 2003; Environment Canada, 
2005c), with summers showing the greatest increase in temperature (+0.8ºC mean).  
Warming characterizes springs (+0.4ºC) and autumns (+0.1ºC), whereas winters have 
become colder (-1.0ºC).  Daily minimum temperatures show a slight increase (+0.3ºC), 
but daily maximums have decreased more (-0.8ºC). 
 
Precipitation increased in Atlantic Canada by approximately 10% between 1948 and 
1995 (Lewis, 1997), a trend that continued through the 1990‟s (Jacob‟s and Banfield, 
2000; Lines et al, 2003). 
 
Lines et al (2003) and Lines and Pancura (2005) have analyzed projections of 
temperature and precipitation changes, using downscaling techniques for the Atlantic 
regions and ecozones.  These analyses indicate that anticipated change varies across 
the region.  Table 3 illustrates the annual projected change fields for Nova Scotia. 
 
Table 3 – Annual Projected Change Fields* 

 Minimum Temperature Maximum Temperature Precipitation Amount 

Tri-decade 2020s 2050s 2080s 2020s 2050s 2080s 2020s 2050s 2080s 

Units ∆ºC ∆ºC ∆ºC ∆ºC ∆ºC ∆ºC % % % 

Greenwood 1.8 2.7 4.1 1.5 2.6 4.1 7.5 7.0 4.5 

Kentville 2.2 3.1 4.6 1.6 2.7 4.3 8.0 7.0 4.0 

Shearwater 1.9 2.7 4.0 1.2 2.1 3.5 17.0 14.0 11.0 

Yarmouth 0.8 1.3 2.0 1.0 1.6 2.3 7.0 6.0 3.0 
* - Lines, G.S., Pancura, M., Lander, C., Titus, L. 2009. Climate Change Scenarios for Atlantic Canada Utilizing a Statistical 
Downscaling Model Based on Two Global Climate Models. Environment Canada, Meteorological Service of Canada, Atlantic 
Region. Science Report Series No. 2009-01, January 2009. 

 
4.3.2.1.1 Low/High Temperature 
 
The climate change parameters chosen for temperature were as follows: 
 

 No. of days with minimum temperature below -30.0ºC 
o Roseway (1971-1995) – 1 day (-31.0ºC) 
o Shelburne (1971-1988) – 0 days 

 No. of days with maximum temperature exceeding 35.0ºC 
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o Roseway (1971-1995) – 0 days  
o Shelburne (1971-1988) – 1 day (36.1ºC) 

 
The operation of electrical components within commercial/industrial equipment is 
temperature dependent.  Electronic parts are designed to operate within specific 
ranges.  Operation of equipment outside of this range has been known to cause 
unexplained problems (erratic operation, etc.).  That being said, there is a possible 
climate/infrastructure interaction between the following: 
 

 Operations/support staff (OH&S), controls & instrumentation, HDPE liner, 
aeration system, and process equipment 

 
4.3.2.1.2 Heavy (Intense) Rain 
 
The climate change parameter chosen for heavy (intense) rain was as follows: 
 

 Greater than 100mm of rain over a three (3) day period 
o Figure 5 indicates that for current climate (1961 to 1990) the greatest 

three (3) day total rainfall is 87mm 
o Figure 6 indicates that for projected climate (2071 to 2100) the greatest 

three (3) day total rainfall is projected to increase to 116mm 
o Figure 7  indicates the extreme rainfall statistics for Atlantic Canada 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sandy Point STP Upgrade  

Vulnerability of Infrastructure to Climate Change     August 15
th

, 2011 

 

 

 

ABL Environmental Consultants Ltd.                     Page | 22 

    Figure 5 – Greatest Three (3) Day Rainfall (Current Climate) 

 
 
    Figure 6 – Greatest Three (3) Day Rainfall (Projected Climate) 
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Figure 7 – Extreme Rainfall 24 hr Statistics for Atlantic Canada (www.hazards.ca)

 
 
Wastewater infrastructure is affected by rainfall storm events, and to a lesser extent, 
the total annual rainfall amount.  Rainfall enters conveyance infrastructure through 
inflow and infiltration (I & I).  Inflow is defined as the ingress of water from 
storm/sanitary cross connections and overland flow entering via manhole frame and 
covers.  Infiltration occurs when water first penetrates the ground and subsequently 
enters the conveyance system through deflected joints in mains, failed gaskets or lack 
of gaskets in mains, defects in manholes, and improper service connections.  Sanitary 
mains are designed to convey some I & I flows.  ACWGM recommends 0.14 to 0.28 
L/sec-ha.  There exists a possible climate/infrastructure interaction between the 
following: 
 

 Operations/support staff, gravity collection system, existing/proposed pumping 
station (associated appurtenances & pipework), proposed treatment plant 
upgrade (grit removal, site piping, ocean outfall, berms, disinfection) 

 
4.3.2.1.3 Drought (Water Deficit) 
 
The climate change parameter chosen for drought was as follows: 
 

 Ten (10) or more days with little to no precipitation 
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Extended periods of dry weather could result in influent wastewater of higher strength 
(less dilution).  There is a possibility that this could affect the effluent quality of the 
proposed STP Upgrade.  Dependent on the pipe material within the conveyance 
system, there is also a possibility of increased hydrogen sulphide generation which 
could result in corrosion/odour issues.  There exists a possible climate/infrastructure 
interaction between the following: 
 

 Operations/support staff, gravity collection system, aeration system, effluent 
quality (disinfection) 

 
4.3.2.1.4 Precipitation as Snow 
 
The climate change parameter chosen for precipitation as snow was as follows: 
 

 Snow Frequency - No. of days with snowfall amounts greater than 10 cm 
o Roseway – 4.8 days 
o Shelburne – 5.5 days 

 Snow Accumulation – Five (5) or more days with snow depth greater than 20cm 
o Roseway – 0.43 days 
o Shelburne – 0.36 days 

 Blizzard – Eight (8) or more days with blowing snow 
o Shelburne – 10 days total 

 Rain on Snow – Ten (10) or more days where rain falls on snow 
o Roseway – 13.6 days total 
o Shelburne – 10.9 days total 

 
Precipitation as snow has the ability to hamper operations/support staff ability to 
accessing the infrastructure for day-to-day operations, rehabilitation and repairs.  Rain 
on snow events (flooding) has the potential to result in an increase in I & I flows.  There 
exists a possible climate/infrastructure interaction between the following: 
 

 Operations/support staff, gravity collection system, existing/proposed pumping 
station & appurtenances, communication and power supply 

 
4.3.2.2 Storms, Storm Surges and Sea Level Rise 
 
The Atlantic region is subject to impacts from a wide range of seasonal and interannual 
events, including winter cyclonic storms, tropical cyclones and other sever weather 
events; summer heat and drought; early or late season frost; winter rain and thaw 
events; river ice jams and flooding.  There is evidence of recent trends towards greater 
extremes and higher frequencies of such events (e.g. Zhang et al, 2001; Beltaos, 2002; 
Bosnal and Prowse, 2003; Bourque et al, 2005; Bruce, 2005; Emanuel, 2005; Webster 
el al, 2005). 
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4.3.2.2.1 Storm Surge 
 
A storm surge is defined as an abnormal rise in sea level resulting from meteorological 
events, and whose height is the difference between the observed water level during the 
storm and the level that the tide would normally rise in the absence of the storm.  
Figure 8 shows the geographic distribution of positive storm surge events with a 40 
year return period throughout the Atlantic Region (Bernier et al, 2006).  This indicates 
that storm surges are higher in coastal waters; specifically the southern Gulf of St. 
Lawrence and the St. Lawrence Estuary. 
 
