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EXECUTIVE SUMMARY 

 

The purpose of this Evaluation of Wetland Restoration Potential (EWRP) study was to identify 

technically feasible and ecologically valuable options for future wetland restoration projects, as well as to 

identify potential areas suitable to detain and store water within a historically degraded watershed.  The 

Study Area lies within the Cornwallis River Secondary Watershed, Nova Scotia. The Study Team 

identified a Study Area based on a select group of four tertiary watershed basins within land degraded by 

agricultural activity in the Cornwallis River Secondary Watershed.   

 

In Nova Scotia, the Department of Natural Resources owns and operates the Wetlands Inventory 

Database.  This database is currently used to identify wetland habitat in Nova Scotia.  However, it is 

commonly understood within industry and government that this database significantly underrepresents the 

quantity of wetlands throughout the province of Nova Scotia. Therefore, EWRP first identified and 

evaluated a Geographic Information Systems (GIS) tool, the potential wetland layer (PWL), to aid in the 

identification of potential wetland habitat and associated potential wetland restoration opportunities.  This 

PWL was created for the defined Study Area within the Cornwallis River Secondary Watershed.  

 

In addition, a new drainage class layer recently developed by the Department of Natural Resources 

(NSDNR) was obtained, and integrated into the PWL for analysis. The drainage layer is based on the 

provincially available Wet Areas Mapping layer as modified by texture class (from CanSIS soil 

descriptions), and slope (derived from Digital Elevation Model layer) influences. It is crucial to note that 

the PWL is a desktop planning tool only and cannot replace field assessment and appropriate wetland 

delineation efforts.  The PWL can only be used to focus field efforts and begin to understand surface 

water systems across landscapes.   

 

The PWL was then layered with aerial photography to determine potential opportunities where 

agricultural land intersected with the PWL, as well as taking into consideration the location and drainage 

flows of mapped watercourses, flow accumulation channels (i.e. potential (as yet) unmapped streams or 

below ground flow channels as identified by NSDNR) and other visible surface channels (i.e. agricultural 

ditching).  Evaluation of historical aerial imagery was completed across the Study Area to identify land 

use changes, and a list of potential wetland restoration opportunities and other water quality improvement 

techniques was identified and classified by one of four opportunity types:  

 

- Water detention; 

- Surface drain restoration; 

- Channel conversion; and 

- Vegetation buffers. 

 

EWRP identified 177 opportunities for wetland restoration and water quality improvement opportunities 

inside the Study Area of the Cornwallis River Secondary Watershed. The value of the opportunities 

identified as part of this Study are dependent on many variables (i.e. size and exact location of 

opportunity, ability to implement in combination with other opportunities, implementation methods of the 

opportunity etc), and as such, no quantifiable significance value has been attributed to each opportunity as 

part of this Study. Additional tasks to evaluate feasibility, and other implementation related issues (i.e. 
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landowner permission, regulatory barriers) are required in order to determine a significance value of the 

opportunities identified in this Study. 

 

Studies completed by others within the Cornwallis Secondary Watershed have noted that water quality in 

the Cornwallis River and tributaries that drain to it, have been degraded by up-stream agricultural 

practices.  Therefore, this Study has focussed on identifying opportunities within agricultural areas of the 

Study Area. Across the 177 opportunities identified in this study, all are located on, or directly 

adjacent to agricultural land, with the objective of intercepting and detaining water derived from 

up-gradient agricultural land.  Typically, compensation credit afforded by NSE for on the ground 

wetland compensation projects in Nova Scotia has been largely based on the area and function of 

wetlands being restored, enhanced, expanded or created. The opportunities which have been 

identified in this Studyhave been focussed on restoring water detention functions upon a landscape 

where it is broadly understood that considerable wetland loss has occurred. If implemented, the 

majority of the opportunities identified in this Study are likely to be small in size as a result of land 

use constraints (i.e. presence of commercially active and viable agricultural lands), however the 

functional significance of the features proposed in this Study is likely high due to their strategic 

positioning and ability to specifically improve water quality conditions within the Cornwallis River 

Secondary Watershed. Implementation of opportunities such as this could be considered as a 

valuable method of wetland compensation in an agriculturally degraded watershed such as this. 

 

Property owners have not provided approval for restoration activities to take place at these 177 sites.  

Technical information for each identified opportunity has been provided.  This information is only to 

provide guidance for the reader.  Feasibility studies are required for each site, including property owner 

approval, prior to detailed planning for implementation of projects.  

 

Additional restoration opportunities exist within the Cornwallis River Secondary Watershed.  The list 

provided in this report is not meant to be exhaustive.  EWRP was tailored to a specific portion of the 

watershed for identification of restoration sites in an agriculturally degraded Study Area, so therefore, the 

areas outside of this Study Area for restoration were not evaluated, but restoration opportunities may be 

present.  

 

All restoration opportunities were also not identified within the Study Area.  The Study Team completed 

as much assessment as was possible within the time and budgetary constraints allowed for in the EWRP 

study.  A full ecological history of the Cornwallis River Secondary Watershed would be necessary in 

order to fully identify and quantify all restoration opportunities within the Study Area.    

 

The intent of this report is to identify wetland restoration opportunities.  How and why wetlands have 

been previously impacted is beyond the scope of this study.  Although historical aerial photos were used 

as a component of the desktop analysis, no attempt was made to determine when a wetland may have 

been impacted.  As such there is absolutely no intent for this document and the results provided herein to 

be used as a regulatory compliance mechanism.  This study and report does not render a legal opinion or 

intent to confer any legal obligations on the owner of the sites identified.  It is the opinion of McCallum 

Environmental Ltd (MEL). that using this document and its findings as a compliance mechanism defeats 

the spirit and intent of the findings. 
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1 INTRODUCTION 

 

This project, the Evaluation of Wetland Restoration Potential (EWRP), was completed within the 

Cornwallis Secondary Watershed Study Area, in Nova Scotia, from April 2016 through January 2017.  

This project was initiated as part of compensation requirements for altered wetland habitat associated with 

the Forest Lakes Country Club (FLCC) completed by Terra Firma Development Corporation (TFDC; 

Approval #’s 2014-088918-A02 and 2015-093117-A01).  

 

The EWRP project (known as the Study) was completed by McCallum Environmental Ltd. (MEL).  This 

report provides details of the study components, methodology, as well as the final list of potential wetland 

restoration and surface water detention opportunities that were identified within the Cornwallis Watershed 

Study Area.      

 

2 PURPOSE OF STUDY 

 

The goal of EWRP was to identify technically feasible and ecologically valuable options for future 

wetland restoration projects within the Cornwallis Watershed Study Area, as well as to identify potential 

areas suitable to detain and store water within a historically degraded watershed. 

  

The objectives of EWRP within the Study Area were as follows:  

 

1. To complete geospatial analysis in order to identify potential wetland habitat; 

2. To identify areas within the Study Area where natural wetland and surface water systems have been 

degraded by human activity;   

3. To identify opportunities where wetland restoration and other surface water improvement options are 

viable; and 

4. To provide a list of opportunities that can be utilized to implement valuable projects within the Study 

Area to improve watershed health.   

 

This study is important because: 

 

• It is understood that wetlands will continue to be degraded/altered as part of development across 

Nova Scotia; 

• Watershed health within the Study Area will continually be degraded as a result of ongoing and future 

agricultural and other commercial activities; 

• There is a requirement of “no net loss” of wetland habitat and function legislated through the Nova 

Scotia Environmental Goals and Sustainable Prosperity Act (EGSPA); 

• Restoration sites are difficult to find, and those which have been identified in the past are costly and 

technically difficult to achieve. Furthermore, they often deal with many landowners, which also 

increase the complexity and feasibility of those projects.    

• Many opportunities that have been previously identified are ill-placed (i.e. low in watershed) and very 

costly due to significant urban infrastructure. This study aims to complete a comprehensive 

evaluation and identification of potential key restoration sites in an agriculturally degraded landscape, 

to maximize potential to improve watershed health.  

 

3 BACKGROUND OF PROJECT  

 

In 2014 and 2015, TFDC received a permit to alter wetlands associated with the back nine of golf holes 

and the irrigation system for the FLCC golf course.  MEL proposed the completion of an EWRP study as 

part of the Comprehensive Compensation plan for Wetland Losses at the FLCC. This proposal was 

developed in consultation with the Nova Scotia Department of Natural Resources (NSDNR), and Nova 
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Scotia Environment (NSE). On-the-ground compensation for wetland losses for this project was provided 

at a 1:1 ratio through a restoration project in the rural Nova Scotian landscape by Ducks Unlimited 

Canada (DUC). 

  

In consultation with NSE and NSDNR, the Study Area was identified within a degraded watershed 

comprising a high proportion of agricultural lands, and anthropogenic influences which drain into a large 

river system.  

 

3.1 Study Area 

The Study Area for the project was defined as a select group of four tertiary basins within the Cornwallis 

River Secondary Watershed (CRSW).  The CRSW is 35,280 hectares in size and extends from its western 

extent, near the communities of Aylesford East and South Berwick, to its outlet point in Wolfville (i.e. at 

the Minas Basin) (Figures 1 and 2, Appendix A). Upper portions of the northern extent of the watershed 

lie in close proximity to the communities of Garland and Mountain Front, whereas the southern watershed 

boundary extends from west to east, close to the communities of South Alton and Canaan. The Cornwallis 

River serves as the CRSW largest surface water body, initiating at Caribou Lake located west of Berwick, 

and draining for approximately 30km to its outflow at the Minas Basin. Incidentally, an application is 

currently in the process with the County of Kings for the renaming of the Cornwallis River.  The 

Annapolis River First Nation submitted the application in 2016 requesting the name of the river be 

changed to Jijuktu'kwejk, which means narrow river. 

 

The CRSW comprises 23 tertiary watersheds, which drain water via tributaries into the Cornwallis River.  

Tributaries are sourced from a variety of land use types including scattered rural communities such as 

Berwick and Somerset in western portions, Prospect, South Alton, Highbury and Canaan in southern 

portions, Waterville, Cambridge Station and Coldbrook in central portions and Grafton and Lakeville in 

northern portions of the CRSW.  The larger towns of Kentville and New Minas are situated in eastern 

portions of the CRSW alongside the Cornwallis River, prior to it outflowing into the Minas Basin at the 

town of Wolfville (eastern extent of the CRSW).   

 

Land within southern portions of the CRSW (locally known as the South Mountain) is predominantly 

undeveloped (forested), although intermittent agriculture appears to exist at the communities of Cannan 

and South Alton.  Suburban residential development dominates the central extent of the land mass 

extending from Berwick through Kentville, New Minas and Wolfville, all of which lie in close proximity 

to the Cornwallis River.  Northern portions of the CRSW is dominated by extensive agricultural land use, 

that is, until elevation rises at the location of the North Mountain.  The North Mountain determines the 

headwaters of the CRSW, and land use within this area is undeveloped (forested).       

 

The Project Team defined the Study Area based on a select group of four tertiary basins within the CRSW 

(Figure 2, Appendix A).  The selected Study Area, which is located within Kings County, extends from 

the upper reaches of the northern extent of the CRSW (the North Mountain), southward, into middle 

portions of the secondary watershed. The southern extent of the Study Area is located to the south of the 

Cornwallis River, and Highway 101 before aligning with the Cornwallis River near the community of 

Colbrook. The Study Area follows the course of the Cornwallis River to its outlet in Wolfville.   The 

Study Area comprises approximately 100 km2 of heavily degraded watershed and was specifically 

targeted along the main branch of the Cornwallis River, in agricultural lands in the mid-to-upper reaches 

of the CRSW, which increases the likelihood of identifying restoration and surface water improvement 

opportunities with high ecological value.  Additional information related to the health and condition of the 

Study Area is provided in Section 3.3. 

 

The watershed associations within the Study Area are outlined in Table 1 and visualized in Figure 2 

(Appendix A).  
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Tertiary watersheds within the Study Area were named by the most prominent watercourse or 

geographical location.  

 

Table 1. Study Area Watershed Associations  

Primary 

Watershed 
Secondary 

Watershed 
Tertiary Watersheds Area (ha) 

Gaspereau River 

(1DD) 

Cornwallis River 

(1DD-2) 

Silver Lake (1DD-2-B) 8, 564 

Cornwallis River (1DD-2-C) 1, 884 

Kings County Rail Trail (1DD-2-J) 269 

Birchcrest Dr (1DD-2-L) 117 

Total Area (with waterbodies included) 10, 834 

 

3.2 Watershed Health and Condition  

Agriculture is, with increasing frequency, listed as a major contributor to sources of water pollution 

within a watershed. Existing knowledge indicates that agricultural operations can contribute to water 

quality deterioration through the release of several materials into water: sediments, pesticides, animal 

manures, fertilizers and other sources of inorganic and organic matter. Many of these pollutants reach 

surface and groundwater resources through widespread runoff and percolation and, hence, are called 

"non-point" sources of pollution (Food and Agriculture Organization (FAO), 1996).  

 

As discussed in Section 3, the CRSW is dominated by extensive agricultural activities, all of which are 

associated with tributaries and provide a source of water to the Cornwallis River, which is located in 

southern portions of the Study Area. Figure 2 (Appendix A) indicates the location of the Cornwallis River 

and the tributaries draining into it. Studies have been completed within the CRSW to determine baseline 

water quality conditions (both within the tributaries and Cornwallis River itself).    

