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Executive summary
Physical obstructions, such as dams, are a major threat to Atlantic salmon, as they alter the flow of rivers,
affect water temperature, and block passage to important spawning habitat, rearing areas, and thermal
refugia. There is an estimated 1.30 million m2 of productive habitat unavailable in the Outer Bay of Fundy
(OBoF) region due to physical barriers (DFO, 2014). Improving fish passage will inherently increase the
amount suitable habitat and lead to a direct increase in freshwater productivity. In the absence of human
intervention there is a 28% probability that the Atlantic salmon will be extirpated from the Nashwaak river
system in the next 100 years (DFO 2014; 2015).
The Campbell Creek dam, property of the City of Fredericton, is located in Marysville, New Brunswick and
was built in 1919 to provide water to the Marysville Cotton Mill. Fish passage through the dam is nonexistent. The headpond has drained at least twice in the past 25 years, most recently in 2016. The removal
of the dam has been proposed on at least two occasions. Previous engineering reports all recommend
complete removal of the dam as the best option as the dam is a liability to the City in terms of safety and
it has negatively affected fish habitat and aquatic connectivity for almost a century. The dam does not
meet the Canadian Dam Association guidelines with respect to the hydraulic capacity of the spillways,
stability, seepage and erosion, or public safety.
In 2018, the City made the decision to remove the dam and a request was put to NB Department of
Environment and Local Government to determine if an Environmental Impact Assessment was needed
before proceeding with work. At the time of writing, no timeline has been set for the removal of the dam.
This report details existing knowledge and baseline conditions of Campbell Creek and the dam, as well as
options for the dam’s future, remediation of the former headpond if the dam were to be removed, and
fish passage options. To predict how the stream and watershed are likely to respond to the potential
removal of the dam, we believe that it is important to first understand the ecological effects the Campbell
Creek dam has had over the last century. Ultimately, the decision on the future of the dam lies in the
hands of the City of Fredericton.
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Introduction
Dams alter biodiversity in aquatic ecosystems by modifying geomorphic, hydrological, and ecological
connectivity. Obstructions can severely reduce the productive habitat and production of salmon (DFO and
MRNF, 2008). In addition to direct loss of habitat, dams also alter natural river hydrology and
geomorphology, interrupt natural sediment and debris transport processes, and alter natural
temperature regimes (Wheaton et al., 2004). These impacts can adversely change aquatic community
composition and affect the entire aquatic ecosystem structure and function. Juvenile Atlantic salmon can
use extensive areas of freshwater habitat (e.g., Robertson et al., 2003) and must be able to access feeding
and refuge habitat. Lack of habitat connectivity affects the abundance and distribution of Atlantic salmon
populations.
The removal of the Campbell Creek dam has been previously considered by the New Brunswick
Department of Transportation and Infrastructure as potential Harmful Alteration, Disruption or
Destruction (HADD) compensation project associated with the construction of Rte. 8. However, the
project was abandoned following opposition from a few local residents, difficulty of obtaining permits,
and the suspicion of a natural waterfall behind the dam, which would have presented additional
challenges with respect to fish passage. The removal of the dam was also identified as a potential
compensation project for the future Sisson Mine; however, it was considered that the fish habitat offset
would be insufficient (approximately 10% of the required total habitat offset) to justify the expense and
risk of a dam removal project (Stantec, 2015).
GEMTEC prepared a report for the City of Fredericton in 2014, in which they concluded that the complete
removal of the dam was the preferred option given that the dam did not meet Canadian Dam Association
(CDA) guidelines with respect to the hydraulic capacity of the spillways, stability, seepage and erosion, or
public safety. They also concluded that a “do nothing” approach posed a significant risk to public safety
and damage to downstream property. Four UNB Civil Senior Design groups looked at various alternatives
for the failed dam in the 2016-2017 academic year and drew the conclusion that, due to liability, safety,
and environmental issues, the dam should be removed. In the 2017-2018 academic year, UNB class
CE5721 (Ecohydraulics) also studied the Campbell Creek dam and were tasked with modeling flows.
To determine baseline conditions, assessments of habitat, river channel structure, flow, water quality,
temperature, benthic macroinvertebrates, and fish have been made downstream of the dam and, for
some parameters, upstream.
This report is intended to: a) provide a historical review of the Campbell Creek dam; b) compile all existing
data on the dam, the creek, and surrounding habitat in order to establish baseline conditions; c) explore
options for the dam’s future and associated fish passage options for each scenario; and d) develop a
restoration and revegetation plan for the headpond.

History and Location of the Campbell Creek Dam
Campbell Creek is a second order stream that drains into the Nashwaak River. The current Campbell Creek
dam, also known as the Mill Brook dam, was built in 1919 by Anglin’s Contracting Engineers Limited on
behalf of Canada’s Cotton Ltd. It was built to provide water to the Marysville Cotton Mill. A stamp “1919
CCLtd” is visible between the spillways. The mill and dam were acquired by the Province of New Brunswick
after the mill closed. Ownership was subsequently transferred to The City of Fredericton at an unknown
date. The dam currently does not serve any purpose beyond recreational or aesthetic purposes to
adjacent private landowners. It has been determined hydropower generation from the dam is not

6
economically viable as flow is insufficient (study conducted by Hatch at an unknown date). A repair was
done on the right spillway in 1948. A timber cofferdam is also located immediately upstream of the right
side of the dam (looking downstream) (Fig. 2). This cofferdam would have been used to dewater the area
around the right abutment during repairs while maintaining the water level in the headpond. Remnants
of cribwork or an older wooden cofferdam are visible in the headpond ~15-20 m up from the Campbell
Creek dam (Fig. 3).
According to the 2014 GEMTEC report, only a single undated drawing by Anglin’s Ltd. was found despite
a lengthy search. This drawing showed that the dam had either been raised and/or moved to increase
storage capacity either prior to or during the 1919 construction.

Figure 1. Looking upstream at the Campbell Creek dam in summer 2018
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Figure 2. A timber cofferdam is visible immediately upstream from the right abutment and was used during repairs in the 1940s.
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Figure 3. Crib work or an older coffer dam can be seen in the stream ~15-20 m up from the Campbell Creek dam (photo taken in
July 2017).

The dam is located ~350 m upstream of the confluence of Campbell Creek and the Nashwaak River (Fig.
4). There is a bridge over the creek on River Street located ~80 m from the confluence and 270 m
downstream of the dam. The dam is bordered to the south by PID 1554898 (180 River Street, a gravel pit
currently owned by Mr. Goodine) and to the north by PID 75009811 (170 River Street, a residential
property currently owned by Tom and Pamela Hickie). The area around the dam is well vegetated with a
mature stand of trees.
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Figure 4. Site overview of the Campbell Creek dam and adjacent PIDs from GEMTEC (2014).

Physical Description of the Campbell Creek Dam
The concrete gravity dam is 75 m long at the crest. It has a maximum height of 8 m and is 4.5 m thick (Fig.
5). The dam has two overflow spillways, each with two bays 4 m wide and 0.9 m deep. The total spillway
capacity is 25 m3/s, only slightly greater than the estimated 10-year flood discharge. Ideally, the dam
should be designed to handle the capacity of a 250-year flood, which, for a stream of this catchment size
should be ~58 m3/s (GEMTEC, 2014). Additionally, the 2014 GEMTEC report noted that the timber
cofferdam is restricting flow to the right spillway by ~25%.
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Figure 5. Cross section through the left spillway of the dam from GEMTEC (2014).

Originally the dam had a sluice gate at the base of the dam between the overflow bays of the left spillway.
The gate was opened sometime in the mid-1990s to drain the headpond (Fig. 6a). Reportedly, the gate
mechanism somehow became stuck open; however, at some point in the mid- to late-1990s, local
individuals fabricated a plug from plywood and/or sandbags to block the flow and refill the headpond
(GEMTEC, 2014). The plug appears to have been effective and the headpond remained full until August
2016 when the plug let go and the headpond drained again (Fig. 6b). Drainage of the headpond took
approximately one week.

Figure 6. The drained headpond in 1995 (left, photo © GEMTEC) and in September 2016 (right).

While the stream was free-flowing for just over 1 year, several geomorphic indicators revealed that it
flushed out sediment that was deposited during the time of the headpond and re-established itself in the
original channel from over 100 years ago (Wilbur, 2018) (Fig. 7). Tree stumps were visible on the banks of
the former headpond and the stream incised the sediment down to the former gravel of the stream bed
(Fig. 8), indicating that either there was not much sediment buildup behind the dam and/or that the
majority of sediment had flushed out of the stream quickly. In three months, the banks naturally
revegetated (without human intervention) with mostly grasses and small bushes. Fish were able to swim
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through the opening and aquatic life returned to the reach above the dam. Campbell Creek was free
flowing until November 2017 when individuals plugged the slot again with a road sign and the headpond
refilled (Fig. 9). This plug was still in place as of fall 2018.

Figure 7. The headpond in July 2017, ~11 months after it had drained.
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Figure 8. Tree stumps (left) were visible in the drained headpond in the summer of 2017 on what we believe was the former
streambanks. The original gravel substrate could be seen on the channel bottom by January 2017 (right). This indicates that either
there was not much sediment buildup behind the dam and/or most of the sediment had flushed out of the stream quickly between
September 2016-December 2017. Photo © Nathan Wilbur.

