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Executive Summary 

The purpose of this report was to investigate the effects of rising sea-level on the wastewater systems of 

the Minas Basin area. The effects on the five treatment facilities in question have been shown. This 

project is one of the first in Nova Scotia to evaluate the risk of waste water treatment facilities to coastal 

flooding from storm surge and sea-level rise (SLR). The impacts to transportation infrastructure and 

emergency evacuation routes, and the damage to property are often considered when evaluating the 

effects of coastal flooding. However, the potential detrimental health effects have not been widely 

studied, especially in Maritime Canada. As recently demonstrated by the wide spread health effects 

resulting from contaminated waters associated with the storm surge flooding of New Orleans during 

Hurricane Katrina, health risks need to be considered when assessing the risk of coastal flooding. The 

typical tides in the Minas Basin are on the order of 5 m compared to the land elevation datum. The 

critical dyke elevation of the dyke protecting Canning is 8.7 m and the critical elevations for the 

Canning sewage lagoons are 8.0 m for one and 8.1 m for the other. Flooding of this plant could directly 

affect at least 800 people. The critical dyke elevation of the dyke protecting the Port Williams 

wastewater plant is 7.9 m and the critical elevations for the two Port Williams sewage lagoons are 8.1 m. 

The critical dyke elevation of the dyke protecting the Kentville wastewater plant is 8.0 m and the critical 

elevations for the five Kentville sewage lagoons are 8.6 m for two of the five, 9.0 m for three of the five, 

and 9.1 m for all five. Flooding of this plant could affect at least 6000 people directly. The critical dyke 

elevation of the dyke protecting the Wolfville wastewater plant is 7.9 m and the critical elevations for 

the two Wolfville sewage lagoons are 7.7 m for one of the two, and 7.8 m for both of the lagoons. 

Flooding of this plant could affect between 4000 and 8000 people directly depending if it happened 

when the university was in session. The Hantsport facility is the safest, as a water level of 12.0 m does 

not inundate the lagoons. The results of this project will provide coastal planners, engineers, health 

officials, and other decision makers with the details of which areas are at risk of coastal flooding from 

long-term sea-level rise from climate change, and at what levels their infrastructure becomes vulnerable 

to coastal flooding.  It has been shown that the different lagoons are affected by the rising flood water 

levels at different heights. A series of flood maps have been created to show these various flood levels 

and the effects they are having on the sewage treatment lagoons. 
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1. Introduction 

This project is one of the first in Nova Scotia to evaluate the risk of waste water treatment facilities to 

coastal flooding from storm surge and sea-level rise (SLR). The impacts to transportation infrastructure 

and emergency evacuation routes, and the damage to property are often considered when evaluating the 

effects of coastal flooding. However, the potential detrimental health effects have not been widely 

studied, especially in Maritime Canada. As recently demonstrated by the wide spread health effects 

resulting from contaminated waters associated with the storm surge flooding of New Orleans during 

Hurricane Katrina, health risks need to be considered when assessing the risk of coastal flooding. 

The results of this project will provide coastal planners, engineers, health officials, and other decision 

makers with the details of which areas are at risk of coastal flooding from long-term sea-level rise from 

climate change, and at what levels their infrastructure becomes vulnerable to coastal flooding. To 

accomplish this, a set of spatial analysis tools were applied within a Geographic Information System 

(GIS). This study presents a series of maps showing the flood levels at which the pump stations and 

sewage lagoons are inundated with sea water. These flood levels are shown for two different flooding 

scenarios: dyke breaching, where water can inundate the land behind the dyke through a break in the 

dyke; and dyke overtopping, where the sea level exceeds the dyke and flows over the top. 

The application of lidar (Light Detection and Ranging) was used to construct high-resolution digital 

elevation models (DEMs) of the bare earth, and digital surface models (DSMs), which incorporate the 

trees and buildings along with the ground into the model. The DEM is used as the surface for the flood 

inundation maps. The lidar data were collected for this study area in May 2003 and April 2007 by the 

Applied Geomatics Research Group (AGRG), NSCC Middleton (Webster et al., 2012). Black and white 

digitized orthophotos acquired in 2008 by the NS Geomatics Center were used to confirm the location of 

the infrastructure and as a background on the maps. 

1.1. Study area 

Tidal range in the Minas Basin of the Bay of Fundy, Nova Scotia (Figure 1) is between 13 and 16 m, the 

highest in the world. The towns of Port Williams, Kentville, and Wolfville, are located at the head of the 
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Minas Basin where it narrows to meet the Cornwallis River; the town of Canning is north and inland, 

and the town of Hantsport is located near the mouth of the Avon River (Figure 3). Following a semi-

diurnal pattern, there are two high tides and two low tides every 24 hours and 50 minutes in the Bay of 

Fundy. With each tidal cycle an enormous amount of water flows into and out of the Minas Basin 

through the Minas Channel (Figure 1) with an estimated volumetric flow rate of roughly 106 m3/s and 

time-averaged, depth-averaged tidal currents of up to 3.28 m/s (Tarbotton and Larson, 2006). These 

incredibly strong currents cause erosion of the fine glacial till sediments of the coastline at a rapid rate, 

making the coastal communities in this region ever more vulnerable to storm and flood events. The 

added pressures of sea-level rise, which could add up to 1.4 m to the tidal elevation by 2100 (Greenberg 

et al., in press), is potentially cause for concern for the infrastructure in the Minas Basin area. 

