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CONTEXT

Effective management of stormwater is criticalm@intain the health obur streams andivers,
as well ag. ake SuperiorEarly stormwater management plarsgtempted to control runoff flow
rates from urban developments. The main issue was to control water quartbtgnsurethat
runoff from newly developed urban areas didtnocrease the potential for flooding
downstream. By the late 1980s, water quality became an additional fafustormwater
managementnd in the late 1990s, approaches to mitigate accelerated stream channel erosion
were introduced(Dhalla and Zimmer, 20). Recent approachés stormwater management
not only mitigate the impact of hydrologic changes to streams and rlvecauseof urban
development, but also address groundwater resources and the protection of aquatic and
terrestrial habitats Cuttingedge stormwater management planningreats stormwater as a
resource(Dhalla and Zimmer, 2010).

Thisstudy of Lyonsnd Third Avenueshannekin the City of Thunder Bagxamines the effect

that stormwatemn as a resource can have on a channel over timeotB open channels were
constructedin the 1930sto convey stormwater to either th&lcintyre River (now thé&eebing
Mclintyre Floodwayand then to Lake Superior, or directly into Lake Superior. The focus was to
control peak flow rate ando concentratesuspended solids. However, eighty years |#ter

two channelsappear to bevery different Lyons Channdboks more like a typical streamith
emergent vegtation, minnows,and otherforms of life, wherea3 hird AvenueChannel appears

to be a conventiond# RA G OK QX SaLJSOA I fyétBothahgnndlsieScondatldteld NJ NB | C
byl R2F OSy G f I yRa plscE&sNEump siuff. EeoSup@igpdposad this studyo
assesshe physical and chemical features of the channels, as wéll agsaminethe benthic
macroinvertebratecommunity toevaluatethe potential habitat offered bythose chemical and
physical features. The resuit these assessments could perhaps point the way to effective
strategies to improve stormwater anagement as well as identyfareas for potential

rehabilitation projects



2.0 BACKGROUND
2.1  History

Lyors Channe&nd Third AvenueChannel are bottopendrainage channsicreated in the 1930s

to ensure the speedy conveyancestbrmwaterfrom urban developmenin Thunder Bay to

Lake SuperiorThird Avenue€Chamel begins south of Pasteur Roadd headsn an easterly
direction forapproximately 1.5km to empty into Lake Superior by Cetva@nuenearNorthern
Wood Preservers (Fif). LyonsChannel ispproximately 2.8m in lengthand also beginagt
south of Pasteur Roadbut curvedo the southwest emptynginto the NeebingMcintyre

Floodwg east of Russell Street (Fig, and from there to Lake Superidrhe source watefor
LyonsChannel i©liver Creek, a small stream that is now mostly enclosed in pipes. A remnant
of the exposed creek idil visible west of Dalton Avenugext to the Oliver Road Commity
Centre, and west of Ray Boulevard

Lyors Channelikelyalso received much of the surface water runoff frartrain switching yard
on arail spurbuilt by the CanadianNational Railway (CNR)n 194445. At that time, axiron ore
dockwas built in the PorArthur Harbourto enable thetransfer of iron ore fronthe Steep Rock
mine in Atikokaro lake-going vesselsAspur linewas constructed to connect the main
Atikokantrain line to the iron ore dockn the Harbour, and.yonsChannefan parallel tathe
switching yard locatedt the base of a train trestle tha@rossed Memorial Avenue by®2
Avenue prior to reaching the ore dock on LaBeperior. The iron ore trestle and tracks were
removed inthe mid 1990sbut LyonsChannel still receives surface runoff from the
decommissioned railbed. Abdff-Leash DocAreawasopenedin the former rail switching yard
in November 2007Fig. 2)

2.2 Hydrology

In additionto Oliver Creek, theource water fol.yonsChannel (Reach 1) includes an outfall
that gathersstormwaterfrom an areaapproximately 3.7krhroughlydelimited byCarrick and
High Streets to the east, Hillcrest High School to the nortm&all Streetto the west andhe
NeebingMclintyre Floodway to theouth(Fig.1). Surface ruoff andan additional 17
stormwateroutfalls (Fig.2) add tothe water volume asyons Channehakes its way
approximately 2.8m from the source wateoutfall to the NeebingMclintyre Floodway.

ThirdAvenueChannel Reach LO2) flows approximately 1.5 km eai emptyinto Lake
Superior(Fig. 1) The source water for this reach istarmwateroutfall south of Pasteur éad
that drainsan area approximately 1/6m?in size(Fig.1). Water froman additionalnine



Lyons andThlrd Avenue ralnage Channl Strmwatersd Areas

date = Nov. 30,2010 0 160320 640 960 1280
scale = 120,000 I e . 5

Figure 1.Lyons andrhird Avenue Drainage Channel Stormwatershed Areas, Thunder Bay, Ontario.




Flgure 2.Location of OffLeash Dog Area and stormwatmtfalls on Lyons and Th|rd Avenue hannel Thunder
Bay, Ontario 2010.

stormwateroutfalls addto the flow (Fig.2) In 200607, astormwaterlift station was builtnear
the High Steet stream crossingp increase the elevation of thetormwateroutfall sowater can
flow downhill throughthe Third Avenu€hannel into Lake Superiolhird AvenueChannel
crosseshtirough a culvert undefFort William Rad, receives water fronsurface runofias well as
a ditch that runs parallel to the railyargoes under the rairacks,then resurfaces tempty

into Lake Superior.



2.3 Management/ Policies

Most of the water carried bthe Lyonsand Third Avenuehannekis stormwaterfrom outfalls,
with some input & water from surface rusoff. TheproposedSewer Use BylayCity of Thunder
Bay 2010)will definewhat is permitted to be discharged into a sewgwhether sanitary,
combined, or storm sewersThis will enable the Municipality tcharge any person or
corporation that contravenes the praions of the bytaw. 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 sewerand restricting the release of contaminants

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

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

The City of Thunder Bay Yard MaintenancéaBy(0682008)(City of Tluinder Bay, 2008

restricts dumping of trash on all public or privatelyned land within Thunder Bay, whether

that Land is occupied or notn addition, a number of properties appear to be storing

abandoned items inoperative motor vehicles and motor velegarts, and mechanical

equipment or equipment parts that could be potentiastormwatercontaminant sources.
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There is avell-vegetatedmunicipal setbak on either side ofyonsChannel, through both the
Off-Leash Dodreaandsouth towardshe NeebingMcintyre Floodway Trees, shrubs and
herbaceous vegetation prevent erosion and siltation, trap surfaceoffrand provide shade

and food for aquatic manisms in the channel and other orgsms in the vegetated corridor.
Aquatic plants within the channel slowsamflow, allowing contaminants to be filteredn

fact, the ability of cattails to bioaccumulate many chemical pollutduas resulted inthe use of
these plantgn the bioremediation of polluted wetlandsnd the treatment of industrial

wastewater (Lan, Chen, and WoR). | 2 6 SOSNE GKS Ydzy AOA LI ft A& 2-
facilitate water flow during a heavy storm event, therebyn@ving aquatic plants along with
accumulated silt. Therare no municipal policies or guidelines in place to recognize the value of
intact vegetation within streams or channgdthoughit is crucial tothe maintenance of a

healthy aquatic ecosystem

2.4 Remediation/Naturalization efforts

Althoughorid A y I £ £ @ | R Ndnveywat8rinto Yhe Neébrd/0intyireZ loddway,
LyonsChannehasevolved into &unctioning stream ecosystenDbservations during



9 02 { dzL3$réa as¥dsinent indicate thaguatic vegetation providsfood and shelter for
benthic invertebrates including crustacea. Minnows, ducks and other Bindiksmall mammals

and deer also use the habitat provided lbbyonsChannel.The creation of a furimning

ecosystem isot the result of naturalization efforts but rather a consequencéefign neglect

that enabled trees, shrubs and herbaceous plants to establish themselves along the majority of
the streambank, and aquatic vegetation to populate trezllof the channel.

Limitedremediationwork was done in the former Gail switching yard to convert it to aDff-
Leash Dog Arealonnes of dust from the transport of iron ore had accumulated on the old train
bed. Pea gravelvas placedn theground surfacdo cover the iron ore dust, keeping it from
covering dogs with the irofaden dust However, there has been no attempt to plant trees or
shrubs, or otherwise diversify the vegetation in the area.

Third AvenueChannel is more typical of@nventionalstormwaterconveyance channel
because it is lined for part of the way with concrete. The majority of the channel banks are
mown grasor shorter herbaceous plants accommodate the rapid movement of water during
highrainfallevents.