Figure 9. The headpond in July 2018.
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Hydrology and Geology of the Campbell Creek Watershed
Drainage area above the dam is ~32.5 km2 and the headpond covers an area of 2.5 ha or 25,000 m2,
extending 600 m upstream from the dam. Most of the drainage area is forested, and some areas have
been clear cut in recent years. Two small tributaries (First Gore and Second Gore brooks) drain into
Campbell Creek. JDI owns portions of the headwaters as both Crown and Freehold leases. Route 8
intersects Campbell Creek ~750 m upstream from the dam. Here it is drained by a 4,420 mm aluminum
pipe, which has been partially blocked by a beaver dam since at least the spring of 2017 (Fig. 10).

Figure 10. A beaver is blocking the culvert 750 m upstream from the dam, which may be affecting water flow and quality.

Bedrock in the area is sandstone (it is visible along the dam foundation). There is visible evidence of past
significant erosion at the right abutment, which likely occurred prior to the 1948 repairs. A borehole put
down by GEMTEC in 2013 near the right abutment study showed that soils consist of 6 m of alternating
layers of sand and sand/gravel, 0.7 to 1.6 m thick, overlying a 2 m thick layer of very dense boulders and
cobbles. Sandstone bedrock was encountered below the soils. Groundwater was encountered 5.2 metres
below the ground surface, which is consistent with the headpond elevation (GEMTEC, 2014). The left
abutment appears to be tied into the bedrock, while the right abutment is not.

Safety
GEMTEC (2014) and Wilbur (2018) both concluded that the dam poses a significant public safety risk and
is a liability to the City of Fredericton. The dam is used by local residents as a gathering area. The headpond
has been used for swimming, boating, skating, and fishing. Based on well worn paths leading to the crest
of the dam and a significant amount of garbage, it can be concluded that people frequently access the top
of the dam. There is currently no visible signage warning the public of dangers, nor are there any barriers
in place to limit the public access to the top of the dam.
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Figure 11. View of the spillways in 2013. Photo © GEMTEC.

The dam is outfitted with a makeshift handrail along the downstream portion of the crest (Fig. 12). The
handrail is plastic and the support posts have been cracked for many years. The handrail is grossly
inadequate to resist even moderate lateral forces and poses more of a hazard than safety benefit
(GEMTEC, 2014). Surface concrete has deteriorated in several place. The area near the left abutment is in
the poorest condition, where there is a large hole allowing seepage (Fig. 12). Seepage through small cracks
and joints was first noted in 2013. Alkali reactivity rings and oversized aggregates were also observed in
the concrete suggesting the concrete has expanded and weakened (GEMTEC, 2014).

Figure 12. A short handrail is present along the top of the dam but is in poor condition. A crack can be seen on the left abutment.
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Figure 13. Broken water pipes are visible below the left abutment.

In the event of a dam breach, beyond the immediate risk to persons at the dam or immediately
downstream, there exists a risk to the Hickie property. A simplified analysis indicated that in the event of
a sunny-day breach, the flood wave would rise to within 0.6 metres of the ground level at the rear of the
Hickie residence (GEMTEC, 2014). For a flood-induced breach the flood wave would rise to within 0.3
metres of the ground level. In addition, significant erosion of the channel banks downstream could be
expected, possibly washing out the driveway to the Hickie residence. Such an event would not likely wash
out the bridge at River Street (GEMTEC, 2014). There is also risk to vegetative and aquatic life below the
dam in terms of habitat destruction and siltation. However, the NWAI believes that much of the sediment
that had accumulated in the headpond would have flushed in the 1990’s or in 2016/2017 when the stream
was free flowing. No major siltation was noted downstream in the late summer of 2016 when the
headpond drained. As there are no current industrial activities beyond forestry upstream, it is unlikely
that the accumulated sediment is contaminated.
GEMTEC’s 2014 report recommended that the City put appropriate safety measures in place to ensure
that the Canadian Dam Association (CDA)’s Guidelines for Public Safety Around Dams are met. As of
November 2018, the City has yet to implement any safety measures.

Social and Heritage Considerations
Despite the deteriorating state of the dam and risk of failure, a couple of local residents have expressed
discontent about the loss of recreational opportunities. In the summer months, recreational uses include
boating, swimming, and fishing in and around the reservoir. In the winter months, skating and pond
hockey are known to occur on the frozen reservoir (GEMTEC, 2014). Contrarily, other local residents,
including the St. Mary’s First Nation, have expressed concern about the safety risks and environmental
damage caused by the dam and want it removed so that the stream can be restored.
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The heritage value is also important as the dam is associated with the Marysville Historic District and the
Cotton Mill, both recognized National Historic Sites. If an Environmental Impact Assessment (EIA) were to
be required for the removal of the dam, the process should incorporate an effective consultation program
with First Nations groups, local heritage groups, and adjacent property owners. If an EIA is not triggered,
it remains important to communicate with these stakeholder groups as a matter of effective stakeholder
engagement (GEMTEC, 2014).
Historic mitigation has been done at many dam removals, often by taking historic grade photographs,
installing interpretive signage, preserving associated mill buildings, or by leaving a component of the dam.

Fish Passage and Environmental Considerations
Dams alter a river’s flow as well as passage of sediment and large woody debris downstream; they change
the way a river functions. Stagnant reservoirs disorient fish, fill with sediment, and heat up, leading to
abnormal temperature fluctuations as well as associated algal blooms and oxygen depletion. Sediments
are critical for maintaining physical processes and habitats downstream of the dam. Dams release clear,
sediment starved, “hungry” water that erodes riverbeds and banks. Based on a dam removal report by
American Rivers (2010), much of the wildlife that uses an impoundment such as birds and turtles will
quickly adapt to restored river conditions.
Additionally, dams stop the movement of fish both up and downstream. The Nashwaak Watershed is
home to between 21 and 30 species of fish, including diadromous, anadromous, and freshwater species
(Curry and Gautreau, 2010). The Nashwaak River is the largest salmon-producing tributary below the
Mactaquac Dam; however, the Outer Bay of Fundy population of Atlantic salmon (Salmo salar) has
dropped by over 64% over the last three generations (COSEWIC, 2010). The Department of Fisheries and
Oceans Canada (DFO) identified the Nashwaak as the priority river in the lower Saint John River system in
their 2012 Recovery Potential Assessment. Wild Atlantic salmon are present in the Nashwaak system and
have been considered Endangered by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC). The decision to list the species under Schedule I of the Species at Risk Act (SARA) is still under
review. Atlantic salmon have significant historical value for First Nations and are also valuable in terms of
recreational and economic activity. Electrofishing downstream of Campbell Creek dam revealed that
Atlantic salmon parr were using the stream (see Appendix A and the Fish section under Baseline
Conditions for more detail).
Aquatic connectivity is a major issue for Atlantic salmon survival. Stream crossings, such as culverts,
bridges, and dams have fragmented our watershed, preventing anadromous fish from accessing cold,
clean water and important spawning and rearing habitat. In the Nashwaak Watershed, over 65% of the
stream crossings that have been assessed are either full or partial barriers to fish passage. Campbell Creek
is of importance as it is the first major tributary encountered by salmon migrating up the Nashwaak river
from the Saint John River System. The Campbell Creek dam is currently an impassable barrier to aquatic
life and it is starving the downstream reach of sediment supply. The system upstream of the dam has likely
been out of balance for the last 100 years due to the absence of migrating fish and other aquatic species.
Currently there is no fish passage through Campbell Creek dam.
Improving connectivity and access to upstream habitat will also benefit other species like the American
eel (Anguilla rostrata), sea lamprey (Petromyzon marinus), alewives (Alosa pseudoharengus), and
blueback herring (Alosa aestivalis), which bring in high value marine-derived nutrients to freshwater
systems and are culturally important to First Nations. Many of the aforementioned species have suffered
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population declines and the inability of fish to reach historic spawning habitat continues to contribute to
these declines.
Fish movement in response to barrier removal has been researched, and findings show that improvement
is immediate and significant. If a dam or barrier is properly and fully removed, and natural stream
hydraulic and geomorphic conditions are restored, natural fish migration patterns are likely to return
during the subsequent migratory period (Collins et al., 2007).

Wetlands
There is a Provincially Significant Wetland located adjacent to the headpond, which is likely the result of
an artificially increased groundwater elevation due to the influence of the headpond. It is potentially
natural, and, in that case, it will sustain itself once the headpond and dam are removed. The extent of this
wetland before the dam was built is unknown. A lowering of the water table may result in the loss or
conversion of wetlands that had been sustained by seasonally to permanently saturated soils (ICF, 2005),
but any conversions would be expected to be localized, and are frequently offset by new wetland
formation elsewhere (i.e., along the new stream margin upstream of the removed barrier).
The NWAI believes that the dam’s removal and fish passage restoration are benefits that far outweigh
that of the maintenance of a small artificial wetland. If provincial legislation requires compensation for
destruction of a wetland, potential habitat enhancement projects are available in the Nashwaak
Watershed to compensate for the loss.

Baseline Conditions
Baseline conditions for Campbell Creek were taken from four different sources: Field work done by
Nashwaak Watershed Association (NWAI) in the summers of 2017 and 2018; electrofishing and habitat
survey done by UNB/Canadian Rivers Institute (CRI) on 20 June 2018; from UNB Engineering Senior Design
(UNBESD) students in fall 2016; and by UNB EcoHydraulics (UNBEH) students in fall 2017. Where
appropriate, methods are included in each section.