Figure 8 – Atlantic Region Storm Surges – 40 Year Return Period 

 
 
The effect of any particular storm at a location depends upon the angle of wave attack, 
the number of previous events during the season, whether it is low or high tide and 
other local factors (Hayes, 1967). 
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4.3.2.2.2 Sea Level Rise 
 
During the past century, global sea levels have risen 0.17m on average (range 0.12 – 
0.22m; IPCC, 2007a).  The magnitude of sea level rise along the Atlantic coastline is 
dependent on crustal subsidence (sinking land); resulting from deglaciation thousands 
of years ago.  It is projected that sea level will continue to rise during the current 
century.  Global projections are as follows: 
 

 IPCC, 2001a – 9 to 88 cm by 2100 (average 48 cm) 

 IPCC, 2007a – 18 to 59 cm by 2100 (average 40 cm; excluding Greenland and 
Antarctic ice sheet changes) 

 Delta Commission 2008 – 50 to 130 cm by 2100 (average 90 cm) 

 Rahmstorf et al, 2009 – 75 to 190 cm by 2100 (average 132 cm) 
 
Ultimately, high water levels result from a combination of the specific meteorological 
event, geographic location of event, sea level rise, storm surge, sinking land, and wave 
run-up. 
 
Sea level rise will affect the discharge hydraulics associated with the STP Upgrade.  
There is potential for sea water ingress into the existing collection system; specifically 
the existing pumping station at the wharf, resulting in an increase in I & I flows received 
at the proposed STP.  There exists a possible climate/infrastructure interaction 
between the following: 
 

 Operations/support staff, gravity collection system, existing/proposed pumping 
station & appurtenances,  STP Upgrade & appurtenances, and ocean outfall  

 
4.3.2.2.3 Wind Speed 
 
The Atlantic region has been undergoing an increase in hurricane frequency and 
magnitude since 1995 (Goldenberg et al, 1997, 2001; Landsea et al, 1998, Debernard 
et al, 2002; Emanuel, 2005; Webster et al, 2005).  In general, it is expected that the 
frequency and magnitude of high wind events will increase due to increases in sea 
surface temperatures. 
 
The climate change parameters chosen for wind speed were as follows: 
 

 High Winds - Wind speed greater than 80.5 km/h 

 Hurricane Events - Increase in the frequency of hurricane events 

 Thunderstorm Winds (downburst) - Wind speed greater than 80.5 km/h 
 
An increase in high wind events could result in an increase in the occurrence of power 
outages and loss of communication (SCADA, telemetry).  Day-to-day operation of the 
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pumping station and STP upgrade is dependent on both.  This will have impacts on 
operations/support staff.  There exists a possible climate/infrastructure interaction 
between the following: 
 

 Operations/support staff, STP Upgrade structural, communications and power 
supply 

 
4.3.2.3 Freeze/Thaw, Frost, and Frost Penetration 
 
The climate change parameters chosen were as follows: 
 

 Freeze/Thaw – (85) or more days where maximum temperature exceeds 0ºC 
and minimum temperature is less than 0ºC 

o Roseway (1961 to 1990) – 118.7 days (see Figure 9) 
o Roseway (2071 to 2100) – 69.1 days (see Figure 10) 

 Frost – Change in frost season 

 Frost Penetration – Change in maximum depth of frost penetration 
o Roseway & Yarmouth (1971 to 1990) – Range from 87 to 97 cm 
o Roseway & Yarmouth (2080s) – Project to decrease as minimum 

temperature increases 
 
Figure 9 – Roseway (1961 to 1990) Freeze-Thaw Cycles (www.cccsn.ca) 
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Figure 10 – Roseway (2071 to 2100) Freeze-Thaw Cycles (www.cccsn.ca) 

 
 
Freeze/Thaw cycles and frost penetration can impact direct buried conveyance and 
treatment infrastructure; as well as, structural components of the proposed of upgrade.  
Freeze/thaw can cause pipe deflection resulting in an increase in I & I flows at the 
treatment facility.  Frost build up within conveyance and treatment pipework can affect 
overall capacity.  There exists a possible climate/infrastructure interaction between the 
following: 
 

 Operations/support staff, existing gravity collection system, existing/proposed 
pumping station & appurtenances, STP upgrade (pipework, structural, berms, 
HDPE liner) 

 
4.3.2.4 Ice Storm Events, Ice Accretion, and Sea Ice Build up 
 
The climate change parameters chosen were as follows: 
 

 Hailstorm – No. of days with precipitation falling as ice particles greater than 
5mm diameter 

o Shelburne (current) – 0.6 days (15 to 50mm) 

 Ice Storm Events – (1) or more days with rain falling as liquid and freezing on 
contract 
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o Shelburne (current) – 5 days 
o Shelburne (projected) – Increase in winter season and decrease in 

shoulder seasons (autumn & spring) 

 Sea Ice Build up 

 Ice Accretion on Infrastructure 
 
An ice storm event or glaze event is characterized by freezing rain.  An ice storm 
causes a glaze of ice to form on infrastructure; resulting in hazardous driving conditions 
and power interruptions. Sea ice build up in conjunction with wind/wave action may 
have an impact on the STP discharge.  There exists a possible climate/infrastructure 
interaction between the following: 
 

 Operations/support staff, STP upgrade structural, lagoons (berms, HDPE liner), 
communications and power supply, and ocean outfall 

 
4.3.2.5 Fog (Visibility) 
 
Fog is defined as a cloud of minute water droplets that exist at or near ground level.  
Meteorologists determine whether or not fog exists by examining the visibility in the 
area.  Fog exists when visibility decreases to less than one (1) km.  The climate 
change parameter chosen was as follows: 
 

 Decrease in stopping sight distance (hours with less than 1 km visibility) 
o Shelburne (current) – 791 hrs 

 
There exists a possible climate/infrastructure interaction between the following: 
 

 Operations/support staff and roadway infrastructure 
 
4.4 Data Sufficiency 
 
4.4.1 Infrastructure Data 
 

The MDS collection & treatment system has been extensively studied since February 
2001.  The Municipality provided hard copies of all previous reports for review during 
design.  These included: 
 

 Sandy Point Sewer System Inspection Program – Final Report 
o Dillon Consulting, February 2001 

 Report on the Operation and Performance of the Municipal STP at Sandy Point 
o Horner Associates Ltd., February 2007 

 Shelburne Municipal STP Evaluation for Expansion of Industrial Park 
o Horner Associates Ltd., January 2009 
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 Sewage Treatment Servicing Options for the Shelburne Industrial Park 
o Horner Associates Ltd., April 2009 
 

MDS also provided ABL with influent/effluent quality and flow monitoring records for the 
existing STP.  These were reviewed in conjunction with “as built” engineering drawings 
(conveyance & STP) to provide a better understanding on overall system performance.  
MDS operations staff was consulted during the data gathering process for anecdotal 
information on the overall system.  Based on the review of information, the data 
associated with the infrastructure was adequate, but had the following limitations: the 
flow monitoring data was limited to daily max, min and mean, and the flow meter was 
topping out at high flows so the peak maximum flows could not be assessed. 
 