2.5 Current Land Use

LyonsChannel[Reach LO1) begins in a municipalgwned OffLeash Dog Arean the site of a
former railyard, then proceeds south through a ligimdustrial area consisting of various
businesses includingeveral aggregate yards|ang-distance trucking yard angumerous
officesand workplacesvith large paved parking areas

Third AvenueChanne(Reach LO2) consists othe decommissionedail spur lineas it heads
east tothe site of the former irorore train trestle. After cossing Memorial Avenyeesidential
and commercial properties abut the municipatiwned buffer on each side of the channel.
Landuse along the channel changes to heawyustrial between Fort William Road and Lake
Superior The CNRacksrun parallel b the waterfront, while the decommissioned iron ore
dock and Northern Wood Preserveare situated directly on Lake Supetior

3.0 METHODS AND MATERSAL
3.1  Unified Stream Assessmer{ftJSA)

Field datavere collected according to therotocols described in Unified Stream Assessment: A
' ASNRA& al ydzr £ 6 YA (.0 Siified StreaR ASSe9HerBISMNE H A p O



continuous stream wallprotocolto evaluatesystematicallyconditions and identifyemediation
opportunities within he stream corridor of small watersheds. Basic information orastre
crossings, impacted buffers astbrmwateroutfallsis collected and analyzed, enabling the
identification of a list of potentialemediationprojects in the stream corridor

Project datawvere collected ontwo catchmentlevel reaches LyonsChannel (Reach 1), and

Third AvenueChannel (Reach t2) on September® 9" and 10" 2010 Thestream

assessment dfyonsChannel(Reach LO1)beganat the mouth where it empties into the
NeebingMclintyre Floodway. Stormwateroutfalls, impacted buffers and stream crossngere
assessed during continuousstream travel up the channel to a point just south esEeur

Road and corresponding SAimpact assessmeribrms Appendixl) were completed Fhotos

were taken of eaclassessed 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 eadmpacted segment when possible. Distances over 10m were

estimated using GPS points and by pacing for shorter distarfests of interestsuch as

increased emergent vegetation, berms, failing roadbeds above stream crossing and debris piles
were alsodocumented withphotos and a brieflescription.

The stream assessment ©hird AvenueChanne(Reach LO2)began at the source a
stormwateroutfall just south of Pasteurddd. Thefield crewwalked dowrstream,
documening stormwateroutfalls, impaced buffers and stream crossinggéth photographs and
field forms exitingthe channel approximately 200m from Lake Superior becauater depth
and steep banks made it unsafe to conignwalking along the streambed.

Completed field sheets fatormwateroutfalls, impacted buffers and stream crossingsre
summarizedor both reachegAppendix2). Over 15@ligital photographs were taken over the
course of field work. Photos were recorded in fiedd on both a photo log and on thgertinent
individualimpact assessment form

There are limitationso the USA methodology. The ranking of the severity, as well as
opportunity for remediation of an impacare subjective rankings that depend on the

judgement of field staff. Though experienced indidata collection, field stafare not

engineers or stream rehabilitation specialists. Therefore, in some cases, further site analysis will
be required to evaluate remediation opportunities.



3.2  Water Quality Sampling

Water quality sampling sites weselectedto measure:the quality of stormwater as itrgers
each of the channels (Lyons ChanneHW, Third AvenueChannel LHW, Fig.3); the quality
of the water as it leaves the channels (Lyons Channel near the Neloingyre Floodway L-1
MI, ThirdAvenueChannel near Lake SuperiorlL3 Fig.3); and,the ability of emergent
vegetation to filter contaminants from a stormwater outfalith a severity ranking of (OT
09/L10OT, LIOTB, Fig.3). Outfalleffluentwas assessed based on discharge (fl@olour,
odour, impact downstream, and overall observations using Unified Stream Assessment
protocols. It was not possible to sample a reference site becaussotlmeeof the water for
both channels is stormwaterA total ofsevensites weresampledfor water quality Photos of
the water quality sampling sites are found in Appendix 8.

Water samples were collected durirtgpth a dry day (no precipitéon) and arain event (with
precipitation>5mm) during the montlof October to determine if there was a difference in the
composition of effluent during a storm eventhole water (unfiltered) grab samples were
collected 5cm below the surfacd the channel odirectly from the outfall dischargehere
stormwater pipesvere present.Samples were collected using_ IHDPE plastic bottles

prepared by the Lakehead University Environmental Laboratory. Each sample bottle was rinsed
twice with sample water at each station prior to sample collectisfter collection the wate

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 fabhgwparameters: Alkalinity, pH,

Dissolved Organic Carbon, Total Suspended Solids, Total Dissolved Solids, Total Metals,
AmmoniaN, and Anions (Cl, NONQ, PQ and S@). No duplicate water samplesere taken in
the fieldbecause of finaral constraints Quality control procedures employed by the Lakehead
University Environmental Laboratory included charting influences, standards, and blanks.

3.3  Benthic BieMonitoring

The aquatic benthic macroinvertebrate communities were sampled by Deacon Biotoggdisonnel

during September and October 2010 at four sitesXlty LY4, Fig. 3)according to stream methodology

as outlined by Jonest al. (2005). The data for Site-l¥vas collected for a Stream Assessment Project
funded by the Canad@®ntario Agrement Respecting the Great Lakes (Deacon and Lavoie, 2010) but the
results are also included in this report. Sitedllafd L¥2 each consisted of three sttamples taken as

a riffle-pool-riffle sequence. Sites t3vand L¥4 were heavily vegetated ardid not contain a riffle
poolriffle sequence; therefore, eadite consisted of three transects taken at a spacihg

8
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Figure 3.Location of water quality sampling sites and benthic biomonitoring sites, Thunder Bay, Ontario 2010.

approximately 20 time bankfull width, as outlined by Jonetsal (2005). Sampling distances

and times were recorded. Sampling was completed using arb&®n mesh Bnhet. The

samples were preserved in the field96% ethanol and then sorted in the laboratory. A

minimum d 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), Peckaatsis, (1990), Merrittet al. (2008), aad

Wiggins (1996). Most organisms were identified to Order or Family level to facilitate the
determination of various Biotic Indices. Orders suckplsemeroptera, Plecoptera, and



Trichoptera which are particularly sensitive to impaired water qualityewdentified to the
Genus level when possible.

The aquatic benthic macroinvertebrate community was assessed according to-taga27

Reference Condition Approach (RCA) as outlined in the Ontario Benthos Biomonitoring Network
Protocol Manual (Jonestal. H N np O @ ¢KS h..b A& I LI NIYySNBEKAL.
Ecological Monitoring and Assessment Network (EMAN) and the Ontario Ministry of the

Environment. The 2Taxa include the numbers of: Amphipoda, Anisoptera, Bivalvia,

Ceratopogonidae, Chironodae, Coelenterata, Coleoptera, Culicidae, Decapoda,

Ephemeroptera, Gastropoda, Hemiptera, Hirudinea, Isopoda, Lepidoptera, Megaloptera,
Miscellaneous Diptera, Nematoda, Oligochaeta, Plecoptera, Simuliidae, Tabanidae, Tipulidae,
Trichoptera, Trombidiformegjurbellaria, and Zygoptera. The Biotic Indices include: Total

l 0dzy RI yOSZ wAOKYS&aadax 5ALINISNIY wiAOKySaazx LyasSo
LYRSES | AfaSyK2FFQa . A204A0 LYRSES 2 52YAylyida
Ephemeoptera Plecoptera Trichoptera (EPT), % Chironomids, % Crustacea, % Dipterans, %
Gastropods, % Mollusca, % NDipteran Insects, % Odonates, % Pelecypods, and %

Oligochaetes (Worms)

The OBBN Biotic Indices used in the analysis of tHex@¥provide an insight into the present

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

2F GKS . A20A0 LYRAOSA&Z 72N SbokicYndix,Snditate Kigha K 272 9
water quality in the study area. Other Biotic Indices, for example a high % Worms or a high %
Chironomids (notbiting midges), are useful for identifying sites that are impacted by nutrient
enrichment and high organic contemesulting 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 isight about the quality of th@abitat. The combinatioof several indices makes it

possible to evaluate the quality of thebitat (Appendix 3)

4 RESULTS

4.1  Unified Stream Assessment (USA)

Fifty oneindividual impact assessment forms were comptetiuring the 4km continuous
stream walk of Lyons anthird AvenueChannelsof which28 were for outfalls, sevenwere for

impacted buffesand 16were for stream crossing The challenge was to summarize and
interpret patterns from the raw data.
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Theranking of the severitgf an impact as well ashe ranking of theopportunity for

remediation are subjective rankings that depend the judgement of field staffStormwater
outfalls were assignedseverityranking of 1 if the outfall did not have dweather discharge,
stainingor appearance of causing any erosion probleamsl 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 ofmmal flow in the receiving stream, and/or if the
discharge appeared to be having a significant impact downstream. Therefore, an outfall
severity of 35 would be assignedatoutfalls that were of concernThe samesliding scale was
used to rank theemediationpotential ofimpacted buffers where eemediationranking ofl

was assigned where road, building encroachment or other features significantly limited the
available areas for planting, andemediationranking of5 was assigned if the@parianarea did
not appear to be used for any specific purpose and there sufficientarea available for
planting Stream crossings were deemed to be potentahediationcandidates based on the
severity of the stream blockage, where a blockage rating oflitatedno barrier to flow and a
blockage severity of 5 indicated a barrier to fish passage upstream.

LyonsChannelReach LO1

Themain source ofvater for this reachs a stormwater outfall tat empties intoLyonsChannel
south ofPasteurRoad(Fig.3. Twomunicipal stormwateoutfallsempty intoLyonsChannel
within the OffLeash Dog Area, whileur are found between the southern limit of the Gftash
Dog Area and th&leebingMclintyre Floodway (Fig)2In addition,12 miscellaneous outfalls,
likely originating onprivate lightindustrial properties on each side byonsChannel, are located
southof the OffLeash Dog Area (Fiy.2

Of the 18stormwateroutfalls emptying into Reach a1, eight were ranke@ or higher on the
severity scalavith seven havingootential forremediationconsisting of discharge investigation,
local stream repair and/or outfall stabilization, stream daylighting amwdtormwaterretrofits
(Tablel, Fig5). Tenstormwateroutfalls were ranked two or below, but although the severity
was low, there wastill remediationpotential far four of the outfalls (Tablé&, Fig5).