Channel Dimensions and Geometry
Methods
All measurements were taken using a measuring tape or a metre stick. Measurements were taken by
NWAI, CRI, and UNBEH. Bankfull was determined by looking at changes in slope, vegetation community,
and soils.
Results
Campbell Creek is a single thread meandering channel. Direct effects of the dam on channel morphology
can be seen in the deep scour pool immediately downstream of the dam and the accumulation of
sediment and ponding of water upstream, which acts to over widen the natural channel.
Bankfull width is 14-25 m downstream of the dam. In the former headpond, bankfull was measured by
UNBEH students to be 8.8-21.5 m, while NWAI measured the bankfull width outside of the influence of
the headpond to be 12 m. Wetted width fluctuates throughout the year. Downstream it ranged between
5.5 and 8.2 m in October 2018 while upstream (outside the influence of the headpond) it was measured
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to be 6.5 m in October 2018. Wetted width was narrower in 2017 (a drier year and the headpond was
drained), averaging 3.5 m downstream and 3.4 m upstream.
Average depth of water downstream of the dam in June 2018 was 26 cm and in October 2018 it was 15
cm. Depth was measured upstream in October and it averaged 27 cm. Between September 14 and
October 12, 2017 (when the headpond was drained), the mean depth downstream was 17 cm, while it
was 12 cm upstream.

Habitat and vegetation
Methods
The quantity and quality of available habitat have significant effects on biological communities. Altered
flow and sediment transport can impact channel shape and physical habitat. Visual habitat assessments
were made and include estimates of biological cover.
Results
The dominate surrounding land use is forest. Canopy coverage downstream of the dam was in the range
of 51-75% as determined by NWAI and CRI. At the section surveyed upstream of the dam by NWAI, canopy
coverage was <25%. Macrophyte coverage was 0% downstream and 1-25% upstream. Streamside
vegetation included ferns and grasses, shrubs, deciduous trees, and coniferous trees both upstream and
downstream of the dam. The dominant streamside vegetation at both locations was deciduous trees.
Periphyton downstream was determined to be on the order of 0.5-1 mm thick, while upstream there was
no obvious periphyton coverage on substrate.

Substrate
Methods
Dams can cause significant changes in both the volume and size distribution of sediment in a stream. Since
the removal of the dam could mobilize some of the sediment stored behind the dam, any removal plan
developed by the City must consider sediment-related impacts. However, much of this sediment may have
already flushed out when the headpond was drained, as evidenced by visible tree stumps on the former
stream banks and gravels in the stream bed in 2017. To determine the effects of the dam on sediment
size and distribution, pebble counts were conducted at both upstream and downstream reaches. The 100pebble count is part of the Canadian Aquatic BioMonitoring Network (CABIN) protocol. 100 pieces of
substrate are measured using a ruler and the average is taken. CRI used a visual survey to estimate percent
size classes.
Results
UNBEH students calculated median substrate sizes at two sites: 11.1 cm at Site 1 and 16.7 cm at Site 2.
During the CABIN survey in October 2018, NWAI determined that the average substrate size downstream
was 10.1 cm, while upstream it was 7.5 cm. The interstitial material was classified as gravel (0.2-1.6 cm)
both downstream and upstream of the dam. During the 2018 electrofishing survey, the substrate
downstream of the dam was classified by CRI as 50% bedrock, 30% boulder, 10% cobble, and 10%
sand/gravel. Substrate material was not measured directly upstream of the dam but observations in 2016
and 2017 noted fine grained silty-sand in the former headpond. This sediment would have dropped out
of suspension behind the dam in the slower waters of the headpond. When the headpond drained,
bedrock was visible immediately upstream of the slot at the bottom of the dam (Fig. 14). The higher
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velocity through the slot would have resuspended any sediment deposited in this location. The channel
quickly incised the sediment in the former headpond down to what was expected to be the original gravels
by January 2017 (Fig. 15).

Figure 14. Bedrock is visible immediately upstream from the slot in the bottom of the dam.
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Figure 15. The channel quickly incised the sediment that had built up in the headpond over the course of 2016/2017. Gravels are
visible in the bottom of the photo (photo © Nathan Wilbur).

When the dam is operational, fine grain sediment is accumulating upstream of the dam, while
downstream sediment deprivation is likely occurring to some degree. However, the lack of finer grain
sediments located immediately downstream from the dam could be attributed to higher flow velocities
able to readily transport the particles.

Slope
Methods
Slope was determined on three different occasions. UNBEH measured the slope using Google Earth Pro
and, in the field, using a rod and automatic level. NWAI also measured the elevation using a rod and
automatic level and determined the slope by taking the difference in elevation over the measured reach.
Results
Using a rod and level, NWAI determined that the slope downstream of the dam was 1.6% over a 70 m
reach while upstream the slope of a 94 m long reach was 0.5%. UNBEH students also measured the slope
using the same method and got higher results: 3.3% downstream and 1.7% upstream. Using Google Earth
Pro, UNBEH students determined a slope of 1.1% over a 2.45 km long section between the mouth of the
stream and the Rte. 8 culvert.
Based on these measurements, Campbell Creek can be classified as a gently to moderately sloping stream.

Geomorphic condition
Methods
Stream morphology, also referred to as fluvial geomorphology, is the study of the form and function of
stream channels through the interaction between water and sediment transport. The morphology of a
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specific stream is determined by the underlying characteristics of streamflow and sediment supply that
are linked to geology and physiography. Dams change a river’s water flow and sediment transport, and
thus change its form and function by affecting the slope, channel width, bed forms, and roughness.
Geomorphic assessments were conducted using a Rapid Geomorphic Assessment (RGA) form that looks
at indicators associated with different geomorphic processes and channel stability. The RGA was
established by the Ontario Ministry of Environment to assess urban stream channels. The RGA technique
is a presence/absence methodology designed to document evidence of channel instability such as
exposed tree roots, undercut banks, etc. The various indicators are grouped into four categories that
indicate a specific geomorphic process: Aggradation, Degradation, Channel Widening, and Planimetric
Form Adjustment. This type of assessment is used to understand the geomorphic processes that are
occurring, how those processes are affecting aquatic habitat, and what the underlying causes might be.
One site above the dam and one below were chosen for assessment. Reaches were ~200 m at both sites.
Over the course of the survey, the existing geomorphic conditions of each reach were noted, and
individual geomorphic indicators were documented. Upon completion of the field inspection, these
indicators were tallied by category and used to calculate an overall reach stability index.
Results
Campbell Creek is mainly a single thread meandering channel. Results of the RGA indicate that the
predominant geomorphic factor above the dam was aggradation. Channel aggradation may occur when
the sediment load to a river increases and it lacks the capacity to carry it. Water velocity slows as it reaches
an impoundment and sediment drops out of suspension. This can lead to excessive sediment deposition.
Below the dam, the predominant categories were degradation and channel widening. Degradation occurs
when stream bed material is removed or when the system is starved of sediment (as it is being held behind
the dam). Many classic indicators of degradation can be seen below the dam (i.e., elevated tree roots,
exposed armour layer, and the absence of depositional features). Channel degradation is a frequent
phenomenon downstream of dams. Widening typically follows or occurs in conjunction with degradation,
particularly when there is a decrease is sediment supply. Widening ultimately occurs because the stream
bottom materials (bedrock) eventually become more resistant to erosion (harder to move) by the flowing
waters than the materials in the stream banks. At Campbell Creek there is evidence of widening in that
there is erosion on both right and left banks, there are steep bank angles, and large organic debris in the
stream below the dam.
The stream geomorphic condition is a key piece of data obtained from the RGA. This is based on the
degree of departure of the channel from its reference stream type and is evaluated by the magnitude and
combination of adjustments underway in the stream channel. The stability index above and below the
dam was determined to be 0.25 in both reaches, which indicates that both reaches are in a state of
transition or stress and the evidence of instability is frequent. Scanned RGA forms are included in
Appendix C.
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Table 1. Summary table of physical parameters comparing upstream and downstream of the Campbell Creek dam.

Downstream

Upstream

Bankfull width (m)

14-25

8.8-21.5

Wetted width (m)

5.5-8.2

6.5

Water depth (cm)

15-26

12-27

Canopy coverage (%)

51-75

1-25

Substrate (cm)

10.1 - 16.7

7.5

Slope (%)

1.6 - 3.3

0.5 - 1.7

Geomorphic stability

Transitional

Transitional

Water level
Methods
Water level was measured by UNBESD groups using a SonTek Level Logger between October 7 and
November 4, 2016. A level logger was placed downstream of the dam in 2017 by the UNBEH students;
however, data could not be used because local residents built makeshift dams causing ponding conditions
where the level logger was located.
Results
Figure 16 shows how the water level of Campbell Creek responds to precipitation events. It should be
noted that the sluice gate was open, and the stream was freely flowing through the opening during the
time that the level logger was in place.
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Figure 16. Relationship between water level and precipitation in Campbell Creek between 7 October and 4 November 2016. Source:
Katy Haralampides.