 
Figure 1: Colour shaded relief map of Nova Scotia showing the Minas Basin study area (in white 

box) and the Minas Channel (arrow). 
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Fundy tides vary in elevation daily, monthly, and inter-annually, with the highest tides occurring when 

the monthly cycles of the three main elements responsible for tidal fluctuation peak simultaneously. The 

variable distance between the moon and earth (perigee and apogee), the variable positions of the moon, 

sun and earth relative to each other (spring and neap tides), and the angular distance between the moon 

and sun relative to the earth’s equator (declination) cause most of the variation in tides, and occur 

simultaneously at intervals of 18.03 years, a cycle known as the Saros cycle. A strong Saros has 

coincided with several major historical storm tides in the Bay of Fundy, including the 1976 Groundhog 

Day storm, the breaching of the dykes at Grand Pre in 1958 (Figure 2), the famous 1869 Saxby Gale, 

and the 1759 storm (Desplanque and Mossman, 2004). The next Saros cycle is predicted for 2012-2013, 

and will bring peak high tides to the Minas Basin.  

 
Figure 2: Example of the dykes breaching in Grand Pre area on April 6, 1958 during the peak 

tides of the Saros Cycle. Dyke 1 is a Planter Dyke from 1760-70; Dyke 2 (breached) was built by 

Robert Palmeter in 1939-40; and Dyke 3 was the new, larger one constructed in 1950. Source: 

Bleakney (1990). 
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1.2. Sea level rise 

Many coastal communities in Nova Scotia are at risk to flooding from storm surge events. A storm surge 

is an increase in the ocean water level above what is expected from the normal tidal level that can be 

predicted from astronomical observations. Storm surges are caused by the winds and low atmospheric 

pressure of storms. The global climate is changing due to the increase of greenhouse gas emissions, and 

the resulting warming trends will contribute to an increase of global sea level (Titus et al. 1991). Future 

projections of sea-level change depend on estimated future greenhouse gas emissions and are predicted 

based on a number of scenarios (Raper et al. 2006). Global sea-level rise, as predicted by climate change 

models, will increase the problem of flooding and erosion making more coastal areas vulnerable. The 

third assessment of the Intergovernmental Panel on Climate Change (IPCC) indicates that there will be 

an increase in mean global sea-level from 1990 to 2100 between 0.09 m and 0.88 m (Church et al. 

2001). The latest IPCC Assessment Report 4 (AR4) has projected global mean sea-level to rise between 

0.18 and 0.59 m from 1990 to 2095 (Meehl et al. 2007). However as Forbes et al. (2009) point out, these 

projections do not account for the large ice sheets melting and measurements of actual global sea-level 

rise are higher than the previous predictions of the third assessment report. Rhamstorf et al. (2007) 

compared observed global sea-level rise to that projected in the third assessment report and found it 

exceeded the projections. They have suggested a rise between 0.5 and 1.4 m from 1990 to 2100. This 

projected increase in global mean sea-level and the fact that many coastal areas of Maritime Canada 

have been deemed highly susceptible to sea-level rise (Shaw et al. 1998) has led to various studies to 

produce detailed flood risk maps of coastal communities in PEI, NB, and NS (Webster et al. 2004; 

Webster and Forbes, 2005; Webster et al. 2006; Webster et al. 2008). The most recent set of flood risk 

maps for coastal communities in Nova Scotia has been produced during the Atlantic Climate Adaptation 

Solutions (ACAS) project. (See Webster et al., 2012 for details). 

In addition to global sea-level rise, local crustal dynamics also affect relative sea-level (RSL). The major 

influence on crustal motion for this region is related to the last glaciation that ended ca. 10,000 years ago 

(Shaw et al., 1994; McCullough et al. 2002; Peltier, 2004). The areas where the ice was thickest were 

depressed the most and peripheral regions where uplifted, termed the “peripheral bulge”. The ice was 

thickest over Hudson Bay in central Canada, where the crust was most depressed, however today this 

area is still rebounding from the removal of the ice load and continues to uplift. The Maritimes represent 
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part of the peripheral bulge and southern New Brunswick and Nova Scotia are subsiding (Peltier, 2004). 

Subsidence rates vary across the region with Nova Scotia having a rate of ~ 15 cm per century (Forbes et 

al., 2009). The subsidence of the crust is important for coastal communities in that it compounds the 

problem of local sea-level rise and must be considered when projecting future flood risk. The Bay of 

Fundy tidal range is expected to increase by ca. 10-30 cm in the future with an increase in sea-level 

(Godin, 1992; Greenburg et al., in press). All of these factors must be combined; global sea-level rise, 

crustal subsidence, and tidal amplitude, to produce a potential increase in RSL in the next century. This 

does not include the possibility of increased storm intensity or frequency. 