Photographs and additional details stbrmwateroutfalls withremediationpotential can be

foundin 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 erosiorof the streambanlaround the pipe.

There is highguality vegetation on eitheside ofLyonsChannehs itprogressesouth-west in a
gentle ardrom the source south of Pasteur Ro#ittough the OffLeash Dog Area. This section

of the drainage channel has excellent forested shoreline vegetation and emergent vegetation in
the streambedFig. 4. Thereare also several remnant patches of mature forest adjacent to the

11
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Figure 4.Photo of Lyons Channel in @feash Dog Park Area, Feb 2007.

Tablel. Ranking of features assessed with Unified Stream Assessment protocolahgonkird AvenuBrainage Channels, Thunder

Bay, Ontario, 2010.

Reach| Outfall Outfall Impacted Buffer | Stream Crossing | Stream Crossing | Total
Code | Severity 2 Severity 3 Blockage Blockage
Severity 12 Severity 35
# Remediation | # Remediation | # Remediation | # Remediation | # Remediation | # Remediation
Potential Potential Potential Potential Potential Potential
LGO1 | 10 4 8 7 5 4 4 2 3 3 30 18
LCO02 | 8 4 2 2 2 1 8 3 1 1 21 11

channel. Between the southern limit of the Offeash Dog Area and the Neebixigintyre
Floodway, he vegetated buffer along both banksé&duced toless than3m in most placeg-ive
impacted buffers were found along reach-QC(Tablel). Only one of the five ais is
inaccessible for remediation because of the presence of a ragwwall for an aggregate yard
The remaining four bufferisave potential foremediationthrough active reforestation,
greenway design or natural regeneration (Tabléig6). 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 rembBwattographs and
additional details of impacted budfs withremediationpotential can be foundh Appendix 5
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@ Outfall with
Severity >3

Outfall woth
Severity 1-2

Figure 5.Location of stormwater outfalld,yons and Third Avenue ChanrnEhunder Bay, Ontario 2010. Those
with remediation potential in red and green

Reach LO1 had seven stream crossingplaces where the channel entered a culvert under
roads or trails with two being major roadwaysOnly tree of the culverts had a blockage with
a severity ratingpf 3-5, mainly because afxcess/e vegetation andor garbage Therefore, all
three had potential foremediationor repair(Tablel, Fig 7). Four of the culvesthad a

severity rating of 422, with two of these having eemediationpotential. Photographs and
additional details of stream crossings wittmediation potential can béound in Aopendix 6

13



Severity >3

W 1B with
Severity 1-2

Figure 6.Location of impacted buffers, Lyons and Third Avenue Channels, Thunder Bay, Ontario 2010. Those with
remediation potential in red and green.

Third Avenu&hannel Reach LO2

The source water fofhird AvenueChannel Reach LO2is astormwateroutfall south of
PasteurRoad(Fig.3. Nineadditionalstormwateroutfalls empty intoThird AvenueChannein
the lastl.5km to Lake Supert (Fig. 2. Sixof these outfalls draimesidential areasyhile the
remaindercarry surface runoff from the railyamhd lowlying arasinto Lake Superior (Fig. 1).
Third AvenueChannel is lined witbhoncrete from Memorial Avaue to Fort William Rad to
accommodate high water flow during storevents. A municipatormwaterlift station

14
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Figure 7 Location of |mpacte6tream crossmgsLyons and Th|rd Avenue Channels, Thunder Bay, Ontario 2010
Those with remediation potential in red and green.

attaches to the chamel just past Memoriahvenue at the High Strestream crossing. This lift
stationincreases the elevation of treormwateroutfall so it can flow downhill throughhird
AvenueChannel into Lake SuperioiVater levels in the portion of the channel east of the lift
station would experience extreme fluctuations, withresistently low base flow levels and high
flow levels during storm eventa/Vhen the wind blows from the west, water from Lake Superior
can be pushed up into the drainage channel, causing the direction of flolaoge

temporarily.
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Of the tenstormwateroutfalls emptying intorhird AvenueChannel two were ranked 3 or
higher on the severity scale and both had potential for remediati&ightstormwateroutfalls
were ranked 2 or below, but although the severitgs low, there was still remediation potential
for four of the outfalls (Tabl&, Fig5). Stormwateroutfall problems consisted mostly of
corroded pipes and erosion of the substrate around the piBaotographs and additional
details ofstormwateroutfalls with remediation potential can be found Appendix 4.

The vegetation on either side @hird AvenueChannekonsists mostly of grasses with a few
scattered shrubsetween the sourcesouth of Pasteur Roaahd Memorial Avaue. The
vegetatedbuffer in this area could be remediated througtforestation(Tablel, Fig 6).

Cropped grass covers tlaeea of the formerailroad bed on the northern part of the channel
betweenMemorial Avenue and Fort William Roakhis grassed area adjacent to it@ncrete
lined channels maintained teaccommodate a large flow of water during an extreme rain
event. e southern banlof the concretelined channels extremely narrow and rises steeply
to a fenced property lineThere is a second impacted bufferrbavhich consists of a building
built within meters of the channetherefore the area has no remediation potential (Table A
few scattered shrubs and trees can be foleisewhereon this steep slope. East of Fort William
Road, the banks ofThird Avemie Channelare naturalized with long grasses and scattered
shrubs. Photographs and additional details of impacted buffers with remediation potential can
be found in Apendix 5

Third AvenueChannel hanine stream crossings places where the channehtersa culvert

under roads railsor trails. A number of streancrossings are undepads or driveways that

have fallen into disrepair. There are two major road crossings, and the remaining crossings are
access roads and railway tragkghe train yad. Only one culvert had a blockage with a

severity rating of & anda potential forremediationor repair(Tablel, Fig7). Eght of the

culverts had a severity rating of2, withthree of these having amediationpotential (Tablel,

Fig. 3. Themost common problem associated with stream crossings was collapsing calserts
well erosion around the culverts from surface flow originating from the rdakotographsand
additional details of stream crossings witmediationpotential can be found idppendix 6

There are many potential remediatigrojectson both Lyons and@hird AvenueChannels of
the 51assessed features, ov2® were ranked apossible opportunities to improve the
channelgTablel, Fig. 5, 6, J. These potential projects vawidely in type, costand priority;
however, this number provides an indication of the amount of improvement whatk 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 andwestthert four on Lyons Channel
andthree on Third AvenueChannel (Fig). See AppendiX for field data tables.Lyons Channel
L1-HW andThird AvenueChannel LHWand L20Tmeasuredhe quality of stormwater as it
enters each of the channels dry and wet weathe(Fig 3); Lyons Channel £l andThird
AvenueChannel LS measurethe quality of the water as it leaves the channefgd the
NeebingMclintyre Floodwaynd Lake Superigrrespectively) (Fig 3); andOT-09/L1-OT and L1
OT-B masured 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 valuesf all samplesre withinthe OntarioProvincial Water Quali Objectives (PWQQO

acceptable range of 6.£8.5, with the exception of sample EHW during wet weathewhich
has a value of 6.4 (Taki®. LEHW is the source water for Lyons Channigl addition to Oliver
Creek, the source water includes an outfall that gathers stormwater from an area of
approximately 3.7krh(Fig. 1). Evidently stormwater from this lagfermwatershed

Hillcrest/ High Starea wasacidic. A second outfall deliveredightly acidic water during rain
event sampling.OT09/ L1- OThas a healthy pH value of 7during dry weather samplindput
the pH decreaseduring rain event sampling to an average of @&ble 3) This outfall collects
stormwater from a lighindustral office area that includes large paved lots.

Gonductivityis quite high duringlry weather samplingranging from 912 uS/cm at the source
water entry point forThird AvenueChannel (LHW), to 1610 uS/cm at @JO/ L1:OT on Lyons
ChannelTable2, 3). These highonductivityvalues arendicative ofhigh concentration®f
inorganic dissolved solids, such as irotre&ns that run through areas with clay soils tend to
have higher conductivitthan streamson rocky areas Both Lyors andThird Avenuechannels

have fine particulate substrates, and therefore would be moreyikelionize inorganic solids.
Conductivity values decreas¢ every sample sitduring rain evensampling which is expected
since conductivity is inversely related to dischaflgMAN, 200k The water entering the
NeebingMclintyre Floodway (L-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 fronthird Avenuechannel has a greater decline in conductivity (from 1237 to
124.5 uS/cm) between dry and wet sampling evdiiimble2). Conductivity of rivers in the

United States gnerally ranges from 50 to 15Q@(5/cm and industrial waters careachas high

as 10,000 usm (UEPA)
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Table 2. Water chemistry of source water entry point (HW, OT) and mouth (MIL¥&)s and Third Avenue Channels, Thunder Bay, Ontario 2010.

\ Dry Weather Sampling . Wet Weather Sampling
Date Oct25 | Oct25 | Oct25 | Oct25 Oct26 | Oct26 | Oct26 | Oct26 | Oct26
Site ID LE-HW | L1:MI | L2HW | L2LS LI:-HW | LIMI L20OT | L2HW | L2LS
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| 1245
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 a€aCO3 mg/L 286 291.6 | 3304 | 2221 14.7 220.1 124 | 2638 | 1914
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 21.89 141 | 62.69| 244.85
N-NH4+NH3 mg/L 1.04 2.176 | 0.071 | 0.737 2954 | 0.630 | 0.786| 0.382| 0.559
Nitrite NO2N (IC) mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL
Nitrate NO3N [IC] mg/L 0.475 | 0.039 0.03 0.076 0.289 | 0.197 | 0.212| 0.027 | 0.220
Phosphate (PO®R) by IC mg/L <DL <DL <DL <DL <DL <DL <DL <DL <DL
Sulphate (SO4) [ IC] mg/L 43.2 32.12 | 20.44 | 34.28 211 22.84 159 | 2150 | 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| 0.021 | 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 stormwatesutfall (L:OT) and in channel downstream {DI-B),LyonsChannel Thunder Bay, Ontario 2010.

