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Purpose of Study
Halfway River historically, and naturally, was a free-flowing tidal river with extensive salt marshes
comprising the lower reaches of the river’s flood plain, transitioning into brackish and tidal fresh with
distance upstream. As with many of the salt marshes and tidal rivers throughout the Bay of Fundy, these
were lost due the construction of barriers (e.g., dykes & aboiteau, causeways) to tidal flow and fish
passage. Although these “reclaimed” landscapes served important social and economical purposes for
many years and in some cases still do, changing values (e.g., agricultural practices, land use, societal) and
the need to adapt to climate change and sea level rise has led to considerable efforts to restore and protect
tidal systems like the Halfway River – regionally and globally.
The failure of the Halfway River causeway in 2017 has resulted in the re-establishment of a more natural
hydrological regime to the river and has reconnected the watershed to the broader Minas Basin and Bay
of Fundy ecosystem. The re-establishment of tidal flow has initiated the recovery of a significant amount
of provincially significant salt marsh and tidal wetland habitat throughout the now tidally influenced
segment of the river. It has also resulted in the availability and accessibility of the river and wetlands for a
range of resident and migratory fish and bird species that are ecological, socially and economically
important.
The purpose of this study was to begin the process of documenting the area, extent, and condition of the
recovering Halfway River tidal wetlands. This research was conducted at the request of the Nova Scotia
Department of Transportation and Infrastructure Renewal (NSTIR).

Study Area
The Halfway River in Hantsport, NS, flows into the Avon River, which is part of the Southern Bight of
the Minas Basin, Bay of Fundy (Figure 1, Figure 2). Tidal flow to the former macrotidal river was
eliminated by the historical construction and operation of a railway causeway across the mouth of the
river. Freshwater drainage was primarily facilitated by the presence of a large wooden aboiteau structure
within the base of the causeway and a series of overflow culverts. Lack of adequate maintenance of the
causeway and aboiteau structure in recent years contributed to its deterioration and the re-introduction of
limited tidal flow to the river. Full tidal flow returned to the river in November 2017 with the complete
failure of the causeway and aboiteau (Figure 2, Figure 3).
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Figure 1 Location of Halfway River near Hantsport, NS.

Figure 2 Run of the river looking upstream from the Highway 1 at high (neap) tide on 5 September 2018.
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Figure 3 Part of the aboiteau, construction material and rail line remain within the crossing (breach) location
and continue to negatively impact the hydrology. Note – the rail lines visible in this picture from February
2018 have since been removed for safety reasons. Photograph by CBWES Inc.

Figure 4 Aerial photograph of mouth of the Halfway River and breach site. Photograph was taken at high
(neap) tide on 5 September 2018.
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Methodology
Site Visits and Habitat Assessment
Site visits were carried out during winter (February 7, 2018), spring and summary (June 26, July 6,
September 5 & 24, 2018) conditions. During all site visits flow conditions through the breach and within
the river were noted (high and low water, eddies, etc.) and documented with photographs, observed
species were identified and recorded, and sedimentation conditions noted. During the July 26th visit pore
water salinity was recorded using a Field Scout EC Meter and a topographic survey using an RTK-GPS
was carried out on NSTIR properties (PID 45121258; PID 45060365).

Habitat Delineation, Restorable Area and Areas of Vulnerability
Habitat delineation, restorable area and areas of vulnerability were analysed using a combination of aerial
photography, ground photography, and elevation models. An orthomosaic and Digital Surface Model
(DSM) were derived from a series of georeferenced low-altitude aerial ﬂights carried out on September 5,
2018 using a DJI Phantom 3 Professional lightweight UAV and post-processed using industry approved
software Pix4D. Over 1300 vertical and oblique photos were taken covering ~80 hectares, including the
upland adjacent to the marshland. An example of an oblique image is provided in Figure 5. The
orthomosaic and DSM had a 4 cm horizontal pixel resolution and 14 ground control points (GCPs) were
used to georeference them to real-world coordinates (NAD83 CSRS98 Epoch2010 UTM Zone 20N)
(Figure 6). No GCPs were placed south of Highway 102 and no flight lines crossed the highway (due to
access and flight restrictions), making elevations south of the highway unreliable. The mean horizontal
error for validated parts of the DSM was 11 cm and the RMSEz (vertical) was 13.5cm. This is mostly due
to the fact the points used in the accuracy assessment (i.e., the RTK survey) were slightly vegetated,
causing the DSM to be slightly higher. In true bare earth areas, the DSM accuracy was <5 cm (vertical).
Observed die-off was manually delineated from the orthophoto, with aid from the DSM. The estimate of
naturally restoring salt marsh and tidal wetland habitat was identified from these products by comparing
the observed vegetation die-off boundary/sediment deposition boundary (minimum area) to the predicted
flood extents (maximum area, see below). Aerial imagery, the DSM, and ground photography were also
used to assess areas of vulnerability on the marshland.
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Figure 5 Oblique aerial photograph of Highway 1 where it crosses the Halfway River. Photograph by
CBWES Inc., 5 September 2018.