1.3. Dykes 

The original dykes in the Minas Basin were built by the Acadians in the 1700s to create fertile 

agriculture lands out of the salt marshes, as an alternative to clearing forests. The Acadians built one-

way culverts called aboiteaux into the dykes to prevent salt water from entering farmland on a flood tide, 

while still allowing drainage of the land on ebb tides. The dykes in the Minas Basin are generally 

between 8 and 9 m above mean sea level and are maintained by the NS Department of Agriculture. The 

dykes were brought up to standard in the late 1960s and by 2002 most of the original wooden aboiteaux 

were replaced or relined with high density polyethylene pipe (NS Department of Agriculture, 2007). In 

many cases in the Minas Basin region the elevation of the land behind the dykes is lower than the land 

seaward of the dykes, e.g. salt marsh. This is due to the hundreds of years of sediment deposition on the 

seaward side of the dykes, and has serious implications when considering flood water inundation. 

The dykes in the Minas Basin have been overtopped by storm surges in the past. The Saxby Gale of 

1869 overtopped most, if not all, of the Acadian dykes in the Minas Basin (Ruffman, 1999). Breaching 

has occurred more recently, in 1913, 1931, 1958, and the Groundhog Day storm of 1976. In Port 

Williams in 1977, the dyke was breached causing flooding of the downtown area (Figure 6). Dykes can 

also cause flooding from freshwater events, when the aboiteaux are closed during high tides, and 

rainwater runoff is prevented from draining (Lieske and Bornemann, 2011).  
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1.4. Waste water facilities 

The purpose of this report is to describe the effects of SLR on the Minas Basin, in particular the effects 

of SLR on the waste water infrastructure in the area. The main sewage treatment facilities that are being 

analyzed are located in Canning, Port Williams, Kentville, Wolfville, and Hantsport (Figure 3). 

Generally the wastewater treatment plants are comprised of a set of lagoons that aerate the waste to 

separate and break down the solids from the liquids and then transfer the liquids to a chlorination station 

for treatment. The wastewater is exposed to chlorine gas to kill the bacteria before it is discharged into 

the natural environment, in the case of these plants the Minas Basin. Many of these sites experience 

backups of the treated discharge during extreme high tide events when salt water backs up to the 

chlorination station.   

In the event of a flood, it is essential that sewage treatment plants remain protected from flood waters to 

avoid putting communities at risk of negative health effects. A US Federal Emergency Management 

report on Hurricane Katrina notes that disruptions in a sewage system as a result of a major storm event 

can lead to environmental contamination, as well as the spread of disease, as humans come in contact 

with unprocessed sewage materials (FEMA, 2006). Copeland (2006) reports that damage to waste water 

treatment plants in New Orleans following Hurricane Katrina was costly, widespread and restorations 

were lengthy. Disruptions to the sewage system can have negative effects on the marine ecosystem as 

well (Hinch et al. 2002). 
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Figure 3: Sewage Lagoon Areas (shown in yellow) of Canning, Port Williams, Kentville, Wolfville, 

and Hantsport. The bottom image is black and white orthophotos. A colour-shaded relief map 

(constructed from the DEM) is draped over the orthophotos, and the water is a flood layer set at 

MSL. 

The Minas Basin sewage treatment plants handle storm water as well as sewage (with the exception of 

Wolfville) and are affected directly by tides and storm surges (M. Beaton, personal communication, 

March 2012). The Kentville plant handles a typical volume of 1.89 MGD (million gallons per day) and 

recently experienced its highest spike ever at 4.4 MGD during a high tide/storm surge event. The 

Canning and Hantsport plants have many permanently plugged discharge points to prevent outflow of 

raw sewage into rivers, although some outflows still discharge directly into the nearest river or stream 

(Figure 4). In Port Williams there are numerous parameter drains around houses connected to their 

sanitary lateral which connect to the main sewer (Stanton Hancock, personal communication, March 

2012). 

The combined sewer/storm water system and its tendency to overflow due to fluctuations in flow caused 

by the weather in the Minas Basin communities has been a major concern of town councils since the 

1960s (Karavos and O’Grady, 2010). When sanitary and storm water sewer systems are combined the 

system can become overwhelmed during a major precipitation or flooding event, which can result in an 
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overflow release of untreated sewage at either overflow points designed as part of combined sewer 

systems or at the treatment plant itself (FEMA, 2006). This has often been the case in Kentville, where 

spring flooding caused sewer backups in 2003, 1972, 1962, 1931, and 1920 (Cartwright and Garbuio, 

2010).  

 

Figure 4: An example of a combined sanitary and storm water system. The image on the right 

depicts what can occur with heavy storm waters entering the system and overflowing. (Karavos 

and O’Grady, 2010). 

2. Methods 

2.1. Interaction with Municipalities 

Researchers at AGRG-NSCC have worked with municipal officials in Kings County in the past to 

evaluate coastal flood risk issues (Port Williams) as well as other challenges facing the county in the 

future (Kings 2050 project, see http://www.county.kings.ns.ca/residents/2050.htm). The dykes breached 

at Port Williams on April 6, 1977 causing local flooding. We worked with local planners and the retired 

Harbour Master to acquire elevations of the flood water using survey grade GPS equipment. We also 

examined the nearest tide gauge, Saint John, NB, and determined a storm surge of 0.83 m was 

associated with that storm event (Figure 5). We then applied this storm surge value to the predicted tide 

and determined the possible flood extent. The eye witness account of the flooding extent, measured with 
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GPS was at a higher elevation and extended farther inland than that derived from the tide gauge 

approach (Figure 6). This is probably a result of wave run-up and the local conditions of the harbor 

compared to the conditions in Saint John at the time. 