DryWeather Sampling

I et Weather Sampling

Date Oct25 Oct25 Oct26 Oct26
Site ID L1-OT L1-OTB L1-OT L1-OTB
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 a€aCO3 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 NO2N (IC) mg/L <DL <DL <DL <DL
Nitrate NO3N [IC] mg/L 0.081 0.068 0.315 0.320
Phosphate (POR) 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) concentratiesdirectly related to conductivity of water.
Unsurprisingly, TD8ere greder during dry weather sampling at all siteEhe highest TDS wa
1036.6 mg/l at OD9/ LE: OTin Lyons Channel (Tab®. However, theTDShad decreased to
876.4 mg/l approximately 25m downstream atQI-B, after passing througa densely
vegetated steambed (Tabl@).

Total Suspended Solids (TSS) incredseithg wet weather sampling with the highest value of
133.6 mg/l found at L-HW, the source water for Lyons Channel that gathers stormwater from
the Hillcrest/ High St. are@able?). Also the énselyvegetated streambed dt1-OT-B

appeared to capture TSS that were released by stormwater outfall39)T1 OT, during both

dry and wet events (Tabl®. Vehicle emissions and pavement wear can be urban sources of
sediment and particulate@Dhallaand Zimmer, 2010)

Chemical

Total anmonia value§NH4+NH3)vere measured in the lab at a temperature of20.

Canadian Water Quality Guidelines for the Protection of Aquatic Life (CWQG) for Total Ammonia
vary accoding to temperature and pH the lower the temperature and the pH, the higher the
water quality guidelines for Total Ammon(@&nvironment Canada, 1997Appendix9 shows

the CWQG for Tot@mmonia at 20 C aljusted accordingo the pH of each sampl€.

McGoldrick pers. comm). Tables2 and 3 showthe levels of Total Ammonia at each sampling

site. The Total Ammonia values exceed corresponding CWQG guidelirsssnples taken at

both the source water andt the mouth (where it empties into the Neebinlicintyre

Floodway) of Lyons Chael during dry weather samplin@able 2) The Total Ammonia values

also exceed corresponding CWQG for samples tak&himd AvenueChannel where it empties

into Lake Superior during dry weather samplfiigble 2) The water sample obtained during

dry weather in a denselyegetted portion of Lyons Chann&l¥OT-B) also exceeded calculated
CWQG guidelines for Total Ammofiiable 3) Natural sources of ammonia include the
decomposition or breakdown of organic waste magt@hich could explain the higlevel 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 Canadb997).

Metals

Metal values were generally high in the Lyons Drainage Chammelmparison to McVicar
Creekanother urban streamvithin the City of Thunder BaZ (McGoldrick pers. comm), but
with the exception of iron levelgnly exceeded the PWQOanfewcaseqTables 2,3, Figs. 8, 9,
10,12).
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Total aluminum values exceeded PWQO aHMI (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 ®@/ during wetwveather sampling (Tabl®). Total
aluminum valuegxceededPWQ~Cat outfall L OT (dry weather sampling) which collects
stormwater from a lighindustrial office area that includes large paved ldtiowever, total

aluminum values decline@t0.009mg/l during dry weather sampling atQI-B, adensely

vegetated streambe@pproximately 25m downstrearfTable3). Cadmium levelslso exceeded
PWQQat this vegetatedsample site during dry weather (Table ®admium can be present

trace amouns as a result of natural weatheripgocesses.

Iron values were above the Provincial Water Quality Objectives (PWQO) for every sample
obtained duringdry weather Tables 2,3). Not only are backgund levels of iron high in this
region, but the area wassed to transportron ore for almost 50 years. Dust from unprotected

Fig. 8Total iron concentration for all samples Fig. 9Total zinc concentration for all samples
on a logarithmic scale. The red line represer The red line represents the PQWO value of
the PQWO value of 0.3 mg/L. All the points 0.02 mg/L. All the points above the line do n
above the line do not meet the PQWOs. meet the PQWOs.
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Fig. 10T otal aluminum concentration for all
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Fig. 11Total chromium concentration for all

samples. The red line represents the PQWC samples. The red line represents the PQWC
value 0f0.075 mg/L. All the points above the 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 ardéan values drop during rain
samplingevents, althoughthe source water of Lyons Channel-V) has Total iron values in
excess of PWQG during wet weather samp{ifaple2). Zinc values also exceBdVQG at this
outfall during wet weather sampling, as well as atantl LEOT-B (Table3).

4.3  Benthic BiesMonitoring

Three sites were chosen on Lygo@hannefReach LO1)for assessment of the benthic

community(Fig. 3& Figs 12 to 14 The data foiSite LYL was selected for study because the
f20F0A2y Aa yYSIN GKS Y2dzikK 2F [e2yQa OKIyyStT
contaminants from all sources within the watershed. Sit@li¥located in an area with a

disturbed slope, ear a large parking lot. Site-BYs located in an area mowed to the edge of

the channel, near a visible flowing outfall.

The benthiccommunity of one site oimhird AvenueChanne(Reach LO2) was assessed. Site
L¥4 is located near the mouth dthrd AvenueChannel where it empties into Lake Superior
(Fig. 3& Fig. 19. Site L¥Y4 was selected for study because the flow contains the combined
contaminants from that portion of the watershed.

Sites LM to LY¥3 have a noticeable flow, submergentgegation is present and emergent
vegetation isabundant (&ble4). LY4 has no noticeable flow, submergent vegetation is
abundant and emergent vegetationpsesent (Bble4). Thetaxacomposition differed
considerably between these two channels.-1Lt6 LY¥3 had abundant Amphipoda (scuds) and
Isopoda (aquatic sow bugs), whereasdlivad abundant Molluscaifails) Tabless to 8. The
taxa at L4 were more characteristic of a lensgstem (pond) than a lotic systefstream).

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. Ingluals 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(Tables5 to 8),only the Corixidae (water boatmen) still had juveniles at the time of
the survey. The Chironomidae (rbiting midges) had a few pupae ready to emerge. Only a
small portion of each sample (<12%) had to be sorted to obtain the minimurcA0Q.

Overall, the results probably reflect accurately of the composition of the aquatic benthic
macroinvertebrée communities present in Lyorsd Third AvenueéChannels during late
summer/early autumn.
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Figure 13 Benthic sampling site £/
Lyons Channel, Thunder Bay 2010.




Figurel5. Benthic samplingite LY4, Third AvenueChannel, Thunder Bay 2010
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Table 4 Characteristics of the sites sampled in Lyons and Third Avenue Channel, Thunder Bay, Sept-Oct, 2010.

Site Name | Site Code Category Hydraulic Dissolved Emmergent Submergent Minnows
Head mm Oxygen (ppm) Vegetation Vegetation

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

Ephemeroptera and Trichoptera were rarely found at ites(Tables to 8), never exceeding

2% in any sampl@\ppendicesl10a to 10¢ and Plecoptera were not recovered froyohs or

Third Avenuehannek. 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 possitéybe of
contamination by toxic chemicals. EPT was lowe&f¥3 (Table7). Plecoptera are restricted to
highly oxygenated environments, such as relatively fast flowing mateocky shorelines

exposed to strong wave action. The sitieat were examied in Lyos and Third Avenue
channekdid not provide habitat appropriate for Plecoptera, probably because of low flow of
water and low oxygen concentrations.

Worms were common in the communities at siteslLand LY3 (approximately 7%), but
abundant atsites LY2 and L¥4 (approximately 2@%)(Tabless 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 depledéstudved
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 seip@riods 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 wittthe benthic macroinvertebrate
community. Worms, however, are sensitive to toxic chemicals which interfere with their
reproduction or cause mortality. The presencenafrms at all the sites in Lys@and Third
AvenueChannel indicates that toxic chemisare absent or at sufficiently low concentrations
that worms are not noticeably affected.