Flow and discharge
Methods
Stream gauging measurements were taken in 2016 by UNB Senior Team Design groups under the guidance
of Dr. Katy Haralampides to determine the discharge in the stream. In 2016, velocity was measured 100
m upstream of the Rte. 8 culvert and 50 m downstream of the dam. A SonTek Flow Tracker was used to
take eight velocity measurements along a cross section of the stream at a depth 60% below the surface.
On September 27, 2016, one measurement was taken downstream. The team returned to the site on
October 4 after a heavy rainfall event and took two additional measurements (one upstream and one
downstream).
In 2017 the UNB Ecohydraulics students took five stream discharge measurements between 14 September
and 12 October; however, water levels may have been too low due to the lack of precipitation in 2017
(the SonTek Flow Tracker needs a minimum of 6 cm depth to start measurements).
The same students also modelled the hydraulics of the stream using a Hydrological Modeling System (HECHMS) to simulate how the creek would respond to precipitation events and climate change. Model inputs
were drawn from literature sources, data collected during field sessions, and educated assumptions. The
model was calibrated by running known daily precipitation data leading up to October 12, 2017 and
comparing the results to gauged flows taken on October 12. Unfortunately, due to the students’ schedule,
no measurements were taken during the freshet; therefore, peak discharge is unknown.
GEMTEC (2014) analysed the flow using a gauge on the North Nashwaaksis stream, a stream with a similar
drainage area to Campbell Creek, and prorated it for the site.
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Results
Results from 2016 and 2017 measured using the FlowTracker are summarized in Table 2, below.
Table 2. Stream gauging results measured using a SonTek FlowTracker by UNESD (2016) and UNBEH (2017) students.

Date

Location relative
to dam

Velocity
(m/s)

Cross
sectional
area (m2)

Discharge
(m3/s)

September 26, 2016

Downstream

0.085

0.29

0.0249

October 4, 2016

Upstream

0.399

0.45

0.1878

October 4, 2016

Downstream

0.253

0.71

0.1783

September 14, 2017

Downstream

0.032

0.56

0.0179

September 14, 2017

Downstream

0.053

0.33

0.0173

September 21, 2017

Upstream

0.014

0.58

0.0082

September 21, 2017

Upstream

0.033

0.29

0.0097

September 26, 2017

Upstream

0.024

0.28

0.0067

September 28, 2017

Downstream

0.030

1.13

0.0342

September 28, 2017

Downstream

0.019

0.21

0.0039

October 12, 2017

Upstream

0.062

0.92

0.0566

October 12, 2017

Upstream

0.064

0.66

0.0421

The UNB Ecohydraulics class determined base-flow of the creek to be ~0.0067 m3/s (equivalent to 6.7 L/s)
based on the measurement taken on 26 September 2017. The flows measured in September 2017 were
taken during a period of drought (it had not rained significantly in 2 months) and therefore assumed to
be equivalent to the base-flow conditions.
The UNESD groups calculated bankfull discharge, roughly equal to the 2-year flood discharge, to be 8.7
m3/s based on a 32.5 km2 drainage area.
Flow analysis of the gauged flow results for the nearby North Nashwaaksis stream indicates a 1:100-year
flood of 45 m3/s and a 1:250-year flood of 58 m3/s when prorated to Campbell Creek (Fig. 17). The capacity
of the existing spillway is approximately 25 m3/s, which is only slightly greater than the estimated 10-year
flood discharge.
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Figure 17. Annual peak flow frequency prorated from the North Nashwaaksis stream (GEMTEC, 2014).

Figure 18. UNB students and NWAI summer staff take velocity measurements in the summer of 2018.
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Water Quality
Methods
Water quality is an important aspect of stream health. Water quality grab samples were taken twice in
2017 and five times in 2018 by the Nashwaak Watershed Association Inc. (NWAI) following the protocol
given by the Department of Environment and Local Government (DELG). Field measurements for
temperature, pH, total dissolved solids, and conductivity were collected with a handheld probe at each of
these sampling occasions and field indicators were recorded on the field sheet. Grab samples were sent
to RPC Fredericton for analysis of their surface water suite and for E. Coli. In addition, water quality was
measured with a handheld probe above and below the dam in October 2018 during a survey for benthic
macroinvertebrates. UNB students also measured dissolved oxygen, pH, conductivity, and total
suspended solids (TSS) with an Oakton WP PCD 650 Multi-parameter Meter at a single location
downstream of the dam and at three locations upstream on October 27, 2016.
Results

E. Coli
E. coli are bacteria that live in the digestive tract of warm-blooded animals and are used to indicate the
potential presence of harmful organisms. Potential sources of contamination include poorly maintained
septic systems or sewage treatment plants, domestic animals, aquatic wildlife, and livestock.
Only one sample from Campbell Creek exceeded the Council of Canadian Ministers of the Environment
(CCME) limit of 400 MPN/100 mL for a single grab sample from recreational waters. This sample was taken
after a very heavy rainfall.

Metals
The water in Campbell Creek regularly showed slight exceedances in aluminum (CCME) limit of 0.1 mg/L.
Most Atlantic Canadian rivers have elevated levels of aluminum due to the underlying bedrock geology
rather than human activity (Canadian Rivers Institute, 2011). Increased amounts of bank erosion lead to
increased concentrations of metals in streams.
Iron is another metal that occurs naturally in rocks and sediments. However, it may be derived from
industrial waste or corroding metal pipes. Bank erosion leads to increased levels of metals in streams due
to sediment run-off. All samples taken from Campbell Creek in 2017 and 2018 exceeded the CCME limit
of 0.3 mg/L. Erosion of the sediment in the headpond is likely the cause of elevated iron.
Levels of calcium, magnesium, and sodium were significantly higher in 2017 when the headpond was
drained. These ions are associated with conductivity and hardness, which were also significantly higher in
2017. Though in both years, the waters of Campbell Creek were still considered soft. Erosion of the
sediment in the headpond is likely the cause of elevated elements.
Concentrations of heavy metals including lead, nickel, copper and chromium were either below detection
limits or well within CCME limits in both years.

Total Dissolved Solids
Total dissolved solids (TDS) is a measure of the combined organic and inorganic substances suspended in
water. TDS comprise inorganic salts (mainly calcium, magnesium, potassium, sodium, bicarbonates,
chlorides, and sulfates) and a small amount of organic matter dissolved in water. As the levels of these

27
salts were higher in 2017, it follows that TDS levels were also higher when compared to 2018. Erosion of
the headpond sediment is likely the cause.

Nutrients
Nitrogen and phosphorus are nutrients essential for all life forms and they occur naturally in rocks and
soils. However, when present in elevated concentrations, they can degrade water quality by causing algal
blooms, which lower dissolved oxygen (DO) contents. Nitrogen levels below 0.9 mg/L and total
phosphorus levels below 0.03 mg/L are considered acceptable by CCME. Major sources of nutrients
include wastewater discharges, agricultural run-off (chemical fertilizers), faulty septic systems,
wastewater treatment plants, manure storage, and erosion.
Nitrogen and phosphorus levels were much higher in 2017 when the headpond was drained than in 2018
when it was full. Discussions with DELG staff revealed that the beaver in the upstream culvert may be the
cause of the elevated nutrients. However, the reservoir was also flushing its nutrient-rich sediments,
which may have elevated levels of both parameters.

Total Organic Carbon
Total Organic Carbon (TOC) is a combination of humic substances, as well as partly degraded animal and
plant material. There is no CCME limit for TOC; however, low levels are important to prevent the
consumption of oxygen during decomposition.
Levels in 2018, when the headpond was full, were ~2-3 times higher than in 2017 when it was drained
indicating that more decomposing plant and animal matter is entering the stream (possibly the
decomposition of the vegetation that grew in the headpond while it was drained in 2017).

pH
pH is a measure of the acidic/basic nature of the water. It is measured on a scale from 0-14 with 0 being
acidic, 14 being basic, and 7 being neutral. pH levels should remain within the range of 6.5 to 9.0 to ensure
freshwater health. pH varies naturally but can be affected by human interference and by acid rain.
pH levels for the creek were within the CCME limits but levels were higher in 2017. Average pH in 2018
was 6.8, which is approaching the lower CCME limit, compared to 8.1 in 2017. Not only do reservoirs trap
sediments, but they trap nutrients that cause algae to grow. When algae die, they sink to the bottom of
the reservoir and decay, consuming oxygen, and rendering the water more acidic.

Dissolved Oxygen
Dissolved oxygen (DO) is a widely used and important indicator of aquatic health. Organisms require
oxygen dissolved in the water to survive. Levels below 6.5 mg/L can cause stress, especially for cold water
fish, and levels below 9.5 mg/L can cause stress to early life forms. Dissolved oxygen decreases as water
temperature increases (i.e., warm water can hold less oxygen than the same volume of cold water). Algal
blooms resulting from elevated nutrients can lower the DO content by consuming oxygen.
DO was only measured in 2016 by UNBESD students. Values of 10.33-11.48 mg/L were measured both
upstream and downstream of the dam. These values are protective of aquatic life but were measured
when the headpond was drained. We anticipate that values would be lower when the headpond is full.
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Total Suspended Solids
Total suspended solids, or TSS, are particles in water that are suspended in the water column (not
dissolved) and can be made up of inorganic material such as silt or decaying organic matter. The CCME
limit for fish habitat is 25-250 mg/L. UNBESD students measured TSS at two locations upstream of the
dam and found contents of 118 to 125 mg/L, within the CCME limits. This sample was taken shortly after
the headpond was drained, and the stream was naturally flushing out built up sediment.

Summary
Barriers influence water chemistry by trapping nutrients and sediments and by changing water
temperature and dissolved oxygen concentrations. Overall, the water in Campbell Creek is of good quality.
When the headpond was drained and sediment was flushing, the levels of salts, conductivity, hardness,
and TDS were higher (though still within normal values) but the pH and total organic carbon were closer
to the desired range compared with results from 2018 when the headpond was full. Full results of samples
taken by NWAI in 2017 and 2018 are included in Appendix D. If and when the dam is removed, there may
be short-term negative effects on water chemistry as trapped sediments and nutrients are mobilized and
TSS levels increase; however, dissolved oxygen and pH levels should become closer to desired levels.