 

In 2014, in collaboration with NSE, water quality surveys were completed by the Acadia Centre for 

Estuarine Research.  This study was conducted in advance of potential future mink farm expansion 

operations in the Annapolis Valley region of Nova Scotia. As such, NSE requested the commissioning of 

water quality surveys to obtain baseline water conditions prior to these potential expansions, so that future 

comparisons could be made. The study was completed in three watersheds (Cornwallis, Annapolis and 

Habitant), and resulted in a general conclusion that water quality within all watersheds has been impacted 

to some degree.  Within the Cornwallis watershed, 13 tertiary watersheds were examined from 13 

tributaries, and 15 sampling sites were included in the water quality program (Water quality sample 

locations within the CRSW are indicated on Figure 2 (Appendix A)). As can be noted from the locations, 

three of the 15 are located within the Study Area, however the westernmost samples include main 

tributaries sourced from agricultural land similar to that existing within the Study Area and which drain 

into the Cornwallis River. Of specific note is that multiple sampling sites are located downstream from 

the Study Area, within the Cornwallis River and associated tributaries that are supplied water from 

agricultural areas of the Study Area.  Results of the water quality sampling at the above discussed 

locations indicated the following results: 

 

- Levels of pH were within Canadian Council of Ministers of the Environment (CCME) guidelines 

for the Protection of Freshwater Aquatic Life; 

- Levels of total nitrogen (nitrite + nitrate) were highest in tributaries entering from north of the 

river.  Nitrogen was dominated by the inorganic form and exceeded Environment Canada (EC)’s 

guidelines at eight of the 15 sites sampled. Ammonia and nitrate were within CCME guidelines. 

- Like Nitrogen, Phosphorus was very high and exceeded EC’s guidelines at eight of the 12 

sampling locations.  Tributaries to the north of the Cornwallis River exhibited higher levels.  
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- Nutrient loading was highest at sampling locations C2B-CB and C2BBB (Coleman and 

Brandywine Brooks) which represents tributaries which are sourced directly from high density 

agricultural areas from within the Study Area.  

- CCME guidelines for Protection of Agricultural Water Use were exceeded for fecal coliform 

levels at all but one sample location, and 11 of the 15 sites exceeded EC’s guidelines for fecal 

coliform.  

- Five sites were sampled along the main Cornwallis River: 

o Levels of total nitrogen (nitrite + nitrate) were very high at all sites with an increasing 

concentration trend from the headwater, to the downstream locations.  

o Phosphorus was also above EC guidelines at all locations and tended to comprise highest 

levels in mid river sample locations; 

o Levels of fecal coliform were relatively low, although four of the five sites sampled 

exceed the CCME guideline for Protection of Agricultural Water Use.   

 

In a separate report that assessed water quality in the CRSW (Acadia Centre for Estuarine Research and 

Dillon Consulting Ltd., 2003), historical water quality programs were reviewed, as well as the 

implementation of a water quality study to identify sampling gaps and provide management strategies for 

the CRSW.  The report highlighted similar trends to that outlined in the 2014 report in that they specify 

the Cornwallis River, and in some cases its tributaries (specifically ones to the north of the main river 

itself), as exhibiting high fecal coliform and bacteria levels.  In addition to agriculture however, both 

reports suggest that the presence of various sewage treatments plants located adjacent to the Cornwallis 

River extending from Berwick to Wolfville, were likely a contributor to the water quality conditions 

present.  The 2003 report provided multiple recommendations as a result of the study including: 

 

- Design and implement a program to restore and manage riparian zones that have been 

degraded; and  

- Carry out a historical survey, using aerial photography and other appropriate resources, to 

determine the extent to which natural wetlands and groundwater recharge areas have been 

altered, and determine the potential for restoration of these areas. 

 

3.2.1 Agriculture in the Study Area 

Agricultural areas within the Study Area (and the CRSW for that matter) resemble the agricultural 

landscapes of rural Ontario. Wetlands, riparian zones and woodlands were abundant in southern Ontario 

at the time of European Settlers, however within the last 150 years degradation of these features has 

occurred.  There has been a 75% loss of wetlands across southern Ontario, with up to 95%+ loss in many 

areas (Norman, 2007). This trend of historical transition from natural areas (i.e. wetlands, forests and 

riparian corridors), to cleared land suitable for commercial agricultural practices also occurred within the 

CRSW and the Study Area.  Historically, land was identified by settlers for multiple reasons (i.e. ideal 

soil conditions and flat topography), however, likely of most importance, was the provision of water. The 

ability to utilize water from tributaries and the Cornwallis River for irrigation is a requirement for 

commercial agriculture operations. However, landowners also focused on lowering the water table across 

a landscape that was naturally wet, in order to improve farming conditions   Conversion of naturally wet 

areas to land suitable for farming often involved the removal of wetland habitat from the landscape, as 

well as the management (re-direction and removal etc) of other surface water features (watercourses, 

ephemeral streams, swales, springs and other sources of water). Draining of historical wetland habitat is 

typically achieved in an agricultural setting by installing surface drain systems and/or subsurface tile 

drainage. In Ontario, these practices have been extensive, often resulting in straight linear ditches, which 

function as water collection channels for sub surface tiles. These municipal drains are currently regulated 

under the Ontario Municipal Drainage Act, and although are afforded specific protection, specific 

activities are permitted within them to improve water management techniques and general water quality 

conditions. This is discussed in more detail in Section 5.2.2.   
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Conditions within the Study Area are noted to be similar to those present in agricultural Ontario in that 

much of the landscape has been converted to agriculture via draining.  Although some areas of land 

comprising surface drains are present within the Study Area, they appear very infrequent in comparison to 

the extent of agricultural landscape which is present, suggesting that drainage of land in the Study Area is 

occurring as a result of sub-surface drainage tiles.  This assumption was supported by discussions with 

NSDNR Stewardship Coordinator, Eastern Habitat Joint Venture (EHJV) Reg Newell, who has worked 

directly with landowners in the Study Area extensively.  Reg indicated that tiled drainage is likely 

common within the agricultural landscape present (Personal communication, 2016). Furthermore, a 

review of detailed soil mapping data (see Section 5.1) indicates that the majority of soils within the Study 

Area are mapped as poor to imperfectly drained, which typically suggests that water is likely to be 

detained at surface, specifically during wetter periods of the year (i.e. spring and fall). In addition, 

projected subsurface flow accumulation data (see Section 5.2.1) indicates that in many cases, water is 

being contributed to down gradient tributaries from within agricultural fields themselves, further 

suggesting that these flows are via sub-surface tiles as opposed to surface drains.   

 

Tributaries within the Study Area vary in their characteristics.  Some of the main tributaries that drain into 

the Cornwallis River exist in association with established riparian buffers comprised of forested linear 

blocks ranging between 50 – 100 meters each forested block wide (Image 1 below). In fewer instances, 

tributaries drain through larger blocks of forest which are presumed to indicate land that was deemed 

unsuitable for agricultural activities (Image 1 below). It is important to state however, the likelihood that 

these features were modified in their specific routing and direction of flow in the past is possible, 

although today they resemble natural features.  In Ontario, The Wetland Drain Restoration Project 

focusses on restorative efforts in features similar to those discussed above. Details regarding specific 

restoration methods is provided in Section 5.2.2. The majority of tributaries within the Study Area 

however, either coexist with very limited wooded habitat (i.e.  less than 30 m in width), or exist as open 

ditches draining from, and adjacent to agricultural lands (Image 1 below).  In these instances, vegetated 

buffers typically comprise a narrow (5-10 m wide) strip of herbaceous vegetation, or lack a vegetative 

buffer completely.   

 

Land use management efforts in agricultural areas can adopt a green infrastructure approach, whereby 

green infrastructure refers to the co-existence between natural areas and managed land.  Based on 

guidelines determined by EC that reflect a healthy ecosystem, according to science, each watershed 

should comprise: 

 

- > 10% wetland cover; 

- > 30% forest cover; and  

- Widths of intact riparian zones with protective buffers ranging between 15 to 30 m in width and 

upward. 
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Image 1. Tributaries and Typical Land use within the Study Area 

 

Based on provincially mapped wetlands and forest cover provided from the NSDNR forest cover 

database, the Study Area comprises approximately 6.5% water/wetland cover and 34% forested land. It 

should be noted however, the 6.5% total includes water (i.e. lakes, ponds etc) and as such, the actual area 

value of wetland within the Study Area is most certainly lower than the 6.5% stated.   A comprehensive 

review of tributaries draining throughout the Study Area indicates that apart from the larger linear 

wooded riparian areas, the majority of them comprise less than the 15-30 m widths stated as ideal by EC. 

 

Based on the land use impacts discussed above, and what science tells about the functions of wetlands and 

riparian habitats, water quality issues and impacts to down gradient surface water systems (notably the 

Cornwallis River) are likely to occur (in part), as a result of upstream land degradation associated with 

agricultural land use.    

 

(Norman, 2004) notes that wetlands, riparian zones and woodlands deliver ecological services such as 

regulation of water quantity, flood control water quality improvement, sediment and nutrient removal and 

transformation, alteration and reduction of contaminants and some pathogens. Traditional agriculture and 

animal production contributes to streams being more vulnerable to runoff derived turbidity and bacterial 

pollution.  The presence of large numbers of animals provides the source of fecal bacteria, while 

sedimentation can provide a means of bacterial transport into, and along stream channels (Norman, 2004).  

 

Based on the history of land use conversion to extensive agriculture within the Study Area, the 

opportunity to improve water quality in the tributaries, the Cornwallis River and improve overall 

watershed health would appear to be extensive. Wetland restoration would be the one obvious mechanism 

to approach these objectives, however barriers to utilizing this method alone do exist, and are discussed 

further in Section 5.2.  Evidence from projects being implemented in Ontario and described in various 

literature suggest that a variation of techniques may offer the greatest opportunity to improve conditions. 

These options are explored further in this Study.   

 

 

Open Ditches 

Forested Block 

Narrow Forested Block 
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4 STUDY COMPONENTS 

 

EWRP consisted of four components that are introduced in this section.  Detailed methodologies for each 

component are described in Section 5.   

 

4.1 Geospatial analysis: Potential Wetland Layer 

In order to identify potential degraded wetland habitat that could be restored and/or where other methods 

could be employed to improve water quality, the first step was to identify areas within the Study Area 

where wetlands may have historically existed, as well as identify areas where wetlands likely currently 

exist.   

 

The Nova Scotia government (NSDNR) maintains a wetlands database for this purpose, but it is 

understood that this database under-represents many wetland types, especially forested wetlands.   The 

Study Team recognized that in order to find viable restorative opportunities, a secondary approach would 

be needed to understand the potential extent of current and historical wetlands before human activities 

commenced within the watershed.  

 

The Study Team identified multiple Geographic Information Systems (GIS) datasets that could aid in the 

identification of potential wetland areas.  These GIS datasets were then evaluated to generate a Potential 

Wetland Layer (PWL).   

 

4.2 Identification of Potentially Degraded Wetland Habitat and Opportunity Areas 

The Study Team evaluated potential locations of degraded wetland habitat and identified opportunities for 

potential restoration and other methods by which water detention could be achieved.  As discussed in 

Section 3.1, the Study Area was defined within the approximate middle and upper third of the CRSW.  

This Study Area incorporates significant potential for historical agricultural impacts, and as discussed in 

Section 3.3, water quality within this area has been degraded by such practices. Therefore, restoration and 

other water detention options would be well positioned to support an improvement in downstream water 

quality, flood control, and general ecological health of the watershed. 

 

The PWL was layered on top of several years of aerial imagery within the identified Study Area.  Due to 

the presence of extensive agriculture, aerial imagery was analyzed to identify areas where the PWL 

intersected agricultural land.  These aerial photos were analyzed for evidence of altered hydrology, 

surface drains excavated by farmers to remove water from agricultural fields and/or areas where sub-

surface tiling was assumed to exist. Additional geospatial data (i.e. water features soil types and flow 

accumulation data), was also utilized to enhance the predictive ability of the PWL.The goal of the PWL 

was to identify areas within the Study Area where specific activities could be implemented to meet the 

objectives of improving water quality conditions.   

 

Based on the development of the PWL, a list of potential restoration, and other water detention 

opportunities was established.   

 

4.3 Reporting 

Details of the EWRP study scope, objectives, methods and results and the final list of opportunities have 

been compiled in this report for submission to NSE.   
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5 DETAILED METHODOLOGY 

 

The detailed methodologies for each study component are described in the following sections.  

 

The following GIS datasets and aerial photos were evaluated for use in EWRP in the Study Area: 

 

• Selected Aerial photos (1973); 

• ESRI base maps (2010 aerials); 

• BING base maps (2011/2012 aerials); 

• Google Earth base maps (various years 2004-2014); 

• Forest inventory (NSDNR) FORNON layer; 

• NSDNR wetland inventory; 

• Nova Scotia Property Parcels/roads;  

• Wet Areas Mapping (WAM) and Flow Accumulation; 

• Geonova streams and wetlands (1:10,000 aerial);  

• NSDNR Soil Drainage Class Layers; and 

• Digital Terrain Model (DTM) contours and waterbodies from the Service Nova Scotia enhanced 

topographic database. 

