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CONTEXT 

 

Effective management of stormwater is critical to maintain the health of our streams and rivers, 

as well as Lake Superior.  Early stormwater management plans attempted to control runoff flow 

rates from urban developments.  The main issue was to control water quantityτto ensure that 

runoff from newly developed urban areas did not increase the potential for flooding 

downstream.  By the late 1980s, water quality became an additional focus of stormwater 

management and in the late 1990s, approaches to mitigate accelerated stream channel erosion 

were introduced (Dhalla and Zimmer, 2010).  Recent approaches to stormwater management 

not only mitigate the impact of hydrologic changes to streams and rivers because of urban 

development, but also address groundwater resources and the protection of aquatic and 

terrestrial habitats.  Cutting-edge stormwater management planning treats stormwater as a 

resource (Dhalla and Zimmer, 2010).   

 

This study of Lyons and Third Avenue channels in the City of Thunder Bay examines the effect 

that stormwaterτas a resourceτ can have on a channel over time.  Both open channels were 

constructed in the 1930s to convey stormwater to either the McIntyre River (now the Neebing-

McIntyre Floodway) and then to Lake Superior, or directly into Lake Superior.   The focus was to 

control peak flow rate and to concentrate suspended solids.  However, eighty years later the 

two channels appear to be very differentτLyons Channel looks more like a typical stream with 

emergent vegetation, minnows, and other forms of life, whereas Third Avenue Channel appears 

to be a conventional ΨŘƛǘŎƘΩΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ǳǇǇŜǊ ǊŜŀŎƘŜǎΦ  Yet both channels are considered 

by ŀŘƧŀŎŜƴǘ ƭŀƴŘƻǿƴŜǊǎ ŀǎ ΨŘƛǘŎƘŜǎΩτplaces to dump stuff.  EcoSuperior proposed this study to 

assess the physical and chemical features of the channels, as well as to examine the benthic 

macroinvertebrate community to evaluate the potential habitat offered by those chemical and 

physical features.  The result of these assessments could perhaps point the way to effective 

strategies to improve stormwater management, as well as identify areas for potential 

rehabilitation projects. 
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2.0  BACKGROUND 

 

2.1 History 

 

Lyons Channel and Third Avenue Channel are both open drainage channels created in the 1930s 

to ensure the speedy conveyance of stormwater from urban development in Thunder Bay to 

Lake Superior.  Third Avenue Channel begins south of Pasteur Road and heads in an easterly 

direction for approximately 1.5km to empty into Lake Superior by Central Avenue near Northern 

Wood Preservers (Fig. 1).  Lyons Channel is approximately 2.5km in length, and also begins just 

south of Pasteur Road, but curves to the southwest emptying into the Neebing-McIntyre 

Floodway east of Russell Street (Fig. 1), and from there to Lake Superior. The source water for 

Lyons Channel is Oliver Creek, a small stream that is now mostly enclosed in pipes.   A remnant 

of the exposed creek is still visible west of Dalton Avenue next to the Oliver Road Community 

Centre, and west of Ray Boulevard.   

 

Lyons Channel likely also received much of the surface water runoff from a train switching yard 

on a rail spur built by the Canadian National Railway (CNR) in 1944-45.  At that time, an iron ore 

dock was built in the Port Arthur Harbour to enable the transfer of iron ore from the Steep Rock 

mine in Atikokan to lake-going vessels.  A spur line was constructed to connect the main 

Atikokan train line to the iron ore dock in the Harbour, and Lyons Channel ran parallel to the 

switching yard located at the base of a train trestle that crossed Memorial Avenue by 2nd 

Avenue, prior to reaching the ore dock on Lake Superior.  The iron ore trestle and tracks were 

removed in the mid 1990s, but Lyons Channel still receives surface runoff from the 

decommissioned railbed.  An Off-Leash Dog Area was opened in the former rail switching yard 

in November 2007 (Fig. 2). 

 

2.2  Hydrology 

 

In addition to Oliver Creek, the source water for Lyons Channel (Reach LC-01) includes an outfall 

that gathers stormwater from an area approximately 3.7km2 roughly delimited by Carrick and 

High Streets to the east, Hillcrest High School to the north, Balmoral Street  to the west and the 

Neebing-McIntyre Floodway to the south (Fig. 1).  Surface run-off and an additional 17 

stormwater outfalls (Fig. 2) add to the water volume as Lyons Channel makes its way 

approximately 2.5km from the source water outfall to the Neebing-McIntyre Floodway. 

 

Third Avenue Channel (Reach LC-02) flows approximately 1.5 km east to empty into Lake 

Superior (Fig. 1).  The source water for this reach is a stormwater outfall south of Pasteur Road 

that drains an area approximately 1.5 km2 in size (Fig. 1).  Water from an additional nine
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 Figure 1.  Lyons and Third Avenue Drainage Channel Stormwatershed Areas, Thunder Bay, Ontario. 
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 Figure 2.  Location of Off- Leash Dog Area and stormwater outfalls on Lyons and Third Avenue Channel, Thunder 

Bay, Ontario 2010.  

 

stormwater outfalls adds to the flow (Fig.2).  In 2006-07, a stormwater lift station was built near  

the High Street stream crossing to increase the elevation of the stormwater outfall so water can 

flow downhill through the Third Avenue Channel into Lake Superior.   Third Avenue Channel 

crosses through a culvert under Fort William Road, receives water from surface runoff as well as 

a ditch that runs parallel to the railyard, goes under the rail tracks, then resurfaces to empty 

into Lake Superior. 
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2.3  Management/ Policies 

 

Most of the water carried by the Lyons and Third Avenue channels is stormwater from outfalls, 

with some input of water from surface run-off.  The proposed Sewer Use Bylaw (City of Thunder 

Bay, 2010) will define what is permitted to be discharged into a sewer ς whether sanitary, 

combined, or storm sewers.  This will enable the Municipality to charge any person or 

corporation that contravenes the provisions of the by-law.  On conviction, a fine will be paid.  

Therefore, the Sewer Use Bylaws will impact the water quality of the channel by regulating 

water quality in storm sewers and restricting the release of contaminants.   

 

A number of private landowners are encroaching on the municipal property that borders Lyons 

Channel to dump debris and/or snow, or clear the vegetation outside of their property lines.  

The City of Thunder Bay Yard Maintenance By-law (068-2008) (City of Thunder Bay, 2008) 

restricts dumping of trash on all public or privately-owned land within Thunder Bay, whether 

that Land is occupied or not.  In addition, a number of properties appear to be storing 

abandoned itemsτinoperative motor vehicles and motor vehicle parts, and mechanical 

equipment or equipment partsτthat could be potential stormwater contaminant sources.  

¢ƘŜǎŜ ƛǘŜƳǎ ŀǊŜ ŀƭǎƻ ŘŜŜƳŜŘ ΨŘŜōǊƛǎΩ ǳƴŘŜǊ ǘƘŜ /ƛǘȅ ƻŦ ¢ƘǳƴŘŜǊ .ŀȅ ¸ŀǊŘ aŀƛƴǘŜƴŀƴŎŜ .ȅ-law 

(068-2008). 

 

There is a well-vegetated municipal setback on either side of Lyons Channel, through both the 

Off-Leash Dog Area and south towards the Neebing-McIntyre Floodway.   Trees, shrubs and 

herbaceous vegetation prevent erosion and siltation, trap surface run-off, and provide shade 

and food for aquatic organisms in the channel and other organisms in the vegetated corridor.  

Aquatic plants within the channel slow streamflow, allowing contaminants to be filtered.  In 

fact, the ability of cattails to bioaccumulate many chemical pollutants has resulted in the use of 

these plants in the bioremediation of polluted wetlands and the treatment of industrial 

wastewater (Lan, Chen, and Wong, 1992).    IƻǿŜǾŜǊΣ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅ ƻŦǘŜƴ ŘǊŜŘƎŜǎ ΨŘƛǘŎƘŜǎΩ ǘƻ 

facilitate water flow during a heavy storm event, thereby removing aquatic plants along with 

accumulated silt.  There are no municipal policies or guidelines in place to recognize the value of 

intact vegetation within streams or channels, although it is crucial to the maintenance of a 

healthy aquatic ecosystem. 

 

2.4 Remediation/Naturalization efforts 

 

Although oriƎƛƴŀƭƭȅ ŀ ŘǊŀƛƴŀƎŜ ΨŘƛǘŎƘΩ ǘƻ Ŏonvey water into the Neebing- McIntyre Floodway, 

Lyons Channel has evolved into a functioning stream ecosystem.  Observations during 
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9Ŏƻ{ǳǇŜǊƛƻǊΩǎ stream assessment indicate that aquatic vegetation provides food and shelter for 

benthic invertebrates including crustacea.  Minnows, ducks and other birds, and small mammals 

and deer also use the habitat provided by Lyons Channel.  The creation of a functioning 

ecosystem is not the result of naturalization efforts but rather a consequence of benign neglect 

that enabled trees, shrubs and herbaceous plants to establish themselves along the majority of 

the streambank, and aquatic vegetation to populate the bed of the channel.  

 

Limited remediation work was done in the former CNR rail switching yard to convert it to an Off-

Leash Dog Area.  Tonnes of dust from the transport of iron ore had accumulated on the old train 

bed.   Pea gravel was placed on the ground surface to cover the iron ore dust, keeping it from 

covering dogs with the iron-laden dust.  However, there has been no attempt to plant trees or 

shrubs, or otherwise diversify the vegetation in the area. 

 

Third Avenue Channel is more typical of a conventional stormwater conveyance channel 

because it is lined for part of the way with concrete.  The majority of the channel banks are 

mown grass or shorter herbaceous plants to accommodate the rapid movement of water during 

high rainfall events.   

 

2.5  Current Land Use 

 

Lyons Channel (Reach LC-01) begins in a municipally-owned Off-Leash Dog Area on the site of a 

former railyard, then proceeds south through a light-industrial area consisting of various 

businesses including several aggregate yards, a long-distance trucking yard and numerous 

offices and workplaces with large paved parking areas.   

 

Third Avenue Channel (Reach LC-02) consists of the decommissioned rail spur line as it heads 

east to the site of the former iron ore train trestle.  After crossing Memorial Avenue, residential 

and commercial properties abut the municipally-owned buffer on each side of the channel.  

Land-use along the channel changes to heavy-industrial between Fort William Road and Lake 

Superior.  The CNR tracks run parallel to the waterfront, while the decommissioned iron ore 

dock and Northern Wood Preservers are situated directly on Lake Superior. 

 

3.0  METHODS AND MATERIALS 

 

3.1 Unified Stream Assessment (USA) 

 

Field data were collected according to the protocols described in Unified Stream Assessment: A 

¦ǎŜǊΩǎ aŀƴǳŀƭ όYƛǘŎƘŜƭƭ ŀƴŘ {ŎƘǳŜƭŜǊΣ нллрύ. The Unified Stream Assessment (USA) is a 
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continuous stream walk protocol to evaluate systematically conditions and identify remediation 

opportunities within the stream corridor of small watersheds.  Basic information on stream 

crossings, impacted buffers and stormwater outfalls is collected and analyzed, enabling the 

identification of a list of potential remediation projects in the stream corridor. 

 

Project data were collected on two catchment-level reachesτLyons Channel (Reach LC-01), and 

Third Avenue Channel (Reach LC-02) on September 8th, 9th and 10th 2010.  The stream 

assessment of Lyons Channel (Reach LC-01) began at the mouth, where it empties into the 

Neebing-McIntyre Floodway.  Stormwater outfalls, impacted buffers and stream crossings were 

assessed during continuous in-stream travel up the channel to a point just south of Pasteur 

Road, and corresponding USA impact assessment forms (Appendix 1) were completed.  Photos 

were taken of each assessed impact and the location was recorded using a Global Positioning 

System (GPS) unit. For linear features such as impacted buffers, GPS points were logged at the 

beginning and end of each impacted segment when possible. Distances over 10m were 

estimated using GPS points and by pacing for shorter distances.  Points of interest such as 

increased emergent vegetation, berms, failing roadbeds above stream crossing and debris piles 

were also documented with photos and a brief description.   

 

The stream assessment of Third Avenue Channel (Reach LC-02) began at the sourceτa 

stormwater outfall just south of Pasteur Road.   The field crew walked downstream, 

documenting stormwater outfalls, impacted buffers and stream crossings with photographs and 

field forms, exiting the channel approximately 200m from Lake Superior because water depth 

and steep banks made it unsafe to continue walking along the streambed.  