Temperature
Methods
Temperature was measured in 2017 and 2018 using HOBO 64k pendant loggers. They were placed inside
a piece of gray PVC pipe, which was attached to a piece of 2’ long rebar using a pipe clamp. The loggers
were deployed in late May or early June by hammering the rebar into the substrate so that the logger sat
directly on the substrate and remained underwater. They were collected in October and readout using
the HOBOware software. In 2017, the loggers measured the temperature every 2 hours but in 2018 this
was reduced to every 6 hours. Loggers were deployed over approximately the same period in 2017 and
2018. In 2017 the logger above the dam was pulled early because water levels were becoming very low.
A logger that had been placed downstream of the confluence of Campbell Creek and the Nashwaak in
2017 was taken or lost.
In addition to the loggers, the temperature was measured with a field probe during water quality
sampling, CABIN sampling, and electrofishing but these data re not reported here.
Results
It is important to note than in 2017 the headpond was drained when the loggers were deployed while in
2018 it was full. 2017 was a drier year with record low water levels and low precipitation. Maximum
temperatures in 2017 in both Campbell Creek and the Nashwaak River were several degrees warmer than
in 2018. Though 2018 was a very warm year in terms of air temperature, the area received regular
precipitation, which cooled the water.
In both years, the average temperature was cooler downstream from the dam as opposed to upstream
though in 2017, the results were within error. In 2018 the water was ~2°C cooler. As the headpond was
full in 2018, temperature stratification of the reservoir was likely occurring, and the dam was releasing
denser, cooler water from the bottom, which would account for the 2°C difference.
It is apparent that Campbell Creek has a cooling effect on the Nashwaak River (it is ~0.8°C cooler
downstream from the confluence compared to upstream). In 2017, Campbell Creek was on average 2.5°C
cooler than the Nashwaak River (above its confluence), while in 2018 it was an average of 4.5°C cooler.

29
Summary statistics are presented in Table 3 and graphs of the temperature variations in 2017 and 2018
from both Campbell Creek and the Nashwaak are available in Figures 19 and 20.
Table 3. Summary statistics from loggers deployed in 2017 and 2018. All temperatures are in °C.

Logger
Name

Location

Year

Start

End

Average

Summer
Average

Max

Min

NWAI025

Nashwaak River
(U/S)

2017

12-Jun

13-Oct

19.7

20.8

27.4

9.6

NWAI026

Below Dam

2017

09-Jun

13-Oct

17.5

18.5

27.6

8.6

NWAI029

Above Dam (below
Rte. 8)

2017

09-Jun

12-Sep

18.8

19.3

30.6

10.8

NWAI031

Below Dam

2018

07-Jun

09-Oct

15.7

17.0

21.8

7.6

NWAI032

Above Dam (above
Rte. 8)

2018

07-Jun

09-Oct

17.4

18.9

24.0

10.9

NWAI030

Nashwaak River
(D/S)

2018

07-Jun

09-Oct

18.8

20.2

26.4

11.2

NWAI034

Nashwaak River
(U/S)

2018

07-Jun

09-Oct

19.7

21.4

26.9

10.9

Figure 19. Temperature variation between June and October 2017 above and below the dam in Campbell Creek and upstream of
Campbell Creek in the Nashwaak River.
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Figure 20. Temperature variation between June and October 2018 above and below the dam in Campbell Creek and upstream and
downstream of Campbell Creek in the Nashwaak River.

We can assume that when the headpond is drained the stream will have an average summer temperature
similar to the logger that was placed upstream of Rte. 8 in 2018 (18.9°C with maximum temperatures
ranging up to 24°C. These temperatures are within the optimal range for adult survival, migration, for
feeding parr, and for early fry (Danie et al., 2984; Elliott, 1991)

Fish
Methods
Fishes are commonly used in assessments of stream health. Stream fish communities respond to
numerous environmental attributes, including water quality, discharge, and habitat structure. The
electrofishing survey was done by Mark Gautreau and three students from UNB/CRI on 20 June 2018
about 50 m above the bridge on River Street. They used a backpack electrofishing unit and a spot check
method. Due to the extremely hot summer and difficulty of access, no electrofishing surveys were done
above the dam.
Results
A total of four native species were found during the survey; no invasive species were found. Most notably,
the survey found 2 Atlantic salmon parr (one 12 cm weighing 17 g and the other 10.9 cm weighing 12 g)
(Fig. 21). Other species included black nose dace (n=6, between 4.1 and 6.0 cm), common shiner (n=1, 7
cm), and American eel (n=3 >30 cm, n=3 between 15-30 cm, and n=4 <15 cm). In addition, NWAI noted
sea lamprey attempting to ascend the creek in the spring of 2018 and brook trout have been observed
above the dam near the Rte. 8 culvert and above (NWAI and N. Wilbur, pers. comm.). These fish either
passed through the dam while the gate was open in the 1990s or in 2016 or ascended the brook before
the dam was built and are now a landlocked population. The presence of brook trout above the dam
indicate that the creek had fish passage at some point and the concern about the drop behind the existing
dam is perhaps unwarranted (further discussion in “Fish Passage” section). If there were passage then
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there likely would be a sea run component of the population and trout would move down to feed in the
Nashwaak River (N. Wilbur, pers. comm.). Full electrofishing results are reported in Appendix A.

Figure 21. An Atlantic salmon parr found during electrofishing.

The area upstream of the dam is comprised of a diversity of fish habitat, including riffle, runs, and pools.
In addition, the average summer temperature is appropriate for supporting a variety of life stages of
salmonids. Upstream of Rte. 8, refugia for cold water species, such as brook trout, are present in the form
of overhanging canopy vegetation and deeper pools.

Benthic Macroinvertebrates
Methods
Benthic Macroinvertebrates (BMIs) were surveyed using the Canadian Aquatic Bio-Monitoring Network
(CABIN) protocol by NWAI staff and a staff from Environment and Climate Change Canada on 10 October
2018. BMIs are small stream-inhabiting creatures that are large enough to be seen with the naked eye
and spend all or part of their life cycle in or on the stream bottom. The use of benthic macroinvertebrates
to assess ecological conditions in streams and rivers is widely accepted. BMI communities are sensitive to
variations in sediment and flow characteristics, concentrations of dissolved oxygen, temperature, quantity
and quality of organic matter, and other environmental factors potentially affected by dams. Dams cause
changes in habitat structure and water chemistry that may result in a shift in macroinvertebrate
communities. Communities upstream of a barrier may resemble those of lake-like environments.
Two sites were selected, one was ~100 m downstream of the dam and the other was ~300 m upstream.
Both were surveyed on 11 October 2018. A 400 µm mesh kick net was used and sampling time was 3
minutes. The typical depth in the kick area was 15 cm. Water temperature at the time of survey was 8.9°C.
Samples were analysed to family level by BioTech Taxonomy following CABIN protocol using a Marchant
sampling box and a 400 µm sieve.
Results
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Summary metrics are presented in Table 4 and full results are reported in Appendix B. The taxa
downstream of the dam were indicative of higher water quality when compared to the site upstream of
the dam. Based on Table 4, the downstream site is within the “normal” range of reference (healthy) sites
in Atlantic Canada while the upstream site is not. In particular, %EPT (percentage Ephemoptera,
Plecoptera, Trichoptera) can be used to indicate water quality as these taxa are highly sensitive to
pollution. It is the relative abundance of these three sensitive taxa to all other taxa found. A higher
percentage of EPT indicates higher water quality. The downstream site, though near the lower end, is
within “normal” range for a healthy site, while the upstream site is well below normal.
Conversely, Chironomidae (midges) made up almost half of the taxa at the upstream site. Midges are
considered pollution tolerant and can survive in water of lower quality. The downstream site is just on the
upper end of a normal range while the upstream site has a far higher percentage of midges. In addition
to the dam, the upstream site may be affected by the highway/culvert and by forestry activity upstream
of highway 8.
Table 4. Metrics calculated from CABIN data taken on 11 October 2018.

Metric

‘Normal’ range -- (25th-75th
percentile calculated from 328
reference sites across Atlantic
Canada)

CCR001
(downstream)

CCR002
(upstream)

%EPT

47.7-77.4

52.9

35.3

%Chironomidae

9.1-27.8

26

47.5

Total Taxa

19-26

22

27

Total Abundance

913-3,487.5

2,334.5

11,998.8

Terrestrial Animals
Results
The Campbell Creek watershed provides habitat for many mammals, amphibians, reptiles and birds, along
with aquatic life. Though a systematic survey was not done in 2018 based on the mainly forested land-use
of the Campbell Creek watershed, we can assume that a typical Maritimes assemblage of wildlife is
present including: moose (Alces alces), white-tailed deer (Odocoileus viginanus), American black bear
(Ursus americana), eastern coyote (Canis latrans), red fox (Vulpes vulpes), porcupine (Erethizon
dorsatum), raccoon (Procyon lotor), varying hare (Lepus americanus), red squirrel (Tamiasciurus
hudsonicus), grey squirrel (Sciurus carolinensis), Eastern chipmunk (Tamias striatus), and notably the
Canada beaver (Castor canadensis) who has made a dam in the culvert on Rte. 8. Other small mammals
such as voles, shrews, and mice are common as well. Fifteen amphibian and seven reptile species are
known to occur in the Saint John River basin (CRI, 2011), including the wood turtle (Glyptemys insculpta),
which is listed as threatened by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC).
There are 189 confirmed breeding birds in the Saint John River basin (CRI, 2011). Most of these are
migratory so the species composition changes throughout the year. There are at least 31 species of
animals (18 of these are birds) considered to be Species at Risk by either COSEWIC or the Species at Risk
Act in New Brunswick.
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Baseline Conditions: Summary
●
●