 

5.1 Development of the Potential Wetland Layer 

In Nova Scotia, several databases (listed herein) can be used to identify known wetland habitat.  For the 

purposes of EWRP, was determined that these databases were limited for the purpose of aiding with the 

determination of a list of potential wetland restoration and other water detention opportunities. Wetland 

biologists and regulators in Nova Scotia understand that these databases significantly under-represent 

wetland habitat in Nova Scotia, especially forested wetlands, which are very common across the 

province.   

 

As a result, the Study Team identified that the first step in the process of identification of wetland 

restoration and other water detention opportunities required a GIS tool for wetland habitat to more 

accurately estimate where wetland habitat might be present. This process of creating a PWL is described 

in detail below.  

 

5.1.1 Existing Wetland Inventories 

 

Environment Canada & Nova Scotia Lands and Forests  

Through the 1970s and early 1980s, a province-wide wetland inventory was undertaken in Nova Scotia. 

The inventory was initiated by the Nova Scotia Department of Lands and Forests (now NSDNR) and 

completed in collaboration with EC’s Canadian Wildlife Service.  Based upon photo interpretation of 

1:10,000 colour aerial photography, the inventory was mapped on 1:50,000 hardcopy topographic sheets. 

The inventory still has value today but users must be aware of its limitations in accuracy and precision.  

 

Nova Scotia Topographic Map Series  

The wetland layer in the Nova Scotia Digital Topographic Series was also based on the digitization of 

aerial photography. The aerial photography was captured during flyovers in 1991 and 1997 at a scale of 

1:40,000. The data includes various wetlands in the Study Area, but does not specify wetland types. Some 

wetlands in the topographic map are not inventoried in the NSDNR digital inventory, making the data 

another useful source of wetland information which is available from the Nova Scotia Geomatics Centre 

(Andrew Robinson, NS Geomatics Centre).  

 

Nova Scotia Department of Natural Resources  

In 2000, the NSDNR replaced the previous wetland survey with a digital inventory (1:10,000) integrated 
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into the NSDNR’s GIS forest inventory as part its ongoing forest mapping program to support policy and 

legislation, land use planning, environmental impact and monitoring, reporting and research.  In 2002, 

NSDNR began to adapt the wetland inventory to the Canadian Wetland Classification System and to 

integrate it into the Canadian National Wetland Inventory, a national initiative using satellite remote 

sensing. Up to three vegetation communities are identified with each wetland and its size in hectares. The 

wetlands are grouped into the following classes: Open Water, Marsh, Swamp, Bog or Fen (Nova Scotia 

Department of Natural Resources (NSDNR), 2017). 

 
These combined data sources constitute known wetlands for the purpose of this EWRP study. 

 

5.1.2 FORNON Inventory 

An additional geospatial layer derived from the Nova Scotia Forest Inventory and known as the 

FORNON inventory, was utilized to identify additional sources of wetland habitat. The FORNON 

inventory uses photo interpretation and includes the identification of water, forested and non-forested 

areas with additional identification of fresh water wetlands and coastal habitat area classifications. 

Attributes included in the query of this inventory included vegetated areas likely to exist as wetland 

habitat i.e.  alders, treed bogs, open bogs, beaver flowage and lake wetland habitat. 

 

5.1.3 Slope Analysis 

There are a variety of GIS methods that can be used to derive slopes from elevation data.   The correlation 

between calculated and measured slope angle is a function of the accuracy and resolution of the data and 

complexity of the slope algorithm used. The ideal elevation data type for this type of analysis is from 

Light Detection and Ranging (LiDAR), however, this was not available for the Study Area. The Study 

Team used the Digital Terrain Model (DTM) contours and waterbodies from the Service Nova Scotia 

enhanced topographic database to build a model that was used to calculate slope.  The limitation in this 

data set is in the cell size created from the DTM.  The typical elevation point postings are 60 to 75 metres 

apart.  The model was enhanced by using elevations derived from contours and the elevations from water 

bodies (limited in extent).  A triangular irregular network (TIN) was created from the point set and from 

this a slope was calculated and categorized using standard GIS tools in ESRI’s ArcGIS.  Slope is derived 

in degrees and then categorized to percent.  Only areas of slope that were less than or equal (≤) to 2% 

were chosen for further investigation.  The resulting slopes were combined as part of the PWL. 

 

5.2 Identification of Opportunities 

Upon development of the PWL, the Study Team overlaid the PWL upon aerial imagery in order to 

identify intersections between the PWL and human activities (specifically agriculture).  Mapped wetlands, 

watercourses and Flow Accumulation Channels (FAC) were also included to understand the movement of 

water through the watershed and at each particular location of interest.  FAC data is provided by NSDNR 

as a line layer that predicts the location of potential (as yet) unmapped streams or below ground flow 

channels. For a predicted flow channel to be shown, a minimum of four hectares of land must contribute 

flow to that point. All predicted flow channels eventually connect to a mapped water body (Nova Scotia 

Depertment of Natural Resources (NSDNR), 2017). 

 

The Study Team reviewed each aerial view across the Study Area in order to identify intersections with 

the PWL and human activity to identify potential wetland restoration and water detention opportunities.  

In addition, however, an additional level of detailed opportunity identification, was applied to the PWL 

with the objective of further defining areas within the Study Area where wetland habitats may have 

existed, as well as specify the areas suitable for potential wetland restoration and water detention 

opportunities.  
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This involved utilizing a combination of the following sources of data:   

 

 intersection between the PWL and detailed NSDNR provided drainage class data; 

 proximity to mapped wetlands; 

 proximity to mapped watercourses; and 

 proximity to FAC. 

 

The Study Team was provided a newly created drainage class prediction layer by NSDNR to support this 

task.  The drainage layer is based on the provincially available WAM layer as modified by texture class 

(from CanSIS soil descriptions), and slope (derived from Digital Elevation Model layer) influences. 

Calibration has been completed by NSDNR on the new drainage layer, however there are limitations 

associated with the data sets and methods. Although the layer is in its early stages of development, and 

has not been released as a publicly available tool, it supports the objectives of the development of the 

PWL.  The drainage classes defined within the new layer includes: 

 

- imperfectly drained; 

- poorly drained; 

- well drained; and 

- unclassified 

 

For the purposes of this exercise, imperfectly drained and poorly drained areas were included in the PWL 

as these soil types have a higher likelihood of water being removed from the soil slowly, in relation to 

supply. Therefore, soils typically remain wet at, or close to the surface for significant parts of the growing 

season with either precipitation and/or subsurface flows (i.e. acting as a perched water table), acting as the 

main water source.  Precipitation usually exceeds evapotranspiration in these circumstances.  

 

The PWL was refined using the drainage conditions to identify land that was likely wet, or land which 

existed in close proximity to surface water features prior to conversion to agricultural land use.  In order 

to spatially represent the refined PWL, digital polygons were designed to encompass the above described 

conditions.  As discussed in Section 5.1.3, the development of the PWL included the use of the Nova 

Scotia enhanced topographic database to build a <2% slope model, as such, its precision is less than what 

would be expected than if using LiDAR as an example.  Therefore, the refined PWL was determined 

using the above discussed sources of data, albeit in locations across the landscape where there was an 

accumulation of modelled flat land. As such, some areas of the Study Area where small isolated polygons 

of modeled flat land had been initially identified, where not included in the refined PWL layer. The 

refined layer approach is reflected in Image 2 below which indicates each layer as follows: 

 

- Initial PWL (pink straight edged polygons); 

- poor and imperfect drainage (blue and yellow polygons); 

- watercourses (blue); 

- wetlands (green polygons); 

- flow accumulation (red) and  

- Refined PWL (orange polygon).  

 

The refined PWL was utilized to define specific restorative and water detention opportunities within the 

Study Area as discussed in Section 5.2.2.  
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Image 2. Layers Associated with the development of the Refined PWL 

 

5.2.1 Opportunity Types and Locations 

Numerous studies have been completed to explore the methods and techniques of improving water quality 

in landscapes which have experienced degradation similar to that evident within the Study Area.  Physical 

techniques and methods regarding features that can be implemented are relatively consistent among all 

studies, although placement and identification of the most effective locations to meet water quality 

improvement objectives are often a topic of uncertainty, and ongoing studies continue to develop the 

knowledge base on this subject. 

 

As is common to many jurisdictions within North America that wetland restoration is typically the 

primary goal of replacing lost wetland function, and improving watershed health. Wetland restoration 

involves the return of a landscape area to pre-alteration conditions, which in agricultural settings usually 

involves removing the structures put in place to drain the land.  Farmers typically drained lands through 

various mechanisms (surface drains and sub-surface tiling) which if reversed, (i.e. plugged, removed, 

blocked), provide a favorable ecological, as well as cost effective and practical method of restoration.  

Generally, if wetland hydrology is re-introduced, wetland vegetation will colonize and prosper and 

wetland habitat will become viable again.  In most agricultural areas, including the Study Area, this 

opportunity type can be hard to find due to the intense, ongoing utilization of the lands for commercial 

agricultural activities and lack of real incentive programs for farmers to remove area from active 

agriculture. This factor helped define the methodology for this Study greatly in that, although wetland 

restoration was a key item examined as part of the identification of opportunity process, it was not a sole 

focus.  Rather, alternative options have been considered that have been successfully administered in other 

agricultural landscapes across North America, including Ontario which particularly resembles the land 

use pattern existing within the Study Area. 

 

Restoration of degraded upland storage capacities of watersheds by re-creating or restoring spatially 

distributed networks of storage systems has been proposed as a promising strategy for run-off 

management, and for supporting down-stream runoff control structures (Babbar-Sebens, Barr, Tedesco, & 

Anderson, 2013).  The main philosophy of this strategy is to store the excess floodwater in the land in 

wetlands, basins or soil (by increasing infiltration capacities of soil) during high precipitation events, and 

thereby, significantly reduce the cumulative runoff volumes incurred further down-stream. However, the 

biggest challenge that arises in implementing these distributed storage systems is that given limited land 

resources such as that existing in the Study Area, it can be difficult to identify potential available areas 
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that could provide the greatest potential benefit. Another report noted that the creation of spatially 

distributed networks of farm runoff wetlands that lie between farms and adjacent streams, and river 

diversion wetlands that divert water into constructed and restored wetlands along the main channels, 

would not only assist with flood control in the Mississippi-Ohio-Missouri River Basin, but also reduce 

total nitrogen discharging into the Gulf of Mexico (Mitsch & Day Jr., 2006).  

 

In areas of intense agricultural land use, riparian buffers and constructed wetlands are appropriate 

measures to complement in-field practices that control non-point source pollution states a report 

completed by Tomer, James, & Isenhart, 2003.  Constructed wetlands could help in treating nutrient 

delivery through field tiles and surface water inlets sourced from fields, and can be particularly effective 

at removing nitrate through denitrification. The report goes on to say that careful placement of restored 

and constructed wetlands can intercept surface flows and reduce the concentration of nitrate loading from 

up-gradient sources.  The report outlines the mechanisms by which screening criteria were used to site 

constructed and restored wetlands within the agricultural landscape in Iowa. Key to the siting process is 

the feasibility of locating features to intercept water sourced from tiles and other surface water sources, 

without interfering with the drainage rights of nearby lands.  The screening criteria and associated 

reasoning used in the Iowa study are included in Table 2. 

 

Table 2. Screening Criteria used for Determining Constructed/Restored Wetland Locations in Iowa Study 

Screening Criteria Reasoning 

1. Wetland has sufficient contributing 

area from tile-drained land (2-8 km2 

(500-2000 acres) of tile-drained land) 

A constructed wetland receiving runoff from runoff waters from a 

large upslope contributing area provides a greater potential benefit 

than one receiving runoff from a small upslope area. 

2. Wetland must not intercept a stream 

or open waterway 

The study discounted these areas so not to increase the likelihood 

of regulatory barriers.  

3. Wetland is on cropland 

Wetlands being discussed within the study were to be constructed 

under a funding program known as (CREP) and as such, has to be 

located on cropland. 

4. Topography lends itself to wetland 

placement 

The study limited the sites for each constructed opportunity to 

land that naturally comprised “bowl like” topography and hence, 

allow for a small dam to be placed to block water at minimal cost. 

5. Desired wetland size is 0.5-2% of its 

contributing area 

The study defined this size range in order for the constructed 

wetland to successfully treat the volume of water it receives from 

its contributing area.  

6. No more than 25% of the wetland is 

more than 1 meter (3 feet) deep (“deep 

wetland”) 

These criteria were defined to create the ideal conditions required 

to support the denitrification process. 

7. The surrounding buffer must extend 

1.2 meters (four feet) above wetland 

surface, and should not exceed 4 times the 

size of the wetland 

This criterion aims to ensure that water input features i.e. tiles or 

ditches are not submerged under water. Surrounding land is 

required to be buffered by a strip of wet tolerant vegetation.  