4.4.2 Climate Data 
 

Additional information in the form of wind development mapping (to be read in 
conjunction with bathymetric data for Shelburne Harbour) would provide EC with a 
better understanding of the magnitude of storm surge and wave run-up events in the 
Shelburne area.  Basically, the development of storm related winds within Shelburne 
Harbour contribute to the magnitude of storm surge and wave run-up events. 
 
Limited information is available for rain on snow events.  It is assumed the affects of 
rain on snow events are similar to that of heavy rainfall events (i.e. localized flooding). 
 

5.0 VULNERABILITY (RISK) ASSESSMENT 
 
This section of the report covers the third step of the Protocol: Vulnerability 
Assessment.  Step 3 is provided to examine the interactions between the infrastructure 
and climatic events that, potentially, could lead to vulnerability. 
 
5.1 Risk Assessment Methodology 
 

The Protocol requires that the practitioner develop a risk value for each of the climate-
infrastructure interactions derived in the matrix.  The practitioner must consider the 
probability of the given interaction occurring and the anticipated severity (should the 
event occur) of the interaction on the infrastructure component.  For each climate-
infrastructure interaction, the practitioner calculates the risk as follows: 
 

 R = P x S 
 

 Where: 
o R = Risk 
o P = Probability of the interaction 
o S = Severity of the interaction 
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The Protocol directs the practitioner to select one of three probability scale (Method A, 
B, or C) factors and one of two severity scale factors (Method D or E).  Method A and E 
was chosen for this study as follows: 
 
Table 4 – Practitioner Selected Scale Factors 

Scale Factors 

Scale Probability (P) Severity (S) 

0 Negligible or Not Applicable Negligible or Not Applicable 

1 Improbable / Highly Unlikely Very Low / Unlikely / Rare / Measureable Change 

2 Remote Low / Seldom / Marginal / Change in Serviceability 

3 Occasional Occasional Loss of Some Capacity 

4 Moderate / Possible Moderate Loss of Some Capacity 

5 Often Likely Regular / Loss of Capacity / Loss of Function 

6 Probable Major / Likely / Critical / Loss of Function 

7 Certain / Highly Possible Extreme / Frequent / Continuous / Loss of Asset 

 
Incorporating results/feedback from the workshop, the practitioner is directed to 
populate the spreadsheet with the probability and severity values corresponding to the 
specific climate-infrastructure interaction.  A risk value is generated automatically by 
the spreadsheet as outlined above.  Upon review, the practitioner (after consultation 
with the infrastructure owner) must assign risk tolerance thresholds for the specific 
interaction.  The chosen risk tolerance threshold for this study is as follows: 
 
Table 5 – Practitioner Selected Risk Thresholds 

Risk Thresholds 

< 12 Low Risk – Discard from Further Analysis 

12 to 35 Medium Risk – Retain for Further Analysis 

> 35 High Risk – Go Directly to Recommendations to Address Vulnerability 

  
5.2 Risk Assessment 
 

The risk assessment portion of the Protocol brings together the information collected in 
the previous two steps.  A brief summary is as follows: 
 

 Infrastructure components identified:  45 

 Climate components identified:   24 

 Potential climate-infrastructure interactions: 1,080 
 
The practitioner is directed to conduct a simple yes/no analysis for each of the potential 
climate-infrastructure interactions.  Interactions assigned a „Y‟ were retained for risk 
assessment while interactions assigned an „N‟ were discarded from further review.  
Where potential vulnerabilities exists (Y), probability and severity scale factors were 
assigned.  Based on the inputted scale factors, the matrix spreadsheet automatically 
calculates the risk. 
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ABL and MDS conducted the Y/N analysis via a conference call.  The performance 
responses considered were as follows: 
 

 Structural design 

 Functionality 

 Watershed, surface water, and groundwater 

 Operations, maintenance and materials performance 

 Emergency response 

 Insurance considerations 

 Policy considerations 

 Social effects 
 
For comparison purposes, ABL and MDS conducted the population of the matrix (scale 
factors) independently of one another ahead of the workshop.  Results were compared 
and adjusted as mutually agreed upon.  A brief summary is as follows: 
 

 Interactions where potential vulnerability existed: 404 

 Low risk interactions identified:    279 

 Medium risk interactions identified:   111 

 High risk interactions identified:    14 
 
General summary of risk assessment (ahead of workshop): 

 Heavy (intense) rain – Ocean Outfall: Elevated interaction from low to medium 
risk to ensure design provides sufficient capacity for extreme events. 

 Total annual rain – Pumps:  Elevated interaction from low to medium risk to 
ensure design provides sufficient capacity for extreme events.  Increased run 
times will result in higher O&M cost. 

 Total annual rain – Berms:  Elevated interaction from low to medium risk to 
account for erosion and slope stability. 

 Total annual rain – Aeration system: Elevated interaction from low to medium 
risk to account for possible decreased organic loading during storm events 
(dilution factor). 

 Rain on snow – Existing gravity collection:  Elevated interaction from low to 
medium risk.  Rain on snow assumed similar to heavy rain event; possible 
flooding and increased I & I flows. 

 Rain on snow – Ocean outfall:  See heavy rain comments above. 

 Storm surge – Existing/new pumping station (wet well & chamber, pumps) - 
Elevated interaction from low to medium risk to account for possible saltwater 
intrusion during extreme events.  

 Storm surge – Ocean outfall: Elevated interaction from low to medium risk to 
ensure design accounts for potential impacts on discharge hydraulics. 
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 Floods – Existing pumping station (wet well & chamber): Elevated interaction 
from low to medium risk to account for increased I & I flows. 

 High/thunderstorm winds – Power supply (new STP): Elevated interaction from 
low to medium risk to account for possible power interruptions during extreme 
events. 

 Hailstorm - Existing/new pumping station (power supply, control panel) – 
Decreased interaction from medium to low risk based on anecdotal information 
on probability (likelihood). 

 Ice buildup – Process building (structure): Elevated interaction from low to 
medium risk to account for additional design loading resulting from ice 
accreation. 

 Water deficit – Aeration system (blowers included): Elevated interaction from 
low to medium risk to account for increased organic loading. 

 
5.3 Workshop 
 
On Tuesday, May 25th, 2010, a workshop was conducted at the offices of the 
Municipality of the District of Shelburne.  The workshop was used to validate initial 
findings with the end user (infrastructure owner) and operations staff.  The workshop 
provides an opportunity to gather site specific knowledge possessed by 
operations/management staff, community members; as well as, the owner of the 
infrastructure.  Information obtained during the workshop has been incorporated into 
this report and accompanying worksheets. 
 
The workshop was attended by: 
 

 Municipality of the District of Shelburne 

 Environment Canada 

 Nova Scotia Environment – Climate Change Directorate 

 Municipality of the District of Yarmouth 

 Emergency Management Office (EMO) – Eastern Shelburne County 

 ABL Environmental Consultants Ltd. 
 
