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INTRODUCTION 

The Geomorphology Service Group of GHD was retained by The Municipal Infrastructure Group (TMIG) to 

complete a Geomorphic Assessment of Krosno Creek and Pine Creek within the City of Pickering, Ontario.  

The study area is located between Highway 401 to the channel outlet at Frenchman’s Bay, and from 

Dillingham Road to St Martins Drive (Appendix A). 

The purpose of this assessment was to identify adjustments in channel form along the Krosno and Pine 

Creeks over recent history, as well as characterize existing geomorphic conditions along both the main 

branches and tributaries.  Specifically, the following tasks were completed as part of this geomorphic 

assessment: 

• Review all pertinent background information associated with geomorphology of the area. This 

includes geology, and soils maps, climate data, and historic aerial photographs;  

• Review the Krosno Creek Floodplain Mapping Study, City of Pickering, completed by the Toronto 

and Region Conservation Authority in March 2002, and the Frenchman’s Bay Watersheds 
Stormwater Management Master Plan, City of Pickering, completed by The MMM Group Ltd. in 

April 2009; and, 

• Field reconnaissance for confirmation of existing channel conditions and appropriateness of reach 

boundaries. 

BACKGROUND REVIEW 

Geology 

The underlying geology of a catchment influences rate of channel change (e.g., migration), sediment input 

(amount and type), and channel geometry.  The study area is located within the Clay Plains physiographic 
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region, where surficial deposits area largely composed of till and clays.  The tills are sandier in the north due 

to the Sand Plains; East of Pickering the till is highly calcareous, due to free lime carbonates.  The till 

deposits contain few stones, and consists of lacustrine clay and silt reworked by glacial processes 

(Chapman and Putnam, 1984). 

Climate 

Climate, precipitation in particular, provides the energy for the system and directly influences basin hydrology 

and rates of channel erosion.  Precipitation data from climate normals (1971 - 2000) recorded at the Oshawa 

WPCP station east of the study area, averaged 70 mm in winter (November to February, inclusive), and 75 

mm in summer (July and August) (Environment Canada, 2013).  This increase over the summer months is 

likely a result of convective thunderstorms.  However, short durations of intense precipitation are insufficient 

to reduce the moisture deficit that occurs during periods of dry weather.  The highest sustained flows, 

therefore, tend to occur in the spring due to snowmelt or rain-on-snow events.  

Relevant Background Studies 

Krosno Creek Floodplain Mapping Study, City of Pickering, TRCA (2002) 

On behalf of the City of Pickering, the Toronto and Region Conservation Authority (TRCA) conducted a 

supplementary floodplain mapping study on the Krosno Creek watershed.  The study noted a high 

percentage of impervious cover within the Krosno Creek watershed (6.5 km2).  Approximately 71% of the 

catchment area has been urbanized or ‘highly impacted’ which has resulted in a flashy, altered, seasonal 

hydrology.  Urbanized systems such as this offer little in the way of retention function and often exhibit 

evidence of adjustment in the form of erosion.  TRCA (2002) also noted an inherent lack of low impact 

stormwater designs to enhance retention functions within the stream corridor which have resulted in local 

flooding problems, poor water quality and increased channel bank erosion, especially at Hydro Marsh and 

Frenchman’s Bay.   

Given the issues as outlined in the preceding paragraph, the TRCA developed a hydraulic model (HEC-RAS) 

for the open channel portion of Krosno Creek upstream of the Hydro Marsh and between Highway 401 and 

Frenchman’s Bay to determine flood levels for the 2, 5, 10, 25, 50, 100 year and Regional storm events.  The 

purpose of this modelling exercise was to identify hazards, and prepare delineate floodprone areas (i.e., 

floodplain mappin).  Results collated showed that all of the channel crossings south of Highway 401 would 

experience overtopping under the 5-year event.  It was also determined that peak flows would increase by 

17% under future development conditions.  Water surface elevations would rise by 0.5 m if stormwater 

controls were not implemented.  The report recommended the completion of a Municipal Class 

Environmental Assessment (Class EA) to assess alternative flood remediation studies, and additional 

monitoring to refine the hydraulic model.  The report also recommended that an assessment of the existing 

crossing’s structural integrity required completion, in conjunction with the adoption of a water management 

policy for future development by the City of Pickering.  