Source: Tomer et al, 2003 

 

The screening criteria outline in Table 2 provides a detailed approach to siting of potential wetland 

restoration, construction and other water detention features as employed by Tomer et al, 2003. It should 

be noted that although these criteria appear a suitable mechanism to identifying valuable constructed and 

restored wetland locations within an agricultural landscape, EWRP did not comprise such a defined set of 

screening criteria, so not to discount potentially valuable opportunities.  For example, EWRP does not 
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restrict the location of opportunities to agricultural land alone, nor does it limit placement of potential 

features in natural basin formations.  The definition of a regulated watercourse versus a non-regulated 

waterway in Nova Scotia is often based on a detailed field evaluation of feature characteristics, contiguity 

with natural waterways, and historical interaction with humans (i.e. ditching). Therefore, opportunity sites 

that existed adjacent to or within mapped watercourses and drainage features were not discounted in this 

Study.  Wetland size to contributing area, and the size of contributing agricultural land is a detailed 

approach that the Iowa study included in their methodology, and although likely has its merits, was not 

included in EWRP so not to discount opportunities before they have been investigated further for their 

potential value. It is possible however, that detailed analysis of potential restoration opportunities such as 

these criteria could be integrated into the opportunities identified as a result of this study in the future, and 

integration of a ranking system of significance could be warranted.   The construction details noted in 

Table 2 are consistent with many sources of literature stating the ideal conditions for managing non-

source water pollution derived from agricultural areas.   

 

The following sections present specific opportunity types identified in the Study Area, most of which can 

incorporate the construction techniques stated in rows 6 and 7 (Table 2). Methodologies utilized to 

identify each feature are also provided. 

   

5.2.1.1 Water Detention 

Water detention opportunities identified within the Study Area refers to the conversion of land (either 

forested or agricultural), to features which intercept and store water which has been sourced from up-

gradient agricultural land uses. Essentially, the features are likely to exist as constructed wetlands, 

although it should be noted that based on the geo-spatial methodologies employed during EWRP (see 

Section 5.1), it is likely that they are located in areas where historical wetland would have existed prior to 

land conversion, and hence act as a restoration activity. As outlined in the document Constructed 

Wetlands for the Treatment of Agricultural Wastewater in Atlantic Canada (Atlantic Committee on Land 

and Engineering, 2005), constructed wetlands should be shallow, manmade aquatic systems that can treat 

agricultural runoff and wastewater.  In shallower vegetated areas, they provide a combination of aerobic 

zones to transform ammonia to nitrate and in deeper anaerobic zones convert nitrates to nitrogen gas 

which leaves the system. Tomer et al 2003 notes that no more than 25% of the wetland should contain 

more than 1 meter of water.  In addition, these features will support the process of settling and filtration of 

solids within runoff.  The aquatic vegetation within constructed wetlands has large and extensive root 

systems which helps provide oxygen to support aerobic bacteria which breaks down organic material in 

the water (i.e. fecal coliform). Design related considerations include the following; 

 

- Water control structures can be incorporated at the outflow location to mange desired water levels 

within the feature; 

- The constructed wetland should be relatively flat to ensure even distribution of water and prevent 

concentrations of flow and channelization; 

- It should comprise shallow (15-30 cm depth) and deeper zones (one meter minimum depth) and 

should be twice as long as it is wide, to prevent plant growth. 

- The constructed wetland will likely need dredging every five to six years to maintain function. 

- Wetlands should be a minimum of a quarter acre in size which will attract birds such as mallards 

and other duck species. 

 

Constructed wetlands have also been attractive propositions for farmers who require an additional source 

of irrigation during dry periods, and should be something to consider in the design and siting of such a 

feature, should this be a mandate of the landowner.  Irrigation sources act as an incentive for farmers to 

consider wetland construction and restoration on their land, and has the potential for farmers to become a 

participant in the implementation of such activities within this Study Area. 

 

The siting of water detention opportunities within the Study Area were split into two groups based on 
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their relationship with sources of water. The two groups were divided as follows: 

 

i) Primary Water Detention Opportunities (PWDO): PWDO’s were identified within the PWL, 

alongside a mapped watercourse, or at the convergence of a mapped watercourse system 

where up-gradient water drains through, or is sourced from agricultural land. PWDO’s were 

not located in mapped wetland features unless aerial imagery indicated that land use was in 

fact being utilized for agricultural purposes.  The locations identified offer high potential to 

intercept and detain water sourced from land subject to exposure from typical agricultural 

practices (i.e. pesticide and fertiliser use, livestock waste and sedimentation effects).  Where 

possible, PWDO’s have been situated at the down gradient extent, or at the edge of 

agricultural fields to avoid active farming areas.  Image 3 below provides an example of two 

PWDO locations. 

 

ii) Secondary Water Detention Opportunities (SWDO): SWDO’s were identified within the 

PWL, located at the convergence of multiple (two or more) FAC, or alongside a FAC or 

where water is sourced from agricultural lands (either surface, sub-surface or ditching). All 

other siting criteria discussed for PWDO’s were used. Image 4 below provides an example of 

a SWDO. 

 

 
Image 3. Primary Water Detention 
Blue line – mapped watercourse 
Orange line – flow accumulation channel 

Yellow and Pink polygons – PWDO’s 

 

 
Image 4. Secondary Water Detention 
Orange line – flow accumulation channel 

Green polygon – SWDO 

 

 

5.2.1.2 Surface Drains and Wetland Restoration 

During the identification of opportunities process (Section 5.2), land was identified which exhibited 

evidence of altered hydrology via the presence of surface drains which were excavated by farmers to dry 

the land.  As previously discussed, much of the agricultural land within the Study Area, that exists within 

the PWL and appears to be dry enough for active and productive agricultural practices, is assumed to be 

drained utilizing sub-surface drainage tiles.  However, some evidence of surface drains were also 

identified. 
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The presence of surface drainage ditches in combination with evidence that the land still appears to retain 

surface water during periods of the year (via aerial imagery), was used to determine these potential 

restoration areas.  Restoration of these opportunities typically involves removal/blockage of surface 

drains to encourage water re-establishment on the surface of the land. Depending on the specifics of the 

site being investigated, the process of restoring to historical wetland conditions (including the 

colonization of wetland vegetation), can often be passive, and can occur naturally over time. An example 

of this restoration type is provided in Image 5 below. 

 

 
 

5.2.1.3 Channel Conversion 

In Ontario, the Wetland Drain Restoration Project has had the overall goal of balancing the advantages of 

existing municipal drain features (i.e. which exist as a result of draining lands for agricultural purposes), 

with water purification, storage and discharge functions provided by wetlands (Ontario Ministry of 

Natural Resources, 2014).  The Drainage Act defines a “drainage system” as a drain constructed by any 

means, including works necessary to regulate the water table or water level. The definition allows for 

features to be included within drainage systems to create or restore wetlands, while still protecting the 

agricultural interests of private landowners.  For the purposes of wetland restoration, typical activities 

within municipal drains include the installation of water control structures to encourage water detention 

and intermittent flooding of adjacent lands. Off-line wetlands are also an option whereby small vegetated 

wetlands are constructed adjacent to drains, and act as overflow areas for water to settle and be stored 

temporarily. These features have the potential to be designed with water detention in mind, and as such, 

comprise elements discussed in section 5.2.2.1 (i.e. shallower and deeper areas \ and establishment of 

vegetation).  Hydrological characteristics within the features would ideally resemble a “pulsing’ of water 

in and out of the system.   Forested land is often the focus of these activities as they do not interrupt 

adjacent farming practices, and the vegetated areas within the forested blocks can provide a mechanism 

by which water is detained for longer periods.   

 

Although Nova Scotia does not possess an Act that resembles the Drainage Act, it is likely that many of 

the features that have been mapped as “regulated” watercourses within the Study Area, have in fact, been 

historically altered, including their route and hydrological characteristics as a result of water management 

techniques associated with adjacent agriculture.  Even though the definition of whether a surface water 

feature is regulated or non-regulated was not part of the opportunity identification criteria, the reader 

should be aware that activities such as creation and restoration of wetlands along or within these features 

would require permits from NSE, although surface ditches, and/or FAC however, are not regulated in 

Nova Scotia and therefore permits would not be required.  Therefore, for this study, channel conversion 

opportunities have been identified throughout the Study Area using the following criteria:  

 

Image 5. Surface Drains 
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- Located within the PWL where channels (mapped watercourses, ditches and FAC), may have 

been straightened or relocated in the past; 

- are not located in viable agricultural land; 

- are not located in mapped wetlands, unless aerial imagery suggests that this land does not exist as 

such (i.e. agricultural).  

 

Image 6 below presents an example of a potential Channel Conversion Opportunity (green polygon). 

 

 

Image 6. Channel Conversion Opportunity 

 

5.2.1.4 Vegetation Buffers 

In a paper completed by Norman (2004) which explores the benefits of vegetated buffer strips in riparian 

zones, the following were noted: 

- Buffer strips help protect down slope water bodies from negative effects of human activities; 

- Performance of buffer strips in reducing nutrient levels from agricultural fields has been highly 

variable with the wide range of nutrient removal percentages realised: 

o Total suspended solids: 22-98% 

o Ammonia nitrogen: 27-97% 

o Total nitrogen: 43-92% 

o Total phosphorous: 12-97% 

- Riparian zones with herbaceous or treed buffers, from 16-55 m wide are capable of removing 50-

90% of nitrates entering them, providing runoff after infiltration moves across the riparian zone 

within 4m of the surface. 

- A few studies have reported significant reduction in pesticides in buffer widths of 25-50 m.   

Source: (Norman, Vegetation buffer strips for wetland protection (Draft), 2004) 

 

The value of vegetation buffers in an agricultural environment is also discussed in another paper, which 

states that buffers improve water quality by reducing the delivery of sediments, nutrients, and/or 

pesticides to waterways (Barling & Moore, 1994). Furthermore, the process of adsorption and 

decomposition can remove pesticides (Reunsang, Moorman, & Kanwar, 2001). 
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Water sources (especially agricultural run-of) are best 

directed into vegetation buffers via surface sheet flow, or 

rill flows, but not channelized.  Contaminant removal is 

also improved if runoff water infiltrates as it crosses the 

buffer. (Castelle, Johnson, & Conolly, 1994).  As is 

similar to constructed wetlands, buffers receiving waters 

from large upslope contributing areas provide a greater 

potential benefit then ones receiving from a small upslope 

area.  However, for them to be most beneficial, local 

slopes should be relatively flat so that riparian vegetation 

can slow the velocity of runoff, encouraging infiltration 

and trapping of sediment (Tomer, James, & Isenhart, 

2003). 

 

An aerial review of the Study Area indicated that in fact, 

the larger watercourse systems present, including the 

Cornwallis River, comprises relatively intact forested 

buffers. This being said, it is important to note that many 

of these areas may have existed as wetland habitat prior to agricultural land conversion (see Section 

5.2.2.3).  However, as discussed in Section 3.3.1, smaller tributaries, especially FAC and drainage ditches 

within agricultural lands, lack suitable vegetation buffers required to perform the functions noted above. 

 

Locations suitable for implementation of vegetation buffers were identified throughout the Study Area at 

the following locations: 

 

- mapped watercourses, or FAC that indicate a surface channel, or existing ditches that lack a 

vegetated buffer of at minimum 5 m wide; or 

- agricultural land that exists directly up-gradient of a channelized feature (watercourse, FAC or 

ditch), which lacks a vegetation strip, prior to water entering it. 

 

Note: Identification of vegetated buffer locations were: 

 

- not limited to the PWL as it is not an opportunity type that requires the potential for historical 

wetland to be present; and 

- identified via aerial imagery available during the Study.  In some cases, aerial imagery was not 

high resolution enough to determine existing vegetation type and widths present.  Therefore, it is 

of our opinion that there are likely other opportunities for buffer locations other than those 

presented in this report.     

 

An example of a vegetation buffer location proposed within the Study Area is provided in Image 7.  

 

5.3 Stakeholder Involvement 

A stakeholder event, took place on October 11, 2016, with NSE/NSDNR/TFDC and an emerging 

watershed group known as the Jijuktu'kwejk Watershed Alliance. The information session involved a 

presentation by MEL, and an open table discussion related to the Study Area and the identification of 

potential wetland restoration opportunities. As well as outlining the detailed methodology being utilized 

as for the Study, the presentation included some preliminary observations that the Study Team had 

identified regarding degradation within the Study Area. An overall sense of types of restoration 

opportunities which could be implemented in the future to restore watershed health was presented to the 

group 

 

 

Image 7. Vegetation Buffer Opportunity 
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Valuable input was provided from all parties present, notably NSDNR, who provided the Study Team 

with the drainage layer discussed in Section 5.2.1.  Items discussed at the session included: 

 

- The ability for members of the Jijuktu'kwejk Watershed Alliance to utilize results of the Study to 

implement wetland restoration efforts on the ground; 

- The challenges and value of utilizing ACCDC (Atlantic Canada Conservation Data Centre) 

information to evaluate the integration of Species At Risk (SAR) into wetland restoration 

opportunities; 

- The value of utilizing NSDNR drainage layer into the PWL modelling; 

- The value of identifying smaller, well placed restoration opportunities across the Study Area 

versus fewer, larger restoration projects; 

- The likely occurrence of tiled drainage across agricultural areas within the Study Area; 

- Commercial agricultural types within the Study Area, and previous efforts to restore and create 

wetlands within the Study Area; 

- The results of water quality programs completed in the past within the Cornwallis River and some 

of its tributaries, and the suggestion that agriculture (and other commercial activities) have 

reduced water quality conditions within these features. 

 

A second stakeholder information session will be completed to share the results of the Study during 

March 2017. 