The Chironomidae is another group which is tolerant of-towgen conditions and is present in
most aquatic benthic macroinvertebrate commuegi Chironomids form the base of the food
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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
COELENTERATA 2
NEMATODA 1
MOLLUSCA
Gastropoda
Lymnaeidae 4 1 2
Physidae
Planorbidae
Valvatidae
Bivalvia
Sphaeriidae
ANNELIDA
Oligochaeta 8 7 1
ARTHROPODA
Hydracarina
Amphipoda
Gammaridae Gammarus 1 1 1
Decapoda
Cambaridae Juvenile
Orconectes 1
Isopoda
Asellidae Caecidotea 60 87 109
Insecta
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
Trichoptera Juvenile/damaged/
Pupa
Phryganeidae
Phryganea
Lepidoptera
Crambidae
Diptera Damaged/pupa
Ceratopogonidae |Juvenile/damaged
Ceratopogon
Probezzia
Chironomidae 25 5 11
Empididae Juvenile/pupa
Hemerodromia 1
Total number of individuals 104 102 125
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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
COELENTERATA 1
NEMATODA 1
MOLLUSCA
Gastropoda
Lymnaeidae 3 9 4
Physidae
Planorbidae
Valvatidae
Bivalvia
Sphaeriidae 9 3 9
ANNELIDA
Oligochaeta 28 17 25
ARTHROPODA
Hydracarina 1
Amphipoda
Gammaridae Gammarus 19 30 19
Decapoda
Cambaridae Juvenile
Orconectes
Isopoda
Asellidae Caecidotea 41 28 44
Insecta
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
Trichoptera 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
Total number of individuals 116 100 116
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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
COELENTERATA 5
NEMATODA 1 1
MOLLUSCA
Gastropoda
Lymnaeidae
Physidae
Planorbidae
Valvatidae
Bivalvia
Sphaeriidae
ANNELIDA
Oligochaeta 8 8 14
ARTHROPODA
Hydracarina
Amphipoda
Gammaridae Gammarus 67 45 28
Decapoda
Cambaridae Juvenile
Orconectes
Isopoda
Asellidae Caecidotea 39 37 33
Insecta
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
Trichoptera Juvenile/damaged/
Pupa
Phryganeidae
Phryganea
Lepidoptera
Crambidae
Diptera Damaged/pupa
Ceratopogonidae |Juvenile/damaged
Ceratopogon
Probezzia
Chironomidae 8 22 26
Empididae Juvenile/pupa
Hemerodromia
Total number of individuals 128 113 105
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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
COELENTERATA 1
NEMATODA 1
MOLLUSCA
Gastropoda
Lymnaeidae 2
Physidae 2 1
Planorbidae 50 3 15
Valvatidae 1
Bivalvia
Sphaeriidae 1 3
ANNELIDA
Oligochaeta 20 45 25
ARTHROPODA
Hydracarina 2
Amphipoda
Gammaridae Gammarus 1
Decapoda
Cambaridae Juvenile
Orconectes
Isopoda
Asellidae Caecidotea 2 11 12
Insecta
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
Trichoptera 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
Total number of individuals 101 110 106
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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 ordtgical
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 macroinvertebratesmiaquatic community
because of their ability to tolerate low oxygen concentrations and toxic chemicals. Chironomids
were present, but not abundant (approximately 5 to 30#gpendices 1@ to 10¢ in all the
Lyorsand Third Avenuehannd communities. Aparently Lyosand Third AvenueChannesd

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
macroinertebrate communities at sites Liyto LY3 (approximately 50 to 90%Appendces

10a to 109. Crustacea are scavengers and thrive in areas with organic enrichment that
experienceonly minor oxygen stress. Possibly the aquatic benthic macroinvertebrate
communities at sites LY to LY3 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, lmitbelow 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 inLyors Channel do not seem to be affedtby toxic contaminants.

ConverselyThird AvenueChannel has a lower number of Crustacea in the aquatic benthic
macroinvertebrate community (approximately 10%ppendix10a to g. This channel probably
experiences greater oxygen stress because oeextly 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 @g#6&ndix10 a to .

The main group in the Malkca, the Planorbida@able8), is an aibreathing snail which lives
completely free of oxygen stress. Oxygen stress, therefoabably plays a greater role in
shaping the aquatic benthic macroinvertebrate community a#ilivthe Third Avenu€hanrel

than inLyors Channel. The dissolved oxygen concentration observed4abhY¥ Oct was 8.32

mg/l which was higher than the concentrations observed atl oY LY3 during September;
however, flow at LM was almost nomexistent (no observable hydraulead Table4). Higher
temperatures during the summer would have promoted rapid decomposition of the abundant
organic matter at L'¥ and caused oxygen stress within the community, leading to a decrease in

30



the number of Crustacea and an increase in thmbar 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 LY4 benthic macroinvertetate community.

Means were calculated for the Biotic Indices (T&hlen Lyorsand Third Avenuehannek, and
NEFfSOG GKS 0620S 20aSNBFGA2ya YR O2y Ot dzarzy.
Diversity Index was also low (0.77 to 1.67) inltgens andhird Avenué&hannel. Low

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

allows only specialized taxa to survive and thrive.

Table 9 Summary of Biotic Indices of the aquatic benthic macroinvertebrate communities from Lyons and Third Avenue Channel, Thunder Bay, Ontario, 2010.

Site | Subsample| Sampling] Number H' Hilsenhoff's % % % % %
Site Name Code| Number Date Identified | Richnesg Diversity| Biotic Index| Dominants| % EPT Chironomids | Worms| Crustacea Mollusca
Lyons 1 LY-1 Mean |17-Sep-1 110 7 0.77 7.74 76.7 0.6 12.6 5.1 78.0 2.1
Lyons 2 LY-2 Mean 18-Sep-1 111 9 1.67 7.33 34.4 0.3 10.2 20.9 54.7 11.2
Lyons 3 LY-3 Mean |19-Sep-1l 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-1Q 106 10 1.58 7.11 39.3 0.6 24.7 28.1 8.1 25.3

The Hilsenhoff Biotilmdex (Tabl®) was relatively high (&.0) at all the sites. A Hilsenhoff

Biotic Index value above 6.0 is considered indicative of an impaired community, usually by
organic enrichment Althea A 1Sa Ay [@&2yQa [/ KIFyySt NS R2YAyYl!
emergent vegetation (Tabl®). Wually the riparian zone alongdlthannel 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,
L¥3. Ths type of interference was the exception rather than themdor the riparian zone of
Lyons Channel. The Lyo@hannel aquatic habitat is rich in organic defdeThird Avenue
Channel is also rich in organic debris, although the riparian zone &srettensive as along

[ 82y Qa4 [/ KIyySt o ThitdSAveniathanael & 13 suppol a delse OK 2 F
community of herbaceous plants, as well as a few shrubs. The submergent aquatic vegetation
was particularly abundant at site 4Y(Table 1) whichalong with the adjacent herbaceous

plants contribute to the organic enrichment dthird AvenueChannel.

The % EPT was extremely low (€0,.8abl®). As mentionedbove, the Ephemeroptera,
Plecoptera and Trichoptera require higher oxygen concentnatiban other

macroinvertebrates and these three Orders are particularly sensitive to chemical contaminants.
The EPT are abundant ontya high quality habitat. Lysm@and Third Avenuehannels are not a

high quality habitat.
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The highest % Worms (284) (Tabl®) was foundn LY4, the pondlike portion ofthe Third
AvenueChannel which drains into Lake Superior. Worms werepassent to abundant at the
Lyors 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%) (Pabiall the

channel communities. The presence of chironomids at all the sites indicates organic enrichment
and low oxgen 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¥®5& abl®) in Lyonhannel probably

becaug of high organic enrichment and adequate oxygen concentrations in the water. The %
Mollusca (2%6) (Tabl®) washigh only at site L4 in Third AvenueChannel, possibly because of

the pondlike conditions that occurred with associated periods of low orygencentrations in

the water.

A high % Dominants (784) (Tabl®) occurredat site LYL where the Crustacea were most

I odzy Rl yi Ay [ & 2-yigshuatédmeéayiye nbuth of LyoAsiCBanrel where it
empties into the Neebing/cintyre 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 LYL means that the concentration of toxic chemicals is low. Either toxic chemicals are
not enteringthe channel or toxic chemicals are retained within the channel. Submergent and
emergent agquatic 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 environmérte abundant vegetation in
Lyors Channel probably serves to purify the water which protects the aquatic benthic
macroinvertebrates.

The invasive species of crayfi€rconectes rusticysvas faind in the pool at site -Y. As well,
minnows were collected, then released at msges (Tablel) which isa further indication of
higher oxygen concentrations and low conceniwat of toxic chemicals in Lysi&Channel.

5 DISCUSSION

The physicadnd chemical features of the channelsre assessedswas thebenthichabitat

In general, thephysicalassessmendf Lyons and hird Avenuechannelsconfirms thatthe area
isheavily impactedy past and current human aivities, but Nature is resiligrand will reclaim
disturbed areas.
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5.1  Lyons Channel

Lyons Channe$ aremarkable example of what can happen in an ardefifundisturbed fora
longtime. Originally onstructed asa drainage ditch,Lyons Channdiasevolved intoa
functioning ecosystem wherarige vegetated buffers have been allowed to developtba
banks and emergent planthavebeen allowed to grow ithe streambed.

TheUnified Sream Assessment, an assessment of the physical features of the stiadmated
several areas that could be remediated along the channleé nfost common problem
associated with outfallalong Lyos Channelvas corrosion of pipgand erosion of the
streambank around the pipe An assessment of impacted buffers indicated that mgsrian
zones have been degraded pgivate landowners through improper material storage,
encroachment of parkingraas ad improper snow removal. Assgsent of stream crossgs
indicated that the few blocked culvertead excessive vegetation and/or garbage.

The benthic assessment indicatétht LyonsChannelis not seriously contaminated by toxic
chemicaldbecausenvorms are present at all siteand Chironomidae are not the dominant taxa
Worms are indicative of an orgecally 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
macroinvertebraés in an aquatic community because of their ability to tolerate low oxygen
concentrations and toxic chemicalgere at most abundaninstead of dominant.

Lyons Drainage Channel l@ag/gen concentratiosithat are high enough to alloiow oxygen
intolerant taxa to survive At the mouth of the channelvhere the flow contains the combined
contaminants from alsources within the watershe@rustacea are dominanCrustacea are
scavengers and thrive in areas with organic enrichment that experience only axygen
stress. Howeveroxygen concentrations are not high enough in the channelPfecopterao
occur. Plecoptera are restricted to highly oxygenated environments, such as relatively fast
flowing water

LyonsChannels not a high quality habitatThe “EPTis low,Richness and Diversity diev and
the Hilsenhoff Biotic Index valusabove 6.Qindicative of an impaired community, usually by
organic enrichmentHowever, the abundant vegetation in Lyons Channel probably serves to
purify the waterwhich protects the aquatic benthic macroinvertebrates.