Frenchman’s Bay Watersheds Stormwater Management Master Plan, City of Pickering, The MMM Group 
Ltd. 2009. 

As part of the City of Pickering’s plan to enhance the Pickering Waterfront, The MMM Group was 

commissioned to complete a Stormwater Management Master Plan associated with watersheds (Pine, 

Krosno, Amberlea and Dunbarton) draining into Frenchman’s Bay.  The study was completed in compliance 

with the Municipal Class EA Schedule ‘B’, and aimed to assess existing environmental conditions, identify 

causes and develop best management practices (BMPs).  In support of the study, and as part of the Class 

EA process, numerous Public Information Centres were held to identify existing issues and present 

alternative remediation plans.  Based on study findings, the report recommended numerous management 
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objectives for Krosno and Pine Creeks, as well as timeframes and costs associated with the implementation 

of these objectives.  Recommendations included: 

• Installation of oil-grit separators to improve water quality;  

• Diversion of flows from the upper Krosno Creek watershed (north of Highway 401)  to Pine Creek 

through a SWM facility; 

• Construction of a SWM pond within the Krosno Creek and Pine Creek watersheds which would treat 

runoff from 58% of Krosno Creek and 19% of Pine Creek, provide erosion control for the 25 mm 

storm event and improve overall water quality; 

• Implementation of a long-term monitoring program (focussing on flow, erosion and water quality); 

• Replacement of perched culverts along Pine Creek; and 

• Encourage public education and engagement. 

Reach Delineation 

Reach delineation is typically based on changes in channel planform and active geomorphological 

processes, which are directly related to local surficial geology, gradient, hydrology, land use, and riparian 

vegetation (Montgomery and Buffington, 1997; Richards et al, 1997).  Based on these controlling and 

modifying factors, reaches were delineated along Krosno and Pine Creeks within the study area; a Reach 

Map is provided in Appendix A. 

Historical Assessment 

This section presents an overview of historic conditions within the general study area with respect to land 

use, land cover and channel conditions.  Historical analyses provide insight into the scale of natural and 

human-induced changes within a watershed, particularly the degree to which channel planform adjustment 

and land use has changed over time.  Aerial photographs from 1939 (1:20,000), 1971 (1:15,000), 1973 

(1:20,000) and 1982 (1:20,000) from the National Air Photo Library, and colour digital photographs for 2005 

and 2009 from Google Earth Pro® were reviewed, resulting in a simple qualitative assessment of the degree 
of change (Appendix B).   

Krosno Creek 

In 1939, land use surrounding the study area was primarily agricultural in nature with a number of orchards 

and an established road network; Bayly Street, Liverpool Road, Sandy Beach Road and Highway 401.  Rural 

residential houses were also identified.  Within the channel corridor, riparian cover was limited toa few 

isolated trees.  Due to the small channel size and image resolution, the southern section of Krosno Creek 

was difficult to discern.  South of Bayly Street, Krosno Creek took the form of a straightened drainage 

channel which traversed along agricultural field boundaries.  Reach KC-2, north of Bayly Street was a poorly 

formed drainage feature within an agricultural field. 

Changes to land use were most prominent between 1939 and 1971.  Residential houses occupied the once 

agricultural fields towards the west of Krosno Creek.  Towards the east, a number of land parcels had been 

cleared for industrial development.  Significant changes to the channel planform and characteristics had 

occurred; reaches KC-3, KC-4 and a section of KC-2 up to Sandy Beach Road, which flowed between rows 

of residential houses, had been straightened and concrete lined.  Channel hardening in the form of bank 

protection was identified along KC-2 immediately east of Sandy Beach Road.  A crossing was also 

implemented near the confluence to KCT-1 and an additional drainage ditch had been excavated (KCT-2).  