 

6 RESULTS  

 

This section of the report provides details regarding the modeled PWL and discusses the opportunities 

that were identified by the Study Team. Limitations identified with the EWRP study methodology and 

results are also discussed.   

 

6.1 Geospatial Analysis 

 

6.1.1 Potential Wetland Area 

The PWL was generated for the Study Area based on the methods described in Section 5.1.  As can be 

noted on Figure 3 (Appendix A), the PWL encompasses the majority of the Study Area, notably central 

portions, and predominantly within land utilized for agriculture.  The northern extent of the Study Area 

exhibits a lesser concentration of PWL as it encompasses the topographical rise of the North Mountain.  

 

 

Utilizing the NSDNR drainage class layers, and other data sources discussed in Section 5.2.1, the PWL 

was refined (Figure 4, Appendix A). The refined PWL provides the optimum areas specific for wetland 

restoration, creation and water detention features within the Study Area. The resulting PWL provides 

workable polygons by which the Study Team could identify opportunities from.  It was evident that the 

refined PWL becomes more infrequent at the northern extent of the Study Area, and the southern extent, 

including land directly adjacent to the Cornwallis River.  

   

6.2 Identified Opportunities 

A total of 177 opportunities have been identified by the Study Team.  The geographical spread of 

opportunities is indicated on Figure 5 (Appendix A), and more detailed locations of each opportunity are 

provided in Figures 5a-g (Appendix A).  Appendix C provides a full list of the opportunities identified, 

their associated ID# and an indication as to whether they exist as a Primary Wetland Detention, 

Secondary Wetland Detention, Surface Drain, Channel Conversion or Vegetative Buffer option (see 

Section 5.2.2 for opportunity definitions). Table 3 (below) provides the number of each opportunity type 

that has been identified within the Study Area, including the colour coding that is used to represent them 
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on the Figures 5a-g.   

Table 3. Opportunity Types Identified 

Opportunity Type 
Number of 

Opportunities* 

Colour Code of 

Figs 5a-g 

Primary Water Detention 84 Orange 

Secondary Water Detention 22 Green 

Surface Drains 13 Yellow 

Channel Conversion 43 Fuchsia 

Vegetation Buffers 23 Pink 

* Two opportunities types were identified at 7 of the 177 locations.  

 

Primary and secondary water detention account for the majority of opportunity types identified, with 

surface drains being the least frequent.  This was expected due to the lack of surface drains present in the 

Study Area and an assumption that much of the agricultural land is drained by sub-surface tiling.   The 

extensive watercourse and tributary systems throughout the Study Area have resulted in a relatively high 

number of Channel Conversion opportunities. However, as with all opportunity types identified field 

truthing of each is required to determine the feasibility of performing such an activity at the locations 

specified.  

 

As outlined in Table 3 and Appendix C, two opportunity types were identified at seven of the 177 

locations. In addition, water detention opportunities were identified at the same location as an existing 

constructed pond at seven locations.  It is assumed that ponds were constructed at these locations due to 

the suitability of the land to support such a feature, and are likely being utilized as water detention ponds. 

However, at each location aerial imagery suggested that all ponds were observed to exist as open water 

features lacking vegetation. In line with ideal construction considerations discussed in Section 5.2.2.1, 

these opportunities have been included in the Study so that re-configuration of the feature could be 

considered in order to introduce a vegetative component, and hence increase their abilities to improve 

water quality.  

      

6.3 Identified Sites: Summary of Restoration Opportunities 

Of the 177 opportunities identified, all were located within or directly adjacent to agricultural land, in the 

two northernmost tertiary watersheds (1DD-2-B and 1DD-2-C).  All opportunities were identified in 

locations that have been predicted to receive water sourced from agricultural landscapes.    

 

No opportunities were identified in the two southernmost watersheds (1DD-2-J and 1DD-2-L), however 

these watersheds are small, with one being dominated by forested land, and the other being agricultural.  

The western agricultural watershed which lacks opportunities (1DD-2-J) only comprises one main 

tributary system draining into the Cornwallis River, hence, potential for opportunities in these areas was 

limited. 

 

The opportunities are well scattered within the Study Area, although lesser amounts appear to be 

concentrated in lower portions of the CRSW, in close proximity to the Cornwallis River.  This supports 

the determination that currently, land experiencing the highest amount of degradation and which 

intersects the PWL is in middle to upper reaches of the watershed, within flatter land and which are 

utilized for active agriculture.  

 

As discussed in Section 3.3, water quality samples were recorded in 2014 by the Acadia Centre for 

Estuarine Research throughout portions of the Study Area. The two locations which were identified to 

contain the highest levels of nutrient loading was C2B-CB and C2BBB (near Brooklyn Corner).  This 

location acts as a convergence of multiple tributaries including Brandywine Brook, Lawrence Brook, 

Griffin Brook, Killam Brook and Ryan Brook, all of which are sourced from the dense agricultural lands 

within the Study Area. As indicated on Figure 5, the majority of opportunities have been identified along 
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these brooks and their tributaries.  It is apparent that many tributaries have multiple opportunities 

identified along their extent, which, if implemented, would increase the cumulative effect of water 

detention and thus, could be expected to play an important role in improving downstream water quality 

conditions.   

 

In the western extent of the Study Area (within tertiary watershed 1DD-2-C), it is important to note that 

multiple (~36) opportunities have been identified in tributaries that drain directly into the Cornwallis 

River.  These headwater streams drain from agricultural land, and are relatively short in length from their 

origin to their outflow at the Cornwallis River.  The longest drainage route is ~4.4 km, compared to the 

headwater tributaries in northeastern portions of the Study Area where tributaries drain over a distance in 

excess of 11.5 km prior to draining into the Cornwallis River.  The lesser distance of the western 

tributaries, in addition to the fact that there has likely been historical wetland loss in this area, suggests 

that water has limited time on the landscape prior to entering the Cornwallis River.  Therefore, integration 

of water detention features along these tributaries will hold water on the landscape for longer durations. 

Figure 5 (Appendix A) indicates that multiple opportunities have been identified along each the main 

tributaries in this area (i.e. as many as eight opportunities were identified along one tributary, with all 

others presenting at least three along their length), therefore the cumulative impact of these opportunities 

has the potential to improve water quality conditions entering the Cornwallis River at this headwater 

location.          

   

6.4 EWRP Specific Limitations 

 

Potential Wetland Layer PWL and Opportunity Area Layer  

 The PWL is a desktop tool only to predict the locations of potential wetlands.   It would not be 

appropriate to replace field evaluations and wetland delineation based on the existence of these 

layers.   

 Wetlands on slopes greater than 2% will not be identified by PWL. 

 

Identification of Opportunities (Desktop) 

 Historical aerial imagery was only retrieved as far back as 1973.  Therefore, a detailed ecological 

history was not completed within the Study Area. A thorough historical understanding (pre 1973) 

of what the surface water systems looked like pre-agricultural conversion, would have allowed 

for a more thorough evaluation of potential restoration sites and would have provided a more 

comprehensive list of potential opportunities.  

 Areas outside of the identified Study Area were not evaluated for restoration opportunities.  

Opportunities almost certainly do exist in remaining portions of the CRSW. 

 Field verification and feasibility studies are required for each opportunity to determine the scope 

and details of implementation on the landscape.    

 

7 SUMMARY AND CONCLUSIONS 

 

The purpose of this Evaluation of Wetland Restoration Potential (EWRP) study was to identify 

technically feasible and ecologically valuable options for future wetland restoration projects, as well as to 

identify potential areas suitable to detain and store water within a historically degraded watershed.  The 

Study Area lies within the Cornwallis River Secondary Watershed, Nova Scotia. The EWRP is not a new 

study methodology in the North American context, but it is a relatively new methodology and study for 

Atlantic Canada.  The Study Team identified a Study Area based on a select group of four tertiary 

watershed basins within land degraded by agricultural activity in the Cornwallis River Secondary 

Watershed.   

 

In Nova Scotia, the Department of Natural Resources owns and operates the Wetlands Inventory 
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Database.  This database is currently used to identify wetland habitat in Nova Scotia.  However, it is 

commonly understood within industry and government that this database significantly underrepresents the 

quantity of wetlands throughout the province of Nova Scotia. Therefore, EWRP first identified and 

evaluated a Geographic Information Systems (GIS) tool, the potential wetland layer (PWL), to aid in the 

identification of potential wetland habitat and associated potential wetland restoration opportunities.  This 

PWL was created for the defined Study Area within the Cornwallis River Secondary Watershed.  

 

In addition, a new drainage class layer recently developed by the Department of Natural Resources 

(NSDNR) was obtained, and integrated into the PWL for analysis. The drainage layer is based on the 

provincially available Wet Areas Mapping layer as modified by texture class (from CanSIS soil 

descriptions), and slope (derived from Digital Elevation Model layer) influences. It is crucial to note that 

the PWL is a desktop planning tool only and cannot replace field assessment and appropriate wetland 

delineation efforts.  The PWL can only be used to focus field efforts and begin to understand surface 

water systems across landscapes.   

 

The PWL was then layered with aerial photography to determine potential opportunities where 

agricultural land intersected with the PWL, as well as taking into consideration the location and drainage 

flows of mapped watercourses, flow accumulation channels (i.e. potential (as yet) unmapped streams or 

below ground flow channels as identified by NSDNR) and other visible surface channels (i.e. agricultural 

ditching).  Evaluation of historical aerial imagery was completed across the Study Area to identify land 

use changes and a list of potential wetland restoration opportunities and other water quality improvement 

techniques was identified and classified by one of four opportunity types:  

 

- Water detention; 

- Surface drain restoration; 

- Channel conversion; and 

- Vegetation buffers. 

 

EWRP identified 177 opportunities for wetland restoration and water quality improvement opportunities 

inside the Study Area of the Cornwallis River Secondary Watershed. The value of the opportunities 

identified as part of this Study are dependent on many variables (i.e. size and exact location of 

opportunity, ability to implement in combination with other opportunities, implementation methods of the 

opportunity etc), and as such, no quantifiable significance value has been attributed to each opportunity as 

part of this Study. Additional tasks to evaluate feasibility, and other implementation related issues (i.e. 

landowner permission, regulatory barriers) are required in order to determine a significance value of the 

opportunities identified in this Study. 

 

Studies completed by others within the Cornwallis Secondary Watershed have noted that water quality in 

the Cornwallis River and tributaries that drain to it, have been degraded by up-stream agricultural 

practices.  Therefore, this Study has focussed on identifying opportunities within agricultural areas of the 

Study Area. Across the 177 opportunities identified in this study, all are located on, or directly 

adjacent to agricultural land, with the objective of intercepting and detaining water derived from 

up-gradient agricultural land.  Typically, compensation credit afforded by NSE for on the ground 

wetland compensation projects in Nova Scotia has been largely based on the area and function of 

wetlands being restored, enhanced, expanded or created. The opportunities which have been 

identified in this Study have been focussed on restoring water detention functions upon a landscape 

where it is broadly understood that considerable wetland loss has occurred. If implemented, the 

majority of the opportunities identified in this Study are likely to be small in size as a result of land 

use constraints (i.e. presence of commercially active and viable agricultural lands), however the 

functional significance of the features proposed in this Study is likely high due to their strategic 

positioning and ability to specifically improve water quality conditions within the Cornwallis River 

Secondary Watershed. Implementation of opportunities such as this could be considered as a 
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valuable method of wetland compensation in an agriculturally degraded watershed such as this. 

 

Property owners have not provided approval for restoration activities to take place at these 177 sites.  

Technical information for each identified opportunity has been provided.  This information is only to 

provide guidance for the reader.  Feasibility studies are required for each site, including property owner 

approval, prior to detailed planning for implementation of projects.  

 

Additional restoration opportunities exist within the Cornwallis River Secondary Watershed.  The list 

provided in this report is not meant to be exhaustive.  EWRP was tailored to a specific portion of the 

watershed for identification of restoration sites in an agriculturally degraded Study Area, so therefore, the 

areas outside of this Study Area for restoration were not evaluated, but restoration opportunities may be 

present.  

 

All restoration opportunities were also not identified within the Study Area.  The Study Team completed 

as much assessment as was possible within the time and budgetary constraints allowed for in the EWRP 

study.  A full ecological history of the Cornwallis River Secondary Watershed would be necessary in 

order to fully identify and quantify all restoration opportunities within the Study Area.    

 

The intent of this report is to identify wetland restoration opportunities.  How and why wetlands have 

been previously impacted is beyond the scope of this study.  Although historical aerial photos were used 

as a component of the desktop analysis, no attempt was made to determine when a wetland may have 

been impacted.  As such there is absolutely no intent for this document and the results provided herein to 

be used as a regulatory compliance mechanism.  This study and report does not render a legal opinion or 

intent to confer any legal obligations on the owner of the sites identified.  It is the opinion of McCallum 

Environmental Ltd (MEL). that using this document and its findings as a compliance mechanism defeats 

the spirit and intent of the findings. 
 

8 GENERAL LIMITATIONS 

 

Constraints Analysis 

 

 Conflicts that might exist between objects in a database are typically of a logical nature, such as 

topological inconsistencies or duplicate identifiers. We attempted to ensure that our database has 

addressed any potential inconsistencies, however inconsistencies may still occur. In map 

generalization, the vast majority of conflicts are physical, spatial consequences of reducing map 

scale. The greater the degree of scale change, the more cluttered an un-generalized map will be, 

and this signals the extents of potential conflicts in presentation of the data. 