ABL provided DRAFT copies of the Pre-design report for review by workshop 
attendees.  The Pre-design provided background information on the infrastructure to be 
assessed.  Environment Canada provided an overview of climate change and the 
potential impacts on Shelburne, Nova Scotia.  The workshop agenda was as follows: 
 

 Introductions 

 Introduction to the PIEVC Process and Risk Assessment 

 Introduction to the new Sandy Point STP 
o Technology 
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o Siting 
o System Components 
o System Schematic 
o Q&A 

 Introduction to Climate Change and Implications for Sandy Point 
o Historical Data 
o Selection of Climate Parameters 
o Future Predictions 
o Q&A 

 Identification of Climate / System Component Interactions 
o Independent Assessment 
o Group Discussion 

 Lunch 

 Risk Assessment Workshop 
o A Combination of Independent Review and Group Discussion to 

Determine Risk of Vulnerability for Climate / System Component 
Interactions 

 Closing Discussion 
o Document Questions, Assumptions, General Comments 

 
5.3.1 Results of Workshop 
 
The workshop provided designers and MDS management staff the opportunity to 
demonstrate the practical (hands on) application of the Protocol.  It also provided 
operations staff and workshop participants with a forum for the exchange of 
ideas/information.  The workshop was conducted without assigning probability or 
severity to the climate/infrastructure interaction.  Instead, workshop participants were 
asked to identify whether an interaction exists (Y/N analysis) and if so assigned a risk 
color to the relationship (Red – High; Yellow – Medium; Green – Low).  This provided 
participants with an easier form to work with; allowing them to review more interactions 
within the time frame allotted.  It should be noted that at the time of the workshop the 
proposed STP site was located within the Shelburne Industrial Park (since been 
changed to across Sandy Point Road).  A summary of workshop participant‟s 
comments is provided below: 
 

 Administration / Operation: 
o The climatic affects on operations personnel were noted.  Often times 

operations staff have many duties in addition to the operation of 
infrastructure components (snow plowing, tree clearing, public 
complaints, etc.).  Therefore, the affects of snow/rain/hurricane events on 
operations staff should be slightly elevated. 
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o Stressed the need for SCADA communication to provide indication of 
alarms, failures, etc.  SCADA system to be complete with Uninterruptible 
Power Supply (UPS) in the event of power failure. 

 Existing Gravity Collection System: 
o Stressed concern over capacity of existing collection system.  Potential 

failures of pipework (dependent on age, material of construction) resulting 
from increased I & I flows.  Sanitary overflows at MH a public perception 
concern.   

 Existing / Proposed Pumping Station (PS): 
o Stressed concern over capacity of existing PS (wet well, pumps, etc.).  

Capacity of proposed PS can be adjusted accordingly based on projected 
flows.  The increased frequency and magnitude of climate events would 
lead to more power/communication interruptions.  SCADA should be 
provided at both existing and proposed PS.  The need for back-up power 
supply was also discussed.  The level of back-up power supply was 
dependent on location. 

o The existing PS is subject to ingress of sea water during extreme tidal 
events.  Options discussed included providing a genset receptacle for 
back-up power, turning the PS off in the event of seawater ingress (based 
on level), and raising the elevation of the cover of the PS. 

o The proposed PS at the existing STP location is to be provided with 
permanent back-up power.   

  Treatment System: 
o Difficult for participants to assess system that currently does not exist.  

Design is more of a „moving target‟ (i.e. can adjust design and capacity 
accordingly).  Treatment plant siting posed some erosion protection 
concerns.  Methods should be taken to account for sea level rise, storm 
surge, wave run-up, etc.  Increase in I & I flows could result in more grit 
being received at STP.  Grit chamber provided in design; presents a 
possible maintenance issue.  UV disinfection should be adequately sized 
to handle flows received at STP.  Options discussed included throttling 
valve on discharge to UV or overall capacity increase. 

   Maintenance: 
o Concern expressed over the possible increase in rehabilitation and 

repairs resulting from climatic events.  Ensure adequate capacity within 
system to prevent taxing of equipment/infrastructure. 

 Transportation: 
o Road conditions resulting from climate events present access issues for 

operations/support staff.  Severity of event is deemed low. 

 End Users: 
o Concern expressed over the serviceability of residential, commercial and 

industrial members of the community during extreme climate events.  
Severity of interaction deemed low. 
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General commentary on climate change is presented below: 

 Hurricanes were one of the major talking points during the climate change 
presentation.  The probability of a hurricane event for the Shelburne area is low 
but the severity of the event is high.  It has major implications for power supply, 
communications and operations/support staff. 

 Likelihood of tornado event discussed.  To date, only 5 data sets (1989 to 2006) 
to review.  The probability of tornado event is low (lower than hurricane) but the 
severity is deemed high. 

 Implications of high water levels resulting from a combination of sea level rise, 
storm surge, sinking land and wave run-up were discussed.  Hurricane Juan 
storm surge was on the order of 1.5m.  Event based, wave run-up could exceed 
5m.  Interactions between elevation of lagoon berms and ocean outfall 
discussed (outfall protection).  Wind development mapping and bathymetry for 
the Shelburne Harbour could possibly provide some additional information. 

 Rain on snow events can be classified as „flashy‟ and/or „peaky‟.  Possible I & I 
implication within gravity collection and structural implication for STP building 
superstructure (roof loading). 

 
General summary of RED climate/infrastructure interactions: 

 The majority of interactions related to power supply, communications and 
access to infrastructure components during extreme climate events (wind 
speed, hurricanes, ice storms, thunderstorms, blizzard, etc.).  It was noted that 3 
phase power was a more reliable power source.  The benefits of underground 
vs. overhead power were discussed.  Power transmission along Sandy Point 
Road is overhead. 

 The effects of lightning on power supply were discussed.  Ven-Rez (local 
manufacturer) has experienced problems in the past.  Transient Voltage Surge 
Suppression (TVSS) was discussed as an option.      

 
General commentary on workshop is presented below: 

 Participants liked the idea of using less detail in workshop (risk color vs. 
probability/severity) 

 Participants would like to have seen more scoping/narrowing of worksheet 
ahead of workshop (climate events grouped where possible, provide precise 
numbers vs. „increase in‟, site specific events) 

 Data interpretation was very subjective – is there a possibility to assign 
probability to climatic events? 

 Protocol was useful at the design stage – justify design decisions (although 
difficult to assess infrastructure that does not exist) 

 Local meteorological monitoring should be incorporated in design/construction 
(i.e. weather station – actual location based data for reassessment in the future) 

 
 



Sandy Point STP Upgrade  

Vulnerability of Infrastructure to Climate Change     August 15
th

, 2011 

 

 

 

ABL Environmental Consultants Ltd.                     Page | 37 

The workshop results were consistent with the initial risk assessment conducted by 
ABL and MDS, thus validating the findings of the practitioner.  The results are 
presented in subsequent sections of the report. 