For the current project, we contacted local officials who were knowledgeable about the waste water 

treatment facilities to gather any information that they could provide (Table 1). The municipalities were 

informed that we were doing a project for NS Environment to assess the vulnerability of waste water 

treatment plants in the Minas Basin area from storm surge and sea-level rise. They provided us with 

digital map information regarding their plant location and details regarding the service area (what area is 

covered by the pipes). They also indicated whether the system was a mixed sewer and storm water 

system, the types of treatment (primary, secondary, tertiary), and the treatment characteristics (chlorine 

or ultra violet) of the plant. The typical daily volumes for the plant, the capacity of any holding ponds, 

and finally any problems with by-pass events, were reported. 

 

Figure 5: Tide gauge record from Saint John, NB with 0.83 m storm surge on April 6, 1977. 
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Figure 6: Port Williams projected flood levels from tidal prediction and GPS observations. 

 

Table 1: Contact information for each region in this study. 

Name Job Title Community 

Monica Beaton GIS Technician 
Dept. of Engineering & Public Works 
Municipality of the County of Kings 

Kentville, 
Canning, 
Hantsport 

Stan Hancock Superintendent of Public Works 
Town of Port Williams 

Port Williams 

Bruce Bezanson Assistant Superintendent of Public 
Works 
Town of Port Williams 

Port Williams 

Kevin Kerr Director of Public Works 
Town of Wolfville 

Wolfville 

Mark Sorbello Planning - GIS Technician 
Town of Wolfville 

Wolfville 
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2.2. Lidar DEMs and Flood Inundation Mapping 

Flood inundation maps were generated in the ArcGIS ArcMapTM environment using an Arc script 

developed by the AGRG (Webster and Stiff, 2008). The script generated flood levels from a set lower 

limit which was dependent on the state of the tide up to an upper elevation limit relative to CGVD28 at 

0.1 m increments. We use a “still water” method which assumes the ocean is a flat plane, appropriate for 

large scale storm surge events that cover tens of km in area, as we raise the water level to determine 

areas on land that will be inundated. 

However, for the generation of static flood inundation maps that predict the extent of flooding from the 

total sea level (including tide, surge and wave run-up) the still water method has been found to produce 

results suitable for planning purposes (Webster et al. 2006). In the case of low tide coastal lidar 

acquisitions we would begin flood inundation at negative elevations and increase them to positive values 

while ensuring only areas connected to the ocean were flooded. As a result of the uncertainty in global 

sea-level predictions flood layers were incremented every 0.10 m so as new predictions become 

available, municipal officials can access the appropriate GIS flood layer. See Webster et al. (2012) for 

details on the methods to generate the flood layers for dyke overtopping and dyke breaching. 

In this area where there is no long term tide gauge record of water levels, we report the worst case 

scenario of the highest possible predicted tide or higher high water large tide (HHWLT) plus a 2 m 

storm surge to illustrate possible flooded areas (Figure 7). In order to use the tide gauge records or the 

predicted HHWLT elevations which are referenced to chart datum (Table 2), a transformation must be 

applied to convert the water level elevations to the land and DEM datum, CGVD28. The values for these 

conversions between chart datum (CD) and CGVD28 were supplied by the Canadian Hydrographic 

Service and are presented in Table 2. The same conversion is required when examining the risk or 

probability of a water level return periods. For example Richards and Daigle 92011) report the water 

levels of specific return period for areas referenced to chart datum. 
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Figure 7: The Minas Basin area showing all the regional aboiteaux as red dots.  The HHWLT with 

a 2.0 m storm surge flood level is shown as a blue line. 
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Community Minas Basin 

Tide Gauge location Hantsport 

Chart Datum – CGVD28 (lidar) relationship 7.23 m 

Predicted Higher High Water Large Tide (HHWLT) 8.15 m CGVD28 

Benchmark Storm & water level (CGVD28) 

April 6 1977 
7.67 m (tide gauge)  

8.6 m (GPS) 

Saxby Gale Oct 1869 
10.15 m (HHWLT + 2 m, 

anecdotal evidence) 

Projected Relative Sea-Level Rise by 2100 Minimum: 1.20 m 

Maximum: 1.93 m 

Table 2  The chart datum – CGVD28 relationship for the tide gauge and the predicted highest 

possible tide level (HHWLT) for the Minas Basin area; benchmark storm names and dates with 

maximum water level obtained from tide gauge records, GPS based on eye witness accounts, or 

anecdotal evidence; the relative sea-level rise projections used in this study. 

 

2.2.1. Dyke Overtopping Inundation Mapping 

In the coastal communities around Minas Basin, dykes protect low-lying areas from the ocean. Streams 

and ditches landward of a dyke are often drained by a one-way culvert, aboiteau, thus not allowing the 

ocean to flood the land at high water levels. We have generated flood inundation maps that represent 

overtopping of the dykes. In this case the sea level of the ocean is raised until it overtops the dyke. The 

resultant flood layer extent will cover the area of the low lying land behind the dyke starting at the 

overtopping elevation. We appreciate that our current GIS based flooding method does not adequately 

depict the situation where water will spread behind the dyke at the location it is overtopped. To provide 

better information on where the water will be distributed immediately behind the dyke we have 

introduced a dyke breach into our methodology. 