Figure 6 Orthomosaic and DSM derived from the georeferenced low-altitude aerial photography.
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Hydrology
To determine flooded area water levels identified by Earth-water Concepts Inc.’s hydraulic analysis
(Gagne & Casey, 2018) and Saint Mary’s University (van Proosdij, 2018) were mapped on the DSM
identified above. The surface generated using the UAV imagery and Structure from Motion algorithms is
a DSM, not a Digital Elevation Model (DEM), and includes the tops of trees/shrubs/ structures and is not
a bare earth model (Carrivick et al, 2016). However, given that much of the Halfway River’s flood plain
was unvegetated mudflat (exposed surface) at the time of the flight, the DSM was considered an accurate
representation of ground surface elevation and therefore viable for hydrological analysis (RMSEz = 13.5
cm). Flood extents extrapolated from a 2007 LiDAR Digital Elevation Model (DEM) by Raymond
Jahncke (Maritime Provinces Spatial Analyst Research Centre, Saint Mary’s University (SMU)) were
also considered in the analysis. The bare ground extents were used in part to validate the observed die-off,
but also to see how the site may have changed since 2007. Finally, a hypsometric curve, which describes
how a site will flood, was generated from the DSM.
Table 1 Key water heights used for flood extent mapping.
Tide Height
(m CGVD28)

Tide Height (m
CGVD2013)

Year

Source

Description

8.13

7.50

2000

earth-water Concepts inc.(2018)
from (Richards and Daigle 2011)

High High Water Large
Tide (HHWLT)

9.53 (not
mapped)

8.90 (not
mapped)

2000

earth-water Concepts inc.(2018)
from (Richards and Daigle 2011)

HHWLT + peak surge
(1.5 m)

8.03

7.40

2009

8.36

7.73

2055

van Proosdij (2018) from R.J.
HHWLT
Daigle Enviro (2016)
van Proosdij (2018) from R.J.
HHWLT
Daigle Enviro (2016)

Results
Site visits and Habitat Assessment
Although historically and naturally tidal wetland dominated, the Halfway River flood plain prior to the
causeway breaching was a mix of agricultural, freshwater wetland and encroached terrestrial habitats. The
restoration of a more natural hydrological regime (flood pattern) to the system has resulted in the
deposition of sediment throughout the flood plain and the death of terrestrial vegetation species. The
combination of heavy sedimentation and saline water which reaches significant depths at high spring
tides, has resulted in the loss of the agricultural and freshwater species which dominated the site while the
causeway remained intact (Figure 7). Sedimentation was observed to be greatest (~40 cm) in the dales
and low areas, and while the crowns and other higher elevation areas had experienced less sediment
accumulation, it was still sufficient in most areas to bury grasses and other pasture species (Figure 8).
Although the extensive sediment deposition and vegetation loss (e.g., the trees), is very visually dramatic,
it is a pattern of change that is actually quite typical, and expected, as the system transitions back to its
natural tidal condition. The loss of the terrestrial (non-wetland) species and the development of mudflat
like conditions on tidally restricted systems and subsided dykelands, has been observed at tidal river and
salt marsh restoration sites throughout the region (Bowron et al, 2015a; Bowron et al, 2015b; Boone et
al;. 2018). Depending on the degree of subsidence and the available sediment load, this phase of habitat
recovery has been observed to last for several years (1-3 at recent restoration sites). Mudflat development
typically precedes colonization by halophytic vegetation (salt marsh plants) such as the ecological
CBWES Inc. 2018
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engineering species Spartina alterniflora. In the case of Halfway River, vegetation recovery appears to be
occurring quickly. During each of the spring and summer site visits, a variety of halophyte species were
observed to be establishing and thriving throughout the marsh including Spartina alterniflora, Spartina
pectinata, Atriplex sp., Salicornia europea, Suaeda sp., Limonium nashi, and Spergularia sp. Suaeda and
Atriplex sp should be sampled and identified in the lab as the species can be difficult to correctly key in
the field and several potential species were observed (3 Suaeda, 2 Atriplex). However, definitive
identification of these species requires the presence of mature seeds and will not occur until mid to late
October.
Spartina alterniflora and S. pectinata were generally found in concentrated patches, with S. alterniflora
found in the areas that would normally consider being low marsh zones and in lower elevation areas on
the platform (high marsh) that were retaining water (Figure 9). The low marsh at this site is terraced and
is several meters lower than the platform, with steep sloped banks in most places. S. pectinata was found
primarily in higher elevation areas and near ditches where it may have previously had a foothold. The
succulent halophytes, particularly Suaeda, Atriplex, and Salicorniai, are annual plans and were found
scattered throughout the site (Figure 10).
Pore water salinity was collected during the June 26th site visit at multiple locations across the site and the
measurements are shown in Table 2. The salinity data was collected during a spring tide cycle several
hours prior to high tide. Average pore water salinity was 4.18 ppt, with the maximum reported value at
7.564 ppt in the low marsh. For low, mid and top of bank salinities shallow readings were more saline
than deep readings, while readings from the platform were roughly equal.