 

Completed field sheets for stormwater outfalls, impacted buffers and stream crossings were 

summarized for both reaches (Appendix 2).  Over 150 digital photographs were taken over the 

course of field work. Photos were recorded in the field on both a photo log and on the pertinent 

individual impact assessment form.  

  

There are limitations to the USA methodology.  The ranking of the severity, as well as 

opportunity for remediation of an impact, are subjective rankings that depend on the 

judgement of field staff.  Though experienced in field data collection, field staff are not 

engineers or stream rehabilitation specialists. Therefore, in some cases, further site analysis will 

be required to evaluate remediation opportunities.  
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3.2 Water Quality Sampling 

 

Water quality sampling sites were selected to measure:  the quality of stormwater as it enters 

each of the channels (Lyons Channel L1-HW, Third Avenue Channel L2-HW, Fig. 3 );  the quality 

of the water as it leaves the channels (Lyons Channel near the Neebing-McIntyre Floodway L1-

MI, Third Avenue Channel near Lake Superior L2-LS, Fig. 3); and, the ability of emergent 

vegetation to filter contaminants from a stormwater outfall with a severity ranking of 4 (OT-

09/L1-OT, L1-OT-B, Fig. 3).  Outfall effluent was assessed based on discharge (flow), colour, 

odour, impact downstream, and overall observations using Unified Stream Assessment 

protocols.  It was not possible to sample a reference site because the source of the water for 

both channels is stormwater.   A total of seven sites were sampled for water quality.  Photos of 

the water quality sampling sites are found in Appendix 8. 

 

Water samples were collected during both a dry day (no precipitation) and a rain event (with 

precipitation >5mm) during the month of October to determine if there was a difference in the 

composition of effluent during a storm event.  Whole water (unfiltered) grab samples were 

collected 5cm below the surface of the channel or directly from the outfall discharge where 

stormwater pipes were present.  Samples were collected using 1-L HDPE plastic bottles 

prepared by the Lakehead University Environmental Laboratory.  Each sample bottle was rinsed 

twice with sample water at each station prior to sample collection. After collection, the water 

samples were stored in a cooler with an ice pack and delivered to the Lakehead University 

Environmental Laboratory within 4 hours. Once in the laboratory, samples were properly stored 

and treated. 

 

Laboratory analysis of water samples included the following parameters: Alkalinity, pH, 

Dissolved Organic Carbon, Total Suspended Solids, Total Dissolved Solids, Total Metals, 

Ammonia-N, and Anions (Cl, NO2, NO3, PO4 and SO4).  No duplicate water samples were taken in 

the field because of financial constraints.  Quality control procedures employed by the Lakehead 

University Environmental Laboratory included charting influences, standards, and blanks.  

 

3.3 Benthic Bio-Monitoring 

 

The aquatic benthic macroinvertebrate communities were sampled by Deacon Bioconsulting personnel 

during September and October 2010 at four sites (LY-1 to LY-4, Fig. 3) according to stream methodology 

as outlined by Jones et al. (2005).  The data for Site LY-1 was collected for a Stream Assessment Project 

funded by the Canada-Ontario Agreement Respecting the Great Lakes (Deacon and Lavoie, 2010) but the 

results are also included in this report.   Sites LY-1 and  LY-2 each consisted of three sub-samples taken as 

a riffle-pool-riffle sequence.  Sites LY-3 and  LY-4 were heavily vegetated and did not contain a riffle-

pool-riffle sequence; therefore, each site consisted of three transects taken at a spacing of 
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 Figure 3.  Location of water quality sampling sites and benthic biomonitoring sites, Thunder Bay, Ontario 2010. 

 

approximately 20 times bankfull width, as outlined by Jones et al.(2005).  Sampling distances 

and times were recorded.  Sampling was completed using a 500-micron mesh D-net.  The 

samples were preserved in the field in 96% ethanol and then sorted in the laboratory.  A 

minimum of 100 benthic macroinvertebrates were randomly picked from each of the sub-

samples using a Nikon SMZ1500 at 10X magnification.  The macroinvertebrates were identified 

using taxonomic keys by Clarke (1981), Peckarsky et al., (1990), Merritt et al. (2008), and 

Wiggins (1996).  Most organisms were identified to Order or Family level to facilitate the 

determination of various Biotic Indices.  Orders such as Ephemeroptera, Plecoptera, and 
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Trichoptera which are particularly sensitive to impaired water quality were identified to the 

Genus level when possible. 

 

The aquatic benthic macroinvertebrate community was assessed according to the 27-taxa 

Reference Condition Approach (RCA) as outlined in the Ontario Benthos Biomonitoring Network 

Protocol Manual (Jones et al.  нллрύΦ  ¢ƘŜ h..b ƛǎ ŀ ǇŀǊǘƴŜǊǎƘƛǇ ƭŜŘ ōȅ 9ƴǾƛǊƻƴƳŜƴǘ /ŀƴŀŘŀΩǎ 

Ecological Monitoring and Assessment Network (EMAN) and the Ontario Ministry of the 

Environment.  The 27-Taxa include the numbers of: Amphipoda, Anisoptera, Bivalvia, 

Ceratopogonidae, Chironomidae, Coelenterata, Coleoptera, Culicidae, Decapoda, 

Ephemeroptera, Gastropoda, Hemiptera, Hirudinea, Isopoda, Lepidoptera, Megaloptera, 

Miscellaneous Diptera, Nematoda, Oligochaeta, Plecoptera, Simuliidae, Tabanidae, Tipulidae, 

Trichoptera, Trombidiformes, Turbellaria, and Zygoptera.  The Biotic Indices include: Total 

!ōǳƴŘŀƴŎŜΣ wƛŎƘƴŜǎǎΣ 5ƛǇǘŜǊŀƴ wƛŎƘƴŜǎǎΣ LƴǎŜŎǘ wƛŎƘƴŜǎǎΣ {ƛƳǇǎƻƴΩǎ LƴŘŜȄΣ {ƘŀƴƴƻƴΩǎ 5ƛǾŜǊǎƛǘȅ 

LƴŘŜȄΣ IƛƭǎŜƴƘƻŦŦΩǎ .ƛƻǘƛŎ LƴŘŜȄΣ ҈ 5ƻƳƛƴŀƴǘǎΣ ҈ 9ǇƘŜƳŜǊƻǇǘŜǊŀ hŘƻƴŀǘŀ ¢ǊƛŎƘƻǇǘŜǊŀ ό9h¢ύΣ ҈ 

Ephemeroptera Plecoptera Trichoptera (EPT), % Chironomids, % Crustacea, % Dipterans, % 

Gastropods, % Mollusca, % Non-Dipteran Insects, % Odonates, % Pelecypods, and % 

Oligochaetes (Worms). 

 

 The OBBN Biotic Indices used in the analysis of the 27-taxa provide an insight into the present 

and past conditions experienced by the aquatic benthic macroinvertebrate communities.  Some 

ƻŦ ǘƘŜ .ƛƻǘƛŎ LƴŘƛŎŜǎΣ ŦƻǊ ŜȄŀƳǇƭŜ ŀ ƘƛƎƘ ҈ 9t¢ ƻǊ ŀ ƭƻǿ IƛƭǎŜƴƘƻŦŦΩs Biotic Index, indicate high 

water quality in the study area.  Other Biotic Indices, for example a high % Worms or a high % 

Chironomids (non-biting midges), are useful for identifying sites that are  impacted by nutrient 

enrichment and high organic content, resulting in low dissolved oxygen in the water with 

consequent degradation of the habitat.  A high % Crustacea indicates high organic content in a 

habitat that never experiences lethal low oxygen concentrations.  Each Biotic Index provides a 

separate insight about the quality of the habitat.  The combination of several indices makes it 

possible to evaluate the quality of the habitat (Appendix 3). 

 

4 RESULTS  

 

4.1  Unified Stream Assessment (USA) 

 

 Fifty one individual impact assessment forms were completed during the 4km continuous 

stream walk of Lyons and Third Avenue Channels, of which 28 were for outfalls, seven were for 

impacted buffers and 16 were for stream crossings.  The challenge was to summarize and 

interpret patterns from the raw data.   
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The ranking of the severity of an impact, as well as the ranking of the opportunity for 

remediation, are subjective rankings that depend on the judgement of field staff.  Stormwater 

outfalls were assigned a severity ranking of 1 if the outfall did not have dry weather discharge, 

staining or appearance of causing any erosion problems, and a severity ranking of 5 if the outfall 

had a heavy discharge with a distinct colour and/or odour, and/or if the amount of discharge 

was significant compared to the amount of normal flow in the receiving stream, and/or if the 

discharge appeared to be having a significant impact downstream.  Therefore, an outfall 

severity of 3-5 would be assigned to outfalls that were of concern.  The same sliding scale was 

used to rank the remediation potential of impacted buffers where a remediation ranking of 1 

was assigned where road, building encroachment or other features significantly limited the 

available areas for planting, and a remediation ranking of 5 was assigned if the riparian area did 

not appear to be used for any specific purpose and there was sufficient area available for 

planting.  Stream crossings were deemed to be potential remediation candidates based on the 

severity of the stream blockage, where a blockage rating of 1 indicated no barrier to flow and a 

blockage severity of 5 indicated a barrier to fish passage upstream.  

 

Lyons Channel- Reach LC-01  

The main source of water for this reach is a stormwater outfall that empties into Lyons Channel 

south of Pasteur Road (Fig.2).  Two municipal stormwater outfalls empty into Lyons Channel 

within the Off-Leash Dog Area, while four are found between the southern limit of the Off-Leash 

Dog Area and the Neebing-McIntyre Floodway (Fig.2).  In addition, 12 miscellaneous outfalls, 

likely originating on private light-industrial properties on each side of Lyons Channel, are located 

south of the Off-Leash Dog Area (Fig.2).  

 

Of the 18 stormwater outfalls emptying into Reach LC-01, eight were ranked 3 or higher on the 

severity scale with seven having potential for remediation consisting of discharge investigation, 

local stream repair and/or outfall stabilization,  stream daylighting and/ or stormwater retrofits 

(Table 1, Fig. 5 ).  Ten stormwater outfalls were ranked two or below, but although the severity 

was low, there was still remediation potential for four of the outfalls (Table 1, Fig.5).  

Photographs and additional details of stormwater outfalls with remediation potential can be 

found in Appendix 4. Almost all outfalls were dry during the continuous stream walk 

assessment.  The most common problem associated with the outfalls was corrosion of the pipe 

and erosion of the streambank around the pipe. 

 

There is high-quality vegetation on either side of Lyons Channel as it progresses south-west in a 

gentle arc from the source south of Pasteur Road through the Off-Leash Dog Area. This section 

of the drainage channel has excellent forested shoreline vegetation and emergent vegetation in 

the streambed (Fig. 4).  There are also several remnant patches of mature forest adjacent to the  
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     Figure 4.  Photo of Lyons Channel in Off-Leash Dog Park Area, Feb 2007. 

 

 

Table 1.  Ranking of features assessed with Unified Stream Assessment protocol, Lyons and Third  Avenue Drainage Channels, Thunder 

Bay, Ontario, 2010. 

Reach 

Code 

Outfall  

Severity 1-2 

Outfall 

 Severity 3-5 

Impacted Buffer Stream Crossing 

Blockage  

Severity 1-2 

Stream Crossing 

Blockage  

Severity 3-5 

Total 

# 

 

Remediation 

Potential 

# 

 

Remediation 

Potential 

# 

 

Remediation 

Potential 

# 

 

Remediation 

Potential 

# Remediation 

Potential 

# Remediation 

Potential 

LC-01 10 4 8 7 5 4 4 2 3 3 30 18 

LC-02 8 4 2 2 2 1 8 3 1 1 21 11 

 

channel.  Between the southern limit of the Off-Leash Dog Area and the Neebing-McIntyre 

Floodway, the vegetated buffer along both banks is reduced to less than 3m in most places. Five 

impacted buffers were found along reach LC-01 (Table 1).  Only one of the five areas is 

inaccessible for remediation because of the presence of a retaining wall for an aggregate yard.  