●
●

●
●

●
●

●
●

Campbell Creek drains an area of 32.5 km2. The watershed is mainly forested with minor
development.
The Campbell Creek dam was built in 1919 and is owned by the City of Fredericton. The dam has
never provided fish passage and it does not currently meet the CDA Guidelines with respect to
hydraulic capacity, stability, or public safety. The dam and headpond have heritage and
recreational value but no economic value.
Campbell Creek is a gently to moderately sloping stream.
Downstream from the dam, the stream is sediment starved and bedrock is exposed down to the
confluence with the Nashwaak River. The substrate above the influence of the dam is a coarse
gravel. Finer grained silty sand is trapped in the reservoir; however, when the headpond drained
in 2016/17 tree stumps were visible on the former riverbanks and the stream quickly incised the
trapped sediment down to the former gravel substrate.
Geomorphically, the stream both up and downstream of the dam is in transition: above it is
experiencing aggradation, while below it is widening and experiencing degradation.
Water quality overall is good, with exceedances in a few metals due to soils erosion. Spikes in E.
Coli levels can be seen after heavy rainfalls, similar to other streams in the Nashwaak watershed.
With the headpond full, the water is more acidic, contains more total organic carbon, and it is
stratified by temperature as the cooler water drops to the bottom of the reservoir and is released
out the gate.
Higher levels of nutrients, salts, TDS, conductivity, and hardness were seen in 2017 when the
headpond had drained and, presumably, sediment was still flushing from the former reservoir.
Temperatures in 2017 and 2018 were appropriate for salmonids and the creek is several degrees
cooler than the Nashwaak river. The headpond is stratified in terms of temperature and it is
releasing cooler, oxygen depleted water from the bottom.
The benthic invertebrate community above the dam is indicative of lower water quality,
presumably due to the influence of the reservoir.
Electrofishing survey found four species of fish below the dam including two Atlantic salmon parr.

Future of the Dam: Summary of Options
This section provides an outline of potential management alternatives for the Campbell Creek dam. Both
GEMTEC (2014) and the four 2016-2017 UNB Senior Design Groups explored options for the fate of the
dam: complete removal, partial removal, rehabilitation for micro-hydroelectric, and “do nothing”.

1. Do Nothing
This option is obviously the easiest and most economical. Under this alternative, no works would be
proposed, and the dam would be left as it is today. However, the “do nothing” approach was determined
by GEMTEC (2014) to be the riskiest option due to the safety concerns of the dam. The dam in its current
state with a lack of signage and proper barriers presents a significant public safety risk and liability to the
City (GEMTEC, 2014). Despite GEMTEC’s 2014 recommendations to the City, no measures were put in
place (as of November 2018) to mitigate the risk of an accident or to follow the CDA Guidelines for Public
Safety Around Dams (CDA, 2011). This approach also ignores addressing the negative environmental
impacts and the lack of fish passage associated with the dam.

34

2. Retrofit the dam for micro-hydroelectric
The micro-hydroelectric option can be quickly ruled out due to the insufficient speed and volume of water
to generate electricity. Rehabilitation of the dam would be costly as it would need to be brought up to
code, spillway capacity would need to be widened to 37 m (GEMTEC, 2014), safety measures would need
to be addressed, and fish passage would need to be provided in addition to any micro-hydroelectric
infrastructure that would need to be installed. The dam would continue to have negative effects on the
ecosystem and there would be maintenance costs in the future. GEMTEC (2014) estimated that this option
would cost between 1.6 and 2.3 million dollars.

3. Partially remove the dam
Partial removal would help mitigate fish passage concerns and sediment release while preserving the
historical structure. While it would have a lower upfront cost, there would continue to be maintenance
costs associated with the remaining portion of the dam. GEMTEC (2014) determined that a channel width
of 30 m would be necessary to allow for a 1:250 event, which could be achieved with the removal of half
of the dam (in the middle, leaving the sides). However, any remaining structure could result in
downstream scour over time and there could be safety issues relating to the remaining structure. An
Environmental Impact Assessment (EIA) may be required due to triggering condition (v) in Schedule A of
the Clean Environment Act. GEMTEC (2014) estimated that this option would cost ~$564,000.

4. Fully remove the dam
Full removal of the dam would address safety concerns and allow the stream to re-equilibrate to its
natural state. Full removal would not offer any additional hydraulic benefit as compared to partial removal
other than there would be no risk of scour behind remaining pieces of the dam. Upfront costs would be
more than partial removal and the limited conflict with social interests and the dam’s historical value
would need to be addressed. In addition, First Nations should be properly consulted and involved in the
process in order to identify any potentially impacted archaeologically or culturally important sites. As with
partial removal, an EIA may be required. Both GEMTEC (2014) and all four UNB Senior Design groups
determined that full removal of the dam was the best option. GEMTEC (2014) estimated the costs to be
~$772,000 for full removal. In addition to the concrete dam, the timber cofferdam and crib work that is
upstream should also be removed to allow the stream to restore itself.

Fish Passage Design
Scenario 1 or 2: “Do Nothing” or Retrofit
Option 1. Fish ladder
If the City of Fredericton is to keep the dam in place, they must provide safe, effective fish passage. The
expense of installing a fish passage structure for a dam that serves no economic purpose will be significant.
Adult fish typically pass dams using fish ladders, water filled step-pool structures that allow fish to pass
up and over or around the dam (Fig. 22). Migrating fish are attracted to current at the base of the ladder
or stairway. The fish swim or jump from step to step. There are multiple variations on the designs of fish
ladder: the three most common conventional fish ladders are pool and weir, baffle (Denil, Alaskan steep
pass, or other baffle configurations), and vertical-slot. One or more types of ladders can be used in
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combination to create a passage structure that meets site specific conditions. The overall slope of
conventional fish ladders typically ranges from 8% up to 15% or slightly more depending on the type and
configuration of the ladder or series of ladder segments. Fishways are constructed primarily of cast-inplace reinforced concrete in addition to metal debris racks, ledgers, guide slots, grating, and safety railing.
In addition, hydraulic control, fish monitoring, and maintenance systems are all a part of fishway design
and construction. Implementing these systems on a failing dam does not make sense economically.
Additionally, fish ladders do not have nearly the benefits to fish compared to a complete removal of the
dam.

Figure 22. Sketch of a fish ladder leading over a dam © NOAA Fisheries.

Based on a review of existing conditions and the potential cost ($700,000 according to GEMTEC, 2014) of
installing a fish passage structure in an antiquated dam, we believe that the only viable option for
implementing fish passage into Campbell Creek is to partially or fully remove the dam.

Scenario 3 or 4: Partial or Full Removal of the Dam
Operating under the assumption that the City will go ahead with their plan to remove the Campbell Creek
Dam, options for reinstating fish passage are explored below. If the dam is completely removed, a ~2 m
elevation drop is expected to occur where the dam previously was, shown in Figure 24. However, the
profile in Figure 24 was drawn up when the headpond was full. When the headpond drained, the channel
incised the sediment in the former headpond and appears to have reduced that apparent drop based on
visual inspections. Additionally, the wooden crib work that is in the stream above the dam is holding back
sediment and causing a drop below it. This should be removed when the dam comes out. The drop may
have, in fact, been caused by erosion immediately downstream of the dam. Without removing the dam
and the crib work, we cannot be sure of the exact location or nature of the potential drop. It is unclear
whether the feature would have acted as a barrier to the passage of fish upstream but the presence of
brook trout above the dam indicates that fish passage was possible at some stage in the past. A more indepth survey should be carried out once the headpond is drained.
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Figure 23. Panorama of Campbell Creek upstream of the dam in July 2017 showing the old crib work that is affecting the flow of
the stream.

Although adult Atlantic salmon can jump between 3 and 4 m, there may be an issue with the water not
being deep enough in the pool below the drop for a proper jump approach to achieve the necessary burst
speed. The drop would not a be problem for American eel and it likely wouldn’t be an issue for salmonids
during high water. Adult salmon normally enter the stream in high water in the fall prior to spawning. For
salmon, the most important thing is to get adults up the stream into their spawning grounds. Juveniles
will be able to get down through any drop they encounter when migrating to sea (N. Wilbur, pers. comm.)
In addition to the drop, the stream has a moderate gradient. Gradients of <5% are ideal for salmonid
passage, but in roughened channels, salmonids may swim up gradients of <10% (N. Wilbur, pers. comm.).
Currently, the profile of the stream (measured when the headpond was full) has a slope of ~12% over 37
m (station 0+910 to 0+947). The blue line in Figure 24 represents approximately a 10% slope.

Figure 24. Cross section through the left abutment. The blue line represents the maximum 10% slope.

Option 2: Let the stream naturally realign itself once the dam has been removed
For this option, we operate under the assumption that, due to the presence of brook trout upstream of
the dam, the drop was not a barrier to fish passage before the dam was built and/or when the headpond
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was drained. There will be a shift in sediment movement and deposition after the dam and crib work are
removed as the stream reaches a new equilibrium. As the channel adjusts, the streambed may develop a
new slope. This may occur through channel incision in the impounded sediments, manifested initially in a
headcut, and progressing upstream through the deposit in a process called headcut or kickpoint
migration. This process may happen rapidly, or it may occur gradually with annual (or less frequent) peak
flows. As the slope gradually becomes shallower with time, more fish will be able to pass. Formerly
impounded sediments may be deposited in the reaches below and will likely result in the redistribution
of pools, riffles, and bars downstream of the former dam.
We also assume that there will be fish passage through the side channel that opened when the headpond
drained in 2016. This channel appears to have a shallower slope and smaller drops (Fig. 25).