The channelized ditch originated from an industrial building.  Between 1939 and 1971, the Sandy Beach 

Road crossing had been modified and the eastern footing now appeared to extend into Pine Creek.  By 

1973, with the exception of industrial development along the east side of Krosno Creek immediately south of 

Bayly Street, the surrounding land use and channel planform remained the same. 
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By 1982, surrounding land use remained unchanged.  However, changes to the channel characteristics, 

which included sedimentation and widening of channel banks both upstream and downstream of the Sandy 

Beach Road crossing due to the extended bridge footing were observed.  Hardening of channel bed and 

banks within reach KC-1 was also observed.  Within KC-2, where the creek had not been armoured, the 

channel had appeared to have adjusted to take on a more sinuous form.  Planimetric and characteristic 

changes to reaches KCT-1 and KCT-2 were also evident in terms of a slight increase in channel definition 

and sinuosity.  Smaller, well-defined tributaries to KCT-1 were identified, as well as a cut-off channel and the 

formation of a chute due to over flow.  The downstream end of KCT-1 appeared to have been piped under 

the informal trail crossing; evidence of a channel confluence to reach KC-1 could no longer be observed. 

By 2005 industrial buildings occupied lands to the west.  Reaches KC-1, KC-2 and KC-3 did not show 

evidence of adjustment.  Reach KC-4 which was straightened, as identified in the 1971 aerial, had increased 

in sinuosity.  It was noted that reaches KCT-1 and KCT-2 had developed into well-defined channels.  The 

formerly observed cut-off channel and chute had infilled and erosion around the outer meander bends was 

observed.  There were no changes to land use or channel planform and characteristic between 2005 and 

2009. 

Pine Creek   

In 1939, land use surrounding the study area was primarily agriculture with a number of orchards and an 

established road network; Bayly Street, Liverpool Road, Sandy Beach Road and Highway 401.  Rural 

residential houses were also identified.  Within the channel corridor, trees lined the channel banks and, 

where visible, Pine Creek appeared to be well defined with a moderate degree of sinuosity.   

By 1971, residential houses dominated the lands east of Pine Creek.  An industrial building was developed 

on the west side, and construction of Radom Street crossing through Pine Creek (piped) to the east side was 

observed.  Douglas Park and Douglas Ravine had been established, displaying an intricate network of 

pedestrian trails and informal creek crossings.  The density of trees which lined the banks of the Pine Creek 

had increased.  Much of the channel planform remained the same between these years.  In terms of channel 

characteristics, erosion around the culvert at Bayly Street and at sharp meander bends was evident.  By 

1973, a cluster of residential houses dominated the lands towards the west of Pine Creek, and the 

construction of Radom Street was completed.  The section of Pine Creek immediately north and south of 

Radom Street had been straightened and the pedestrian crossing within reach PC-1 had been widened.   

In 1982, the remaining agricultural lands towards the east were fully developed.  Reach PC-1 displayed 

evidence of channel adjustment; a vegetated island had formed immediately upstream of the pedestrian 

crossing which was likely due to the slumping of a large portion of the channel bank, and several meanders 

appeared to have been cut off due to active channel processes, leaving behind a meander scar.  Reach PC-

2 however, did not display any changes in channel planform or characteristic.  With the exception of infilling 

of the meander scar and widening of the channel banks immediately downstream of the Bayly Street culvert 

and pedestrian bridge within Reach PC-1, land use and channel characteristics remained unchanged 

between 2005 and 2009.   

EXISTING CONDITIONS 

A field assessment was completed on April 25 and May 1, 2013 on reaches of Pine Creek, Krosno Creek 

and a tributary of Krosno Creek which included two rapid visual assessment methods; a Rapid Geomorphic 

Assessment (RGA) and a Rapid Stream Assessment Technique (RSAT) to identify active geomorphological 

processes and assess channel stability.  A third method, the Downs Classification (1995) was also used as a 

supplemental indicator of channel adjustment.  Additional observations including channel parameters, 

substrate and bank material, channel disturbances and vegetation cover were also documented in addition 
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to a photographic inventory to document existing conditions and highlight areas of active erosion and valley 

wall contacts.   