The remaining four buffers have potential for remediation through active reforestation, 

greenway design or natural regeneration (Table 1, Fig.6).  Private landowners have been largely 

responsible for the degradation of the buffers along their property line through improper 

material storage, encroachment of parking areas and improper snow removal.  Photographs and 

additional details of impacted buffers with remediation potential can be found in Appendix 5. 
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 Figure 5.  Location of stormwater outfalls, Lyons and Third Avenue Channel, Thunder Bay, Ontario 2010.  Those 

with remediation potential in red and green. 

Reach LC-01 had seven stream crossingsτplaces where the channel entered a culvert under 

roads or trailsτwith two being major roadways.  Only three of the culverts had a blockage with 

a severity rating of 3-5, mainly because of excessive vegetation and/or garbage.  Therefore, all 

three had potential for remediation or repair (Table 1, Fig. 7).  Four of the culverts had a 

severity rating of 1-2, with two of these having a remediation potential.  Photographs and 

additional details of stream crossings with remediation potential can be found in Appendix 6. 
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Figure 6.  Location of impacted buffers, Lyons and Third Avenue Channels, Thunder Bay, Ontario 2010.  Those with 

remediation potential in red and green. 

 

Third  Avenue Channel- Reach LC-02  

The source water for Third Avenue Channel- Reach LC-02 is a stormwater outfall south of 

Pasteur Road (Fig.2).  Nine additional stormwater outfalls empty into Third Avenue Channel in 

the last 1.5 km to Lake Superior (Fig. 2).   Six of these outfalls drain residential areas, while the 

remainder carry surface runoff from the railyard and low-lying areas into Lake Superior (Fig. 1).  

Third Avenue Channel is lined with concrete from Memorial Avenue to Fort William Road to 

accommodate high water flow during storm events.   A municipal stormwater lift station  
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Figure 7.  Location of impacted stream crossings, Lyons and Third Avenue Channels, Thunder Bay, Ontario 2010.  

Those with remediation potential in red and green. 

 

attaches to the channel just past Memorial Avenue at the High Street stream crossing.  This lift 

station increases the elevation of the stormwater outfall so it can flow downhill through Third 

Avenue Channel into Lake Superior.   Water levels in the portion of the channel east of the lift 

station would experience extreme fluctuations, with consistently low base flow levels and high 

flow levels during storm events.  When the wind blows from the west, water from Lake Superior 

can be pushed up into the drainage channel, causing the direction of flow to change 

temporarily. 
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Of the ten stormwater outfalls emptying into Third Avenue Channel, two were ranked 3 or 

higher on the severity scale and both had potential for remediation.  Eight stormwater outfalls 

were ranked 2 or below, but although the severity was low, there was still remediation potential 

for four of the outfalls (Table 1, Fig.5).  Stormwater outfall problems consisted mostly of 

corroded pipes and erosion of the substrate around the pipe.  Photographs and additional 

details of stormwater outfalls with remediation potential can be found in Appendix 4. 

 

The vegetation on either side of Third Avenue Channel consists mostly of grasses with a few 

scattered shrubs between the source south of Pasteur Road and Memorial Avenue.  The 

vegetated buffer in this area could be remediated through reforestation (Table 1, Fig. 6).  

Cropped grass covers the area of the former railroad bed on the northern part of the channel 

between Memorial Avenue and Fort William Road. This grassed area adjacent to the concrete-

lined channel is maintained to accommodate a large flow of water during an extreme rain 

event.  The southern bank of the concrete-lined channel is extremely narrow and rises steeply 

to a fenced property line.  There is a second impacted buffer here which consists of a building 

built within meters of the channel, therefore the area has no remediation potential (Table 1).  A 

few scattered shrubs and trees can be found elsewhere on this steep slope.  East of Fort William 

Road, the banks of Third Avenue Channel are naturalized with long grasses and scattered 

shrubs.  Photographs and additional details of impacted buffers with remediation potential can 

be found in Appendix 5.  

 

Third Avenue Channel has nine stream crossings τplaces where the channel enters a culvert 

under roads, rails or trails.  A number of stream crossings are under roads or driveways that 

have fallen into disrepair.  There are two major road crossings, and the remaining crossings are 

access roads and railway tracks in the train yard.  Only one culvert had a blockage with a 

severity rating of 3-5 and a potential for remediation or repair (Table 1, Fig.7).  Eight of the 

culverts had a severity rating of 1-2, with three of these having a remediation potential (Table 1, 

Fig. 7).  The most common problem associated with stream crossings was collapsing culverts as 

well erosion around the culverts from surface flow originating from the road.  Photographs and 

additional details of stream crossings with remediation potential can be found in Appendix 6.   

 

There are many potential remediation projects on both Lyons and Third Avenue Channelsτof 

the 51 assessed features, over 29 were ranked as possible opportunities to improve the 

channels (Table 1, Figs. 5, 6, 7). These potential projects vary widely in type, cost, and priority; 

however, this number provides an indication of the amount of improvement work that could be 

done in the assessed reaches. 
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4.2 Water Quality Sampling 

 

Water quality was sampled at seven sites in both dry and wet weatherτfour on Lyons Channel 

and three on Third Avenue Channel (Fig. 3).  See Appendix 7 for field data tables.  Lyons Channel 

L1-HW and Third Avenue Channel L2-HW and L2-OT measured the quality of stormwater as it 

enters each of the channels in dry and wet weather (Fig. 3 );  Lyons Channel L1-MI and Third 

Avenue Channel L2-LS measured the quality of the water as it leaves the channels (into the 

Neebing-McIntyre Floodway and Lake Superior, respectively ) (Fig. 3); and OT-09/L1-OT and L1-

OT-B measured the ability of emergent vegetation to filter contaminants from a stormwater 

outfall (Fig. 3).  See Appendix 8 for photographs of the water quality sampling sites.   

 

Physical 

The pH values of all samples are within the Ontario Provincial Water Quality Objectives (PWQO) 

acceptable range of 6.5 ς 8.5, with the exception of sample L1-HW during wet weather which 

has a value of 6.4 (Table 2).  L1-HW is the source water for Lyons Channelτin addition to Oliver 

Creek, the source water includes an outfall that gathers stormwater from an area of 

approximately 3.7km2 (Fig. 1).  Evidently stormwater from this large stormwatershedτ 

Hillcrest/ High St. areaτ was acidic.  A second outfall delivered slightly acidic water during rain 

event sampling.  OT-09/ L1- OT has a healthy pH value of 7.1 during dry weather sampling, but 

the pH decreases during rain event sampling to an average of 6.5 (Table 3).  This outfall collects 

stormwater from a light-industrial office area that includes large paved lots.   

 

Conductivity is quite high during dry weather sampling, ranging from 912 uS/cm at the source 

water entry point for Third Avenue Channel (L2-HW), to 1610 uS/cm at OT-09/ L1-OT on Lyons 

Channel (Table 2, 3).   These high conductivity values are indicative of high concentrations of 

inorganic dissolved solids, such as iron.  Streams that run through areas with clay soils tend to 

have higher conductivity than streams on rocky areas.  Both Lyons and Third Avenue channels 

have fine particulate substrates, and therefore would be more likely to ionize inorganic solids.  

Conductivity values decrease at every sample site during rain event sampling, which is expected 

since conductivity is inversely related to discharge (EMAN, 2005).   The water entering the 

Neebing-McIntyre Floodway (L1-MI) from Lyons Channel shows the least decline in conductivity 

(from 1320 to 1090 uS/cm) between dry and wet sampling events, whereas the water entering 

Lake Superior from Third Avenue Channel has a greater decline in conductivity (from 1237 to 

124.5 uS/cm) between dry and wet sampling events (Table 2).  Conductivity of rivers in the 

United States generally ranges from 50 to 1500 uS/cm, and industrial waters can reach as high 

as 10,000 uS/cm (USEPA). 
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 Table 2.  Water chemistry of source water entry point (HW, OT)  and  mouth (MI, LS), Lyons and Third Avenue Channels, Thunder Bay, Ontario 2010.  

 
Dry Weather Sampling  Wet Weather Sampling   

Date 

  

Oct-25 Oct-25 Oct-25 Oct-25  Oct-26 Oct-26 Oct-26 Oct-26 Oct-26 

Site ID L1-HW L1-MI L2-HW L2-LS L1-HW L1-MI L2-OT L2-HW L2-LS 

Parameter UNITS       

Physical       

pH n/a 8.126 7.841 7.667 7.822   6.400   7.500   6.600   7.500   7.600 

Conductivity uS/cm 1189 1320 912 1237    55.5  1090.0    36.8   779.2   124.5 

TDS mg/L 743.4 848.8 551.8 802.4    39.8   663.2    27.0   449.2   715.8 

TSS mg/L 5.8 6 6.8 5.9   133.6    15.7    32.5    12.4    29.8 

Chemical   
 

Total Alkalinity as CaCO3 mg/L 286 291.6 330.4 222.1    14.7   220.1    12.4   263.8   191.4 

DOC mg/L 8.1 9.8 9 9.9     3.1    10.6     1.6     7.2     8.6 

Chloride (IC) mg/L 6.21 276.9 91.52 298.2    4.42   21.89    1.41   62.69  244.85 

N-NH4+NH3 mg/L 1.04 2.176 0.071 0.737   2.954   0.630   0.786   0.382   0.559 

Nitrite NO2-N (IC) mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Nitrate NO3-N [IC] mg/L 0.475 0.039 0.03 0.076   0.289   0.197   0.212   0.027   0.220 

Phosphate (PO4-P) by IC mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Sulphate (SO4) [ IC] mg/L 43.2 32.12 20.44 34.28    2.11   22.84    1.59   21.50   14.12 

Metals         

Total Aluminum mg/L 0.069 0.021 0.026 0.04   0.247 <DL   0.054   0.007   0.040 

Total Arsenic mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Total Barium mg/L 0.103 0.229 0.074 0.101   0.014   0.176   0.004   0.063   0.079 

Total Berryllium mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Total Cadmium mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Total Cobalt mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Total Chromium mg/L <DL <DL <DL <DL   0.003 <DL <DL <DL <DL 

Total Copper mg/L 0.003 <DL <DL <DL <DL <DL <DL <DL <DL 

Total Iron mg/L   0.675   1.401   0.849   0.593   0.608   0.203   0.109   0.117   0.253 

Total Manganese mg/L 0.084 0.36 0.1222 0.6062  0.0103  0.0021 0.0059  0.0026  0.0382 

Total Nickel mg/L <DL 0.003 <DL <DL <DL <DL <DL <DL <DL 

Total Lead mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Total Sulfur mg/L 15.7 11.34 8.95 12.13    0.77    8.63    0.48    8.27    5.99 

Total Vanadium mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL 

Total Zinc mg/L 0.011 0.005 0.002 0.006   0.023   0.003   0.006 <DL   0.006 

* Cells highlighted in pink are above PQWO and/or CEQG. 
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Table 3.  Water chemistry at stormwater outfall (L1-OT) and in channel downstream (L1-OT-B), Lyons Channel, Thunder Bay, Ontario 2010.  

 
 Dry Weather Sampling  Wet Weather Sampling 

Date 

  

Oct-25 Oct-25  Oct-26 Oct-26 

Site ID L1-OT L1-OT-B L1-OT L1-OT-B 

Parameter UNITS    

Physical    

pH n/a 7.147 7.643   6.500   7.300 

Conductivity uS/cm 1610 1340    39.3    58.7 

TDS mg/L 1036.6 876.4    26.0   362.0 

TSS mg/L    58.1    26.7    53.1    34.1 

Chemical   

Total Alkalinity as CaCO3 mg/L 273.4 289.8     8.4   119.0 

DOC mg/L 11.3 9.9     0.6     4.2 

Chloride (IC) mg/L 305.8 406.7    4.97  102.70 

N-NH4+NH3 mg/L 1.461 1.659   0.551   0.684 

Nitrite NO2-N (IC) mg/L <DL <DL <DL <DL 

Nitrate NO3-N [IC] mg/L 0.081 0.068   0.315   0.320 

Phosphate (PO4-P) by IC mg/L <DL <DL <DL <DL 

Sulphate (SO4) [ IC] mg/L 32.6 16.55    1.93   13.22 

Metals   

Total Aluminum mg/L 0.167 0.009   0.021   0.016 

Total Arsenic mg/L <DL <DL <DL <DL 

Total Barium mg/L 0.269 0.169   0.015   0.130 

Total Berryllium mg/L <DL <DL <DL <DL 

Total Cadmium mg/L <DL 0.003 <DL <DL 

Total Cobalt mg/L <DL <DL <DL <DL 

Total Chromium mg/L <DL <DL <DL <DL 

Total Copper mg/L 0.002 <DL <DL <DL 

Total Iron mg/L   5.930  18.554   0.252   0.173 

Total Manganese mg/L 0.5798 0.8396  0.0065  0.0033 

Total Nickel mg/L 0.003 0.002 <DL <DL 

Total Lead mg/L <DL <DL <DL <DL 

Total Sulfur mg/L 10.78 6.31    0.40    5.67 

Total Vanadium mg/L <DL <DL <DL <DL 

Total Zinc mg/L 0.014 0.009   0.029   0.040 

* Cells highlighted in pink are above PQWO and/or CEQG. 
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Total Dissolved Solids (TDS) concentrations are directly related to conductivity of water.  