 

Limitations incurred at the time of the assessment include: 

 

 MEL has relied in good faith upon the evaluation and conclusions in all third Party assessments.  

MEL relies upon these representations and information provided but can make no warranty as to 

accuracy of information provided; 

 

General Limitations incurred include: 

 Classification and identification of soils, vegetation, wildlife, and general environmental 

characteristics (i.e. vegetation concentrations) have been based upon commonly accepted 

practices in environmental consulting.  Classification and identification of these factors are 

judgmental and even comprehensive sampling and testing programs, implemented with the 

appropriate equipment by experienced personnel, may not identify all factors;   

 All reasonable assessment programs will involve an inherent risk that some conditions will not be 
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detected and all reports summarizing such investigations will be based on assumptions of what 

characteristics may exist between the sample points.  
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                                                                                                                Meghan	  Milloy,	  BSc.	  (Bio),	  MES	  

meghan@mccallumenvironmental.com	  
Vice	  President	  

Years in Practice 
    16 

 
Certifications 
Nova Scotia Advanced 
Wetlands Delineator and 
Evaluator 
 
Memberships 
Nova Scotia Wetlands 
Delineation, Maritime 
College of Forest 
Technology 
 
 
Education 
• Master in Environmental 

Studies (MES), York 
University, Toronto, 
Ontario, 1997-1999 
• BSc. (Biology), 

Dalhousie University, 
1992-1997 
• BA (Political Science), 

Honours, Dalhousie 
University, 1992-1997 

 
Training 
• Wetland Functional 

Assessment Training 
Workshop, NSE 2013  
• Urban Wetland 

Restoration: A 
Watershed Approach, 
2012 
• Nova Scotia Advanced 

Wetlands Delineation 
and Evaluation Course, 
2009; 
• Water Management and 

Wetland Restoration 
Training Course, 2009; 
• Identifying and 

Delineating Wetlands for 
Nova Scotia, 2008 
• Saint John Ambulance 

Standard First Aid, AED, 
CPR(C). 2013 
 

Summary	  
Ms. Milloy oversees, manages, and executes environmental and biophysical projects.  
She completes environmental baseline surveys for environmental assessment, habitat 
surveys, species at risk and wildlife surveys, botany and bird surveys, wetland and 
watercourse delineations, characterizations and functional assessment, fish habitat 
evaluation and bat hibernacula identification.  Ms. Milloy also completes watershed 
evaluations, and guides clients through the environmental and permitting stages of 
mining, industrial and development projects.  Ms. Milloy guides clients through 
provincial and federal environmental assessment requirements and has completed 
several Federal and Provincial environmental assessment registration documents in the 
past two years.  
 
Ms. Milloy has worked on five mining projects and six quarry projects providing 
project management and regulatory consultation relating to all biophysical components 
and field surveys to support permitting and regulatory requirements.   
 
Ms. Milloy regularly completes applications for wetland and watercourse alteration 
and development across Atlantic Canada, and has developed and implemented wetland 
compensation programs and wetland restoration projects.  Ms. Milloy is a trained 
wetland evaluator, biologist, and restoration professional.   
 

Project	  Experience	  
• Provision of biophysical project management and coordination of field 

surveys to support the Canadian Environmental Assessment Act (CEAA) 
environmental assessment process for 2 proposed mining projects in Nova 
Scotia (2014-current).   

• Completion of biophysical field surveys to support expansion efforts for a 
mine in Nova Scotia (2014) to meet requirements under the provincial 
environmental assessment process.  

• Completion of environmental baseline surveys for the provincial 
environmental assessment process for a proposed re-development of a gold 
mine in eastern Nova Scotia in 2013.  

• Completion of two provincial environmental assessments for community 
wind projects in Nova Scotia in 2013.  

• Completion of environmental baseline surveys for three Nova Scotian quarry 
expansion projects in 2012-2013.  

• Watershed evaluation for wetlands and watercourses at a 500 hectares golf 
and residential development and associated wetland alteration permitting, 
compensation planning, wetland restoration activities, and enhancement of 
several wetlands to increase functionality. 

• Surface water assessment and functional assessment, wetland permitting, 
watercourse permitting, and compensation planning and implementation at an 
18 hole golf course and residential development along the south shore of 
Nova Scotia in 2014.  Provision of environmental project management and 
regulatory lead role for the Project.     

• Completed the Provincial Environmental Assessment for the 80 MW Glen 
Dhu South Wind Power Project, Nova Scotia, for Shear Wind Inc.  The 



      
                                                                                                                Meghan	  Milloy,	  BSc.	  (Bio),	  MES	  

meghan@mccallumenvironmental.com	  
Vice	  President	  

Project received Ministerial approval on March 16, 2012. 

• Project Management of regulatory permitting and environmental assessments 
for a 50 MW Wind Power Project in Nova Scotia for Sprott Power Corp. 

• Evaluation of the Musquodoboit River Watershed for wetland restoration 
opportunities (GIS based and ecology/field based study).  

• Evaluation of the Sackville River Watershed for wetland restoration 
opportunities (GIS based and ecology/field based study).   

• Completion of 35-45 projects involving watershed evaluation, land use 
classification, wetland delineation and alteration and infill, and compensation 
planning for numerous residential and commercial large-scale developments 
across Nova Scotia and New Brunswick.  

• Completion of wetland delineation and watercourse identification for three 
large scale developments (450 ha, 200 ha, 300 ha and 400 ha) from 2012 to 
2014.   

Work	  Experience	  
McCallum Environmental Ltd., Nova Scotia, 2010-Present 

Vice President/Senior Project Manager - Provides project management 
expertise for site and/or route selection, constraints mapping, regulatory 
consultation, environmental assessments, environmental baseline surveys, 
wetland alteration and restoration planning, environmental protection plan 
development, regulatory applications, construction monitoring, and 
reclamation for small and large scale industrial projects. Other responsibilities 
include marketing, budget management, report preparation and client service. 
 

Strum Environmental Services Ltd., Nova Scotia 2000-2010 
Project Manager- From 2000- 2010, provided project management expertise 
for development clients across Atlantic Canada.   Projects included 
environmental assessment, large scale commercial and residential 
developments, wetland alteration projects, wetland compensation planning 
and implementation, wetland restoration and creation projects, phased site 
assessments, and risk assessment and management.   

 
Environmental Sciences Group, Kingston, ON 1998 

Environmental Scientist- in 1998, provided contaminant and project 
management expertise to Department of National Defense in the Canadian 
Arctic in support of remediation of several remote military sites.  Identified 
areas required for remediation and completed associated boundary soil and 
sediment confirmatory sampling and analysis.   

 



      
                                                                                                                          Andy Walter, BSc. (Hort) 

andy@mccallumenvironmental.com 
Senior Project Manager 

 

Years in Practice      
8 
Certifications 
Nova Scotia Advanced 
Wetlands Delineator and 
Evaluator 
 
Memberships 
Nova Scotia Wetlands 
Delineation, Maritime 
College of Forest 
Technology 
 
Education 
• BSc. (Horticulture), 

Essex University (UK), 
2003-2005 

 
Training 
• Wetland Functional 

Assessment Training 
Workshop, NSE 2013  

• Urban Wetland 
Restoration: A 
Watershed Approach, 
2012 

• Nova Scotia Advanced 
Wetlands Delineation 
and Evaluation Course, 
2010; 

• Water Management and 
Wetland Restoration 
Training Course, 2014; 

• Identifying and 
Delineating Wetlands 
for Nova Scotia, 2009 

• Watercourse Alteration 
Certification (Nova 
Scotia Environment) 
(2008) 

• Saint John Ambulance 
Emergency First Aid, 
AED, CPR(C). 2016 
 

Summary 
Mr. Walter is a trained biologist and wetland specialist, and has extensive experience 
managing technical biophysical projects within Atlantic Canada. Mr. Walter is 
knowledgeable in federal, provincial, and municipal environmental regulations and 
guidelines applicable to Atlantic Canada, and works closely with all necessary 
regulatory agencies to facilitate project implementation. As senior project manager, 
Mr. Walter ensures biophysical field programs are tailored to the needs of the client 
and project, while meeting regulatory standards. Mr. Walter has provided 
environmental support to the planning process in a wide range of project types 
including residential development, industrial projects (mining, pit and quarry), 
transmission line and hydro dam infrastructure and highway construction to name a 
few.  Mr. Walter has managed the environmental processes associated with multiple 
wind energy developments in Nova Scotia, including compilation of provincial 
environmental assessment (EA) documents, and implementation of associated EA 
biophysical field surveys, as well as acquiring pertinent environmental  information 
required for regulatory permitting.  
 
As a trained field biologist, Mr. Walter has completed terrestrial and stream habitat 
assessments, and flora and fauna surveys, including desktop reviews and 
characterization of biophysical environments.  Mr. Walter also completes numerous 
fish habitat/watercourse assessments for effects monitoring, watercourse alteration, 
and HADD authorization projects.  Assessments have also included water quality 
sampling, benthic sampling, and biophysical characterization (channel depth and 
width, stream velocity, fish habitat assessment) of water bodies. 
 
As a qualified wetland delineator and wetland function evaluator for Atlantic Canada, 
Andy has completed delineation of hundreds of wetlands.  Projects often involve the 
completion of species at risk assessments, functions assessments, and detailed wetland 
characterization in support of provincial wetland alteration applications.  In addition, 
Mr. Walter assists in the identification of potential compensation sites for wetland and 
fish habitat alterations, reviews databases, mapping, and aerial imagery, completes 
ground truthing and consults with local environmental groups and government to 
identify potential sites.  Following alteration approval, Mr. Walter supervises 
construction activities for numerous construction projects in wetland habitat ensuring 
that erosion and sedimentation control measures are implemented prior to 
construction, and monitors activities during construction to ensure wetland protection 
measures are effective.   

Project Experience 
• Management and completion of terrestrial habitat mapping, wetland 

delineation and vegetation surveys in support of EA and regulatory 
permitting for the South Canoe Wind Project (80MW wind Project in Nova 
Scotia) 2011-2014. 

• Management of a multi-faceted avian study in support of a provincial EA at 
Aulds Cove, NS. 

• Completion of six provincial environmental assessments and baseline 
surveys for community wind projects in Nova Scotia in 2012-2014.  

• Terrestrial habitat mapping, wetland delineation and vegetation surveys in 
support of a 65km distribution transmission line in central Nova Scotia.  

mailto:andy@mccallumenvironmental.com


      
                                                                                                                          Andy Walter, BSc. (Hort) 

andy@mccallumenvironmental.com 
Senior Project Manager 

 

• Wetland delineation, species at risk, watercourses and flora surveys at the 
site of a proposed quarry in Nova Scotia.  Subsequent facilitation of 
wetland alteration permit to alter in excess of 20 hectares of wetland. 
 

• Implemented the passive wetland restoration strategy at a disturbed wetland 
on NSDNR property.  Completed regular monitoring of vegetation, soil, 
and hydrology conditions and developed project recommendations 
accordingly (2009-2011). 
 

• Wetland delineation, species at risk, watercourses and flora surveys at the 
site of a proposed 22km railway line and shipping container terminal in 
eastern Nova Scotia (2012-2014).   
 

• Completion of wetland delineation and watercourse identification and 
associated regulatory permitting at multiple developments in Nova Scotia 
(2009-2016). 

 

Work Experience 
 

Strum Environmental Services Ltd., Nova Scotia 2008-2015 
Environmental Specialist/Project Manager- provided project management 
expertise for development clients across Atlantic Canada.   Projects 
included environmental assessment, large scale commercial, residential and 
wind power developments, wetland and watercourse alteration projects, 
wetland compensation planning and implementation, wetland restoration 
and creation projects, avian studies, and regulatory consultation.   

 
  

 

mailto:andy@mccallumenvironmental.com


      
                                                                                           Melanie MacDonald, BSc. (ISAR & Bio), MREM 

melanie@mccallumenvironmental.com 

 

Years in Practice     
12 

 
Education 
Masters of Resource and 
Environmental 
Management, Dalhousie 
University, 2009-2011  
 
B.Sc. Advanced Major in 
Biology & 
Interdisciplinary Studies 
in Aquatic Resources, St. 
Francis Xavier University, 
2001-2005 
 
Training 
 WHMIS, 2017 
 Wetland Delineation 

Certification, 2013 
 Saint John Ambulance 

Standard First Aid, 
AED, CPR(C), 2013 

 Health Safety and 
Environmental 
Leadership training and 
Advanced Safety Audit 
training, 2009 

 Emergency Operations 
Centre crisis 
management training, 
2006-2008 

 Introduction to the 
Fisheries Act and 
Navigable Waters 
Protection Act course – 
ESAA 

 Bear Awareness training 
and ATV training – 
Alberta Safety Council, 
2006 

 Site Supervisor Safety 
Training, Construction 
Safety Training System 
2005 

 

Summary 
Ms. MacDonald has been in the environmental consulting profession since 
2005.  She has worked on both project related and research related field 
assessments in Nova Scotia, Prince Edward Island, and Alberta. 
 