Figure 7 Landscape shots of Halfway River taken from the Hantsport Connector at high spring tide (left) and
low spring tide (right). Photographs by CBWES Inc. 26 June 2018.
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Figure 8 Heavy sedimentation in one of the main dales (left) and exposed crowns with dead grass visible
(right). Photographs by CBWES Inc., 26 June 2018.

Figure 9 S. alterniflora growing on the low marsh river edge (above), and on the marsh platform (below left).
In many cases the plants were observed to be growing in the cracks that form as the sediment dries (below
right). Photographs by CBWES Inc. July 7 (top), 5 September 2018 (bottom).
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Figure 10 Suaeda (top left, bottom right), Atriplex (top right), and Spergularia (bottom left) species. These
succulent halophytes were found scattered throughout the site. Photographs by CBWES Inc. 5 September
2018.
Table 2 Pore water salinity measurements, Halfway River. Tide condition – low and rising, spring tide cycle.
June 26, 2018.
Shallow (15 cm)

Deep (45 cm)

Pid
1

Salinity (ppt) Temp (deg C) Salinity (ppt) Temp (deg C) Notes
Position
High Marsh 4.108
2.611
13.9
S. pectinata & bare ground

67

High Marsh 4.089

13.8

2.888

14.3

Salincornia Europea

76

High Marsh 3.729

13.6

3.189

14.2

On crown

116

High Marsh 3.988

14.1

5.598

14.4

Dead veg and Juncus sp

168

High Marsh 4.811

14.2

6.36

14.8

Bare Ground

25

Low Marsh

7.564

13.9

6.66

14.4

Can hear and see Corophium

27

Low Marsh

7.311

14.2

7.54

14.1

30% veg cover (S. pectinata)
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Shallow (15 cm)
Pid
50

Position
Low Marsh

154

Deep (45 cm)