Unsurprisingly, TDS were greater during dry weather sampling at all sites.  The highest TDS was 

1036.6 mg/l at OT-09/ L1- OT in Lyons Channel (Table 3).  However, the TDS had decreased to 

876.4 mg/l approximately 25m downstream at L1-OT-B, after passing through a densely-

vegetated streambed (Table 3).   

 

Total Suspended Solids (TSS) increased during wet weather sampling with the highest value of 

133.6 mg/l found at L1-HW, the source water for Lyons Channel that gathers stormwater from 

the Hillcrest/ High St. area (Table 2).  Also the densely-vegetated streambed at L1-OT-B 

appeared to capture TSS that were released by stormwater outfall OT-09/ L1- OT, during both 

dry and wet events (Table 3).    Vehicle emissions and pavement wear can be urban sources of 

sediment and particulates (Dhalla and Zimmer, 2010).   

 

Chemical  

Total ammonia values (NH4+NH3) were measured in the lab at a temperature of 20o C.  

Canadian Water Quality Guidelines for the Protection of Aquatic Life (CWQG) for Total Ammonia 

vary according to temperature and pHτthe lower the temperature and the pH, the higher the 

water quality guidelines for Total Ammonia (Environment Canada, 1997).  Appendix  9 shows 

the CWQG for Total Ammonia at 20o C adjusted according to the pH of each sample (C. 

McGoldrick, pers. comm.).  Tables 2 and 3 show the levels of Total Ammonia at each sampling 

site.  The Total Ammonia values exceed corresponding CWQG guidelines for samples taken at 

both the source water and at the mouth (where it empties into the Neebing- McIntyre 

Floodway) of Lyons Channel during dry weather sampling (Table 2).  The Total Ammonia values 

also exceed corresponding CWQG for samples taken in Third Avenue Channel where it empties 

into Lake Superior during dry weather sampling (Table 2).  The water sample obtained during 

dry weather in a densely-vegetated portion of Lyons Channel (L1-OT-B) also exceeded calculated 

CWQG guidelines for Total Ammonia (Table 3).  Natural sources of ammonia include the 

decomposition or breakdown of organic waste matter, which could explain the high level at L1-

OT-B.  Residential and municipal sources of ammonia include the use and disposal of cleansing 

agents that contain ammonia, improper disposal or accidental spills of ammonia products, and 

urban runoff (Environment Canada, 1997). 

 

Metals  

Metal values were generally high in the Lyons Drainage Channel in comparison to McVicar 

Creek, another urban stream within the City of Thunder Bay (C. McGoldrick, pers. comm.), but 

with the exception of iron levels, only exceeded the PWQO in a few cases (Tables 2,3,  Figs. 8, 9, 

10,11).  
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Total aluminum values exceeded PWQO at L1-HW (wet weather sampling), the source water for 

Lyons Channel that gathers stormwater from the Hillcrest/ High St. area.  This sampling location 

also had chromium levels that exceeded PWQO during wet-weather sampling (Table 2).  Total 

aluminum values exceeded PWQO at outfall L1- OT (dry weather sampling) which collects 

stormwater from a light-industrial office area that includes large paved lots.  However, total 

aluminum values declined to 0.009mg/l during dry weather sampling at L1-OT-B, a densely-

vegetated streambed approximately 25m downstream (Table 3).  Cadmium levels also exceeded 

PWQO at this vegetated sample site during dry weather (Table 3).  Cadmium can be present in 

trace amounts as a result of natural weathering processes.  

 

Iron values were above the Provincial Water Quality Objectives (PWQO) for every sample 

obtained during dry weather (Tables 2, 3).  Not only are background levels of iron high in this 

region, but the area was used to transport iron ore for almost 50 years.  Dust from unprotected  

 

Fig. 8 Total iron concentration for all samples 

on a logarithmic scale. The red line represents 

the PQWO value of 0.3 mg/L. All the points 

above the line do not meet the PQWOs.  

 

Fig. 9 Total zinc concentration for all samples. 

The red line represents the PQWO value of 

0.02 mg/L. All the points above the line do not 

meet the PQWOs. 

 
  

Fig. 10 Total aluminum concentration for all 

samples. The red line represents the PQWO 

value of 0.075 mg/L. All the points above the 

line do not meet the PQWOs. 

 

Fig.  11 Total chromium concentration for all 

samples. The red line represents the PQWO 

value of 0.001 mg/L. All the points above the 

line do not meet the PQWOs. 
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train cars may have contributed to iron loading of the area.  Iron values drop during rain 

sampling events, although the source water of Lyons Channel (L1-HW) has Total iron values in 

excess of PWQG during wet weather sampling (Table 2).  Zinc values also exceed PWQG at this 

outfall during wet weather sampling, as well as at L1-and L1-OT-B (Table 3).   

 

 

4.3 Benthic Bio-Monitoring 

 

Three sites were chosen on Lyons Channel (Reach LC-01) for assessment of the benthic 

community (Fig. 3 & Figs 12 to 14).  The data for Site LY-1 was selected for study because the 

ƭƻŎŀǘƛƻƴ ƛǎ ƴŜŀǊ ǘƘŜ ƳƻǳǘƘ ƻŦ [ȅƻƴΩǎ ŎƘŀƴƴŜƭΤ ǘƘŜǊŜŦƻǊŜΣ ǘƘŜ Ŧƭƻǿ Ŏƻƴǘŀƛƴǎ ǘƘŜ ŎƻƳōƛƴŜŘ 

contaminants from all sources within the watershed.  Site LY-2 is located in an area with a 

disturbed slope, near a large parking lot.  Site LY-3 is located in an area mowed to the edge of 

the channel, near a visible flowing outfall.   

 

The benthic community of one site on Third Avenue Channel (Reach LC-02) was assessed.  Site 

LY-4 is located near the mouth of Third Avenue Channel where it empties into Lake Superior 

(Fig. 3 & Fig. 15).  Site LY-4 was selected for study because the flow contains the combined 

contaminants from that portion of the watershed.    

 

Sites LY-1 to LY-3 have a noticeable flow, submergent vegetation is present and emergent 

vegetation is abundant (Table 4).  LY-4 has no noticeable flow, submergent vegetation is 

abundant and emergent vegetation is present (Table 4).  The taxa composition differed 

considerably between these two channels.  LY-1 to LY-3 had abundant Amphipoda (scuds) and  

Isopoda (aquatic sow bugs), whereas LY-4 had abundant Mollusca (snails) (Tables 5 to 8).  The 

taxa at LY-4 were more characteristic of a lentic system (pond) than a lotic system (stream). 

The taxa composition of aquatic benthic macroinvertebrate communities is relatively stable 

after the beginning of September because most insects have entered diapause and are no 

longer emerging as adults.  Individuals may increase in size, but only a few species become 

adults at a time when successful reproduction is unlikely.  More mature larvae are easier to 

identify.  Juveniles cannot be identified to genus level with any confidence.  Of the taxa 

collected (Tables 5 to 8), only the Corixidae (water boatmen) still had juveniles at the time of 

the survey.  The Chironomidae (non-biting midges) had a few pupae ready to emerge.  Only a 

small portion of each sample (<12%) had to be sorted to obtain the minimum 100-count.  

Overall, the results probably reflect accurately of the composition of the aquatic benthic 

macroinvertebrate communities present in Lyons and Third Avenue Channels during late 

summer/early autumn.  
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Figure 12.  Benthic sampling site LY-1, Lyons Channel, Thunder Bay 2010.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13.  Benthic sampling site LY-2, 

Lyons Channel, Thunder Bay 2010.  
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Figure 14.  Benthic sampling site LY-3, Lyons Channel, Thunder Bay 2010.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15.  Benthic sampling site LY-4, Third Avenue Channel, Thunder Bay 2010. 
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Ephemeroptera and Trichoptera were rarely found at the sites (Tables 5 to 8), never exceeding 

2% in any sample (Appendices 10a to 10e) and Plecoptera were not recovered from Lyons or 

Third Avenue channels.  Ephemeroptera and Trichoptera are indicators of a high quality aquatic 

habitat.  The low abundance of EPT is an indication of unsuitable habitat, possibly related to 

high organic content with associated lower oxygen concentrations, or possibly because of 

contamination by toxic chemicals.  EPT was lowest at LY-3 (Table 7).  Plecoptera are restricted to 

highly oxygenated environments, such as relatively fast flowing water or rocky shorelines 

exposed to strong wave action.  The sites that were examined in Lyons and Third Avenue 

channels did not provide habitat appropriate for Plecoptera, probably because of low flow of 

water and low oxygen concentrations. 

 

Worms were common in the communities at sites LY-1 and LY-3 (approximately 7%), but 

abundant at sites LY-2 and LY-4 (approximately 20%) (Tables 5 to 8).  Worms are indicative of an 

organically enriched habitat that may periodically experience low oxygen concentrations.  If 

conditions warm or water levels decrease, then decay organisms may deplete the dissolved 

oxygen in the water to a concentration low enough to kill sensitive organisms with a high 

oxygen demand.  Organisms that tolerate low oxygen concentrations survive.  Worms are 

capable of reducing their metabolic rate and storing oxygen to survive periods of low oxygen 

stress.  The worms become active again when oxygen levels rise after a rainfall.  In an extreme 

low-oxygen event, worms may become the dominant organism in an aquatic ecosystem 

because of the differential mortality experienced within the benthic macroinvertebrate 

community.  Worms, however, are sensitive to toxic chemicals which interfere with their 

reproduction or cause mortality.  The presence of worms at all the sites in Lyons and Third  

Avenue Channel indicates that toxic chemicals are absent or at sufficiently low concentrations 

that worms are not noticeably affected. 

 

The Chironomidae is another group which is tolerant of low-oxygen conditions and is present in 

most aquatic benthic macroinvertebrate communities.  Chironomids form the base of the food 

Table 4.  Characteristics of the sites sampled in Lyons and Third Avenue Channel, Thunder Bay, Sept-Oct, 2010.

Site Name Site CodeCategory Hydraulic             

Head mm

Dissolved                   

Oxygen (ppm)

Emmergent      

Vegetation

Submergent       

Vegetation

Minnows

Lyons 1 LY-1-1 Pool 4 7.6 Abundant Present

LY-1-2 Riffle 17 Present Present

LY-1-3 Riffle 8 Present Present

Lyons 2 LY-2-1 Riffle 3 8.82 Abundant Present

LY-2-2 Pool 2 Abundant Present 1

LY-2-3 Riffle 3 Abundant Present

Lyons 3 LY-3-1 Transect 0.5 Abundant Present 2

LY-3-2 Transect 0.5 Abundant Present 5

LY-3-3 Transect 0.5 5.29 Abundant Present 6

Third Ave 4 LY-4-1 Transect 0 Present Abundant 1

LY-4-2 Transect 0 Present Abundant 4

LY-4-3 Transect 0 8.35 Present Abundant 1
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Table 5.  Benthic macroinvertebrates from Lyon's Channel (LY-1), Thunder Bay, Ontario, 2010.