Water quality resul support the findings of the benthic datd.yons Channel is neeriously
contaminated by toxic chemicadsich atheavy metals. Levels of ir@ame high, which has

negligibleeffect onthe aquatic community. Levebdf total ammoniais alsohighin certain
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locations perhaps from the decomposition or breakdown of abundant organic maftée
source water for the channejL1HT hadpH, aluminum, chromiumiron and mcvaluesthat
exceead PWQO during wet weather sampling. However, by the tineewaterreacles the
NeebingMcintyre Floodwayin wet weather levels for all parameters meet PWQO dry
weather, allparametersexcept iron and total ammonia have fallen to accep¢alevet. Results
were inconclusive when it comes tioe ability of emergent vegetation to filter contaminants
from stormwater outfall LiOT.

5.2  The ThirdAvenueChannel

The ThirdAvenueChannel, constructed at the same time as Lyons Channehdrasactively
maintained as a conventional stormwater conveyance. Although the banks along several
sections have been left to naturalize, the main part of th@annel from Memorial Avenue to
Fort William Roadbk large, mowed and concretmed. The Thid Avenue Channel experiences
extreme fluctuations in water levels because of a stormwater lift stati@t increases
streamflow during storm events. The channel experierumsistently low base flowat other
times.

TheUSA indicated thahe mostcommon problens associated wittstormwater outfalls along
this channetonsisted mostly of corroded pipes and erosioth& substrate around the pipe. It
was dfficult to determine which areas had impacted bufférscause most of the channisl
intendedto be freeof shrubby vegetation so water can flow through the area unencumhbered
especially durigan extreme rain eventHowever, the area of the channel between therse
water south of Pasteur Roahd Memorial Avenue does not need to accommodategh h
volume of runoffitherefore, the buffer could be reforested in that are&he most common
problem associated with stream crossingtween Fort WillianmRoadand Lake Superiavas
collapsing culverts as well erosion around the culverts from surfaee flo

Assessment of the benthic community indicated that the taxahimd AvenueChannelvere
more characteristic of a lentic system (pond) than a lotic system (sfre&tawever Third
AvenueChannel is not seriously contaminated by toxic chemicals becaoisas were
dominant indicating an organically enriched habitat that may periodically experience low
oxygen concentrations but not contamination with toxic chemicals. In additien, t
chironomids wereabundant instead of dominant

ThirdAvenueChannel has a lower number of Crustacea in the aquatic benthic
macroinvertebrate community (approximately 10@bpable 9 than Lyons Channelrqgbably
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because iexperiences greater oxygen stress because of extremely low water flow and
associated pordike conditions in the channel.

Third AvenueChannelsnot a high quality habitatThe % 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 enrichmenThepresence of abundar¥lollusca an airbreathing snail which
lives completely free of oxygesiress indicates that &ygen stresprobably plays a greater role

in shaping the aquatic benthic macroinvertebrate commumtyhird AvenueChannel than in
LyonsChannel. 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 communityl' hird Avenue Channel

Water quality resuls support thefindings of the benthic data. Third Avenue Channebts n
seriously ontaminated by toxic chemicals suchlesavy metals. Levels of irame high during
dry events but thishasa negligible effect orthe aquatic community. Leels of total ammonia
entering LakeSugerior are high only inlry weather. No metals or other chemical parameters
exceed PWQO

6. GONCLUSION

TheUnified Stream Assessmenitotocol appears to be very successful at documensimgam
corridorfeatures. There are many potential remediation projects on both Lyonstaedrhird
AvenueChannels over half of the assessed featunggesent possible opportunities to improve
the channels. These potential projects vary widely in tym®st, and priority; howevethe

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

Some municipal actions that could be taken to address issues identified by the USA include:
clearing culvert openings only where necessary, being carefypratect 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 oepaplace where
necessary; and, using qualified personnel t@ssess outfalls with a high severity rating
originating on private property to ensure that only substances permitted by the City of Thunder
Bay Sewer Use Byaw (to be adopted in 2011) aemtering the channels.

Education of landowners should be a high priarithose 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 them@aminant loading of the stormwater that is the
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sourcewater for both channels. Education of landowners along the channels could include
information on: complying with the City of Thunder Bay Yard Maintenandavidgtandards to
improve both the aesthetE d the area, as well as eliminapotential sources of contaminants
from debris or meltwater from snowpiles complying with the City of Thunder Bay Sewer Use
By-law standards (once passed) to elimingt@ential sources of contaminants froprivate
outfalls; protectinghe riparianzonealong,and emergent veegtation in, the channel,

mitigating stormwater impacts through micqarojects such as rain gardens and swales; and,
techniques tarevegetate impacted buffers. EcoSupertwais successfully carried out
educational projects such as these in the past and is well qualifieatkte landowner
education.

The OffLeashDogAreapresents a special opportunity to showcase innovative approaches to
managing stormwater. The stormvea outfalls that act as headwaters for both Lyons and Third
Avenue Channels originate on this large, municipaiyed 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

STORM WATER OUTFALLS REACH ID: [ex. Al) ;I-'I-I'EID: (ex. OT-0015)
DATE: ASSESSED BY: PHOTO &
UTM |EAsTING NORTHING |  TIME: hrs
BANEK FLOW
OLleft O Right O Head OMone OTrickle T Moderate [ Substantial O Other
TYPE: MATERIAL SHAPE DIMENSIONS SUBMERGED
O Closed Pipe O Concrete [ Metal O Circular O Elliptical Diameter: ONo
O PVC/Plastic T Brick O Other: (cm) [O Partially
[ Other: JSingle O Double O Triple [ Fully
0 Open Channel O Concrete [ Earthen OTrapezoid O Parabolic Depth {om) No -
O Other: O Other ‘Width fcm)
CONDITION ODOUR Mo
O Mone JChipfCracked O Peeling Paint O Corrosion OGas OSewage O Rancid/Sour O Sulfide
O Other O Other
DEPOSITS/STAINS VEGETATION DENSITY
OMone T Oily OFow Line O Paint OMone O MNormal O Inhibited C Excessive
O Other O Other
PIPE BENTHIC GROWTH POOL QUALITY
OMone ZBrown D Orange D Green OMoPool OGood OOdours OColours T0ils O5uds
O Other O Algae [Foatables O Other
FOR FLOWING ONLY Colour O Clear COBrown OGrey OYellow O Green O Orange O Red O Other
Turbidity OMone O Slight Cloudiness O Cloudy O Opagque
Floatables O Mone O Sewage (toilet paper, etc.) O Petroleum (oil sheen) O Other
OTHER CONCERNS [ Excess Trash (paper/plastic bags) O Dumping (bulk) O Excessive Sedimentation O Bank Erosion

POTENTIAL RESTORATION CANDIDATE
O No

[ Needs Regular Maintenance [ Other

O Discharge Investigation O Stream Daylighting T Storm Water Retrofit
C Local Stream Repair/Outfall Stabilization O Other

QUTFALL SEVERITY (circle one) |

5 4 3 2 1 |

MNOTES:




IMPACTED BUFFERS

REACH 1D (ex. AL)

SITE 1D (ex. OT-0015 )
OT-

DATE: ASSESSED BY: PHOTO #
UTM START |EASTING [NORTHING [TIME: hrs
Iif =20 in
length END EASTING [NORTHING |
IMPACTED BANK: REASON INADEQUATE: OToo Marrow O Lack Of Vegetation O Widespread Invasive Plants
Oleft ORight OBoth O Recently Planted O Other:
LAMD USE: Private Instituticnal Golf Course Park Other Public
(Focing downstream | Left Bank O | O O |
Right Bank O ] O O O
DOMMIANT LAND COVER Paved Bare Ground Shruby/Scrub Tall Grass  Turf/lawn  Trees Other
Left Bank O [] O O O O []
Right Bank O [ O O O O O
INVASIVE PLAMTS: O Mone T Rare O Partial Coverage [ Extensive Coverage O Unknown
STREAM SHADE PROVIDED? Z None O Partial JFull |WETLANDS PRESENT? O Mo CYes O Unkniown
POTENTIAL RESTORATION CANDIDATE O Active reforestation O Greenway design O Natural regeneration
ONo O Invasives removal O Cther:
RESTORABLE AREA Left Bank Right Bank [REFORESTATION POTENTIAL:
Length (m) (circle &) 5 4 3 2 1
Width {m)
POTENTIAL CONFLICTS WITH REFORESTATION O Lack of sun O Potential contamination 0 Widespread invasive plants
O Poorfunsafe access to site O Existing impervious cover O Severe animal impacts O Other:

MOTES
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STREAM CROSSING REACH ID: [ex. Al) SITE ID: (ex. OT-0015 )
OT-

DATE: ASSESSED BY: PHOTO 8§

UTM [EASTING NORTHING |  TIME: hrs

TYPE: L Road Crossing [ Railroad Crossing [ Manmade Dam__ [ Beaver Dam T Geological Formation T Other
SHAPE # OF BARRELS: MATERIAL: ALIGNMENT:
O Arch O Bottomless O Single 0 Concrete O Flow-aligned
O Box O Elliptical O Double 0 Metal O Mot flow-aligned
O Circular O Triple 0 Other: O Do not know
O Other O Other:

FOR ROAD/RAILROAD  [COMDITION: {Evidence of ... ) CULVERT SLOPE:
CROSSINGS ONLY O Cracking/chipping/corosion O Downstream scour hole O Flat

O Sediment deposition O Failing embankment O Slight (27 -57)
O Other (describe | O Obvious [ >5")
DIMEMNSIONS: [if variable, sketch
Barrel Diameter: i Culvert Length: m Roadway Elevation: m
Barrel Height: m Culvert Width: m

POTENTIAL RESTORATION CANDIDATE

Fish barrier removal

Culvert repair/replacement

O Local stream repair

O No Upstream storage retrofit O Other:
IS THE STREAM CROSSING ACTING AS A GRADE CONTROL O No O Yes J Unknown
EXTENT OF PHYSICAL BLOCKAGE: CAUSE:
O Total O Partal O Drop too high Water Drop: m
IF YES FOR FISH BARRIER (O Temporary O Unknown O Flow too shallow Water Depth: m
O Other:
BLOCKAGE SEVERITY': [circie one ) 5 4 3 2 1

NOTES/SKETCH:




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

Stormwater Outfall (OT)

Site ID

Easting :

0333278

Northing

Severity

Restoration
Potential

Outfall Construction

Location

Flow Properties

Concerns

5363442 High4 Open, Earthen, R. Bank, 0 m from | Moderate flow w/ orange No pool, Investigate colouring.
03 Parabol, Depth 3cm, : stream,partially colouring
Yes Width 42 cm, Good submerged
Investigate i Condition
L1-OT § 0333287 5364020 High4 Closed Pipe, Metal, L. Bank, 2 m Trickle flow w/ rustdeposits Good pool, Brown benthic growth, no
09 Circular, 33 cm, Good i from stream, 0.51 vegetation, bank erosion.
Yes Condition m drop
Repair/Replace
L1-OT : 0333316: 5364787 High4 Closed, Concrete, L. Bank, >2m from ; Moderate flow Brown colour in pool, brown benthigrowth,
15 Circular, 60 cm, stream, 0.51 m No vegetation, bank erosion.
Yes Corroded drop
Investigate
L1-OT : 0333839: 5365379 High4 Closed, Metal, Circular Head, 0 m from Moderate flow No pool, Floatables, excess trash, excess
18 200 cm, Good stream, partially sediments, needmaintenance. Requires
Yes Condition submerged cleaning.
Clean
L1-OT § 0334650 5365171 High4 Open, Earthen, L.Bank, 0 m from | Substantial flow, Sewage smell, i No pool, Brown benthigrowth, excess trash.
27 Trapezoid, Depth 30 : stream, submerged: oily deposits
Yes cm, Width 200 cm,
Investigate : Good Condition
L1-OT : 0333274 5363785 Moderate-3 Closed, Plastic, L. Bank, >2 m from: Trickle No pool, no vegetation, bank erosion,
05 Circular, 40 cm, Good ; stream, >1 m drop investigate.
Yes Condition
Investigate
L1-OT § 0333287 5364093 Moderate-3 Closed, Metal, Circulat L. Bank, 04 m Trickle Good pool, cut grass, bank erosion,
10 22 cm, Good Conditior: from stream, < 0.5 repair/replace.
Yes m drop
Repair/Replace
L1-OT : 0333289: 5364163 Moderate-3 Closed, MetalCircular, i L. Bank, 2 m Trickle No pool, no vegetation, bank erosion,
12 31 cm, Cracked from stream, < 0.5 repair/replace.
Yes m drop
Repair/Replace
L1-OT : 0333458: 5365019 Moderate-3 Closed, Metal, Circulat. L. Bank, >2 m from; Moderate No pool, regular flow.
16 78 cm, Good Conditiori stream, partially
No submerged
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Site ID

0334013

Easting :

Northing

Severity

Restoration
Potential

Qutfall Construction

Stormwater Outfall (OT)

Location

Flow Properties

Concerns

5365351 Moderate-3 Closed, Concrete, L. Bank, >2 m from Good pool, excessive vegetation,
20 Circular, 40 cm, stream, <0.5m repair/replace.
Yes Cracked drop
Repair/Replace
L1-OT : 0333281: 5363900 Low2 Open, Earthen, Ditch, i L. Bank, 0 m from ; No flow Good pool, Some vegetation, excess sedimer
06 no depth, 25 cm wide. | stream, partially bank erosion, repair replace. *erosion capture
Yes submerged. GAGK aglffé odzi &aid2NJ
Repair/Replace and bank (erosion).*
L1-OT | 0333288 5364113 Low2 Closed, Metal, Circulat L. Bank, 2 m No flow No pool, cut lawn, bank erosion, repair/replac
11 30cm, Good Condition; from stream, <0.5 *deep erosion from outfall to channel. Needs
Yes m drop be repaired.*
Repair/Replace
L1:OT { 0333704{ 5365320 Low2 Closed, Concrete, L. Bank, >2 m fromi Trickle Green colour in pool, green benthic growth,
17 Circular66 cm, stream, <0.5 m average vegetation, investigate.
Yes Corroded drop
Investigate
L20T i 0333923 5365352 Low2 Closed, Metal, Circulat L. Bank, >2 m fromi Trickle No pool, average vegetation, needs
19 40 cm, Corroded stream,partially maintenance, needs cleaning.
Yes submerged
Clean
L20OT ;| 0334203; 5365327 Low2 Closed, Metal, Circular, L. Bank, 0A m No flow No pool,average vegetation, bank erosion,
22 40 cm, Corroded & from stream, <0.5 repair/replace.
Yes Cracked drop
Repair/Replace
L1-OT ; 0333261; 5363264 Low1 Closed, Metal, Circular; R. Bank,2 m No flow No pool, average vegetation
01 55 cm, Good Condtion: from stream, 0.51
No m drop
L1-OT § 0333263 5363280 Low1l Open, Earthen, Flat, 1 L. & R. Bank, 0:5 | Trickle Good pool, average vegetation, bank erosion
02 cm depth, 6 cm wide i m from stream,
Yes 0.51 mdrop
Bank
Stabilization
LL-OT : 0333282: 5363754 Lowl Closed, Metal, Circulat R. Bank, 0 m from ;| No flow No pool, average vegetation
04 122 cm stream, 0.51 m
No drop
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Site ID

0333291 :

Easting :

Northing

Severity

Restoration
Potential

Qutfall Construction

Stormwater Outfall (OT)

Location

Flow Properties

Concerns

5363909 Open, Earthen, R. Bank, 0 m from { Substantial No pool, average vegetation
07 Parabol, 5 cm deep, stream, submergec
No 120 cm wide.
L1-OT : 0333285 5363969 Lowl Open, Earthen, L. & R. Bank, 0 m | Trickle No pool, average vegetatiqiRight), lawn (left)
08 Parabol, 2 cm deep, 1 from stream,
No m wide partially
submerged
LL-OT : 0333303: 5364200 Lowl Closed, Plastic, R. Bank, 08 m No flow No pool, no vegetation
13 Circular, 18 cm, Good i from stream, >1 m
No Condition drop
L1-OT | 0333304 5364290 Low1l Closed, Plastic, R. Bank, <0.5 m No flow No pool, no vegetation
14 Circular, 21 cm, Good ¢ from stream, 0.51
No Condition m drop
L20T : 0334085: 5365351 Low1l Closed, Metal, Circulat L. Bank, >2 m from: No flow Good pool, average vegetation
21 58 cm, Good Conditior; stream, <0.5 m
No drop
L20T : 0334298: 5365261 Low1 Closed, Concrete, L. Bank, 0 m from ; Trickle No pool, green benthic growth, average
23 Circular, 55 cm, Good i stream, <0.5 m vegetation.
No Condition drop
L20T | 0334342; 5365252 Low1l Closed, Plastic, R. Bank, 0 m from | No flow No pool, average vegetation, repair/replace
24 Circular, 2%&m, stream, <0.5 m
Yes Cracked drop
Repair/Replace
L20OT : 0334398 5365238 Low1 Closed, Metal, Circular R. Bank, 0 m from | No flow No pool,average vegetation, brick support
25 94 cm, Good Conditior; stream, <0.5 m around culvert is failing and will require repair
Yes drop
Repair/Replace
L20T § 0334421 5365238 Low1l Closed, Concrete, L. Bank, >2 m fromi No flow No pool, no vegetation, stormwatdift station.
26 Circular, 93 cm, Good ; stream, <0.5 m
No Condition drop
L20OT ;| 0334712; 5365142 Low1 Open, Earthen, L. Bank, 0 m from | Substantial flow, clear, slight No pool, average vegetation
28 Parabol, 30 cm deep, ¢ stream, partially cloudiness, brown film
No m wide submerged
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Site ID

Restoration

Comments

Impacted Buffer (IB)