Salinity (ppt) Temp (deg C) Salinity (ppt) Temp (deg C) Notes
4.502

13

2.535

13.5

Low area

Low Marsh

3.253

14.1

0.384

14.3

155

Low Marsh

2.901

14.5

0.364

14.6

14

Mid Marsh

4.592

14.2

2.836

15

81

Mid Marsh

4.068

14

0.62

14.5

In trough, muddy

96

Mid Marsh

2.719

14.4

1.606

13

Bare ground on crown

158

Mid Marsh

4.66

15.5

6.096

16

In standing water

159

Mid Marsh

3.777

13.8

5.407

14.7

Bare ground

156

Mid Marsh

3.659

13.6

4.675

13

Bare ground

157

Mid Marsh

4.596

15.7

5.146

15.9

In standing water

19

Top of Bank 2.045

14.21

33

Top of Bank 4.37

14

2.353

14.8

Bare ground

89

Top of Bank 2.922

13.9

0.341

14.5

Bare ground

In standing water

Bare Ground w/ small suaeda

High Marsh

4.15

13.93

4.13

14.32

Low Marsh

5.11

13.94

3.50

14.18

Mid Marsh

4.01

14.46

3.77

14.59

Top of Bank

3.11

14.04

1.35

14.65

All

4.18

14.14

3.54

14.42

Hydrological Restoration and Re-establishing Salt Marsh and Tidal Wetland
To determine the area of re-establishing salt marsh and tidal wetland habitat (“restored area”), the flood
extents produced by SMU and extracted from the DSM were compared to the observed die-off line to
produce a range of potential area. Die-off was manually delineated from the orthomosaic and was
determined to be on the order of 65 ha within the captured floodplain. Flood extents generated from the
DSM matched well to this observed line in most places (Figure 11). As GCPs were not used south of
Highway 102, flood extents in this area are unreliable. The SMU flood extents were on the order of 80 ha
and included areas not captured in the orthomosaic domain (e.g, upper reaches south of highway,
floodplain east of Hantsport Connector). The DEM flood extents slightly exceed the observed die-off on
the main marsh platform. This is due in part to the presence of trees on the edge of the marsh which
obscure the true surface. However, it also may be the case that the full extent of die-off and restoration is
not yet fully evident, as upland edges flood much less frequently and will take longer to transition. The
hypsometric curve indicates the marsh will flood in a somewhat typical salt marsh pattern, though the
presence of low marsh terraces leads to flooding early on the rising tide. The platform itself floods
between 5 and 6 m CGVD2013, indicating that water depth on the marsh could exceed two meters in
some areas. This supports a subsided platform as a result of the exclusion of tidal flooding for an
extended period of time.
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Figure 11 Flood extent generated from 2018 DSM line up well with the die-off extent observed in the
orthomosaic, except south of the highway where no GCPs were deployed and elevations were invalid.
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Figure 12 Flood extent generated from 2007 DEM (AGRG/SMU) slightly exceed die-off extent observed in the
orthomosaic.
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Figure 13 Hypsometric curve generated from 2018 DSM for Halfway River

Areas of Vulnerability
The return of tidal flow has brought several areas of vulnerability along the river to the attention of both
the local community and the Province. Areas of concern that were identified during community meetings
in August and September 2018 include several locations along the western bank of the river (sports field,
graveyard), the section of the road that are on and border the floodplain, as well as both the Highway 1
and 102 bridges.
The Halfway River floodplain has abrupt upland slopes, or bluffs, on either side of the river. Local
residents raised concerns during two public meetings held in August and September 2018 in Hantsport, of
the potential risk to the Riverbank Cemetery (Figure 14, Figure 15, Figure 16) and the Hantsport
Community Center (Figure 18, Figure 19) from erosion of the bank that was believed would occur as a
result of the re-introduction of tidal flow. Examination of aerial photographs, a 2013 LiDAR DEM
obtained from the Province of Nova Scotia’s DataLocator webservice (Internal Services Department), and
on-site observations indicate that most of the dead and dying vegetation (trees) is limited to the floodplain
surface and not the bank slope. Continued monitoring of the bank for signs of increased vulnerability or
potential failure is recommended in order allow for adaptation and mitigation measures to be taken. One
such action, which is a routine shoreline erosion management technique, would be to cut down any dead
or dying trees at the toe or on the slope before they naturally fall and potentially taking a part of the slope
with them and further exposing and destabilizing the bank. The cut trees could also then be used to further
CBWES Inc. 2018
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protect the toe of the slope and aid in the re-establishing of wetland plant species which would further
stabilize the site. The slope failure observed downstream of Highway 1 (below the Community Centre
and sports fields) predates the failure of the aboiteau. The downed trees and bank slumping in this
location that is visible from Highway 1, can clearly be observed in the Google Earth imagery from 2015.
This was further confirmed through discussions with local residents. No additional movement was
evident from either the 2018 aerial imagery or on-site observations. Although there are some adjacent
tress that appear to be unstable, there is new vegetation growth on the slump which will help stabilize the
area. Further, the trees which did fall previously are being actively incorporated into the river channel.
Again, continued monitoring and nature-based interventions, should they be deemed necessary, are
recommended.
Regarding the transportation infrastructure that is within and bordering the river system, specifically
sections of Highway 1 near the mouth of the river, the Highway 102 Exit 8 on/off ramps, and a low-lying
section of Schurman Rd., are vulnerable to flooding during peak spring tides and storm surge events
(Figure 20; Figure 21). However, it is our understanding that NSTIR is aware of these areas of
vulnerability and are prepared to take the necessary actions to upgrade their infrastructure to alleviate the
risk. Eddies and scour pools were observed both downstream and upstream side of the Highway 1 bridge
which is indicative of restricted tidal flow (Figure 22, Figure 23). Monitoring of conditions and the bridge
by NSTIR is ongoing.