2.2.2. Dyke Breaching Inundation Mapping 

In many instances in the past, dykes have breached and allowed water from the ocean to flood the low-

lying area behind the dyke (Figure 8). Although the GIS techniques for flood inundation mapping used 
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in this study do not take into account the time it takes for water to cross a surface, they do predict the 

extent the water will eventually reach. In the case of dyke breaching, we have notched the dykes to the 

level of the terrain landward of the dyke at the locations of drainage channels on the seaward side of the 

dyke, considering they may be more vulnerable to erosion (e.g. Figure 9). We have generated a set of 

inundation flood layers with the source at the breach location. This allows static maps to be constructed 

that depict the potential extent of such an event. For example, the map output would consist of 2 water 

levels; a higher ocean level at the top of the dyke with an extent seaward, and a lower water level at the 

landward side of the breached dyke. This lower value will increment by 0.1 m steps until it has filled the 

area behind the dyke.  

 
Figure 8: A minor dyke breach near Wolfville, Oct. 1913. Source: Bleakney (1990).  
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Figure 9 Examples of dyke elevation profiles near Cornwallis River Profiles indicate the land 

seaward of the dyke is higher than what is landward. The location of the breach simulations points 

are in red. 

2.3. Saros tidal cycle 

The highest tides in the Minas Basin occur on an 18.03 year cycle called the Saros cycle, which is a 

result of variations in the positions of the moon, sun, and earth. The next Saros cycle is predicted for 

2012-2013, and will bring peak high tides to the Minas Basin (Figure 10). Storm surge events that take 

place during a Saros cycle have the potential to cause extensive damage, as we have seen in the past. 

Considering the addition of relative sea level rise to the water levels in the Bay of Fundy, there is a 

danger that a storm similar to the Saxby Gale could occur during the next Saros cycle. We have 

generated the predicted tides for the Bay of Fundy from 2010 to 2014 and examined where the peak 

tides occur. Based on this analysis we have generated the predicted tide for Cape Blomidon (Minas 

Basin) for Nov. 12-20, 2012 and added a 1.5 m storm surge (Figure 10). The resultant total water level, 



16 

 

ca. 8 m CGVD28, will overtop some of the dykes in the areas which are ca. 8-9 m if such a surge occurs 

on these dates. 

 

Figure 10: Predicted tide and estimated tide during a Saros cycle at Blomidon. The Saros cycle is 

represented by a 1.5 m storm surge. 

2.4. Sea-level rise predictions 

For the Bay of Fundy study area, the Minas Basin, we use projections from Greenburg et al. (in press) 

who estimate that the RSL in Cobequid Bay (Minas Basin) to increase between 0.79 m – 1.40 m by 

2100 with a central value of 1.12 m with a margin of error of approximately 0.25 m. The tidal amplitude 

is predicted to increase by over 0.20 m for this region. The contribution from the mean global sea-level 

for these predictions was approximately 0.40 m which appears to be a lower estimate than used by 

Forbes et al. (2009) who used a range of 0.57 m to 1.30 m (Halifax study). Richards and Daigle (2011) 

who used crustal subsidence of 20 cm +/- 5 cm by 2100, global SLR of 90 cm +/- 43 cm, thus giving a 

total RSL = 1.10 m +/- 0.48 m (Figure 11). 
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Figure 11: Relative sea-level rise predictions. Combination of local crustal subsidence and global 

sea-level rise (from Richards and Daigle, 2011)   

In addition to estimating RSL by 2100, Richards and Daigle 92011) also estimated the water levels for 

events with return periods of 10, 25, 50, and 100 years (Table 4). High water levels associated with 

storm surges have a return period in years which is related to their annual probability of occurring. A 

lower water level is expected to have a higher probability of occurring and therefore will have a lower 

return period, meaning we expect to see that storm surge or water level more often. When return periods 

of high water levels are projected into the future, relative sea-level rise is factored in. We know sea-level 

has been rising steadily around Nova  
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Table 3  Richards and Daigle (2011) predictions of climate change impacts (Kentville and 

Hantsport). 

Scotia at a rate of 32 cm/century based on tide gauge records going back to the early 1900’s in Halifax, 

Yarmouth, and Charlottetown, for example. The 25-year and 100-year return periods are defined as 

storms that will occur at least once every 25 years and 100 years, respectively. The return periods of 

storm surges have been calculated by examining the past storm surge events recorded by tide gauges, 

and where no gauges exists by modeling the storms using past wind records. Sea-level rise for Nova 

Scotia is expected to increase with the effects of climate change in the future. As sea-level rises, the total 

water level from a given storm surge will increase over time, so a water level associated with a storm 

surge that floods an area today that we see once every 25 years will flood the same area more frequently, 

say every 5 years in 2100. Thus the risk of flooding from the same storm increases over time because 

sea-level is continuously rising. It is important to identify the areas at risk of coastal flooding today and 

also into the future so we can adapt and consider these risks when building new infrastructure such as 

roads or sewage treatment plants for communities. These predictions do not take into account a possible 

increase in storm intensity or in the number of storms that occur in a given year. Some researchers 

believe with increased ocean temperatures we could see more intense storms more frequently than we do 

now. If that turns out to be the case, the water levels on this map represent conservative projections and 

Nova Scotia may see coastal flooding at higher levels and more often in the future. 