Lyon's Channel Lyon's Channel Lyon's Channel

LY-1-1 LY-1-2 LY-1-3

Pool Riffle Riffle

17-Sep 17-Sep 17-Sep

2

1

Lymnaeidae 4 1 2

Physidae

Planorbidae

Valvatidae

Sphaeriidae

8 7 1

Amphipoda

Gammaridae Gammarus 1 1 1

Decapoda

Cambaridae Juvenile

Orconectes 1

Isopoda

Asellidae Caecidotea 60 87 109

Ephemeroptera Juvenile

Heptageniidae Juvenile/damaged

Leucrocuta 1

Caenidae Caenis

Leptophlebiidae Juvenile/damaged

Leptophlebia 1

Odonata

Aeshnidae Aeshna 1

Coenagrionidae

Enallagma

Hemiptera

Corixidae Juvenile/damaged

Corisella

Trichocorixa

Coleoptera

Haliplidae Haliplus

 Dytiscidae

Laccophilus

Elmidae Dubiraphia

Chrysomelidae

Juvenile/damaged/

Pupa

Phryganeidae

Phryganea

Lepidoptera

Crambidae

Diptera Damaged/pupa

Ceratopogonidae Juvenile/damaged

Ceratopogon

Probezzia

Chironomidae 25 5 11

Empididae Juvenile/pupa

Hemerodromia 1

104 102 125

Bivalvia

ANNELIDA

Oligochaeta

COELENTERATA

NEMATODA

MOLLUSCA

Total number of individuals

Trichoptera

Insecta

ARTHROPODA

Hydracarina 

Gastropoda
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Table 6.  Benthic macroinvertebrates from Lyons Channel (LY-2), Thunder Bay, Ontario, 2010.

Lyons Channel Lyons Channel Lyons Channel

LY-2-1 LY-2-2 LY-2-3

Riffle Pool Riffle

18-Sep 18-Sep 18-Sep

1

1

Lymnaeidae 3 9 4

Physidae

Planorbidae

Valvatidae

Sphaeriidae 9 3 9

28 17 25

1

Amphipoda

Gammaridae Gammarus 19 30 19

Decapoda

Cambaridae Juvenile

Orconectes

Isopoda

Asellidae Caecidotea 41 28 44

Ephemeroptera Juvenile

Heptageniidae Juvenile/damaged

Leucrocuta

Caenidae Caenis

Leptophlebiidae Juvenile/damaged

Leptophlebia 1

Odonata

Aeshnidae Aeshna

Coenagrionidae

Enallagma

Hemiptera

Corixidae Juvenile/damaged

Corisella 1

Trichocorixa

Coleoptera

Haliplidae Haliplus

 Dytiscidae

Laccophilus 1

Elmidae Dubiraphia

Chrysomelidae 1

Juvenile/damaged/

Pupa

Phryganeidae

Phryganea

Lepidoptera

Crambidae

Diptera Damaged/pupa

Ceratopogonidae Juvenile/damaged

Ceratopogon 1

Probezzia 2

Chironomidae 14 10 10

Empididae Juvenile/pupa

Hemerodromia

116 100 116

Trichoptera

Total number of individuals

ANNELIDA

Oligochaeta

ARTHROPODA

Hydracarina 

Insecta

COELENTERATA

NEMATODA

MOLLUSCA

Gastropoda

Bivalvia
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Table 7.  Benthic macroinvertebrates from Lyons Channel (LY-3), Thunder Bay, Ontario, 2010.

Lyons Channel Lyons Channel Lyons Channel

LY-3-1 LY-3-2 LY-3-3

Transect 1 Transect 2 Transect 3

19-Sep 19-Sep 19-Sep

5

1 1

Lymnaeidae

Physidae

Planorbidae

Valvatidae

Sphaeriidae

8 8 14

Amphipoda

Gammaridae Gammarus 67 45 28

Decapoda

Cambaridae Juvenile

Orconectes

Isopoda

Asellidae Caecidotea 39 37 33

Ephemeroptera Juvenile

Heptageniidae Juvenile/damaged

Leucrocuta

Caenidae Caenis

Leptophlebiidae Juvenile/damaged

Leptophlebia

Odonata

Aeshnidae Aeshna

Coenagrionidae

Enallagma

Hemiptera

Corixidae Juvenile/damaged

Corisella

Trichocorixa 3

Coleoptera

Haliplidae Haliplus 1

 Dytiscidae

Laccophilus

Elmidae Dubiraphia

Chrysomelidae

Juvenile/damaged/

Pupa

Phryganeidae

Phryganea

Lepidoptera

Crambidae

Diptera Damaged/pupa

Ceratopogonidae Juvenile/damaged

Ceratopogon

Probezzia

Chironomidae 8 22 26

Empididae Juvenile/pupa

Hemerodromia

128 113 105

Trichoptera

Total number of individuals

ANNELIDA

Oligochaeta

ARTHROPODA

Hydracarina 

Insecta

COELENTERATA

NEMATODA

MOLLUSCA

Gastropoda

Bivalvia
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Table 8.  Benthic macroinvertebrates from Third Avenue Channel (LY-4), Thunder Bay, Ontario, 2010.

Lyon's Channel Lyon's Channel Lyon's Channel

LY-4-1 LY-4-2 LY-4-3

Transect 1 Transect 2 Transect 3

05-Oct 05-Oct 05-Oct

1

1

Lymnaeidae 2

Physidae 2 1

Planorbidae 50 3 15

Valvatidae 1

Sphaeriidae 1 3

20 45 25

2

Amphipoda

Gammaridae Gammarus 1

Decapoda

Cambaridae Juvenile

Orconectes

Isopoda

Asellidae Caecidotea 2 11 12

Ephemeroptera Juvenile

Heptageniidae Juvenile/damaged

Leucrocuta

Caenidae Caenis 1

Leptophlebiidae Juvenile/damaged

Leptophlebia

Odonata

Aeshnidae Aeshna

Coenagrionidae

Enallagma 4 5 7

Hemiptera

Corixidae Juvenile/damaged 1 8

Corisella

Trichocorixa 3 6

Coleoptera

Haliplidae Haliplus

 Dytiscidae

Laccophilus

Elmidae Dubiraphia 1

Chrysomelidae

Juvenile/damaged/

Pupa

Phryganeidae

Phryganea 1

Lepidoptera

Crambidae 1

Diptera Damaged/pupa

Ceratopogonidae Juvenile/damaged

Ceratopogon

Probezzia 2

Chironomidae 18 35 26

Empididae Juvenile/pupa

Hemerodromia

101 110 106

Trichoptera

Total number of individuals

ANNELIDA

Oligochaeta

ARTHROPODA

Hydracarina 

Insecta

COELENTERATA

NEMATODA

MOLLUSCA

Gastropoda

Bivalvia
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chain in aquatic benthic macroinvertebrate communities and are a key element in 

detritus/algae consumption and subsequent energy transfer to higher trophic levels; therefore, 

chironomids are an important component of any aquatic ecosystem.  Chironomids as the 

dominant group in an aquatic macroinvertebrate community may indicate impairment caused 

by anaerobic conditions associated with eutrophication/high organic content or high chemical 

oxygen demand/toxic chemicals.  In addition to tolerating low oxygen concentrations, 

chironomids are also tolerant of high concentrations of metal ions and acidic conditions.  

Chironomids are often the last surviving benthic macroinvertebrates in an aquatic community 

because of their ability to tolerate low oxygen concentrations and toxic chemicals.  Chironomids 

were present, but not abundant (approximately 5 to 30%) (Appendices 10a to 10e) in all the 

Lyons and Third Avenue channel communities.  Apparently Lyons and Third Avenue Channels 

were not seriously contaminated by toxic chemicals because the chironomids were, at most, 

abundant instead of dominant. 

 

Crustacea, which include Amphipoda and Isopoda, were abundant in the aquatic benthic 

macroinvertebrate communities at sites LY-1 to LY-3 (approximately 50 to 90%) (Appendices 

10a to 10e).  Crustacea are scavengers and thrive in areas with organic enrichment that 

experience only minor oxygen stress.  Possibly the aquatic benthic macroinvertebrate 

communities at sites LY-1 to LY-3 are primarily affected by the vigorous plant community which 

adds detritus to the system, thereby depleting the dissolved oxygen.  Water flow would help to 

maintain oxygen concentrations at a level below saturation, but not below the lower tolerance 

level of the Crustacea.  The worms and chironomids thrive, but the Crustacea are dominant 

because of the higher oxygen concentrations.  The aquatic benthic macroinvertebrate 

communities in Lyons Channel do not seem to be affected by toxic contaminants. 

 

Conversely, Third Avenue Channel has a lower number of Crustacea in the aquatic benthic 

macroinvertebrate community (approximately 10%) (Appendix 10a to e).  This channel probably 

experiences greater oxygen stress because of extremely low water flow and associated pond-

like conditions in the channel.  Worms and chironomids are abundant (approximately 30 and 25 

%, respectively), but the Mollusca are also abundant (approximately 25%) (Appendix 10 a to e).  

The main group in the Mollusca, the Planorbidae (Table 8 ), is an air-breathing snail which lives 

completely free of oxygen stress.  Oxygen stress, therefore, probably plays a greater role in 

shaping the aquatic benthic macroinvertebrate community at LY-4 in the Third  Avenue Channel 

than in Lyons Channel.  The dissolved oxygen concentration observed at LY-4 on 5 Oct was 8.32 

mg/l which was higher than the concentrations observed at LY-1 or LY-3 during September; 

however, flow at LY-4 was almost non-existent (no observable hydraulic head, Table 4).  Higher 

temperatures during the summer would have promoted rapid decomposition of the abundant 

organic matter at LY-4 and caused oxygen stress within the community, leading to a decrease in 
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Table 9.  Summary of Biotic Indices of the aquatic benthic macroinvertebrate communities from Lyons and Third Avenue Channel, Thunder Bay, Ontario, 2010.

Site Name

Site 

Code

Subsample 

Number

Sampling 

Date

Number 

Identified Richness

H' 

Diversity

Hilsenhoff's 

Biotic Index

% 

Dominants % EPT

% 

Chironomids

% 

Worms 

% 

Crustacea

% 

Mollusca

Lyons 1 LY-1 Mean 17-Sep-10 110 7 0.77 7.74 76.7 0.6 12.6 5.1 78.0 2.1

Lyons 2 LY-2 Mean 18-Sep-10 111 9 1.67 7.33 34.4 0.3 10.2 20.9 54.7 11.2

Lyons 3 LY-3 Mean 19-Sep-10 115 6 1.28 6.89 41.2 0.0 16.8 8.9 71.2 0.0

Third Avenue 4 LY-4 Mean 05-Oct-10 106 10 1.58 7.11 39.3 0.6 24.7 28.1 8.1 25.3

the number of Crustacea and an increase in the number of worms and chironomids.  The 

abundance of worms and the presence of Crustacea, organisms intolerant of toxic chemicals, 

still indicate that chemical contaminants are not the primary factor affecting the composition of 

the LY-4 benthic macroinvertebrate community. 

 

Means were calculated for the Biotic Indices (Table 9) in Lyons and Third Avenue channels, and 

ǊŜŦƭŜŎǘ ǘƘŜ ŀōƻǾŜ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ ŎƻƴŎƭǳǎƛƻƴǎΦ  wƛŎƘƴŜǎǎ ǿŀǎ ƭƻǿ όс ǘƻ млύ ŀƴŘ {ƘŀƴƴƻƴΩǎ 

Diversity Index was also low (0.77 to 1.67) in the Lyons and Third  Avenue Channel.  Low 

Richness and Diversity are considered indicative of an impaired aquatic environment which 

allows only specialized taxa to survive and thrive. 

 

The Hilsenhoff Biotic Index (Table 9) was relatively high (> 6.0) at all the sites.  A Hilsenhoff 

Biotic Index value above 6.0 is considered indicative of an impaired community, usually by 

organic enrichment.  All the ǎƛǘŜǎ ƛƴ [ȅƻƴΩǎ /ƘŀƴƴŜƭ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ŀōǳƴŘŀƴǘ ǎǳōƳŜǊƎŜƴǘ ƻǊ 

emergent vegetation (Table 4).   Usually the riparian zone along the channel was also densely 

overgrown by shrubs and small trees which provide additional organic matter to the aquatic 

habitat.  Some shoreline habitat was maintained as grass to the edge of the water, for example, 

LY-3.  This type of interference was the exception rather than the norm for the riparian zone of 

Lyons Channel.  The Lyons Channel aquatic habitat is rich in organic debris. The Third Avenue 

Channel is also rich in organic debris, although the riparian zone is not as extensive as along 

[ȅƻƴΩǎ /ƘŀƴƴŜƭΦ  ¢ƘŜ ǎƛŘŜǎ ƻŦ ǘƘŜ ǊŜŀŎƘ ƻŦ Third Avenue Channel at LY-4 support a dense 

community of herbaceous plants, as well as a few shrubs.  The submergent aquatic vegetation 

was particularly abundant at site LY-4 (Table 1) which, along with the adjacent herbaceous 

plants, contribute to the organic enrichment of Third Avenue Channel.  