Figure 14 Aerial view of the River Bank Cemetery. The dead trees at the base of the bluff are located
primarily on the floodplain directly and not the slope, which appears to be stable at this time.
CBWES Inc. 2018
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Figure 15 Close up of die back over both orthomosaic and 2013 DEM surface.

Figure 16 Dead trees on the marsh platform below the River Bank Cemetery. Photograph by CBWES Inc.
June 26, Rising tide.
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Figure 17 Trees and shrubs dying on the platform upstream for the Riverbank Cemetery. Photograph by
CBWES Inc. September 24, falling spring tide.

Figure 18 Failure of slope near the Hantsport Community Center, which pre-dates the aboiteau failure.
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2014

2015

2017

2018

2018

Figure 19 Progression of slope failure below Hantsport Community Center, 2014-2018 and landscape view at
high spring tide, 24 September 2018.
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Figure 20 Sediment deposition due to flooding on the low-lying section of Schurman Road (currently closed
due to flooding).
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Figure 21 Highway 102, Exit 8 on/off-ramps. Upstream looking toward the mouth of the river. 5 September
2018.
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Figure 22 Highway 1 Bridge - scour and eddies observed

Figure 23 Highway 1 bridge at low tide from upstream marsh (left) and downstream eddies on outgoing tide
(right). Photograph by CBWES Inc, 5 September and 7 February 2018.
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Summary
The recovery of a significant amount of salt marsh and tidal wetlands has been initiated with the reestablishment of a more natural hydrological regime to the Halfway River system, by the failure and
breaching of the railway causeway in 2017. Currently, heavy sedimentation and saline water brought in
by high spring tides has resulted in the loss of agricultural and freshwater plant species which dominated
the site prior to the breach. The resulting mudflat is quickly being colonized by range of salt marsh and
tidal wetland plant species which have been observed to be thriving throughout the marsh. Based on
experience with intentional tidal wetland restoration projects elsewhere in the Minas Basin, these plants
will continue to increase in abundance, diversity and extent over the next several years to the point that
the majority of the marsh surface will be re-vegetated within 3-5 years. The die-off of agricultural and
freshwater species has been manually delineated to be at least 65 ha, though the furthest upstream reaches
and some areas east of the Hantsport Connector were not captured in the orthomosaic and not delineated.
The predicted flood extents match well with delineated die-off, and an additional 15 ha are flooded in
areas not captured in the orthomosaic. The hypsometric curve for the system indicates that the flood plain
will flood in a typical salt marsh pattern, though the presence of low marsh terraces does lead to early and
more frequent flooding of these areas, and the extended period of eliminated tidal flow and agricultural
use have resulted in a subsided platform. The main area of vulnerability is the highway infrastructure
located within the now tidal portion of the system.
If the system is to remain open, it is recommended that consideration be given to the removal of the
remaining aboiteau infrastructure from the breach and the stabilization/restoration of the mouth of the
river. The clean up and restoration of the mouth of river would eliminate the continued influence of the
structure on tidal flow and fish passage, allow for the fully naturalized movement of water and species
into and out of the system, improve public safety and re-establish safe navigation. This would also reduce
the velocity of water moving through the opening which would reduce the risk of erosion, particularly to
vulnerable areas, immediately upstream and down. It should also be noted that if the aboiteau were to be
repaired and the breach closed, the upstream habitats would not immediately return to their pre-breach
condition. The marine sediments which have already been deposited would need to dewater, and time
would be required for the salt to leech from the soil before the terrestrial vegetation could begin to
recolonize. If the priority is green-up, habitat stabilization, long-term sustainability and resiliency, the
most efficient way to achieve those objectives would be to allow the continuation of the restoration
process that is already well underway.
Overall the reconnection of the Halfway River watershed to the broader Minas Basin and Bay of Fundy
ecosystem has resulted in the availability and accessibility of the river and wetlands to a range of resident
and migratory fish and bird species that are ecological, socially and economically important. If natural
flow is allowed to continue, these processes will deepen and continue, and 65 to 80 ha of provincially
significant salt marsh and tidal wetland habitat will be restored, directly adjacent to a Ramsar
internationally-recognized wetland (Southern Bight-Minas Basin)1 and an Important Bird Area of Canada
(Southern Bight, Minas Basin)2.

1
2

https://rsis.ramsar.org/ris/379
www.ibacanada.org/mobile/site.jsp?siteID=NS020
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