Rapid Assessments 
The RGA documents observed indicators of channel instability (MOE, 2003) by quantifying observations 

using an index that identifies channel sensitivity.  Sensitivity is based on evidence of aggradation, 

degradation, channel widening and planimetric form adjustment. The index produces values that indicate 

whether the channel is stable/in regime (score <0.20), stressed/transitional (score 0.21-0.40) or in 
adjustment (score >0.41).  The RSAT offers a slightly different approach by using an index to quantify overall 

stream health and includes the consideration of biological indicators. Observations concerning channel 

stability, channel scouring/sediment deposition, physical instream habitat, water quality, and riparian habitat 

conditions are used in an index to produce values that indicate whether the channel is in poor (<13), fair (13-

24), good (25-34), or excellent (35-42) condition (MOE, 2003).  The results of the rapid geomorphic 

assessments are summarized in Table 1 and Table 2. 

The Downs (1995) classification was also used as an indicator of morphological adjustment. This 

classification scheme categorizes channels based on adjustment processes and changes in channel form. 

For example, streams are characterized as stable, laterally migrating, enlarging, undercutting, aggrading, or 

recovering. 

Additional observations including bankfull channel dimensions, substrate and bank materials, estimated bank 

angle, terrestrial and aquatic vegetation cover, and channel disturbances were also noted.  General 

characteristics of each reach and the results of the RGA, RSAT and Downs classifications are provided in 

Table 1 and Table 2, respectively.  A photographic record documenting existing channel conditions at the 

time of survey is included in Appendix C.  

Reach PC-1 of Pine Creek was situated downstream of the Douglas Park pedestrian crossing through a 

continuous buffer of herbaceous plants and grasses and scattered mature deciduous trees along an 

unconfined floodplain.  The reach is generally straight with a low channel gradient, bound to the north by 

residential use, parkland to the south and the mouth of Frenchman’s Bay to the southwest.  A newly installed 

pedestrian concrete crossing and channel design were observed along the upstream extent of the reach, 

which then transitioned into existing conditions.  Channel substrate was generally composed of accumulated 

sand-sized materials due to backwater conditions associated with Frenchman’s Bay.  Average bankfull 

widths and depths were estimated to measure 7.2 – 10.0 m and 1.5 – 2.0 m, respectively.  Channel banks 

were generally steep (mainly 60 – 900) and undercut, composed of clay and silt with sands.  Riffle features 

were present through the section of designed channel and composed of gravel to boulder-sized materials.  

Pool features were generally comprised of clay and silt with sands.  Through the natural section of channel, 

riffle-pool morphology was poorly developed with thalweg alignment out of phase. 

PC-1 was characterized as being in a state of transition or stressed, with an RGA score of 0.26.  Widening 

was the dominant geomorphic process as evident by the presence of leaning trees, large organic debris, 

basal scouring on inside meanders and scouring with undercutting throughout most of the reach.  Additional 

indicators of channel instability included siltation in pools and poorly sorted bed material.  The RSAT index 

characterized the reach as being in overall fair condition (score of 21.0) with riparian habitat conditions noted 

as the limiting factor.  The Down’s model (1995) ranked the channel as ‘M’ – lateral migration (migration of 

most bends; cross-sectional dimensions preserved). 

Reach PC-2 extends upstream from PC-1 through a partially confined valley with a continuous riparian 

buffer comprised of scrub/meadow vegetation dominated by herbaceous grasses and scattered deciduous 

trees and shrubs. The reach displayed a moderate degree of sinuosity and channel gradient with several 
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valley wall contact areas upstream of Radom Street.  Channel hardening included the Radom Street double 

CSP crossing mid-reach and the Bayly Street concrete box culvert at the upstream extent.  A beaver dam 

was documented between the two crossings, creating a backwater condition for the majority of the upstream 

section of reach resulting in an accumulation of fines.  The beaver dam created an approximate drop in 

grade of 1.0 m and a corresponding exposed till scour pool downstream (over 0.8 m in depth).  Average 

bankfull widths and depths were estimated in the range of 3.5 – 6.8 m and 0.9 – 1.8 m, respectively.  Riffle 

features were present at upstream end and downstream of the dam, generally composed of sands to cobble.  