 The % EPT was extremely low (<0.6%, Table 9).  As mentioned above, the Ephemeroptera, 

Plecoptera and Trichoptera require higher oxygen concentrations than other 

macroinvertebrates and these three Orders are particularly sensitive to chemical contaminants.  

The EPT are abundant only in a high quality habitat.  Lyons and Third Avenue channels are not a 

high quality habitat. 
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The highest % Worms (28.1%) (Table 9) was found in LY-4, the pond-like portion of the Third  

Avenue Channel which drains into Lake Superior.  Worms were also present to abundant at the 

Lyons Channel sites.  The presence of worms at all the sites indicates organic enrichment and 

low oxygen levels, but no contamination by toxic chemicals. 

 

Chironomids were present, but not abundant (approximately 10 to 25%) (Table 9) in all the 

channel communities.  The presence of chironomids at all the sites indicates organic enrichment 

and low oxygen levels.  Chironomids were not a dominant group in the aquatic benthic 

macroinvertebrate communities; therefore, contamination by toxic chemicals was not a 

problem.  The % Crustacea was particularly high (>54%) (Table 9) in Lyons Channel probably 

because of high organic enrichment and adequate oxygen concentrations in the water. The % 

Mollusca (25%) (Table 9) was high only at site LY-4 in Third Avenue Channel, possibly because of 

the pond-like conditions that occurred with associated periods of low oxygen concentrations in 

the water. 

 

A high % Dominants (76.7%) (Table 9) occurred at site LY-1 where the Crustacea were most 

ŀōǳƴŘŀƴǘ ƛƴ [ȅƻƴΩǎ /ƘŀƴƴŜƭΦ  {ƛǘŜ [¸-I is situated near the mouth of Lyons Channel where it 

empties into the Neebing-McIntyre floodway.  The flow through this site should have contained 

the combined toxic chemicals that entered the entire channel. The high percentage of Crustacea 

at site LY-1 means that the concentration of toxic chemicals is low.  Either toxic chemicals are 

not entering the channel or toxic chemicals are retained within the channel.  Submergent and 

emergent aquatic vegetation are excellent at removing contaminants from aquatic systems.  

Heavy metals and toxic chemicals are bound within, and to, the plants thus preventing 

movement of the dangerous substances within the environment.  The abundant vegetation in 

Lyons Channel probably serves to purify the water which protects the aquatic benthic 

macroinvertebrates. 

 

The invasive species of crayfish, Orconectes rusticus, was found in the pool at site LY-1.  As well, 

minnows were collected, then released at most sites (Table 4) which is a further indication of 

higher oxygen concentrations and low concentrations of toxic chemicals in Lyons Channel. 

 

5   DISCUSSION 

 

The physical and chemical features of the channels were assessed, as was the benthic habitat  

In general, the physical assessment of Lyons and Third Avenue channels confirms that the area 

is heavily impacted by past and current human activities, but Nature is resilient and will reclaim 

disturbed areas.   
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5.1 Lyons Channel 

 

Lyons Channel is a remarkable example of what can happen in an area if left undisturbed for a 

long time.  Originally constructed as a drainage ditch, Lyons Channel has evolved into a 

functioning ecosystem where large vegetated buffers have been allowed to develop on the 

banks, and emergent plants have been allowed to grow in the streambed.  

 

 The Unified Stream Assessment, an assessment of the physical features of the stream, indicated 

several areas that could be remediated along the channel.  The most common problem 

associated with outfalls along Lyons Channel was corrosion of pipes and erosion of the 

streambank around the pipe.   An assessment of impacted buffers indicated that most riparian 

zones have been degraded by private landowners through improper material storage, 

encroachment of parking areas and improper snow removal.  Assessment of stream crossings 

indicated that the few blocked culverts had excessive vegetation and/or garbage.  

 

The benthic assessment indicated that Lyons Channel is not seriously contaminated by toxic 

chemicals because worms are present at all sites, and Chironomidae are not the dominant taxa.  

Worms are indicative of an organically enriched habitat that may periodically experience low 

oxygen concentrations, but they are sensitive to toxic chemicals which interfere with their 

reproduction or cause mortality.   The Chironomidae, often the last surviving benthic 

macroinvertebrates in an aquatic community because of their ability to tolerate low oxygen 

concentrations and toxic chemicals, were at most abundant, instead of dominant.  

Lyons Drainage Channel has oxygen concentrations that are high enough to allow low oxygen-

intolerant taxa to survive.  At the mouth of the channel where the flow contains the combined 

contaminants from all sources within the watershed, Crustacea are dominant.  Crustacea are 

scavengers and thrive in areas with organic enrichment that experience only minor oxygen 

stress.  However oxygen concentrations are not high enough in the channel for Plecoptera to 

occur.  Plecoptera are restricted to highly oxygenated environments, such as relatively fast 

flowing water. 

 

Lyons Channel is not a high quality habitat.  The % EPT is low, Richness and Diversity are low and 

the Hilsenhoff Biotic Index value is above 6.0, indicative of an impaired community, usually by 

organic enrichment.  However, the abundant vegetation in Lyons Channel probably serves to 

purify the water which protects the aquatic benthic macroinvertebrates. 

 

Water quality results support the findings of the benthic data.  Lyons Channel is not seriously 

contaminated by toxic chemicals such as heavy metals.  Levels of iron are high, which has a 

negligible effect on the aquatic community.  Levels of total ammonia is also high in certain 
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locations, perhaps from the decomposition or breakdown of abundant organic matter.  The 

source water for the channel ςL1H1τhad pH, aluminum, chromium, iron and zinc values that 

exceeded PWQO during wet weather sampling.  However, by the time the water reaches the 

Neebing-McIntyre Floodway in wet weather, levels for all parameters meet PWQO.  In dry 

weather, all parameters except iron and total ammonia have fallen to acceptable levels.  Results 

were inconclusive when it comes to the ability of emergent vegetation to filter contaminants 

from stormwater outfall L1-OT.     

 

5.2 The Third Avenue Channel 

 

The Third Avenue Channel, constructed at the same time as Lyons Channel, has been actively 

maintained as a conventional stormwater conveyance.  Although the banks along several 

sections have been left to naturalize, the main part of the channel from Memorial Avenue  to 

Fort William Road is large, mowed and concrete-lined.   The Third Avenue Channel experiences 

extreme fluctuations in water levels because of a stormwater lift station that increases 

streamflow during storm events.  The channel experiences consistently low base flow at other 

times. 

 

The USA indicated that the most common problems associated with stormwater outfalls along 

this channel consisted mostly of corroded pipes and erosion of the substrate around the pipe.  It 

was difficult to determine which areas had impacted buffers because most of the channel is 

intended to be free of shrubby vegetation so water can flow through the area unencumbered, 

especially during an extreme rain event.  However, the area of the channel between the source 

water south of Pasteur Road and Memorial Avenue does not need to accommodate a high 

volume of runoff; therefore, the buffer could be reforested in that area.  The most common 

problem associated with stream crossings between Fort William Road and Lake Superior was 

collapsing culverts as well erosion around the culverts from surface flow. 

 

Assessment of the benthic community indicated that the taxa in Third Avenue Channel were 

more characteristic of a lentic system (pond) than a lotic system (stream).  However, Third 

Avenue Channel is not seriously contaminated by toxic chemicals because worms were 

dominant, indicating an organically enriched habitat that may periodically experience low 

oxygen concentrations but not contamination with toxic chemicals.  In addition, the 

chironomids were abundant instead of dominant. 

 

Third Avenue Channel has a lower number of Crustacea in the aquatic benthic 

macroinvertebrate community (approximately 10%) (Table 9) than Lyons Channel, probably 
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because it experiences greater oxygen stress because of extremely low water flow and 

associated pond-like conditions in the channel.   

 

Third Avenue Channel is not a high quality habitat.  The % EPT is low, Richness and Diversity are 

low and the Hilsenhoff Biotic Index value is above 6.0, indicative of an impaired community, 

usually by organic enrichment.  The presence of abundant Mollusca, an air-breathing snail which 

lives completely free of oxygen stress, indicates that oxygen stress probably plays a greater role 

in shaping the aquatic benthic macroinvertebrate community in Third Avenue Channel than in 

Lyons Channel.  The abundance of worms and the presence of Crustacea, organisms intolerant 

of toxic chemicals, still indicate that chemical contaminants are not the primary factor affecting 

the composition of the benthic macroinvertebrate community in Third Avenue Channel.   

 

 Water quality results support the findings of the benthic data.  Third Avenue Channel is not 

seriously contaminated by toxic chemicals such as heavy metals.  Levels of iron are high during 

dry events, but this has a negligible effect on the aquatic community.  Levels of total ammonia 

entering Lake Superior are high only in dry weather.  No metals or other chemical parameters 

exceed PWQO.   

 

6.  CONCLUSION 

 

The Unified Stream Assessment protocol appears to be very successful at documenting stream 

corridor features.  There are many potential remediation projects on both Lyons and the Third 

Avenue Channelsτover half of the assessed features present possible opportunities to improve 

the channels.   These potential projects vary widely in type, cost, and priority; however, the 

current USA assessment can serve as a starting point for evaluating which projects could be 

tackled most effectively. 

 

Some municipal actions that could be taken to address issues identified by the USA include: 

cleaning culvert openings only where necessary, being careful to protect the riparian zone and 

the vegetation in the streambed downstream of the culvert opening; using qualified personnel 

to re-assess culverts and stream crossing with a high severity rating and repair or replace where 

necessary;  and, using qualified personnel to re-assess outfalls with a high severity rating 

originating on private property to ensure that only substances permitted by the City of Thunder 

Bay Sewer Use By-Law (to be adopted in 2011) are entering the channels.   

 

Education of landowners should be a high priorityτthose properties that abut the channels 

have a direct impact on the riparian zone and water quality within the channels, and residents 

who live in the stormwatershed add to the contaminant loading of the stormwater that is the 
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source water for both channels.  Education of landowners along the channels could include 

information on: complying with the City of Thunder Bay Yard Maintenance By-law standards to 

improve both the aesthetics of the area, as well as eliminate potential sources of contaminants 

from debris, or meltwater from snowpiles;  complying with the City of Thunder Bay Sewer Use 

By-law standards (once passed) to eliminate potential sources of contaminants from private 

outfalls;  protecting the riparian zone along, and emergent vegetation in, the channel;  

mitigating stormwater impacts through micro-projects such as rain gardens and swales; and, 

techniques to revegetate impacted buffers.  EcoSuperior has successfully carried out 

educational projects such as these in the past and is well qualified to tackle landowner 

education. 

  

The Off-Leash Dog Area presents a special opportunity to showcase innovative approaches to 

managing stormwater.  The stormwater outfalls that act as headwaters for both Lyons and Third 

Avenue Channels originate on this large, municipally-owned piece of land.  Although benthic 

and water quality data indicate that toxic contamination with heavy metals is not a major issue 

in either channel, the benthic data indicate that the habitat is not really high quality.  Innovative 

stormwater techniques could perhaps improve the quality of habitat in both Lyons and Third 

Avenue channels. 
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Appendix 1.  Unified Stream Assessment Field Sheets
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Appendix 2  Summary of Unified Stream Assessment data., Lyons and  Third Avenue Channel, Thunder Bay, Ontario, September 2010 

Stormwater Outfall (OT) 

Site ID Easting Northing Severity 
 
Restoration 

Potential 

Outfall Construction Location Flow Properties Concerns 

L1-OT-
03 

0333278 5363442 High-4 
 

Yes 
Investigate 

Open, Earthen, 
Parabol, Depth 3cm, 
Width 42 cm, Good 
Condition 

R. Bank, 0 m from 
stream, partially 
submerged 

Moderate flow w/ orange 
colouring 

No pool, Investigate colouring. 