In addition to return periods of water levels in 2100, Richards and Daigle (2100) also estimated the 

worst possible case which includes RSL by 2100 and the worst storm surge recorded in the areas, 1.28 

m, taken from the Saint John. NB tide gauge record for the Groundhog Day storm of Feb. 1976. The 

total plausible upper limit they present is 18.02 m CD or 10.79 m CGVD28 (Table 4).  
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Table 4  Maximum plausible sea-level, maximum storm surge recorded at Saint John, NB gauge 

added to HHWLT for Hantsport. To get return periods for Hantsport Saint John tide gauge was 

used plus 20%. 

2.5. Waste Water Critical Flood Levels 

In order to show the different scenarios for flood risk at the waste water treatment plants it was 

necessary to access the flood layers generated by Webster et al. (2011). We used the dyke breaching and 

dyke overtopping flood layers at 0.10 m intervals to overlay on maps of the wastewater treatment 

facilities. With these increments it was possible to precisely show when the wastewater lagoons would 

inundate. This is presented in detail through GIS by using a semi-transparent colour shaded relief lidar 

DEM draped over a black and white orthophoto, with the water level polygon overlays. With this 

method it is possible to pinpoint where and at what level overtopping of the sewage lagoons and dykes 

will occur. 
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3. Results 

3.1. Wastewater Treatment Plants 

This report covers a group of five communities bordering on the Minas Basin at the head of the Bay of 

Fundy: Canning, Port Williams, Kentville, Wolfville, and Hantsport (Figure 3). The main goal of this 

report has been to provide detailed information to the Department of Environment regarding the Sewage 

Treatment plants in this area and at what flood level they would inundate. 

3.1.1.  Canning 

The Canning sewage treatment facility is a two cell lagoon system that uses chlorine to treat the waste 

(Figure 12).  The Canning system is slated to be switched to an ultra violet (UV) system by the end of 

2013 (as per NS Department of the Environment requirements).  Based on a one week average, the 

typical volume is 85,000 gallons of waste per day.  This plant has no by-pass issues; however some 

pump stations have discharge points into the nearest river or stream, most of these discharge points are 

permanently plugged, but not all.  This system is combined storm water and sewer water treatment. 
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Figure 12: Canning Catchment Area (pink), pipe system (blue) and sewage lagoon (yellow).  

3.1.2.  Port Williams 

The sewage treatment plant at Port Williams is a two cell lagoon system with each cell measuring 

approximately 122 m by 97 m (Figure 13).  Approximately 450 homes would be affected by the loss of 

this plant that typically processes 75,000 gallons of wastewater per day.   This plant uses chlorine gas to 

disinfect the wastewater.  This system would have to be classed as a mixed storm water and sewer water 

even though there are no culverts or storm drains connected to the sewer mains but there are numerous 

parameter drains around houses connected to their sanitary lateral which connect to the main sewer. 
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Figure 13: Port Williams Catchment Area (shown in pink) contains 450 homes (black dots). 

Lagoons are shown in yellow within the pink area. 

Port Williams is typical of the treatment plants in this area, usually located landward of the dyke. The 

elevation of the dyke protecting this structure and other assets is at an elevation of ca. 9 m and the 

lagoon is also at 9 m (Figure 14).  
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Figure 14: Profile going from the interior of the Port Williams sewage treatment lagoon over the 

lagoon edge, then over the top of the nearby dyke and into the Cornwallis River. 
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3.1.3. Kentville 

The Kentville sewage treatment plant is a five cell lagoon system that uses UV to treat the wastewater 

(Figure 15).  The typical daily volume of this plant is 1,890,000 gallons per day, with the highest being 

during March 2012 when a high tide with a storm surge put the level up to 4,400,000 gallons per day 

(M. Beaton pers. com.).  This plant has no issues with by-pass, and is also a combined storm and sewer 

system. 

 

Figure 15: Kentville Catchment Area (shown in pink) and Lagoons (shown in yellow). 
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3.1.4.  Wolfville 

Wolfville is the home of Acadia University, thus drastic changes occur in the population during the 

academic year.  As a result the town of Wolfville usually has a population of 4,000 people; however, it 

increases to 8,000 during the school months.  The Wolfville sewage treatment plant is a sanitary only 

system and consists of a two cell lagoons that is treated using chlorine gas (Figure 16).  There is no 

typical by-pass issue with this system.  This treatment plant is designed to hold ~1.2 million gallons per 

day and typically handles 700,000 gallons per day; however, it has to handle much more than that during 

storms and wet weather. 

 

Figure 16:  Wolfville Sewage Catchment Area (shown in pink) with the lagoons (shown in yellow) 

and the pipe system (shown in blue). 
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3.1.5. Hantsport 

The Hantsport system consists of a two cell lagoon system that uses chlorine gas to treat the wastewater 

(Figure 17).  This system is scheduled to be switched to a UV system by the end of 2012 (as per NS 

Department of the Environment requirements).  The typical weekly average volume of this plant is 

112,000 gallons per day.  There are no by-pass issues; however, some pump stations do have discharge 

points into the nearest river or stream; although most of these discharge points are also permanently 

plugged but not all.   