Ms. MacDonald is responsible for completing biophysical assessments, 
including flora and fauna surveys, avian surveys, and species at risk 
evaluations, primarily for clients in the energy sector, mining sector, and 
commercial development sector.  Ms. MacDonald coordinates all field staff 
required to complete all environmental baseline programs for Provincial 
Environmental Assessment registration. Ms. MacDonald has been responsible 
for the implementation of six environmental baseline programs for mining, 
quarry development and energy sector development projects in Nova Scotia in 
advance of environmental assessment registration.    

Selected Project Experience 
• Completion of environmental baseline surveys for the federal 

environmental assessment process for a proposed development of a 
gold mine in eastern Nova Scotia in 2015 and 2016  

• Completion of environmental baseline surveys for Quebec based 
company for a proposed gold mine expansion in eastern Nova Scotia 
and the completion of environmental baseline surveys for four Nova 
Scotian quarry expansion projects in 2012-2016.  

• Completed watershed planning for the Sackville River Secondary 
watershed and Musquodoboit River Secondary Watershed to 
evaluation wetland restoration potential and to aid in better land use 
planning, source water protection and management of water resources.  

• Completion of surveys associated with wetland alteration applications 
and associated compensation for multiple wetlands (32 and 24) 
associated with residential and industrial development in Nova Scotia 
(2013 and 2016).    

• Completion of wetland delineation and watercourse identification for 
five large scale developments (2 - 200 ha, 300 ha, 400 ha, and 450 ha) 
from 2012 to 2014.   

Experience 
McCallum Environmental Ltd., Halifax, Nova Scotia  

Biologist and Environmental Specialist/Coordinator:           
May-Aug 2011, Jan 2012-Present 

• Completing biophysical assessments, including flora and fauna 
surveys, with emphasis on species at risk. Completing wetland and 
watercourse delineations and assessments and coordinating 
migratory bird and bat monitoring. Communicating field survey 
results and methodologies for Environmental Assessments and other 
Provincial regulatory applications. Instructed Wetland Delineation 
course with Fern Hills Institute, Summer 2016. 

mailto:melanie@mccallumenvironmental.com


      
                                                                                           Melanie MacDonald, BSc. (ISAR & Bio), MREM 

melanie@mccallumenvironmental.com 

 

 
Amec Colt, Shell/Albian Sands Expansion 1 - Fort McMurray, Alberta.  

Environmental Specialist and Area Environmental Lead  
July 2008 – October 2009.   

• Proactively monitored construction activities via inspections, audits 
and Environmental Work Permits & Protection Plans to ensure 
compliance with regulatory approvals, the projects' Environmental 
Control Plan, and best management practices. Investigated and 
reported incidents, and liaised between contractors and project owners. 
Implemented Environmental Awareness and communicated issues via 
weekly newsletters. Worked as an independent contractor to Amec 
Colt.  

 
Canadian Natural Resources Ltd. - Fort McMurray, Alberta 

Regulatory and Environmental Specialist: October 2005 – July 2008 
• Conducted extensive field work in various fish and wildlife programs. 

Communicated issues with government agencies, contractors and 
external stakeholders. Performed on-call duties, spill response, and 
non-compliance reporting and response. Expanded upon site wide 
procedures for protection of water, wildlife and waterbirds. Played a 
pivotal role in planning & completion of a fish salvage of 38 km of the 
Tar River, and in construction of a 77 hectare fish habitat 
compensation lake (Horizon Lake). Horizon Lake earned CAPP 
Steward of Excellence Award for Environmental Performance. Hired, 
trained, and supervised teams of up to four summer interns. Chaired 
the regional 'Oil Sands Bird and Wildlife Protection Committee.  
 

 

mailto:melanie@mccallumenvironmental.com


      
                                                                                                      John R Gallop, BSc., B.I.T. 

john@mccallumenvironmental.com 

 

Years in Practice     

4 

 

Education 
B.Sc. (Honours, Biology), 

Waterloo University, 

2009-2011. 

 

Training 
 Saint John Ambulance 

Standard First Aid, 

AED, CPR(C), 2015 

 Wildlife Awareness 

training and ATV 

training – 2015 

 W.H.M.I.S – 2015 

 H2S Alive - 2015 

   

           

 

Summary 
 

Mr. Gallop has been in the environmental consulting profession since 2011.  

He has worked on both project related and research related field assessments in 

Nova Scotia, Alberta and Saskatchewan. 

 

Mr. Gallop is responsible for completing biophysical assessments, including 

flora and fauna surveys, avian surveys, and species at risk evaluations, 

primarily for clients in the energy sector, mining sector, and commercial 

development sector.  Mr. Gallop has been responsible for the implementation 

of 4 environmental baseline programs for mining, quarry development and 

energy sector development projects in Nova Scotia and Saskatchewan in 

advance of environmental assessment registration.    

Selected Project Experience 
 

 Completion of migratory bird surveys for a large scale renewable 

energy project. 

 

 Completion of ungulate and other wildlife surveys for a variety of 

Natural Resource projects. 

 Completion of environmental baseline surveys for the federal 

environmental assessment process for a proposed development of a 

gold mine in eastern Nova Scotia in 2016  

 Completion of wetland delineation, watercourse identification and 

vegetation assessments of two large scale developments in 

Saskatchewan and Nova Scotia in 2015 and 2016. 

 Responsible for collecting baseline data for the calibration of the 

Wetland Ecosystems Services Protocol (WESP) for the Province of 

Nova Scotia. 

Experience 
 
McCallum Environmental Ltd., Halifax, Nova Scotia  

Biologist and Environmental Specialist:           

April 2016-Present 

 Completing biophysical assessments, including flora and fauna 

surveys, with emphasis on species at risk. Completing wetland and 

watercourse delineations and assessments and coordinating 

migratory bird monitoring. Communicating field survey results and 

methodologies for Environmental Assessments and other Provincial 

regulatory applications.  

 

 

mailto:john@mccallumenvironmental.com


      
                                                                                                      John R Gallop, BSc., B.I.T. 

john@mccallumenvironmental.com 

 

 

 

Basin Environmental LTD., - Edmonton, Alberta.  

Environmental Technologist 

September 2014 – February 2016..   

 Utilized the Alberta Wetland Classification system to assess wetlands 

and the Wetland Rapid Evaluation Tool to determine compensation 

required for impacts to classified wetlands. 

 Aerially interpreted and delineated wetlands.  

 Conducted species at risk background searches and field visits. 

 Conducted pre-disturbance assessments for oil and gas activities, road 

improvements and residential developments, including: 

watercourses/waterbodies, soil profiling, vegetation, wildlife, eco-sites 

and timber volumes. 

 Prepared reports for a variety of assessments, including: wetlands, pre-

disturbance, bio-physicals, fish habitats for access road watercourse 

crossings, EAP/EFR supplements and applications. 

 Monitored the water quality of horizontal directional drilling on fish 

bearing permanent watercourses. 

 Assisted surveyors and construction engineers on-site in the design of 

oil and gas well leases and facilities, pipelines and access roads to 

ensure compliance with EAP Standards and Guidelines. 

 

  
 

mailto:john@mccallumenvironmental.com


Tessa Giroux,	  B.NRSc	  , BIT
tessa@mccallumenvironmental.com	  

Years in Practice    
5 

Education 
Bachelor of Natural 
Resource Science, 
Thompson Rivers 
University, 2014  

Renewable Resource 
Management Diploma, 
Lethbridge College, 2011 

Training 
w  Wetland Delineation

Certification, 2013 
w  Saint John Ambulance
     Standard First, AED,  
     CPR(C), 2014 
w ATV Training Course,

 2015
w  Certified Crew 
Supervisor Backpack 
Electrofishing, June 2015
w Wildlife Awareness,

 April 2015

Summary	  

Ms. Giroux has been in the environmental consulting profession since 
2010.  She has worked on project related field assessments in Alberta, 
British Columbia, Manitoba, Nova Scotia and Saskatchewan.

Ms. Giroux is responsible for completing biophysical assessments, 
including flora and fauna surveys, bird surveys,   aquatic surveys, 
wetland monitoring and species at risk evaluations, primarily for clients 
in the energy sector, mining sector, and commercial development 
sector. Ms. Giroux coordinates field programs required to 
complete environmental baseline programs for Provincial 
Environmental Assessment registration. Ms. Giroux has been 
responsible for the implementation of an environmental baseline 
biophysical programs for mining development a project in Nova 
Scotia in advance of environmental assessment registration.    

Selected	  Project	  Experience	  
• Completion of environmental baseline surveys for the federal environmental

assessment process for a proposed development of a gold mine in eastern
Nova Scotia in 2016

• Project Scientist; Storm Water Ponds Sediment Sampling; City of Calgary;
Alberta; 2015. Conducted storm water pond sediment sampling as crew lead
for a municipality-regulated project. Prepared sediment samples for the lab.
Assisted in compiling field data for the technical report.

• Water Quality Monitoring; ATCO Pipeline Ltd.; Alberta; 2015. Conducted
water quality monitoring on various wetlands along the pipeline corridor.

Experience	  
McCallum Environmental Ltd., Halifax, Nova Scotia 

Biologist and Environmental Specialist:          
April 2016-Present 

• Completing biophysical assessments, including flora and fauna surveys,
with emphasis on species at risk. Completing wetland and watercourse
delineations and assessments and coordinating migratory bird and bat
monitoring. Communicating field survey results and methodologies for
Environmental Assessments and other Provincial regulatory applications.

CH2M Hill, Calgary, Alberta
Intermediate Wetland Ecologist:          
2011-2016 

• Experienced field biologist who collected field data, including soil,
vegetation, noxious weeds, wildlife, hydrologic parameters for various
temporary and permanent disturbances to wetlands associated with linear
construction projects, including transmission line and pipeline projects, lease
sites and facility projects throughout western Canada. Crew lead for
wetlands surveys, water quality monitoring, sediment sampling,
environmental integrity screenings and reclamation surveys, including
noxious weed surveys, soil compaction and crop surveys. Assisted with
compiling field data and writing technical reports for various federally,
provincially and municipality-regulated projects.



Jeffrey Parks 
Environmental Geoscientist/GIS Specialist 

Page 1 

 
 

 

Environmental Permitting and Compliance 

Project Coordinator/Administrator 

Touquoy Mine | Atlantic Gold Corp. | Moose 

River Gold Mines, NS | 2007 - ongoing 

Engaged to complete environmental baseline studies, 
engineering, public consultation, environmental 
assessment and industrial approval permitting, act as 
regulatory liaison for a surface gold mine project. The 
project was successfully permitted and is currently raising 
funds to begin operation using conventional surface 
mining techniques. 

Project Coordinator/Administrator 

Beaver Dam Mine | Atlantic Gold Corp. | 

Marinette, NS | 2014 - ongoing 

Engaged to complete environmental baseline studies, 
public consultation, environmental assessment and 
industrial approval permitting, expectation management, 
act as regulatory liaison for a planned satellite surface 
gold mine that will require crush and haul of ore to an 
existing approved facility for processing. 

Project Coordinator/ Administrator 

Cochrane Hill Gold Project | Atlantic Gold Corp. 

| Melrose, NS | 2014 - ongoing 

Coordinate the environmental baseline studies, public 
consultation and environmental assessment for a planned 
surface gold mine. 

Project Coordinator/ Administrator 

Millers Creek and Wentworth Quarries | CGC 

Inc | Windsor, NS | 2007 - ongoing 

Engaged to complete environmental baseline studies and 
environmental assessment for a planned extension to the 
Miller Creek Gypsum Quarry. The project received 
regulatory environmental approval. A subsequent idling of 
the gypsum mines switched focus on reclamation 
planning for two sites. Annual activities address planning 

and monitoring of reclamation activities and regulatory 
liaise. 

Project Coordinator/ Administrator 

Gays River Lead/Zinc Mine | ScoZinc Ltd. | 

Cooks Brook, NS | 2007 - ongoing 

Engaged to complete environmental baseline studies, 
public consultation, environmental assessment and 
industrial approval permitting, act as regulatory liaison for 
a surface lead/zinc mine expansion project. The project 
was successfully permitted in a very short period of time. 

Project Manager 

Viewshed Analysis | Nova Scotia Power | 

Dartmouth, NS | 2013 

Viewshed analysis for a proposed extension to existing 
power poles in an area with Heritage view planes. 

Project Manager 

Mine Dewatering Permit | Scorpio Gold | 

Caribou Gold Mines, NS | 2010 

Provided services for the development of a mine 
dewatering permit, including site characterizations, 
engineered wetland and receiving environment. 

Project Manager 

Environmental Assessment Ingramport 

Interchange | NS Transportation and 

Infrastructure Renewal | Ingramport, NS | 

2008 - ongoing 

Manage the environmental assessment including 
wetlands and archaeology for a proposed highway 
interchange. 

Assistant Project Manager 

Brierly Brook Quarry | Nova Construction | 

2013 - 2015 

Coordinate environmental baseline studies for an 
environmental assessment (co-author) of an aggregate 

Qualified: Diploma, Geographic Information Systems, 1992; Bachelor of Science with Specialization (B.Sc.S.) Geology, 

1987 

Connected: Registered Professional Geoscientist: NS (090); Fellow of Geoscientists Canada; Member of Mining 

Association of Nova Scotia; Member of Prospectors and Developers Association of Canada; Member of Geomatics 

Association of Nova Scotia; Life Member of Five Bridges Wilderness Heritage Trust 

Professional Summary: Jeff has relevant recent project experience in relation to environmental assessments, 

permitting and compliance and spatial analysis for natural resource and environmental projects, but specifically in mining 

and aggregates.  He has the effective management skills for document development, quality control, baseline data 

collection and reporting with targeted communication, good organization, and excellent people skills that clients 

appreciate.  He conducts constraints and habitat mapping for environmental assessments and other projects using a 

variety of available and collected data in a GIS environment. Jeff has applied his experience in natural resource, 

municipal, coastal and environmental management to projects both domestically and internationally. 
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quarry expansion project; regulatory liaison; public 
consultation; Industrial Approval application. 