Pool features had areas of exposed clay with silt and sands.  Banks angles ranged between 30 – 900 with 

areas of bank erosion, slumping and undercutting along the extent of the reach.  

PC-2 was ranked as being in adjustment having an RGA score of 0.45.  Aggradation was the dominant 

geomorphic process with several bar features, siltation in pools, poorly sorted material and deposition of 

sands along the channel overbank.  Widening processes were secondary, with fallen trees, exposed tree 

roots, inside meander scour, bank fracturing and extensive bank scouring.  The ecological health of the 

reach was characterized as fair, a value of 19.5, limited by riparian habitat conditions.  The Down’s (1995) 

model also classified this reach as ‘M’ – lateral migration (migration of most bends; cross-sectional 

dimensions preserved).  

Krosno Creek reach KC-1 was generally straight, originating at the confluence with Frenchman’s Bay 

downstream of Sandy Beach Road and extending upstream through a continuous riparian buffer to the 
confluence with KC-2 and the Krosno Creek tributary (KCT-1).  The reach was dominated by cattails and 

herbaceous vegetation with two small valley wall contact areas along the eastern bank.  The channel was 

bound to the west by residential land use and bordered by herbaceous plants, deciduous trees and shrubs.  

The channel bed was uniform and composed of accumulated sands and gravel material; the result of 

backwater conditions from the mouth of the Bay.  Average widths and depths were 10.4 – 10.5 m and 0.75 – 

1.1 m, respectively.  Active erosion of the channel banks was observed at the confluence area where a 

series of four CSP’s were undermined with bed and bank scour.   

KC-1 was given an RGA score of 0.33, indicating a state of transition or stress.  Aggradation was the 

dominant geomorphic process due to poorly sorted bed material, medial bar formation and siltation in pools.  

Degradation was also a prominent process due to channel incision at the upstream culverts, elevated outfalls 

and the presence of a scour pool. The ecological health of the reach was characterized as fair, a score of 

24.0, limited by the riparian habitat conditions.  The Down’s (1995) model classified the area as ‘m’ – lateral 

migration (initiation of alternating bank erosion in straightened channel or migration of only sharpest bends).   

Reach KC-2 originates upstream from the CSP confluence with KC-1 and extends upstream to Reytan 

Boulevard.  The channel is fully confined by the road embankment and the eastern valley wall  downstream 

of the Sandy Beach Road box culvert, with substantial evidence of bank erosion and channel incision.  

Upstream of Alyssum Street to Reytan Boulevard, the channel remains confined by the eastern road 

embankment and west bank residential use.  In addition to the channel crossings, hardening included 

concrete aprons, gabion baskets and storm outfalls, all of which have been impacted by a degree of channel 

erosion and degradation.  Bankfull widths and depths averaged 3.3 – 6.1 m and 0.8 – 1.2 m, respectively.  

Riffle substrate was mainly gravel to cobble with clay and silt and pool features were mainly exposed till with 

silt and sands.  Channel banks had heavy erosion with areas of slumping and undercutting; bank angles 

ranged from 30 to 900, composed of clay and silt with sands. 

KC-2 was ranked as being in a state of adjustment (a score of 0.43).  Widening was the dominant 

geomorphic indicator which included fallen trees, tree root exposure, extensive basal scouring, outflanked 

gabion baskets and an exposed length of pipe.  Additionally, channel degradation was prominent with 

exposed bridge footings, elevated outfalls, undermined gabion baskets, large scour pools and exposed till.  
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Ecologically, the reach was ranked as fair, an RSAT value of 18.5, limited by riparian habitat conditions.  The 

Down’s (1995) classification given was ‘E’ – ‘enlarging’ (initiation of continuous erosion, often at channel toe) 

evident as channel downcutting, erosion along both banks and absence of bar features. 