 

Figure 17: Hantsport Catchment Area (shown in pink) and Sewage Lagoons. 
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3.2. Lidar acquisition, processing and DEM validation of the Minas Basin area 

The Minas Basin lidar data covering Kings County were acquired in April and May 2003. The GPS 

check points were acquired in May 2003 and were used to validate the lidar DEM for the entire Kings 

County area. As a result a total of 39,210 GPS check points were acquired and used for validation. The 

mean delta Z is 0.0 m with a standard deviation of 0.21 m for the May 2003 lidar DEM. The extent of 

the lidar data from 2003 extends throughout the eastern end of the Annapolis Valley, from 

Lawrencetown east to the Gasperaux Estuary and the Guzzle (island off of Grand Pre). The lidar data 

along the Avon River estuary to Windsor were acquired in April 2007 with the AGRG ALTM 3100 

system. GPS check points were acquired along roads, similar to other sites. These data were compared 

to the lidar DEM and statistics calculated on the differences in elevation. The April 2009 DEM shows a 

mean DZ = 0 m and a standard deviation of DZ of 0.10 m. The three DEM layers had to be bulk 

adjusted to match one another and then to the mean of the GPS data following Webster et al. (2012) 

(Figure 18). 
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Figure 18: This is a color shaded relief (CSR) made with a lidar digital elevation model (DEM) 

showing the Minas Basin area.  The chart information is courtesy of the Canadian Hydrographic 

Society (CHS). 
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3.3. Sea Level Rise 

As mentioned in the previous section, it is very challenging to accurately determine risk of high water 

levels in the upper Bay of Fundy because there is no long term tide gauge record for this area. The 

closest long term tide gauge record exists for Saint John, New Brunswick. Although this gauge provides 

a time series of water level records within the Bay of Fundy, the tidal range is significantly lower in 

Saint John than in the Minas Basin area. As a result of the increased sea-level rise, a series of return 

periods with water levels have been calculated. The following maps (Figures 19-22) are the graphical 

representation of those return periods and flood levels. The water levels for events with return periods 

supplied by Richards and Daigle (2011) (Table 3) have been converted from Chart Datum to CGVD28 

(Table 2). 

 

Figure 19: A water level of 9.20 m represents the 25 year return period according to Richards and 

Daigle (2011) in 2025. 
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Figure 20: A water level of 9.30 m represents the 100 year return period water level according to 

Richards and Daigle (2011) in 2025. 

 

Figure 21: A water level of 10.10 m represents the 25 year return period water level according to 

Richards and Daigle (2011) in 2100.  
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Figure 22  A water level of 10.30 m represents the 100 year return period in the year 2100 

according to Richards and Daigle (2011). 
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3.4. Sewage Treatment Plants and Lagoons Critical Levels 

In addition to examining the sewage treatment plants and lagoons, we also examined the location of 

pump stations which are part of the critical infrastructure handing waste. If a pumping station is 

compromised, then backup of the sewage into unwanted areas will result and can cause health issues. A 

series of flood inundation maps have been created for the Minas Basin area that include both breaching 

of the dykes and overtopping of the dykes for each sewage treatment area. Some of the pump stations in 

the Minas Basin area (Figure 23) are at risk of inundation because of their relatively low elevation as 

shown in Table 5. 

 

Figure 23: The blue dots in this figure are pump stations. The elevations of the pump stations are 

found in Table 5. 



33 

 

 

Table 5: This table shows the elevations of all the pump stations in the Minas Basin Region. 

Critical pumping stations that are at risk at specific water levels are presented in the next series of maps 

(Figures 24-27). 
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Figure 24 Pump stations at risk for the Cornwallis River and Grand Pre area. 
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Figure 25 Pumping stations and elevations with an 8.00 m breached dyke flood level. 
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Figure 26 Pump stations with a flood level of 9.00 m. 
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Figure 27: Pump stations with a flood level of 9.00 m. 
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Figure 28 Pump Stations and Lagoons with a Flood Level of 10.00 m. 

The lagoons hold the untreated waste and are critical infrastructure in terms of adverse health effects if 

they were to become compromised by flooding. The following section examines the critical elevation 

for the lagoons to become flooded by dykes breaching or dykes overtopping. 

3.4.1. Canning 

The dykes protecting the wastewater treatment plant in Canning are at a critical (minimum) elevation of 

8.7 m (Figure 29). If the dyke is breached, meaning a channel erodes through the dyke allowing water in 

at a lower elevation, one lagoon inundates at 8.0m (Figure 30). With continued inundation, the second 

lagoon inundates at 8.1 m (Figure 31).  
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If the dyke is not breached, but sea-level rises high enough to overtop the dyke at 8.7 m,  both lagoons 

are inundated (Figure 32).    

 

Figure 29: At a flood level of 8.60 m the Canning sewage lagoons are fine, as the water is held back 

by the dyke; note the water level creeping up on the south east corner of the map. This scenario 

does not have the dyke breaching 
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Figure 30: Canning sewage lagoons with a breached dyke flood level of 8.00 m. 
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Figure 31: Canning sewage lagoons with a breached dyke flood layer of 8.10 m this shows total 

inundation of both lagoons. 



42 

 

 

Figure 32: At 8.70 the Canning lagoons are completely inundated. In this scenario the dykes are 

overtopped near the aboiteau. 