Figure 25. Panorama of the Campbell Creek in 2017 showing the side (right) channel that developed upstream of the dam.

Option 3: Roughened Channel and Riffle
This option uses a roughened channel in combination with a single riffle to back flood the channel and
create a resting pool (Fig. 26). The roughened portion channel would be created during the dam removal
process by machinery already onsite (when the water is being diverted). It would involve chipping away
the bedrock using a hydraulic hammer and strategically placing boulders. The roughened portion of the
channel should be approximately 10-15 m long, extending upriver from the dam’s former location.
However, a full survey will need to be done to determine the exact length of roughness required to achieve
the goal slope of <10%. The roughened bottom would not only reduce the slope but also slow down the
flow of water, allowing fish to pass more easily. UNBESD students estimated that a roughened channel
would slow the flow by ~2 m/s during bankfull flow.
In addition, a single riffle should be constructed ~7 m downstream of the former location of the dam
where there is a natural riffle crest. This will back flood the channel to a level of about 1.5 m behind the
crest. The bedrock under the riffle should be roughened with a hydraulic hammer to increase tractive
force. Energy will be dissipated through the roughened section and pool upstream.
UNESD students determined that a row of keystone boulders measuring 50 cm should be placed at the
centre of the riffle while the remainder should consist of a mixture of smaller clean fill material. This same
mixture could also be used to infill the foundation of the dam to create a uniform profile with the stream
bed.
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Figure 26. Roughened channel (top) and riffle design (bottom) © 2017 GE4993 Geological Engineering Senior Team Design.

Riparian Restoration: Management Plan
Operating under the assumption that the City will go ahead with their plan to fully remove the Campbell
Creek Dam, a management plan for the restoration, rehabilitation, and revegetation of the former
headpond is detailed below. During the summer of 2017, when the headpond was drained, the upstream
section revegetated itself quickly with native grasses and tree seedlings. This quick revegetation by the
system indicates that costs and efforts to revegetate the area post-dam removal will be lower than
anticipated due to vigorous natural regrowth. Draining the headpond one growing season before removal
of the dam might allow some riparian vegetation to establish, which may help retain the soils during the
construction process. It is suggested that dam removal occur at the end of the summer when water levels
are the lowest and soils are the driest and able to support heavy machinery. Photos should be taken
before, during, and after construction from the same locations in order to visualize changes.
Riparian zones are defined as the stream channel between the low- and high-water marks, bordering lands
where vegetation may be influenced by elevated groundwater tables or flooding, and soils having the
ability to retain water (Naiman et al., 1993). These systems have physical, chemical, and biological effects
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on surface water, groundwater, instream conditions, and the animals that use the stream and riparian
zone as habitat. Plants in the riparian zone release leaf litter and woody debris that provide cover and a
food source, they uptake nutrients and alter suspended matter, and their canopies provides shade for the
adjacent stream. They also protect the streambanks from erosion, decrease flood velocities, and provide
terrestrial habitat. The riparian zone can be classified as a wetland as these zones are saturated by
groundwater for at least brief periods during the growing season, within the normal rooting depth of
plants, and thus are linked hydrologically to streams (Verry, 2000).
The restoration of the site of the former Campbell Creek dam will take place over three phases:

Phase 1: Construction
The removal of the dam will inevitably cause disturbance to the surrounding terrestrial and aquatic
environment due to the movement of large machinery, noise, and vibrations. Some riparian vegetation
may need to be removed to maneuver equipment but where and how much will depend on the design of
access points. Site access should be designed by engineers to minimize disturbance to soils and
vegetation, particularly the removal of large trees. Water diversion, possibly using a cofferdam and a
pump, will be necessary to dewater the channel during construction to prevent sedimentation of the
stream. This diversion should start ~175 m upstream from the construction area. A fish and/or mussel
rescue may be necessary. Sediment control measures should always be used to ensure no sediment
washes off the banks into the channel. Mulch should be applied to any loose soils after revegetating the
area. Mulched areas should be inspected regularly and re-covered as necessary. Sediment fencing or
netting should be used to prevent mulch material from entering the stream.

Phase 2: Restoration
This phase will cover the days and weeks following the decommissioning and removal of the dam
structure. Exposed sediments resulting from impoundment loss may be colonized rapidly if a seedbank
exists within the wetland soils and/or adjacent communities provide wind-blown seed sources. Plant
colonization period will depend on the timing of the dam removal. Nutrient levels in the former headpond
will affect species and community composition. Following dam removal, seed dispersal via stream flow
may help to restore native plants in the downstream riparian zone
Bank angles in the former headpond appear to be ~15-20°, which is well within the recommended angle
of repose for sandy-silty soils. However, the area around the right abutment consists of some
unconsolidated material that could be susceptible to erosion. In particular, the area currently occupied by
the right abutment is of concern. The extent of the area will be determined in a full engineering survey. If
necessary, biodegradable geotextile erosion control blankets could be used in this area to hold the
unconsolidated materials in the place while the natural vegetation takes hold. Blankets should be chosen
appropriately for the slope and secured using metal staples or wooden stakes. Native grass seed can be
applied either under or over top of the blanket if the soil is appropriate.
Actively planting vegetation will increase stability of the site. Plant roots reinforce the soil increasing shear
strength, which decreases the potential for erosion. The area to be re-vegetated should extend 100 m
upstream from the dam and 30 m downstream, covering an area of ~950 m 2; however, the actual extent
will depend on the area that is disturbed during construction. Planting should be done over several years.
Live stakes and seedlings should be mapped using GPS to determine survival and/or locate them in the
future. Plantings should be monitored for several growing seasons and replanted where necessary.
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Physical disturbance in riparian areas can result in increased proportions of invasive species. However,
planting and seeding native species and using geotextiles to help expedite the growth of a desired riparian
zone vegetation will reduce the risk of undesirable (invasive) species colonizing the area.

Live staking
Based on previous successful projects, the NWAI recommends planting native species of willow and red
osier dogwood using the live stake method and/or plugs between 0 and 4 m from the low-water line. Two
species of willow are recommended for planting: Red-tipped Willow (Salix eriocephala) and Sandbar
Willow (Salix exigua), both of which grow naturally along the Nashwaak River and are commonly used for
restoration purposes.
Willow cuttings must be collected when they are dormant. Cuttings should be a minimum of 2 cm wide at
the base and >60 cm long (Hoag, 2007). All twigs and branches should be trimmed. This will redirect
energy to lateral branching and root development when planted. Cuttings should be cut at a 45° angle at
the base for ease of planting, and to mark the bottom to ensure cuttings are not planted upside-down.
They can be bundled for ease of transport, and stored in plastic in a dark, moist and cold environment.
Seven to ten days before planting in the spring, soak cuttings in water.
It is preferable to plant willows in the spring as soon as the ground has thawed. Since the water will be
high, multiple plantings may need to occur throughout the spring to plant up to the low-water mark. It is
suggested to plant in a random fashion approximately 0.75-1 m apart in staggered rows. On eroded slopes,
use a denser spacing (0.5 m apart), and plant stems both vertically and diagonally into the soil (Polster,
2013). One of the most important aspects of planting willows is ensuring the base of the stem reaches the
low-water table. Regardless of size, all cuttings should be buried at least ¾ of their length (Polster, 2013).
After stems have hardened off in autumn, it is recommended to prune roughly half of the planted stems.
Pruning back to 5 cm above the ground will encourage coppicing and root growth the following year. In
this way, half the stems will provide a living buffer against ice scouring, and the other half will better
prevent erosion in the following spring.

Native Tree Seedlings
Above 4 m, native forested wetland tree species should be planted. Planting can be done at any time of
year, but spring and fall are preferable. Planting stock can be potted or bare root and should be a minimum
of 30 cm in height, but preferably 50 cm or greater. It is suggested not to plant in obvious rows, but instead
plant in irregular spacing to mimic a natural forest. Compost can be added to each hole to encourage
initial growth, and the soil should be tamped firmly around each tree to ensure no air pockets occur in the
hole. In the floodplain, silver maple should be the dominant planted species. Other floodplain species
could include bur oak, red ash, white elm, and butternut, though care should be taken when planting
butternut, selecting stock that is resistant to the Butternut Canker. Above the forested wetland zone
upland species should be planted. This zone should mimic the mix of an Acadian upland forest: red maple,
red oak, beech, yellow birch, sugar maple, eastern hemlock, and white pine.