Project Manager 

Cooks Brook Pit | Gallant Aggregates | 

Cooks Brook, NS | 2012 - 2015 

Coordinate environmental baseline studies for an 
environmental assessment (co-author) of a sand and 
gravel expansion project; regulatory liaison; public 
consultation; Industrial Approval application. 

Assistant Project Manager 

Salt Cavern - Gas Storage | Maritimes & 

Northeast Pipeline | Dorchester, NB | 

1998 - 1999 

Assisted in the development and coordination of 
environmental issues/regulatory scoping studies for salt 
dome natural gas storage projects in Southeast New 
Brunswick. 

Principal Investigator 

Environmental Protection Plans | Maritimes & 

Northeast Pipeline | NS & NB | 1997 

Developed environmental protection plans to aid 
geotechnical investigations in advance of pipeline routing 
and design studies. Developed a field guide for pipeline 
construction management personnel of species-at-risk 
along the pipeline route. Assisted in the development of 
and Independent EPP Audit for natural gas pipeline 
construction in Nova Scotia and New Brunswick. 

Planning Manager 

Oil Spill Response Exercise| ALERT Inc| Saint 

John, NB | 1997 - 2000 

Managed data and mapping and provided input to 
execution plans during annual response readiness 
exercises through in a variety of marine oil spill scenarios. 

Training and Facilitation 

Co-Chair 

Geomatics Atlantic 2006 Conference| 

Geomatics Association of Nova Scotia | 

Halifax, NS | 2005 - 2006 

Co-chaired an organizing committee for planning and 
delivery of a 2-day conference that included participants 
from Atlantic Canada and beyond. Served on the previous 
five conference organizing committees in various 
capacities over a period of 10 years. Acted as Exhibitor 
Committee Chair in 2009. 

GIS Trainer 

GIS Software Training | Town of Gander | 

Gander, NL | 2001 

Authored and delivered a 3-day training course in the 
fundamentals of GIS for a municipal setting and provided 
ArcView software training. 

Project Coordinator  

Environmental Assessment Training Manual | 

CIDA | Hashemite Kingdom of Jordan | 

1998 - 1999 

Assisted in the development of components of an 
Environmental Assessment Report Training Manual for 
the King Hussein Environmental Management Training 
Program, through the World University Service of Canada. 

Geomatics Training Specialist 

Integrated Environmental Resource 

Management of the Izhma River Basin | CIDA | 

Syktyvkar, Komi, Russia | 1996 - 1999 

This multi-facted project was an early CIDA success in 
Russia and was integral in bringing together a diversity of 
politicians, administrators and regulators to develop 
management plans for this area. To assist in this 
development I provided GIS training through a translator 
to about ten Russian scientists and programmers. 

GIS Trainer 

Malasyian Geological Survey | Malaysian 

Geological Survey | Halifax, NS | 1994 

As an adjunct to other projects, my colleagues and I 
developed and provided GIS software training to two 
members of the Survey tailored specifically to managing 
mineral development projects. 

Geographic Information and Mapping 

GIS Analyst 

Rail Decommissioning and Remediation | 

CN Rail | Bathurst, NB | 2012 - ongoing 

Site characterization and decommissioning study for 
75 kilometres of rail used to haul lead/zinc ore from mine 
to smelter. Provides GIS Support for delineating study 
boundaries, data management, spatial analysis and 
mapping/ presentation. 

GIS Analyst 

Special Projects| Nova Scotia Finance | 

Halifax, NS | 2006 - 2010 

Provided GIS expertise to development of Nova Scotia 
Community Counts - an online demographic & statistical 
profile system for Nova Scotia. 

Geomatics Analyst 

Red Sea Coral Reef Project | Hyperspectral 

Imaging Ltd | Jizan, Saudi Arabia | 2005 

Provided GIS assistance to the development and 
collection of CASI remote sensing data in the Farasan 
Islands, Saudi Arabia. 

Project Manager/GIS Analyst  

Climate Change Adaptation for Land Use 

Planners | Natural Resources Canada Climate 

Change Secretariat | Halifax, NS | 2006 - 2007 

Developed a toolkit for Land Use Planners to assist in 
assessing potential climate change impacts and 
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alternative land use adaptation scenarios, and in 
implementing climate change adaptation planning 
techniques. 

GIS Analyst/Principal Investigator 

Trail Civic Addressing Pilot Project | Service 

Nova Scotia | Stellarton, NS | 2005 - 2006 

A pilot project to incorporate rail, Trans Canada Trail and 
gas pipeline Infrastructure in to the Nova Scotia Civic 
Address File for E911 purposes. Evaluation and 
implementation of rail and trail E911 infrastructure 

Project Manager 

Sediment Mobility Interaction with East Coast 

Marine Pipelines | Natural Resources Canada | 

Nova Scotia | 2005 

Managed team sub-consultants, on time and budget, to 
provide a short turn around report to assess sediment 
mobility processes in the vicinity of the unburied portion of 
the Exxon/Mobil Pipeline on the Sable Bank and along a 
potential pipeline route on the flanks of Northeast 
Channel. The project catalogued the nature of bedforms 
and determined the interaction with existing the natural 
gas pipeline 

 

Other related areas of interest 

Recognized (Certifications/Trainings) 

 Erosion and Sediment Control Certification 
(No. 1971), Nova Scotia Dept of Internal Services, 
2015 

 Standard First Aid AED CPR A – St. John 
Ambulance, 2013 

 Quality Assurance – Principles of Quality Auditing, 
NS Community College, 2002 

 Quality Assurance – Quality Concepts, NS 
Community College, 2002 

 Shoreline Cleanup and Assessment Technique 
(SCAT), Environment Canada, 1997 

 Level 1 Firefighter Certification, Nova Scotia 
Firefighters School, 1990 

Awards 

 Fellow: Geoscientists Canada, June 2014: for having 
served a Constituent Association (NS) as President. 

Presentations 

 "Soil Suitability for Sustainable Potato Production, 
Acadian Peninsula, NB - Map 2", presented at ESRI 
Canada User Group Meeting December 2002, Halifax 
(with C. Amirault) 

Published 

 "Soils of the Acadian Peninsula, Gloucester County, 
New Brunswick". New Brunswick Soil Survey Report 
No. 18. New Brunswick Department of Agriculture, 
Fisheries and Aquaculture, Fredericton, N.B. 120 pp. 

with seven maps., 2000 (with K. Michalica, 
H.W. Rees, M.J. Dillon, P.J. Loro, P.M. Toner, and 
R.G. Donald) 

 "Utilization of SPANS GIS to Determine Nickel 
Mineralization Potential in Central Labrador". 
Co-operative project report, Nova Scotia College of 
Geographic Sciences, Lawrencetown, Nova Scotia, 
129 pp., 1992 

 "The Nova Scotia Post" Nova Scotia Stamp Club 
Newsletter Vol. 34 No. 2, October 2004 to current. 
(ten issues/year). Editor 

 

Work history 

August 2007 – 
present 

GHD (formerly Conestoga-Rovers & 
Associates), Halifax, NS 

2004 – 2007 Birch Hill GeoSolutions, Lewis Lake, NS 

2003 – 2004 Halifax Regional Municipality, 
Dartmouth, NS 

1995 – 2003 Jacques Whitford Environment Ltd, 
Fredericton, NB & Dartmouth, NS 

1992 – 1994 ADI Limited, Fredericton, NB 

1988 – 1990 Alan W. Comfort, NSLS, Port Medway, NS 

1988 Noranda Exploration Ltd., Bathurst, NB 

1987 Seabright Resources Ltd., Halifax, NS 

1987 Nova Scotia Mines and Energy, 
Halifax, NS 
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EWRP Cornwallis Secondary Watershed 

Appendix C 

Identified Opportunities 

 
 

1 A pond already exists at these locations 
2 Recently clear cut 
3 Desktop review indicates a mapped wetland at this location, but aerial imagery confirms that it exists on 
agricultural land. 
X Indicates that two opportunity types are identified at this location 

Opportunity ID 

Opportunity Type 

Primary Water 

Detention 

Secondary 

Water 

Detention 

Vegetation 

Buffers 

Surface 

Drains 

Channel 

Conversion 

1 X         

2   X       

3 X         

4   X       

5 X         

6   X       

7     X     

8   X       

9 X         

10 X         

11   X       

12 X         

13   X       

14         X 

15 X         

16 X         

17       X   

18       X   

19 X         

20 X         

21         X 

22 X         

23 X         

24       X   

25       X   

26     X     

27         X 

28         X 

29   X       

30   X       

31     X   X 

32 X         

33   X       

34 X         



EWRP Cornwallis Secondary Watershed 

Appendix C 

Identified Opportunities 

 
 

1 A pond already exists at these locations 
2 Recently clear cut 
3 Desktop review indicates a mapped wetland at this location, but aerial imagery confirms that it exists on 
agricultural land. 
X Indicates that two opportunity types are identified at this location 

Opportunity ID 

Opportunity Type 

Primary Water 

Detention 

Secondary 

Water 

Detention 

Vegetation 

Buffers 

Surface 

Drains 

Channel 

Conversion 

35 X         

36   X       

37 X         

38   X       

39   X       

40   X       

41 X         

42 X         

43 X   X     

44 X         

45       X   

46         X 

47         X 

48   X       

49     X     

50     X     

51 X         

52 X         

53 X         

54 X         

55 X       X 

56         X 

57 X         

58 X         

59 X         

60   X       

61 X         

62         X 

63 X         

64 X         

65         X 

66         X 

67       X   

68 X1         

69     X2     
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Appendix C 

Identified Opportunities 

 
 

1 A pond already exists at these locations 
2 Recently clear cut 
3 Desktop review indicates a mapped wetland at this location, but aerial imagery confirms that it exists on 
agricultural land. 
X Indicates that two opportunity types are identified at this location 

Opportunity ID 

Opportunity Type 

Primary Water 

Detention 

Secondary 

Water 

Detention 

Vegetation 

Buffers 

Surface 

Drains 

Channel 

Conversion 

70 X         

71 X         

72   X       

73       X   

74         X 

75   X       

76   X       

77     X     

78         X 

79 X         

80         X 

81       X   

82 X         

83 X         

84 X         

85 X         

86   X       

87         X 

88 X       X 

89         X 

90         X 

91 X         

92         X 

93 X3         

94     X     

95     X     

96 X         

97 X         

98 X         

99     X     

100       X   

101 X         

102         X 

103   X       

104 X       X 
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Appendix C 

Identified Opportunities 

 
 

1 A pond already exists at these locations 
2 Recently clear cut 
3 Desktop review indicates a mapped wetland at this location, but aerial imagery confirms that it exists on 
agricultural land. 
X Indicates that two opportunity types are identified at this location 

Opportunity ID 

Opportunity Type 

Primary Water 

Detention 

Secondary 

Water 

Detention 

Vegetation 

Buffers 

Surface 

Drains 

Channel 

Conversion 

105         X 

106 X1         

107 X       X 

108         X 

109 X         

110 X         

111       X   

112 X         

113         X 

114 X1         

115         X 

116   X       

117       X   

118 X         

119 X         

120 X1         

121   X       

122         X 

123 X         

124         X 

125 X1         

126         X 

127     X     

128 X         

129 X1         

130 X         

131 X         

132 X         

133         X 

134     X     

135 X         

136         X 

137         X 

138     X     

139 X         
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Appendix C 

Identified Opportunities 

 
 

1 A pond already exists at these locations 
2 Recently clear cut 
3 Desktop review indicates a mapped wetland at this location, but aerial imagery confirms that it exists on 
agricultural land. 
X Indicates that two opportunity types are identified at this location 

Opportunity ID 

Opportunity Type 

Primary Water 

Detention 

Secondary 

Water 

Detention 

Vegetation 

Buffers 

Surface 

Drains 

Channel 

Conversion 

140     X     

141 X         

142 X         

143 X1         

144 X         

145     X     

146     X     

147       X   

148         X 

149 X         

150     X     

151         X 

152 X         

153       X   

154 X         

155     X     

156 X         

157 X       X 

158 X       X 

159         X 

160 X         

161     X     

162         X 

163     X     

164 X         

165 X         

166         X 

167 X         

168     X     

169 X         

170     X     

171 X         

172         X 

173 X         

174 X         
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Appendix C 

Identified Opportunities 

 
 

1 A pond already exists at these locations 
2 Recently clear cut 
3 Desktop review indicates a mapped wetland at this location, but aerial imagery confirms that it exists on 
agricultural land. 
X Indicates that two opportunity types are identified at this location 

Opportunity ID 

Opportunity Type 

Primary Water 

Detention 

Secondary 

Water 

Detention 

Vegetation 

Buffers 

Surface 

Drains 

Channel 

Conversion 

175 X         

176         X 

177         X 
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