Easting

Start-
End

Northing

Start-
End

Potential

Area Available

Reason for impact

Description

: R bank 5-10m -

0333935 5365346 High5 Right bank w/ no trees Plant trees along this stretch will
0334266 5365287 Partial stream shade,uBlicland, increase the shade and improve
R bank 5m old rail bed. the buffer. Continue using natura
Active Reforestation, Natural regeneration as well.
Regeneration
L1-1B-03 0333271 5363775 Moderate-3 Left bank narrow L. Bank 5 m Cement retaining wall and dirt
0333282 5363866 No stream shade, private land, bank. Little vegetation growth,
L. Bank Bare ground evidence of some rain fall erosion
Investigate End of retaining wall is gravel pile
falling into channel.
L1-1B-04 0333285 5363969 Moderate-3 Left bank, narrow, lack of L. Bank O m Private land but not in use other
vegetation. No stream shade, private land, than aesthetic lawn which could b
L. Bank3 m lawn left to naturally regrow.
Natural Regeneration
L1-IB-05 0333303 5364382 Low2 Right bank, w/ no trees R. Bank 80 m Encroachment with materials,
0333302 5364435 Partial stream shade, private landi parked vehicles & soil pile.
R. Banis m shrub and tall grass. No trees (removed at some p).
Active Reforestation Some bank erosion due to storm
flow? Pumped water?
L11B-02 0333277 5363674 Low2 Right bank, narrow R. Bank 6 m Letting lawn grow beside driveway
0333281 5363754 No stream shade, private land, will increase buffer.
R. Bankk m bare ground & lawn.
Natural Regeneration
L11B-01 0333270 5363541 Low1l Left bank, narrow L. Bank 5 m Encroachment with dumping of
No stream shade, private land, material.
L. Bank shrub.
Remove Material
L11B-07 0334215 5365308 Low1 L. Bank, narrow L. Bank @ m Building is right beside the channe
0334265 5365287 Partial stream shade, private land; Roof gutters drain into channel.
L. BankOm building
Noted
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Site ID

Easting

0333261

Northing

5363185

Blockage
Severity

Low1

Stream Crossing (SC)

Construction

WalkwayCrossing, :

Closed/TunnelMetal, Earth,

Tripleculvert, 1 w/ flow, Flat slope,

Description

H of culvert 1.05 m

Comments

Increase vegetation on slope
aboveculvert (let grass grow) to

No Blockage Erosion Flow aligned W of stream5.4m secure soil and prevent runoff
L of streaml4.5m erosion.
L1-SG02 0333281 5363754 Medium-3 Road Crossing, Span, Concrei Triple culvert, 3 w/flow, Flat slope, | Clean up garbage and excess
Metal, Culvert Caving Inside, i H of culvert 1 m vegetation.
No Blockage Flow aligned W of stream7 m
L of stream 16 m
L1-SC03 0333297 5363932 Low1 Road Crossing, Span, Concre: Single culvert, 1 w/flow, Flat slope,; Good conditiorbridge/road
Flow aligned H of culvert 2.4 m crossing.
No Blockage W of stream 6 m
L of stream 30 m
L1-SC04 0333292 5364174 Medium-3 Road Crossing, Span, Concre: Triple culvert, 1 w/flow, Flat slope, i Erosion from drainage ditches or
Flow aligned H of culvert 0.7 m each side. Heawilting in culverts
No Blockage W of stream 5 m under bridge. Extensive garbage
L of stream 15 m
L1-SG05 0333304 5364508 High5 Beaver Dam, Wood, Not flow Remove beaver dam blocking all
aligned upstream travel for fish.
Total Blockage
L1-SCG06 0333299 5364522 Low1 Road Crossin@pan, Concrete; Triple culvert, 3 w/ flow, Flat slope,; Good condition.
Flow aligned H of culvert 0.85 m
No Blockage W of stream 5.8 m
L of stream 19.2 m
L1-SCO7 0333540 5365160 Low1l Walkway Crossing, Span, Roc Remove, crossing butth keep
Not flow aligned feet dry crossing the channel.
No Blockage
L2SCG08 0334084 5365349 Low1l Road Crossing, Span, Concrei Double culvert, 1 w/ flow, Flat slopé Old road or driveway. Used only
Flow aligned H of culvert 0.75 m for walking traffic now.
No Blockage W of stream 1.5 m
L of stream 5m
L2SC09 0334137 5365338 High5 Road/Walkway Crossing, Spai Single culvert, 1 w/ flow, Flat slopei Replace orepair/retrofit. High
Metal, H of culvert 0.8 m erosion on crossing, entrance
Total Blockage Cracking/Chipping/Corrosion, i W of stream 1 m collapsed on one side (the one
Flow aligned L of stream 5 m with flow).
L2SCG10 0334290 5365267 Low2 Road crossing, Span, Metal, i Double culvert, 2 w/ flow, Flat slopé Looks good, just needs sediment
Sediment deposition, Flow H of culvert0.62 m flushed out of the culverts.
No Blockage aligned W of stream 3 m
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L of stream ~30 m (5 lanes of road




Site ID

Easting

0334398

Northing

5365238

Blockage
Severity

Low1

Stream Crossing (SC)

Construction

Sediment Deposition, Flow

Road crossing, Span, Metal, ; Single culvert, 1 w/ flow, Flat slope

Description

H of culvert 0.8 m

Comments

Good condition. Sediment clean
up may be required.

No Blockage aligned W of stream 3 m
L of stream 17 m
L2SG12 0334645 5365178 Low1l Road crossing, Span, Metal, i Double culvert, 2 w/ flow, Flat slopé Sediment in channel but not in
Flow aligned H of culvert 0.84 m excessive amounts.
No Blockage W of stream 4 m
L of stream ~30 (5 lanes of road)
L2SCG13 0334662 5365170 Low1l Railroad crossing, Span, Meta Double culvert, 2 w/ flow, Flat slopé Large sediment load in channel,
Sediment Deposition, Flow H of culvert 1 m very deep (30 cm).
No Blockage aligned W of stream 5 m
L of stream 16 m
L2SC14 0334712 5365142 Low1 Road/Railroad crossing, Double culvert, 2 w/ flow, Flat slopé Garbage traps could use cleanini
Closed/Tunnel, Metal, Flow H of culvert 1 m
No Blockage aligned W of stream 5 m
L of stream 50 m
L2SG15 0335156 5365071 Low1l Road crossing, Span, Metal, i Double culvert, 2 w/flow, Flat slope Repair/Retrofit of stone
Failing embankment, Flow H of culvert 1.6 m embankment around culverts.
No Blockage aligned W of stream 4 m Erosion due to runoff.
L of stream 16 m
L2SCG16 0335335 5365043 Low1 Roadcrossing, Span, Metal, Single culvert, 1 w/flow, Flat slope i Looks to be in good condition.
Flow aligned H of culvert 3m Rock road and bank is slowly
No Blockage W of stream 3 m eroding due to runoff.

L of stream 14 m
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Appendix3.

Description of biotic indices.

Subcatagory Index How to Calculate: Indication
. o ABUNDANCE Sum of Organisms possibly impaired if extremely low or high value
Richness/Diveristy
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;), 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(p; * In(p;) where p; =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 (Sum of Amphipoda+Decapoda+lsopoda + associated with eutrophic conditions, but
MOLLUSCA Gastropoda + Pelecypoda) /Abundance*100 present in many habitats
%CRUSTACEANS (Sum of Amphipoda+Decapoda+Isopoda) associated with eutrophic conditions, but
/abundance*100 present in many habitats
%EPHEMEROPTERA Sum of Ephemeroptera /abundance*100 EEE E;ieimttaetr the value the higher the quality of
%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) associated with eutrophic conditions, but
/abundance*100 present in many habitats
(Sum of Anisoptera and Zygoptera) the greater the value the higher the quality of
%ODONATES /abundance*100 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
(Sum of Chironomidae+Culicidae possibly impaired if extremely low or high value
+Ceratopogonidae
%DIPTERA +Tipulidae+Tabanidae+Simuliidae +misc
Dipterans) / Total Abundance* 100
(Sum of abundance of Chironomidae+Culicidae|possibly impaired if extremely low or high value
+Ceratopogonidae
+Tipulidae+Tabanidae+Simuliidae+Odonates
%INSECTS (Zygoptera and Anisoptera) + Coleoptera +
Ephemeroptera + Hemiptera + Lepidoptera +
Megaloptera + Plecoptera + Trichoptera + misc
Dipterans)/ Total Abundnce* 100%
(Sum of Zygoptera + Anisoptera + Coleoptera +|a high value indicates higher water quality than
Ephemeroptera + Hemiptera + Lepidoptera + |a lower value
%NON-DIPTERIAN INSECTS Megaloptera + Plecoptera + Trichoptera)/Total
Abundance* 100
%EPT (Sum of Ephemeroptera + Plecoptera + a high value indicates higher water quality than
Trichoptera) / Abundance * 100 a lower value
(Sum of Ephemeroptera + Anisoptera + a high value indicates higher water quality than
%EOT Zygoptera + Trichoptera) / Total Abundance * |a lower value
100
%DOMINANT Abundance of the Most Common Taxon / the dominance of a pollution tolerant group
Tolerance abundance * 100 indicates an impaired site

HILSENHOFF'S BIOTIC
INDEX

=SUM(x;.t;)/Total abundance where x;
=abundance of each taxa and t; = tolerance
value for each taxa.

a low value implies low nutrient conditons.
Values above 6.0 are of concern
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Appendix 4 -

Photos of outfalls with remediation poten

tial.

OT-02 September 8 th, 2010

OT-02: GPS coordinates
are 0333263 E5363280 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 E5363442 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-05 September 8 t, 2010 OT-05: GPS coordinates

are 0333274 E5363785
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 E5363900 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 isfull and failing.
Investigate the source
of sedimentation and
remedi ate.
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OT-09/ L1-OT September 8 th, 2010

OT-10 September 8 th, 2010

50

OT-09/ L1-OT: GPS
coordinates are
0333287 E5364020 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.
25t (semi-dry) and
Oct. 26 ™ (wet).

OT-10: GPS
coordinates are
0333287 E5364093 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.