3.4.2. Port Williams  

The dykes protecting the wastewater treatment plant in Port Williams are at a critical (minimum) 

elevation of 7.9 m. If the dyke is breached, or overtopped, both lagoons inundate at a water level of 8.1 

m (Figure 33). 
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Figure 33: At 8.10 m flood level both lagoons at Port Williams are inundated. 
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3.4.3. Kentville 

The dykes protecting the wastewater treatment plant for Kentville in New Minas are at a critical 

(minimum) elevation of 8.0 m. If the dyke is breached, the lagoons are safe at water level 7.7 (Figure 

34), however as sea-level rises to 8.6 m, two of the five lagoons inundate (Figure 35). If sea-level 

continues to rise, a water level of 9.0 inundates another cell in the lagoon (Figure 36) and at water level 

9.1 m all of the cells of the lagoon are inundated (Figure 37). If the dyke overtops at water level 8 m, the 

same water levels affecting the lagoons hold true. 

 

Figure 34: Kentville sewage lagoons at a breached dyke flood level of 7.70 m. 
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Figure 35: Kentville lagoons with a breached dyke flood level of 8.60 m. 
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Figure 36: Kentville lagoons at a breached dyke flood level of 9.00 m. 
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Figure 37: Kentville lagoons at a 9.10 m breached dyke flood level. 

3.4.4. Wolfville 

The dykes protecting the Wolfville wastewater treatment plant have a minimum elevation of 7.9 m. If 

the dykes are breached at the Wolfville Grand Pre site at water level of 6.3 inundates a sewage sludge 

holding pond (Figure 38). If water continues to rise to 7.70 m one lagoon is inundated (Figure 39), and 

finally at a level of 7.80 m both lagoons are inundated (Figure 40). The same inundation occurs if the 

dyke is overtopped. 
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Figure 38: Water level 6.30 m of a breached dyke at Wolfville Grand Pre. 
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Figure 39: Water level 7.70 m of a breached dyke at Wolfville Grand Pre inundates one lagoon. 



50 

 

 

Figure 40: At 7.80 m breached dyke flood level both Wolfville Grand Pre Lagoons are filled. 

3.4.5. Hantsport 

The wastewater treatments plant at Hantsport is not protected by dykes as a result of its elevated location 

and local relief of the area. With the Hantsport system a water level of 12.00 m does not affect the 

lagoons (Figure 41). This was the maximum level modeled by Webster et al. (2012), thus we did not 

exceed this level with our analysis.  

The community of Avonport does not have a wastewater treatment plant, but rather a holding tank that is 

vulnerable to high sea-levels where a level of 6.8 m inundates the outlet of the holding tank (Figure 42). 
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Figure 41: At a water level of 12.00 m the Hantsport lagoons are still intact. 
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Figure 42: At both breached dyke and overtopped dyke flood Level of 6.80 m the outlet to the 

Avonport WTP holding tank is under water. 
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4. Conclusions 

The critical dyke elevation of the dyke protecting Canning is 8.7 m and the critical elevations for the 

Canning sewage lagoons are 8.0 for one and 8.1 m for the other. The critical dyke elevation of the dyke 

protecting the Port Williams wastewater plant is 7.9 m and the critical elevations for the two Port 

Williams sewage lagoons are 8.1 m. The critical dyke elevation of the dyke protecting the Kentville 

wastewater plant is 8.0 m and the critical elevations for the five Kentville sewage lagoons are 8.6 m for 

two of the five, 9.0 m for three of the five, and 9.1 for all five. The critical dyke elevation of the dyke 

protecting the Wolfville wastewater plant is 7.9 m and the critical elevations for the two Wolfville 

sewage lagoons are 7.7 m for one of the two, and 7.8 m for both of the lagoons. The Hantsport facility is 

the safest, with the fact that a water level of 12.0 m does not inundate the lagoons. This study has 

highlighted the importance of evaluating the risk to wastewater treatment facilities in terms of climate 

change and sea-level rise. If the sewage treatment plants were to fail as a result of coastal flooding 

people’s lives would be affected in a variety of ways from inconveniences to potential serious health 

risks. The potential populations, circa 2006 statics, that could be affected if these plants were 

compromised include: Kentville with a population of 6000, Wolfville with a population between 4000 

and 8000 during the school year, and Canning with a population of 800. The peak tides which will occur 

in mid-November, 2012 will be a test for this infrastructure and if a storm surge occurs at the time of 

these peak tides damage to these plants could result. 
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5. Recommendations 

A possible extension to this project, if funding were available after March 31, would be to model where 

the contaminants of these wastewater treatment plants will go if they were flooded or otherwise 

compromised.  This type of analysis is currently beyond the scope of this project. The health 

implications to the local population from agricultural or residential containments if the lagoons were to 

be breached, is another area worth exploring. Through our conversations with the local authorities who 

manage these plants, we have gained knowledge of the monthly issues of higher than usual tides that 

cause problems on a regular basis. To properly map the elevation of the effluent pipes, the chlorination 

station and to better document and understand the current problems these plants encounter in terms of 

back up pressure and influences from the ocean should be researched to better enable us to evaluate 

these problems in the future under increased sea-level rise. 

An additional area of research that was initially in this scope of work, but as a result of reduced funding 

and time was removed, is the evaluation of water supply and treatment systems and distributions 

infrastructure of coastal communities such as those in the Minas Basin with rising sea-levels and climate 

change. 
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