L1-OT-
09 

0333287 5364020 High-4 
 

Yes 
Repair/Replace 

Closed Pipe, Metal, 
Circular, 33 cm, Good 
Condition 

L. Bank, 1-2 m 
from stream, 0.5-1 
m drop 

Trickle flow w/ rust deposits Good pool, Brown benthic growth, no 
vegetation, bank erosion. 

L1-OT-
15 

0333316 5364787 High-4 
 

Yes 
Investigate 

Closed, Concrete, 
Circular, 60 cm, 
Corroded 

L. Bank, >2m from 
stream, 0.5-1 m 
drop 

Moderate flow Brown colour in pool, brown benthic growth, 
No vegetation, bank erosion. 

L1-OT-
18 

0333839 5365379 High-4 
 

Yes 
Clean 

Closed, Metal, Circular, 
200 cm, Good 
Condition 

Head, 0 m from 
stream, partially 
submerged 

Moderate flow No pool, Floatables, excess trash, excess 
sediments, needs maintenance. Requires 
cleaning. 

L1-OT-
27 

0334650 5365171 High-4 
 

Yes 
Investigate 

Open, Earthen, 
Trapezoid, Depth 30 
cm, Width 200 cm, 
Good Condition 

L.Bank, 0 m from 
stream, submerged 

Substantial flow, Sewage smell, 
oily deposits 

No pool, Brown benthic growth, excess trash. 

L1-OT-
05 

0333274 5363785 Moderate-3 
 

Yes 
Investigate 

Closed, Plastic, 
Circular, 40 cm, Good 
Condition 

L. Bank, >2 m from 
stream, >1 m drop 

Trickle No pool, no vegetation, bank erosion, 
investigate. 

L1-OT-
10 

0333287 5364093 Moderate-3 
 

Yes 
Repair/Replace 

Closed, Metal, Circular, 
22 cm, Good Condition 

L. Bank, 0.5-1 m 
from stream, < 0.5 
m drop 

Trickle Good pool, cut grass, bank erosion, 
repair/replace. 

L1-OT-
12 

0333289 5364163 Moderate-3 
 

Yes 
Repair/Replace 

Closed, Metal, Circular, 
31 cm, Cracked 

L. Bank, 1-2 m 
from stream, < 0.5 
m drop 

Trickle No pool, no vegetation, bank erosion, 
repair/replace. 

L1-OT-
16 

0333458 5365019 Moderate-3 
 

No 

Closed, Metal, Circular, 
78 cm, Good Condition 

L. Bank, >2 m from 
stream, partially 
submerged 

Moderate No pool, regular flow. 
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Stormwater Outfall (OT) 

Site ID Easting Northing Severity 
 
Restoration 

Potential 

Outfall Construction Location Flow Properties Concerns 

L2-OT-
20 

0334013 5365351 Moderate-3 
 

Yes 
Repair/Replace 

Closed, Concrete, 
Circular, 40 cm, 
Cracked 

L. Bank, >2 m from 
stream, <0.5 m 
drop 

No flow Good pool, excessive vegetation, 
repair/replace. 

L1-OT-
06 

0333281 5363900 Low-2 
 

Yes 
Repair/Replace 

Open, Earthen, Ditch, 
no depth, 25 cm wide. 

L. Bank, 0 m from 
stream, partially 
submerged. 

No flow Good pool, Some vegetation, excess sediments, 
bank erosion, repair replace. *erosion capture 
ǿƛǘƘ άǿŀƭƭέ ōǳǘ ǎǘƻǊƳ ŘŀƳŀƎŜ ǘƻ ǾŜƎŜǘŀǘƛƻƴ 
and bank (erosion).* 

L1-OT-
11 

0333288 5364113 Low-2 
 

Yes 
Repair/Replace 

Closed, Metal, Circular, 
30 cm, Good Condition 

L. Bank, 1-2 m 
from stream, <0.5 
m drop 

No flow No pool, cut lawn, bank erosion, repair/replace. 
*deep erosion from outfall to channel. Needs to 
be repaired.* 

L1-OT-
17 

0333704 5365320 Low-2 
 

Yes 
Investigate 

Closed, Concrete, 
Circular, 66 cm, 
Corroded 

L. Bank, >2 m from 
stream, <0.5 m 
drop 

Trickle Green colour in pool, green benthic growth, 
average vegetation, investigate. 

L2-OT-
19 

0333923 5365352 Low-2 
 

Yes 
Clean 

Closed, Metal, Circular, 
40 cm, Corroded 

L. Bank, >2 m from 
stream, partially 
submerged 

Trickle No pool, average vegetation, needs 
maintenance, needs cleaning. 

L2-OT-
22 

0334203 5365327 Low-2 
 

Yes 
Repair/Replace 

Closed, Metal, Circular, 
40 cm,  Corroded & 
Cracked 

L. Bank, 0.5-1 m 
from stream, <0.5 
drop 

No flow No pool, average vegetation, bank erosion, 
repair/replace. 

L1-OT-
01 

0333261 5363264 Low-1 
 

No 

Closed, Metal, Circular, 
55 cm, Good Condtion 

R. Bank, 1-2 m 
from stream, 0.5-1 
m drop 

No flow No pool, average vegetation 

L1-OT-
02 

0333263 5363280 Low-1 
 

Yes 
Bank 

Stabilization 

Open, Earthen, Flat, 1 
cm depth, 6 cm wide 

L. & R. Bank, 0.5-1 
m from stream, 
0.5-1 m drop 

Trickle Good pool, average vegetation, bank erosion 

L1-OT-
04 

0333282 5363754 Low-1 
 

No 

Closed, Metal, Circular, 
122 cm 

R. Bank, 0 m from 
stream, 0.5-1 m 
drop 
 
 

No flow No pool, average vegetation 
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Stormwater Outfall (OT) 

Site ID Easting Northing Severity 
 
Restoration 

Potential 

Outfall Construction Location Flow Properties Concerns 

L1-OT-
07 

0333291 5363909 Low-1 
 

No 

Open, Earthen, 
Parabol, 5 cm deep, 
120 cm wide. 

R. Bank, 0 m from 
stream, submerged 

Substantial No pool, average vegetation 

L1-OT-
08 

0333285 5363969 Low-1 
 

No 

Open, Earthen, 
Parabol, 2 cm deep, 1 
m wide 

L. & R. Bank, 0 m 
from stream, 
partially 
submerged 

Trickle No pool, average vegetation (Right), lawn (left) 

L1-OT-
13 

0333303 5364200 Low-1 
 

No 

Closed, Plastic, 
Circular, 18 cm, Good 
Condition 

R. Bank, 0.5-1 m 
from stream, >1 m 
drop 

No flow No pool, no vegetation 

L1-OT-
14 

0333304 5364290 Low-1 
 

No 

Closed, Plastic, 
Circular, 21 cm, Good 
Condition 

R. Bank, <0.5 m 
from stream, 0.5-1 
m drop 

No flow No pool, no vegetation 

L2-OT-
21 

0334085 5365351 Low-1 
 

No 

Closed, Metal, Circular, 
58 cm, Good Condition 

L. Bank, >2 m from 
stream, <0.5 m 
drop 

No flow Good pool, average vegetation 

L2-OT-
23 

0334298 5365261 Low-1 
 

No 

Closed, Concrete, 
Circular, 55 cm, Good 
Condition 

L. Bank, 0 m from 
stream, <0.5 m 
drop 

Trickle No pool, green benthic growth, average 
vegetation. 

L2-OT-
24 

0334342 5365252 Low-1 
 

Yes 
Repair/Replace 

Closed, Plastic, 
Circular, 25 cm, 
Cracked 

R. Bank, 0 m from 
stream, <0.5 m 
drop 

No flow No pool, average vegetation, repair/replace 

L2-OT-
25 

0334398 5365238 Low-1 
 

Yes 
Repair/Replace 

Closed, Metal, Circular, 
94 cm, Good Condition 

R. Bank, 0 m from 
stream, <0.5 m 
drop 

No flow No pool, average vegetation, brick support 
around culvert is failing and will require repair. 

L2-OT-
26 

0334421 5365238 Low-1 
 

No 

Closed, Concrete, 
Circular, 93 cm, Good 
Condition 

L. Bank, >2 m from 
stream, <0.5 m 
drop 

No flow No pool, no vegetation, stormwater lift station. 

L2-OT-
28 

0334712 5365142 Low-1 
 

No 

Open, Earthen, 
Parabol, 30 cm deep, 3 
m wide 

L. Bank, 0 m from 
stream, partially 
submerged 

Substantial flow, clear, slight 
cloudiness, brown film 

No pool, average vegetation 
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Impacted Buffer (IB)  

Site ID Easting 
 

Start- 
End 

Northing 
 

Start- 
End 

Restoration 
Potential 

 
Area Available 

Reason for impact Description Comments 

L2-IB-06 0333935-
0334266 

5365346-
5365287 

High-5 
 
R. bank- 5 m 
Active Reforestation, Natural 
Regeneration 

Right bank w/ no trees R. bank  5-10m   
Partial stream shade, Public land, 
old rail bed. 

Plant trees along this stretch will 
increase the shade and improve 
the buffer.  Continue using natural 
regeneration as well. 

L1-IB-03 0333271-
0333282 

5363775-
5363866 

Moderate-3 
 
L. Bank 
Investigate 

Left bank narrow L. Bank 1-5 m 
No stream shade, private land, 
Bare ground 

Cement retaining wall and dirt 
bank. Little vegetation growth, 
evidence of some rain fall erosion. 
End of retaining wall is gravel pile 
falling into channel. 

L1-IB-04 0333285 5363969 Moderate-3 
 
L. Bank-3 m 
Natural Regeneration 

Left bank, narrow, lack of 
vegetation. 

L. Bank 0 m 
No stream shade, private land, 
lawn 

Private land but not in use other 
than aesthetic lawn which could be 
left to naturally re-grow. 

L1-IB-05 0333303-
0333302 

5364382-
5364435 

Low-2 
 
R. Bank-5 m 
Active Reforestation 

Right bank, w/ no trees R. Bank 5-10 m 
Partial stream shade, private land, 
shrub and tall grass. 

Encroachment with materials, 
parked vehicles & soil pile. 
No trees (removed at some point). 
Some bank erosion due to storm 
flow? Pumped water? 

L1-IB-02 0333277-
0333281 

5363674-
5363754 

Low-2 
 
R. Bank-2 m 
Natural Regeneration 

Right bank, narrow R. Bank 1-5 m 
No stream shade, private land, 
bare ground & lawn. 

Letting lawn grow beside driveway 
will increase buffer. 

L1-IB-01 0333270 5363541 Low-1 
 
L. Bank 
Remove Material 

Left bank, narrow L. Bank 1-5 m 
No stream shade, private land, 
shrub. 

Encroachment with dumping of 
material. 

L1-IB-07 0334215-
0334265 

5365308-
5365287 

Low-1 
 
L. Bank 0 m 
Noted 

L. Bank, narrow L. Bank 0-1 m 
Partial stream shade, private land, 
building 

Building is right beside the channel.  
Roof gutters drain into channel. 
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Stream Crossing (SC)  

Site ID Easting Northing Blockage 
Severity 

Construction Description Comments 

L1-SC-01 0333261 5363185   Low-1 
 

No Blockage 

Walkway Crossing, 
Closed/Tunnel, Metal, Earth, 
Erosion, Flow aligned  
 

Triple culvert, 1 w/ flow, Flat slope, 
H of culvert 1.05 m  
W of stream 5.4 m  
L  of stream 14.5 m  

Increase vegetation on slope 
above culvert (let grass grow) to 
secure soil and prevent runoff 
erosion. 

L1-SC-02 0333281 5363754 Medium-3 
 

No Blockage 

Road Crossing, Span, Concrete, 
Metal, Culvert Caving Inside, 
Flow aligned 

Triple culvert, 3 w/flow, Flat slope, 
H of culvert 1 m 
W of stream 7 m 
L of stream 16 m 

Clean up garbage and excess 
vegetation. 

L1-SC-03 0333297 5363932 Low-1 
 

No Blockage 

Road Crossing, Span, Concrete, 
Flow aligned 

Single culvert, 1 w/flow, Flat slope, 
H of culvert 2.4 m 
W of stream 6 m 
L of stream 30 m 

Good condition bridge/road 
crossing. 