 
5.4 Results 
 
Table 6 summarizes the climate-infrastructure interactions with a calculated risk 
greater than or equal to 36.  These interactions indicate a high risk of infrastructure 
vulnerability; therefore, the specific interaction is carried directly to Step 5 of the 
Protocol.  Recommendations will be made to address vulnerability. 
 
Table 6 – Interactions with Priorities Greater than or Equal to 36 

Infrastructure Component Climate Variable 
Priority of 

Relationship 

Admin / Operations 

Personnel Hurricane Event 36 

Conveyance System 

Existing Gravity Collection 

Sanitary MH Heavy (Intense) Rain 42 

Sanitary Gravity Mains Heavy (Intense) Rain 42 

Pipe Connection & Fittings Heavy (Intense) Rain 42 

Existing Pumping Station 

Power Supply 
Hurricane Event 36 

Ice Storm Event 36 

New Pumping Station 

Power Supply Hurricane Event 36 

Power Supply Ice Storm Event 36 

Treatment System 

New Treatment System 

Ocean Outfall Sea Level Rise 36 

Process Building 

Structure Hurricane Event 36 

UV Disinfection Sea Level Rise 36 

Power Supply 
Hurricane Event 36 

Ice Storm Event 36 

End Users 

End Users (Res., Ind., Inst.) Hurricane Event 36 

 
Table 7 summarizes the climate-infrastructure interactions with a calculated risk 
greater than 12 and less than or equal to 35.  These interactions indicate a medium 
risk or potential infrastructure vulnerability; therefore, the specific interaction is retained 
for further analysis. 
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Table 7 – Interactions with Priorities Greater than 12 and less than or Equal to 35 

Infrastructure Component Climate Variable 
Priority of 

Relationship 

Admin / Operations 

Personnel 

Storm Surge 15 

Floods 15 

Ice Storm Event 24 

Conveyance System 

Existing Gravity Collection 

Sanitary MH 

Rain on Snow 15 

Sea Level Rise 18 

Storm Surge 16 

Floods 16 

Sanitary Gravity Mains 

Rain on Snow 15 

Sea Level Rise 18 

Storm Surge 16 

Floods 16 

Pipe Connection & Fittings 

Rain on Snow 15 

Sea Level Rise 18 

Storm Surge 16 

Floods 16 

Existing Pumping Station 

Power Supply 

Blizzard 15 

High Wind 25 

Thunderstorm Winds (Downburst) 20 

Ice Build-up 15 

Communications 

High Wind 25 

Hurricane Event 30 

Thunderstorm Winds (Downburst) 20 

Ice Storm Event 30 

Communications Ice Build-up 15 

Wet Well & Chamber 

Heavy (Intense) Rain 18 

Rain on Snow 18 

Sea Level Rise 18 

Storm Surge 16 

Floods 16 

Pumps 

Heavy (Intense) Rain 24 

Total Annual Rain 18 

Rain on Snow 24 

Sea Level Rise 24 

Storm Surge 16 

Floods 16 

Level Indication 
Heavy (Intense) Rain 15 

Rain on Snow 15 

Flow Measurement 
Heavy (Intense) Rain 15 

Rain on Snow 15 

Valves & Fittings 
Heavy (Intense) Rain 24 

Rain on Snow 24 

Forcemain 
Heavy (Intense) Rain 24 

Rain on Snow 24 
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Infrastructure Component Climate Variable 
Priority of 

Relationship 

New Pumping Station 

Power Supply 

Blizzard 15 

High Wind 25 

Thunderstorm Winds (Downburst) 20 

Ice Build-up 15 

Communications 

High Wind 25 

Hurricane Event 30 

Thunderstorm Winds (Downburst) 20 

Ice Storm Event 30 

Ice Build-up 15 

Wet Well & Chamber 

Heavy (Intense) Rain 18 

Rain on Snow 18 

Sea Level Rise 18 

Storm Surge 16 

Pumps 

Heavy (Intense) Rain 24 

Total Annual Rain 18 

Rain on Snow 24 

Sea Level Rise 24 

Storm Surge 16 

Level Indication 
Heavy (Intense) Rain 15 

Rain on Snow 15 

Flow Measurement 
Heavy (Intense) Rain 15 

Rain on Snow 15 

Valves & Fittings 
Heavy (Intense) Rain 24 

Rain on Snow 24 

Forcemain 
Heavy (Intense) Rain 24 

Rain on Snow 24 

Treatment System 

New Treatment System 

Flow Measurement 
Heavy (Intense) Rain 15 

Rain on Snow 15 

Grit Removal 

Heavy (Intense) Rain 18 

Total Annual Rain 18 

Rain on Snow 18 

Hurricane Event 30 

Septage Receiving Station 
High Wind 25 

Hurricane Event 30 

Site Piping 

Heavy (Intense) Rain 15 

Total Annual Rain 15 

Rain on Snow 15 

Ocean Outfall 

Heavy (Intense) Rain 21 

Rain on Snow 21 

Storm Surge 25 

Lagoons 

Berms 

Total Annual Rain 15 

Sea Level Rise 18 

Storm Surge 30 
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Infrastructure Component Climate Variable 
Priority of 

Relationship 

Aeration System  
Total Annual Rain 15 

Water Deficit 16 

Process Building 

Structure Ice Build-up 15 

Blowers Water Deficit 16 

UV Disinfection 

Heavy (Intense) Rain 18 

Rain on Snow 18 

Water Deficit 16 

Power Supply 

Blizzard 30 

High Wind 20 

Thunderstorm Winds (Downburst) 20 

Ice Build-up 15 

Communications 

Blizzard 30 

Hurricane Event 30 

Ice Storm Event 25 

Ice Build-up 15 

Maintenance 

Rehabilitation & Repairs 

Heavy (Intense) Rain 16 

Blizzard 16 

Storm Surge 15 

Floods 15 

High Wind 15 

Hurricane Event 30 

Thunderstorm Winds (Downburst) 15 

Ice Storm Event 25 

Ice Build-up 15 

Transportation 

Septage Haulers Hurricane Event 16 

 
Climate-infrastructure interactions with a calculated risk of less than or equal to 12 
represent no immediate infrastructure vulnerability; therefore, these interactions were 
screened out of the Protocol (no further assessment required).  Please see Appendix A 
for a complete listing of low risk interactions. 
 
5.5 Data Sufficiency 
 

Step 3 of the Protocol requires the practitioner to apply professional judgement and 
experience to evaluate the risk associated with specific climate-infrastructure 
interactions.  Some interactions are more easily assessed than others.  It can be 
expected that a change in sea level elevation would impact on the overall hydraulics of 
the STP upgrade, but the extent of the impact resulting from an increase in total annual 
rainfall is more difficult to assess.  The practitioner would expect a corresponding 
increase in I & I flows received at the STP, but to what extent?  That being said, for the 
purposes of this stage of the Protocol (non-numerical; engineering judgement based) 
the data was sufficient. 
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6.0 ENGINEERING (INDICATOR) ANALYSIS 
 

This section of the report covers the fourth step of the Protocol: Engineering Analysis.  
In this step, the practitioner assesses the impact of projected climate change loads on 
the infrastructure and its overall capacity.  Engineering Analysis requires the 
assessment of various factors (indicators) that may affect the load/capacity of the 
infrastructure.  Vulnerability exists when infrastructure has insufficient capacity to 
withstand the projected/anticipated loads that may be placed on it.  Resiliency or 
adaptive capacity exists when the infrastructure has sufficient capacity to withstand 
loads resulting from climate change.  The interactions summarized in Table 7 have 
been carried over to step 4 for further analysis.      
 