Phase 3: Post-Restoration Monitoring
Of the 500 dam removal projects which have taken place in the U.S., few have received pre-and post-damremoval monitoring to measure ecosystem changes over time (Duda et al., 2008; Woodward et al., 2008).
Environmental monitoring should cover an area at least from the Rte. 8 culvert to the mouth of the
stream. Monitoring should also consider the downstream effects in the Nashwaak River. Results should
be compared to conditions prior to the removal. Monitoring should start during construction and continue
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for at least five years following the removal of the dam. Monumented cross sections should be set up (i.e.,
measurements are taken at the same place every time), photos should be taken from multiple angles, and
the following parameters should be monitored:

Ecology
●

●

●

●

Evaluate changes in fish and benthic macroinvertebrate distribution and abundance
○ CABIN surveys for BMIs
○ Electrofishing upstream and downstream of former dam
Evaluate vegetation regrowth, riparian plant community structure
○ Assess success/survival of planted stock
○ Determine changes in species percent cover
Monitor for invasive and exotic species
○ Record extent on site map (GPS locations)
○ Remove any invasive plants noted (e.g., purple loosestrife, Lythrum salicaria; reed canary
grass, Phalaris arundinacea; Japanese knotweed, Fallopia japonica)
Systematically monitor terrestrial species (particularly species at risk)

River Channel
●

●

Evaluate changes in the longitudinal profile to document vertical and horizontal channel
adjustments, changes in slope, and the creation, destruction, and/or movement of pools and
riffles
Evaluate sediment movement, erosion, and changes in habitat
○ Survey channel structure and substrate (grain size) composition

Water Quality
●

Evaluate changes in physical and chemical parameters such as temperature, dissolved oxygen and
suspended solids in both Campbell Creek and the Nashwaak River
○ Monthly grab samples and field probe samples
○ Temperature loggers placed annually up/downstream

Hydraulics
●

Evaluate changes in stage/discharge and water level
○ Install level loggers and periodically measure flow (particularly during the freshet and
after large precipitation events)

Conclusions
The Campbell Creek dam is currently providing no benefit to the economy; it is not generating hydropower
or controlling floods. It is antiquated, and fish passage is non-existent. It is inhibiting the movement of
sediment and woody debris downstream while restricting fish passage into important headwater
spawning areas. When natural flows are restored to this stream, biodiversity and population densities of
native aquatic organisms will increase.
By removing the dam on Campbell Creek, the City of Fredericton will rid itself of a safety liability, the
stream will be restored, water quality will improve, and habitat for native anadromous fish will be made
accessible for the first time in a century.
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Appendices
Appendix A. Electrofishing data
Electrofishing data from 20 June 2018, survey done by Mark Gautreau and students from CRI
Species

Fork Length
(cm)

Tail Length
(cm)

Weight
(g)

ATS

11.1

12

17

ATS

10.2

10.9

12

BND

3.8

4.1

BND

5.4

5.8

1

BND

5.6

6

1

BND

5.5

5.9

2

BND

5.6

5.9

2

BND

4.3

4.6

1

CSH

6.4

7

2

EEL

3 > 30 cm

EEL

4 < 15 cm

ELL

3 @ 15-30

Site info for electrofishing survey
Date

20-Jun
2018

Start time

1135

GPS

46.81262, -67.4644

Location

50 m above the River St bridge

Water temperature

17.7 C

Length of transect

40 m

45

Cross Sections

1

2

3

Wetted width (m)

8.2

6.4

5.5

Bankfull width (m)

13.7

15.1

25

Depth 1 (m)

0.205

0.280

0.390

Depth 2 (m)

0.260

0.245

0.165

Depth 3 (m)

0.295

0.290

0.245

Average depth

0.253

0.272

0.267

Habitat info
Riffle

35%

Bedrock

50%

Run

30%

Boulder

30%

Pool

20%

Cobble

10%

Other

15%

Sand/gravel

10%

Canopy cover

75%
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Appendix B. Benthic macroinvertebrate data
Nashwaak Watershed Assoc. 2018
Benthic Invertebrate Diversity and Abundance
TAXA

EPHEMEROPTERA

PLECOPTERA

Number / Subsample
CCR001

CCR002

CCR001

CCR002

Baetidae

90

60

600.30

1999.80

Ephemerellidae

3

19

20.01

633.27

Heptageniidae

7

1

46.69

33.33

Leptophlebiidae

26

8

173.42

266.64

Capniidae

4

1

26.68

33.33

Leuctridae

5

33.35

0.00

1

0.00

33.33

4

33.35

133.32

Pteronarcyidae

1

0.00

33.33

Taeniopterygidae

1

0.00

33.33

Perlidae
Perlodidae

TRICHOPTERA

COLEOPTERA

Number / Sample

5

Brachycentridae

2

2

13.34

66.66

Hydropsychidae

3

8

20.01

266.64

Hydroptilidae

1

6.67

0.00

Limnephilidae

2

4

13.34

133.32

Philopotamidae

9

1

60.03

33.33

Polycentropodidae

1

1

6.67

33.33

Psychomyiidae

1

1

6.67

33.33

Rhyacophilidae

4

26.68

0.00

immature

22

14

146.74

466.62

Elmidae

3

47

20.01

1566.51
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DIPTERA

OLIGOCHAETA

Chironomidae

91

171

606.97

5699.43

Ceratopogonidae

1

0.00

33.33

Empididae

1

0.00

33.33

Tipulidae

1

0.00

33.33

6.67

0.00

2

366.85

66.66

3

0.00

99.99

1

73.37

33.33

Lumbriculidae

1

Naididae

55

GASTROPODA

Ancylidae

BIVALVIA

Pisidiidae

ACARINA

Hygrobatidae

2

0.00

66.66

Lebertiidae

2

0.00

66.66

Sperchontidae

2

0.00

66.66

26.68

0.00

11

Sarcoptiformes

4

Total # of individuals

350

360

2334.50

11998.80

Number of taxa

22

27

22

27

% of sample

15

3

100

100

Taxa present but not included in count
NEMATODA

P

P

P

P

TURBELLARIA

P

P

P

P

COPEPODA

P

P

OSTRACODA

P

P

Method of subsampling used: Marchant box, following CABIN protocol
Sieve size used for rinsing sample: 400 µ
Taxonomist: Jo-Anne Monahan, Biotech Taxonomy
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Appendix C. Rapid Geomorphic Assessment Forms
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Appendix D. Water Quality Data
Date

ALK as
CaCO3

Al 0

As

Cd
(µg/L)

Ca

31/7/2018

0.048

23

<1

8.22

13/10/2018

0.130

15

<1

7/6/2018

0.062

10

<1

29/6/2018

0.341

3

31/7/2018

0.089

4/9/2018

0.106

16/10/2018
Average

CLRA
(ACU)

Cl

COND
(µSIE/cm)
Field

<0.01

7.3

21

7.35

0.02

6.8

35

3.99

<0.01

5.2

29

49.9

<1

1.90

0.03

1.8

80

17

2

5.50

0.01

4.5

15

1

4.98

0.01

3.6

0.168

5

<1

2.60

0.01

0.135

13

2

4.93

0.02

NO2
(as N)

Cr (µg/L)

Cu
(µg/L)

Ecoli
MPN

F

HARD
(CaCO3)

Fe

K

Mg

Mn

90

<1

<1

12.2

0.11

0.61

25.7

0.52

1.26

0.120

81

<1

<1

38.8

0.11

0.74

23.2

0.60

1.17

0.371

50

<1

<1

3.1

0.08

0.57

12.6

0.45

0.45

0.132

25.8

21

<1

<1

1986.3

0.23

0.51

6.4

0.32

0.39

0.152

70

58.1

58

<1

<1

16

0.16

1.93

17.1

0.57

0.81

0.579

65

47.5

52

<1

<1

7.4

0.13

1.24

15.6

0.43

0.78

0.301

2.7

62

38.2

30

<1

<1

52.8

0.15

0.43

8.8

0.37

0.56

0.083

4.6

52

43.9

55

302.4

0.14

0.86

15.6

0.47

0.77

0.248

NOX
(as
N)

NO3
(as N)

COND
(µSIE/cm)

Pb
(µg/L)

pH
Field

pH

Sb
(µg/L)

SO4

TDS
(FIELD)

TDS

TEMP
(C)

TKN
(as
N)

TN

TOC (as
Dissolved
OC)

Date

Na

NH3T

Ni
(µg/L)

31/7/2018

5.84

<0.05

<1

<0.05

0.09

0.09

0.3

7.9

7.5

<0.1

8

59.0

46

19.6

0.3

0.4

3.1

0.021

1.9

2

13/10/2018

5.35

<0.05

<1

<0.05

0.11

0.11

0.5

8.3

7.2

<0.1

11

56.0

43

5.5

0.4

0.5

5.1

0.108

5.8

2

7/6/2018

3.50

<0.05

<1

<0.05

<0.05

<0.05

0.2

7.32

7.1

<0.1

5

35.5

26

15.2

0.2

0.2

4.2

0.018

1.4

3

29/6/2018

1.58

<0.05

<1

<0.05

<0.05

<0.05

0.5

6.68

6.5

<0.1

3

15.5

12

13.9

0.3

0.3

11.8

0.038

3.9

4

31/7/2018

3.72

0.07

<1

<0.05

<0.05

<0.05

0.5

6.71

7.0

<0.1

5

41.0

33

20.9

0.4

0.5

6.8

0.034

3.7

2

4/9/2018

3.01

<0.05

<1

<0.05

<0.05

<0.05

0.3

6.85

7.1

<0.1

2

34.0

26

19.0

0.2

0.2

7.4

0.024

2.2

1

16/10/2018

2.16

<0.05

<1

0.07

<0.05

<0.05

0.2

6.89

6.8

<0.1

4

27.1

16

8.2

0.3

0.3

9.7

0.016

1.4

2

Average

3.59

0.07

0.07

0.10

0.10

0.4

7.24

7.0

5

38.3

29

14.6

0.3

0.3

6.9

0.037

2.9

2

Note: Units are mg/l unless otherwise noted. Analyses completed by RPC Fredericton.

TP-L

TURB
(NTU)

Zn
(µg/L)