L1-SC-04 0333292 5364174 Medium-3 
 

No Blockage 

Road Crossing, Span, Concrete, 
Flow aligned 

Triple culvert, 1 w/flow, Flat slope, 
H of culvert 0.7 m 
W of stream 5 m 
L of stream 15 m 

Erosion from drainage ditches on 
each side. Heavy silting in culverts 
under bridge. Extensive garbage. 

L1-SC-05 0333304 5364508 High-5 
 

Total Blockage 

Beaver Dam, Wood, Not flow 
aligned 

 Remove beaver dam blocking all 
upstream travel for fish. 

L1-SC-06 0333299 5364522 Low-1 
 

No Blockage 

Road Crossing, Span, Concrete, 
Flow aligned 

Triple culvert, 3 w/ flow, Flat slope, 
H of culvert 0.85 m 
W of stream 5.8 m 
L of stream 19.2 m 

Good condition. 

L1-SC-07 0333540 5365160 Low-1 
 

No Blockage 

Walkway Crossing, Span, Rock, 
Not flow aligned 

 Remove, crossing built to keep 
feet dry crossing the channel. 

L2-SC-08 0334084 5365349 Low-1 
 

No Blockage 

Road Crossing, Span, Concrete, 
Flow aligned 

Double culvert, 1 w/ flow, Flat slope 
H of culvert 0.75 m 
W of stream 1.5 m 
L of stream 5 m 

Old road or driveway. Used only 
for walking traffic now. 

L2-SC-09 0334137 5365338 High-5 
 

Total Blockage 

Road/Walkway Crossing, Span, 
Metal, 
Cracking/Chipping/Corrosion, 
Flow aligned 

Single culvert, 1 w/ flow, Flat slope 
H of culvert 0.8 m 
W of stream 1 m 
L of stream 5 m 

Replace or repair/retrofit. High 
erosion on crossing, entrance 
collapsed on one side (the one 
with flow). 

L2-SC-10 0334290 5365267 Low-2 
 

No Blockage 

Road crossing, Span, Metal, 
Sediment deposition, Flow 
aligned 

Double culvert, 2 w/ flow, Flat slope 
H of culvert 0.62 m 
W of stream 3 m 
L of stream ~30 m (5 lanes of road) 

Looks good, just needs sediment 
flushed out of the culverts. 
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Stream Crossing (SC)  

Site ID Easting Northing Blockage 
Severity 

Construction Description Comments 

L2-SC-11 0334398 5365238 Low-1 
 

No Blockage 

Road crossing, Span, Metal, 
Sediment Deposition, Flow 
aligned 

Single culvert, 1 w/ flow, Flat slope 
H of culvert 0.8 m 
W of stream 3 m 
L of stream 17 m 

Good condition. Sediment clean 
up may be required. 

L2-SC-12 0334645 5365178 Low-1 
 

No Blockage 

Road crossing, Span, Metal, 
Flow aligned 

Double culvert, 2 w/ flow, Flat slope 
H of culvert 0.84 m 
W of stream 4 m 
L of stream ~30 (5 lanes of road) 

Sediment in channel but not in 
excessive amounts. 

L2-SC-13 0334662 5365170 Low-1 
 

No Blockage 

Railroad crossing, Span, Metal, 
Sediment Deposition, Flow 
aligned 

Double culvert, 2 w/ flow, Flat slope 
H of culvert 1 m 
W of stream 5 m 
L of stream 16 m 

Large sediment load in channel, 
very deep (30 cm). 

L2-SC-14 0334712 5365142 Low-1 
 

No Blockage 

Road/Railroad crossing, 
Closed/Tunnel, Metal, Flow 
aligned 

Double culvert, 2 w/ flow, Flat slope 
H of culvert 1 m 
W of stream 5 m 
L of stream 50 m 

Garbage traps could use cleaning. 

L2-SC-15 0335156 5365071 Low-1 
 

No Blockage 

Road crossing, Span, Metal, 
Failing embankment, Flow 
aligned 

Double culvert, 2 w/flow, Flat slope 
H of culvert 1.6 m 
W of stream 4 m 
L of stream 16 m 

Repair/Retrofit of stone 
embankment around culverts.  
Erosion due to runoff. 

L2-SC-16 0335335 5365043 Low-1 
 

No Blockage 

Road crossing, Span, Metal, 
Flow aligned 

Single culvert, 1 w/flow, Flat slope 
H of culvert 3 m 
W of stream 3 m 
L of stream 14 m 

Looks to be in good condition. 
Rock road and bank is slowly 
eroding due to runoff. 
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Table 1.  Biotic Indices: calculations and descriptions.

Subcatagory Index How  to Calculate: Indication

Richness/Diveristy 
ABUNDANCE

Sum  of Organisms possibly impaired if extremely low or high value

RICHNESS
Count of taxa found in a sample the greater the number of taxa the higher the 

quality of the habitat

INSECT RICHNESS

Count of Chironomidae+Culicidae 

+Ceratopogonidae +Tipulidae +Tabanidae 

+Simuliidae+Odonates(Zygoptera and 

Anisoptera) + Coleoptera + Ephemeroptera + 

Hemiptera + Lepidoptera  + Megaloptera + 

Plecoptera + Trichoptera + misc Dipterans 

the greater the number of taxa the higher the 

quality of the habitat

DIPTERIAN RICHNESS
Count of  Chironomidae+Culicidae 

+Ceratopogonidae+Tipulidae+Tabanidae+ 

Simuliidae

the greater the number of taxa the higher the 

quality of the habitat

SIMPSON'S INDEX

Proportion of species i  relative to the total 

number of species (p i ), squared                    

Squared proportions for all the species  

summed, and the reciprocal is taken

probability that two individuals will belong to the 

same taxon

SHANNON'S H' DIVERSITY

H'= -Sum(pi * ln(pi) where pi =proportion of the 

count of each taxa

high values indicate increased evenness of the 

counts among the taxa and higher quality 

habitat
Composition %AMPHIPODA Sum of amphipoda /abundance *100 asociated with eutrophic conditions

%CHIRONOMIDAE
Sum of Chironomidae /  Abundance*100 extremely abundant in highly eutrophic 

situations, but present in all habitats
%CRUSTACEANS and 

MOLLUSCA

(Sum of Amphipoda+Decapoda+Isopoda + 

Gastropoda + Pelecypoda) /Abundance*100

associated with eutrophic conditions, but 

present in many habitats

%CRUSTACEANS 
(Sum of Amphipoda+Decapoda+Isopoda) 

/abundance*100

associated with eutrophic conditions, but 

present in many habitats

%EPHEMEROPTERA
Sum of  Ephemeroptera  /abundance*100 the greater the value the higher the quality of 

the habitat

%GASTROPODS
Sum of  Gastropoda  /abundance*100 associated with eutrophic conditions, but 

present in many habitats

%HIRUDINEA
Sum of Hirudinea /abundance*100 associated with eutrophic conditions, but 

present in many habitats
%ISOPODA Sum of Isopoda /abundance*100 asociated with eutrophic conditions

%MOLLUSCA
(Sum of  Gastropoda + Pelcypoda) 

/abundance*100

associated with eutrophic conditions, but 

present in many habitats

%ODONATES
(Sum of  Anisoptera and Zygoptera) 

/abundance*100

the greater the value the higher the quality of 

the habitat

%OLIGOCHAETES
Sum of Oligochaetes /abundance*100 abundant in highly eutrophic situations, but 

present in many habitats
%PELECYPODA Sum of Pelecypoda /abundance*100 the greater the value the healthier the habitat

%TIPULIDAE
Sum  of Tipulidae /abundance*100 possibly impaired if extremely high value, but 

present in many habitats

%TABANIDAE
Sum  of Tabanidae /abundance*100 possibly impaired if extremely high value, but 

present in many habitats

%SIMULIDAE
Sum  of Simuliidae /abundance*100 possibly impaired if extremely high value, but 

present in many habitats

%DIPTERA

(Sum of Chironomidae+Culicidae 

+Ceratopogonidae 

+Tipulidae+Tabanidae+Simuliidae +misc 

Dipterans) / Total Abundance* 100

possibly impaired if extremely low or high value

%INSECTS

(Sum of abundance of Chironomidae+Culicidae 

+Ceratopogonidae 

+Tipulidae+Tabanidae+Simuliidae+Odonates 

(Zygoptera and Anisoptera) + Coleoptera + 

Ephemeroptera + Hemiptera + Lepidoptera  + 

Megaloptera + Plecoptera + Trichoptera + misc 

Dipterans)/ Total Abundnce* 100%

possibly impaired if extremely low or high value

%NON-DIPTERIAN INSECTS

(Sum of Zygoptera + Anisoptera + Coleoptera + 

Ephemeroptera + Hemiptera + Lepidoptera  + 

Megaloptera + Plecoptera + Trichoptera)/Total 

Abundance* 100

a high value indicates higher water quality than 

a lower value

%EPT
(Sum of Ephemeroptera + Plecoptera + 

Trichoptera) /  Abundance * 100 

a high value indicates higher water quality than 

a lower value

%EOT

(Sum of Ephemeroptera + Anisoptera + 

Zygoptera + Trichoptera) / Total Abundance * 

100 

a high value indicates higher water quality than 

a lower value

Tolerance
%DOMINANT

Abundance  of the  Most Common Taxon  / 

abundance * 100 

the dominance of a pollution tolerant group 

indicates an impaired site

HILSENHOFF'S BIOTIC 

INDEX

=SUM(xi.ti)/Total abundance  where xi 

=abundance of each taxa and ti = tolerance 

value for each taxa.

a low value implies low nutrient conditons.  

Values above 6.0 are of concern

Appendix 3.  Description of biotic indices. 
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Appendix 4 -  Photos of outfalls with remediation poten tial.  

 

OT-02: GPS coordinates 

are  0333263 E 5363280 N.   

This outfall was assigned a 

severity rating of  1 

because of the erosion 

due to flow .  It has good 

potential for remediation:  

Land use input source is 

commercial and industrial.  

Repair and stabilization of 

the bank.   

 

 

 

 

 

 

OT-03: GPS coordinates 

are  0333278 E 5363442 N.   

This outfall was assigned a 

severity rating of  4 

because of orange 

colouring and regular flow 

in dry weather .  It has 

good potential for 

remediation:  Land use 

input source is 

commercial and industrial. 

An investigation into the 

source of the orange 

colou ring would be 

helpful in determining 

remediation techniques to 

be used.    

OT-02 September 8 th, 2010 

 

 

OT-03 September 8 th, 2010 
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OT-05: GPS coordinates 

are  0333274 E 5363785 

N.   This outfall was 

assigned a severity 

rating of  3 because of 

heavy bank erosion .  It 

has good potential for 

remediation:  Land use 

input source is 

commercial.  There is 

evidence of high water 

disturbing  vegetation  

(storm event)  and bank 

erosion .  Investigation 

into the cause of the 

erosion and knocked - 

over vegetation will 

help with  remediation 

techniques.  

 

 

OT-06: GPS 

coordinates are  

0333281 E 5363900 N.   

This outfall was 

assigned a severity 

rating of  2 because of 

excess sediment and 

bank erosion .  It has 

good potential for 

remediation:  Land 

use input source is 

commercial.  A 

sediment collecting 

skirt is already erected 

but it is full and failing.  

Investigate the source 

of sedimentation and 

remedi ate.   

OT-05 September 8 th, 2010 

 

OT-06 September 8 th, 2010 
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OT-09/ L1-OT: GPS 

coordinates are  

0333287 E 5364020 N.   

This outfall was 

assigned a severity 

rating of  4 because 

of rusting pipe and 

brown colouring in 

runoff .  It has good 

potential for 

remediation:  Land 

use input source is 

commercial.  Repair 

of the slo pe 

(removing/repairing 

eroded  area).  This 

outf all was used for 

water testing.  Tests 

were taken on Oct. 

25th    (semi-dry) and 

Oct. 26 th (wet).  

 

OT-10: GPS 

coordinates are  

0333287 E 5364093 N.   

This outfall was 

assigned a severity 

rating of  3 because 

of bank erosion .  It 

has good potential 

for remediation:  

Land use input source 

is commercial.  Allow 

the grass to grow to 

protect bank  from 

erosion.  

 

 

 

 

OT-09/ L1-OT September 8 th, 2010 

 

OT-10 September 8 th, 2010 

 