6.1 Methodology 
 
The Protocol requires that the practitioner calculate the projected total load and the 
projected total capacity of the infrastructure components based on the following: 
 

 Definitions; 

 Direct measurements; 

 Engineering calculations; or 

 Assumptions based on professional judgement 
 
Where possible, the practitioner calculates the total load on the infrastructure 
components as follows: 
 

 LT = LE + LC + LO 
 

 Where: 
o LT = Total projected load on the infrastructure 
o LE = Existing load on the infrastructure 
o LC = Projected load on the infrastructure resulting from climate change 
o LE = Projected load on the infrastructure resulting from other changes 

 
Where possible, the practitioner calculates the total capacity of the infrastructure 
components as follows: 
 

 CT = CE + CM + CA 
 

 Where: 
o CT = Total projected capacity of the infrastructure 
o CE = Existing capacity of the infrastructure 
o CM = Projected change in capacity of the infrastructure resulting from 

aging/use 
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o CA = Projected additional capacity of the infrastructure 
 
Where possible, the practitioner calculates the vulnerability ratio of the infrastructure 
components.  The infrastructure component is deemed vulnerable when the ratio is 
greater than 1.  The infrastructure component is deemed to have adaptive capacity 
when the ratio if less than 1.  The vulnerability ratio is calculated as follows: 
 

 VR = LT / CT 
 

 Where: 
o VR = Vulnerability Ratio 
o LT = Projected total load on the infrastructure 
o CT = Projected total capacity of the infrastructure 

 
Where vulnerability has been identified (VR > 1), the practitioner is directed to calculate 
the projected capacity.  The capacity deficit is the amount of capacity that must be 
added to the infrastructure component to adequately address the identified 
vulnerability.  Capacity deficit is calculated as follows: 
 

 CD = LT - CT = LT – ( CE + CM + CA ) 
 

 Where: 
o CD = Projected capacity deficit of the infrastructure component 
o LT = Total projected load on the infrastructure 
o CE = Existing capacity of the infrastructure 
o CM = Projected change in capacity of the infrastructure resulting from 

aging/use 
o CA = Projected additional capacity of the infrastructure 

 
6.2 Engineering Analysis 
 

Engineering analysis, as described above, was performed quantitatively for the 
climate-infrastructure interactions where data was available to support this.  This was 
mainly in the areas of rainfall and sea level rise.  Rainfall and snow depth data was 
collected from several nearby weather stations (Western Head and Baccaro) and 
compared with flow data for the same time period at the existing STP.  Interestingly, 
there does not appear to be a strong correlation between heavy (intense) rainfall and 
high flows within the collection system.  The pattern of flows is actually quite unusual 
(peak flow occasionally at 1am, etc.) which bears further investigation. Tidal patterns 
were compared with peak flows to determine if they were related to tidal inflow, but this 
did not appear to be the case either.  It is recommended that more continuous flow 
monitoring be conducted (every 5 min) and that a flow monitoring device which does 
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not top out be installed to gain a better understanding of the flow patterns and possible 
sources of extraneous flows.   
 
The peak and average flows were compared with the capacity of the pumping station 
and the treatment process to determine the capacity available, which is recorded in the 
worksheets.  We recommend that the likely high levels of inflow and infiltration 
(perhaps so constant from a high water table that the connection to rainfall is indirect) 
are dealt with through improving the ageing sewer system.  This will save energy and 
improve treatment, as well as ensuring ample capacity in the treatment system for the 
future.  This conclusion applies to heavy rainfall, increased average rainfall, and rainfall 
on snow.   
 
The other interactions that could be examined quantitatively were those arising from 
sea-level increases and storm surges.  The elevation of the existing pumping station is 
known, as well as the proposed pumping station and treatment works.  These were 
compared to estimated sea-level rise and storm surge elevations to determine if any of 
them were at risk.  The existing pumping station was determined to be at risk of storm 
surge inundation, and the proposed pumping station to be at low risk.  The treatment 
works itself is not considered to be at risk due to its elevation.  The outfall is not 
considered to be at risk either because the increased levels will be accounted for 
during design.    
 
It should be noted that not only is the existing pumping station at risk of storm surge 
flooding and subsequent damage, but so are some sections of the business park itself.  
This risk should be taken into account in the future development of the industrial park 
to ensure that new buildings are not built within vulnerable locations.   
 
The rest of the climate-infrastructure interactions could not be assessed quantitatively 
due to their nature (interactions with staff, for example) or because the data concerning 
the interaction was insufficient, as discussed below.  Engineering and practical 
judgement was applied in these cases.  
 
6.3 Data Sufficiency 
 
As noted in the Protocol, much of the data required for the Engineering Analysis stage 
may not exist or may be very difficult to obtain (no direct load on infrastructure).  This 
statement held true for this study.  That being said, Engineering Analysis required the 
application of professional judgement and experience. 
 
Table 8 summarizes the climate-infrastructure interactions where quantitative analysis 
of the vulnerability proved difficult. 
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Table 8 – Engineering Analysis Required Application of Professional Judgement 

Infrastructure Component Climate Variable 
Comment on 

Data Sufficiency 

Admin / Operations 

Personnel 

Storm Surge No data available. It is assumed that personnel 
possess existing capability and adaptive 
capacity to handle climate events. 

Floods 

Ice Storm Event 

Conveyance System 
Existing Gravity Collection 

Sanitary MH 
 
Pipe Connection & Fittings 

Rain on Snow No data available. Considered together b/c both 
form part of the collection system. Climate 
impacts are related to increased flows and 
ingress of seawater possibly leading to 
surcharge/failure conditions.  Overflow 
conditions pose OH&S concern. 

Sea Level Rise 

Storm Surge 

Floods 

Existing Pumping Station 

Power Supply 

Blizzard No data available.  Vulnerability currently exists 
b/c of lack of back-up power in the event of 
power interruptions due to climate events. 

High Wind 

Thunderstorm Winds 

Ice Build-up 

Communications 

High Wind No data available.  Vulnerability currently exists 
b/c of lack of SCADA capabilities at station.  
Unable to alarm/monitor/adjust/automate during 
extreme climate events. 

Hurricane Event 

Thunderstorm Winds 

Ice Storm Event 

Ice Build-up 

Wet Well & Chamber 

Heavy (Intense) Rain Climate impacts are related to ingress of sea 
water.  Vulnerability exists at the existing station 
based on location. 

Rain on Snow 

Sea Level Rise 

Storm Surge 

Level Indication 
Flow Measurement 

Heavy (Intense) Rain Considered together b/c both form part of 
controls.  Vulnerability currently exist b/c of lack 
of flow monitoring and continuous level 
monitoring at station.  Both will be required to 
reassess adaptive capacity in future. 

Rain on Snow 

Forcemain 
Valves & Fittings 

Heavy (Intense) Rain Considered together b/c both form part of 
conveyance system.  Climate impacts are 
related to increased flows.  Capacity of 
infrastructure would have been designed based 
on output from pumps.  Vulnerability deemed 
low.   

Rain on Snow 

New Pumping Station 

Power Supply 

Blizzard No data exists with respect to climate impacts as 
it relates to power interruptions.  Vulnerability 
exists. 
 
 

High Wind 

Thunderstorm Winds 

Ice Build-up 

Communications 

High Wind No data exists with respect to climate impacts as 
it relates to SCADA interruptions.  Vulnerability 
exists. 

Hurricane Event 

Thunderstorm Winds 

Ice Storm Event 

Ice Build-up 
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Infrastructure Component Climate Variable 
Comment on 

Data Sufficiency 

Level Indication 
Flow Measurement 

Heavy (Intense) Rain Considered together b/c both form part of 
controls.  Information on type and location of 
flow & level equipment is unavailable at this 
stage.  Based on location and current flow 
records the vulnerability is deemed low. 

Rain on Snow 

Forcemain 
Valves & Fittings 

Heavy (Intense) Rain Considered together b/c both form part of 
conveyance system.  Capacity of infrastructure 
designed based on available flow records and 
pump output.  Vulnerability deemed low. 

Rain on Snow 

Treatment System 

New Treatment System 

Flow Measurement 

Heavy (Intense) Rain Information on type and location of flow 
measurement equipment unavailable at this 
stage.  Sizing will be based on current flow 
records.  Location not susceptible. Vulnerability 
deemed low. 

Rain on Snow 

Grit Removal 

Heavy (Intense) Rain Majority of climate impacts are related to 
increased flows with respect to design capacity.  
Sizing will be based on current flow records.  
FRP cover secured to chamber. Vulnerability 
deemed low. 

Total Annual Rain 

Rain on Snow 

Hurricane Event 

Septage Receiving Station 
High Wind Climate impacts related to access & power 

interruptions.  Assumed haulers wait until 
weather clears. Vulnerability deemed low. 

Hurricane Event 

Site Piping 
 
Ocean Outfall 

Heavy (Intense) Rain Climate impacts are related to discharge 
hydraulics and overall capacity.  Capacity of 
infrastructure based on current flow records.  
Elevation of UV weir will be situated well above 
sea level. Vulnerability deemed low. 

Total Annual Rain 

Rain on Snow 

Storm Surge 

Lagoons 

Berms 

Total Annual Rain Majority of climate impacts related to erosion 
protection and inundation by sea water. Location 
of STP well above sea level (well protected). 
Vulnerability deemed low. 

Sea Level Rise 

Storm Surge 

Aeration System  

Total Annual Rain Climate impacts related to capacity of aeration 
system with respect to lagoon loading (dilution 
and strengthen).  Aeration designed with FS.  
Vulnerability deemed low. 

Water Deficit 

Process Building 

Structure Ice Build-up No data available. Climate impacts related to 
structural loading on building. Vulnerability 
deemed low. 

Blowers Water Deficit See aeration system comments. 
 

UV Disinfection 

Heavy (Intense) Rain Climate impacts related to flow/disinfection 
capacity. Capacity based on current flow 
records. Effects of diluted/strengthened 
wastewater deemed low. 
 

Rain on Snow 

Water Deficit 
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Infrastructure Component Climate Variable 
Comment on 

Data Sufficiency 

Power Supply 

Blizzard No data exists with respect to climate impacts as 
it relates to power interruptions.  Vulnerability 
exists. 

High Wind 

Thunderstorm Winds 

Ice Build-up 

Communications 

Blizzard No data exists with respect to climate impacts as 
it relates to SCADA interruptions.  Vulnerability 
exists. 

Hurricane Event 

Ice Storm Event 

Ice Build-up 

Maintenance 

Rehabilitation & Repairs 

Heavy (Intense) Rain Climate impacts related to increased 
maintenance on infrastructure. It is assumed that 
operations/support staff possesses existing 
capability and adaptive capacity to handle 
climate events. 

Blizzard 

Storm Surge 

Floods 

High Wind 

Hurricane Event 

Thunderstorm Winds 

Ice Storm Event 

Ice Build-up 

 

Septage Haulers Hurricane Event See septage receiving station comments. 

  
6.4 Assessment of Adaptive Capacity 
 
In a project that is in design, many of the changes needed to give adaptive capacity 
can be designed in, and this approach has been followed here.  This means that for all 
new-build portions of this project, the ability to adapt to more extreme conditions has 
been provided where possible.  However, it is impossible to take all situations into 
account.  The most improbable situations do happen occasionally.   
 
This plant can adapt to many situations.  The lagoon design was chosen because it is 
low maintenance and robust.  It is less vulnerable to peak flows and can operate more 
independently than most other options.  It requires little operator input.    Similarly, the 
auxiliary equipment and controls are designed to require minimal operator attention.  
Backup power is provided for the new pump station and the treatment works, which 
could provide continuous power for 24 hours, long enough to outlast most power 
outages.  The plant is not highly dependent on chemicals and could continue to provide 
some degree of treatment even during a long power outage. Radio communication was 
chosen to allow wireless signals, which can be transmitted even if the phone lines are 
down.  The plant is sited well above the water line, and not near any other known 
hazards, such as a tendency to flood.   
 
The most vulnerable aspects of the system are the existing collection system and 
pump stations.  They are low lying, especially the existing pump station, and are 
expected to be occasionally subject to seawater intrusion.  This may be occurring now, 
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as there is evidence of substantial inflow and infiltration.  Storm surges would affect the 
existing pump station first, but the new pump station may also be within range.  
Therefore, a sensor to detect that the pump station is full of seawater would trigger an 
alarm and shut down the pumps in it to avoid filling the lagoons with seawater.  In the 
business park, it is assumed that people would be evacuated if there was a storm 
surge anticipated, and so no one would be trying to use the system at this time.  The 
new pumping station could expect to be used even during a storm surge, but it is less 
likely to be affected by one.   
 
The system does not currently show a clear correlation between heavy rainfall and high 
flows, though there is clearly extraneous flow in the system.  Therefore, excessive 
flows during heavy rainfall are not thought to be a risk to the new lagoon, as it is 
already fairly insensitive to high flows.  A program of inflow and infiltration reduction is 
strongly recommended to prevent the system from deteriorating, to save on pumping 
costs due to extraneous flow, and to free up additional capacity in the system as a 
whole.  If this is carried out then the system should be able to respond to extreme 
rainfall events without difficulty.  In the short term, it is recommended to obtain higher 
resolution flow data to enable the sources of excess flow to be evaluated, and also to 
confirm that the hydraulic design is suitable for the flows received.  Flow 
measurements every five to ten minutes would give much more useful information than 
the current daily maximum, minimum and average.     
 
The most important aspect to adaptive capacity is the people who manage and operate 
the plant.  They can observe and adapt to changing conditions much more than we can 
anticipate everything that could go wrong at this point.  To this end, they must be able 
to observe changes in the climate and then help to decide what needs to be adapted in 
the process to make it more robust as the specific changes that Shelburne will 
experience become more evident. 
 

7.0 CONCLUSIONS & RECOMMENDATIONS 
 
7.1 Overview 
 

This section of the report covers the fifth step of the Protocol: Recommendations.  In 
this step, the practitioner provides recommendations to address the critical climate-
infrastructure interactions identified during previous steps.  The recommendations are 
categorized into one of the following categories: 
 

 Remedial engineering or operation actions required 

 Management action required 

 Additional study or data required 

 No further action required 
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In general, it should be noted that the proposed location for the STP upgrade is well 
situated with respect to a number of climate change parameters.  The most vulnerable 
aspects of the system are the existing collection system and pump stations. 
 
7.2 Admin / Operations 
 

The critical climate-infrastructure interaction for admin/operations is as follows: 
 

 Hurricane event – Personnel 
 
It is recommended that MDS undertake the following to address the critical interaction: 
 

 Management action required: 
o Develop and maintain OH & S policy and/or Standard Operating 

Procedures (SOPs) to address safety of personnel during extreme 
climatic events 

 
7.3 Collection System 
 

The critical climate-infrastructure interactions for the collection system are as 
summarized in Table 6. 
 
7.3.1 Sanitary MH, Gravity Mains, Pipe Connection & Fittings 
 
The existing collection system does not show a clear correlation between heavy 
(intense) rain and high flows, though the possibility does exist.  Especially with a 
system subject to high rates of extraneous flows.  It is recommended that MDS 
undertake the following to address the critical interactions: 
 

 Additional study or data required: 
o CCTV inspection of existing collection system to identify possible I & I 

sources 

 Remedial engineering or operation actions required: 
o Develop program for the reduction of I & I 
o Develop standards or adopt “Standard Specifications for Municipal 

Services” for all repairs and/or replacement of existing collection system 
 
7.3.2 Existing / New Pumping Station 
 
The existing pump station is situated within a low lying area and as such may be 
subject to saltwater intrusion and inflow resulting from storm surge.  The new pumping 
station is to be situated at a slightly higher elevation and is less susceptible to the 
affects of saltwater intrusion and storm surge.  Vulnerability currently exists with 
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respect to the power supply at both the existing and new pumping stations in the event 
of a hurricane or ice storm.  It is recommended that MDS undertake the following to 
address the critical interactions: 
 

 Remedial engineering or operation actions required: 
o Provide permanent back-up power at the new pumping station 
o Provide temporary back-up (portable genset receptacle) power at the 

existing pumping station 
o Provide salinity sensor and/or high-high level float to disable pump 

stations in the event of saltwater intrusion or storm surge 
o Provide radio based SCADA / telemetry system to communication 

disruptions during extreme events (locate mast to avoid tree fall damage) 
 

7.4 Sewage Treatment Plant 
 

The vulnerabilities judged to be of the highest priority at the STP upgrade are those 
associated with the effluent disposal system with respect to a change in sea level 
elevation and the power supply with respect to a hurricane or ice storm event.  It is 
recommended that MDS undertake the following to address the critical interactions: 
 

 Remedial engineering or operation actions required: 
o Ensure adequate separation (c/w factor of safety) between high water 

tidal level and elevation of serpentine weir for UV disinfection equipment 
(coordinate sizing of ocean outfall as required) 

o Provide magnetic type flow meter at STP to ensure continuous high 
resolution flow monitoring (can be used to evaluate effectiveness of I & I 
program) 

o Provide weather station at STP for collection of site specific climate data 
and NSE reporting purposes 

o Ensure STP super structure meets/exceeds code for hurricane resistance 
o Provide radio based SCADA / telemetry system to communication 

disruptions during extreme events (locate mast to avoid tree fall damage) 
 
7.5 Maintenance 
 
The critical climate-infrastructure interactions for maintenance are as summarized in 
Table 7.  It is recommended that MDS undertake the following to address the critical 
interactions: 
 

 Management action required: 
o Develop and maintain OH & S policy and/or Standard Operating 

Procedures (SOPs) to address and prioritize equipment 
rehabilitation/repairs during extreme climatic events 
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7.6 Transportation 
 
The critical climate-infrastructure interaction for transportation is as follows: 
 

 Hurricane event – Septage haulers 
 
It is recommended that MDS undertake the following to address the critical interaction: 
 

 Management action required: 
o Develop and maintain OH & S policy and/or Standard Operating 

Procedures (SOPs) to cease operation of non-essential elements 
(septage receiving station, etc.) of the treatment plant during extreme 
climatic events.  Restrict access to the treatment plant to essential 
personnel. 

 
7.7 Utility of PIEVC Protocol 
 

The PIEVC Protocol is effective in providing a structured process for assessing the 
vulnerability of public infrastructure to the effects of climate change.  If this Protocol 
were to be used extensively in cases similar to the Sandy Point Sewage Treatment 
Plant Upgrade (small infrastructure projects at the pre-design phase), the following 
recommendations for enhancement would be made: 
 

 The Protocol as presented is too cumbersome for small projects.  It is 
recommended that a streamlined, less complex version of the Protocol be 
available for small infrastructure considerations.  In this case, the level of effort 
to conduct the assessment was equivalent to 25% of the total design budget, 
which would not be possible without external funding sources.  It is 
recommended that a target of 5-10% of the design budget would be more 
feasible.  Ideas for streamlining the process for small projects include: 

o Narrow the scope of Worksheet 3 for smaller projects to minimize 
components and group like components together 

o Minimize climate categories on Worksheet 3 prior to the workshop to 
minimize the interactions that need to be assessed to those that are 
relevant and specific to the site being assessed 

o Pre-complete the Worksheet 3 assessment with the engineering team, 
and then order the interactions on the worksheet such that the 
interactions considered highest risk by the engineering team are 
evaluated first in the workshop 

o Simplify the risk assessment process by having the climate expert 
indicate the probability of the climate events prior to the workshop, so in 
the workshop the participants rank simply the probability of the interaction 
and the severity of the result 
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o Identify target regions for different types of small scale infrastructure (e.g. 
wastewater treatment facilities in coastal regions) for assessment, as it 
may not be feasible to apply the Protocol to all small scale infrastructure 
in Canada 

 The Protocol as presented was a useful complement to the pre-design process 
and assisted in site selection, technology selection and design of components, 
however it was difficult to assess the detailed system components at such an 
early stage in the design process.  For this reason it be more productive to do 
the analysis at a higher level of detail than individual system component (i.e. 
grouping or category level)   

 
7.8 Climate Data 
 

The continued development of the Protocol and ever increasing climate change 
awareness will undoubtedly lead to an increase in the number of request for climate 
data from Environment Canada.   
 
It is recommended that Environment Canada make “Anticipating Climate Change” (or 
similar) data packages available (no cost) to engineers/planners for the purposes of 
vulnerability assessments and general design.  The package could include the most 
requested climate parameters from the case studies conducted to date and would be 
updated on a predetermined schedule (5 yrs?). 
 
Assessing the probability of climate events often proves difficult for the practitioner as 
this is not something engineers/planners normally assess.  It is recommended that 
Environment Canada assign probabilities (where possible) to the specific climate 
change parameters in order to make this task less subjective. 
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APPENDIX A 
PIEVC Worksheets 
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APPENDIX B 
Existing STP Flow/Effluent Quality Records 









2009 Raw Water Sampling Program