Reach KC-3 extends upstream from Reytan Boulevard to Bayly Street; land use along both banks consisted 

of residential development.  The channel had been straightened and the entire length lined with concrete.  

Additional disturbances included CSP crossings surrounded by concrete wing walls.  Dimensions were 

consistent throughout the reach with widths and depths averaging 6.2 m and 1.5 m, respectively.  Evidence 

of debris accumulation above the concrete provided an indicator of high flows. 

As the channel is concrete lined, KC-3 was not ranked with an RGA score.  Leaning trees were the only 

indicator of channel instability in the form of channel widening.  An RSAT assessment was not applicable for 

this reach as no habitat features were present.  Similar to the RGA, the Down’s (1995) model was not 

classified. 

Reach KC-4 extends upstream from Bayly Street to Highway 401 through a narrow, continuous riparian 

buffer that is confined by commercial properties.  The reach was straight with a moderate to high channel 

gradient.   In addition to the box culvert crossings, channel hardening included gabion baskets and several 

outfalls; areas of which were undermined and outflanked due to extensive bank erosion and channel 

incision.  Bed morphology was highly transitional with few defined pool and riffle features.  Bankfull widths 

and depths averaged 5.0 – 5.1 m and 1.0 – 1.7 m, respectively.  Channel substrate was mainly sands and 

areas of exposed till, with pool features composed of clay till with sands and gravel.  Riffles were present in 

the upstream section of the reach, composed of placed cobble.  Banks were highly eroded and undercut with 

angles mainly over 600 and composed of clay and silt with sands.   

Widening and degradation were the dominant geomorphic indicators along KC-4, ranking it as being in a 

state of adjustment (a score of 0.48).  Evidence of widening included fallen trees, exposed roots, basal scour 

throughout and bank fracturing.  Indicators of degradation were present as elevated storm outfalls, exposed 

pipe, undermined gabion baskets, scour pool formation downstream of culverts and extensive exposed clay 

till.  Additional indicators noted during the assessment included lobate bar formation, siltation in pools, poorly 

sorted bed material, chute formation and thalweg alignment out of phase.  The RSAT score was 19.5, 

placing the reach in fair ecological health, limited by riparian habitat conditions.  With the high degree of 

adjustment noted, the Down’s (1995) model also characterized the reach as ‘E’ – enlarging (consistent 

increase in channel width and/or depth) due to erosion along both banks, low embeddedness and a scoured 

bed.   

Krosno Creek Tributary, reach KCT-1, originates upstream from the confluence with KC-1 and KC-2 through 

a continuous riparian zone of open scrub area densely vegetated by herbaceous grasses, shrubs and 

scattered deciduous trees and extends upstream to the hydro corridor CSP crossing.  The reach had a 

moderate sinuosity and moderate gradient, meandering through a wide floodplain, partially confined by the 

west bank valley wall.  Bank erosion included frequent slumping, undercutting and fracturing is common with 

areas of exposed clay till.  Bank angles were generally steep (over 600) and composed of clay and silt with 

sands.  Channel hardening included the upstream and downstream CSP culverts.  The downstream CSP 

has scouring around the bank causing outflanking and a section of pipe has broken off due to the amount of 

erosion in that area.  Average widths and depths were 2.7 – 3.9 m and 0.8 – 1.4 m, respectively.  Riffle 

features were composed of sands to small cobble and pool features had areas of exposed clay, silt to gravel. 

KCT-1 was ranked as being in adjustment with a RGA score of 0.5.  Widening was the dominant geomorphic 

process with areas of fallen trees, large organic debris, exposed tree roots, basal scouring throughout, bank 

fracturing and culvert outflanking.  Additional indicators noted during the assessment included bar features, 
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siltation in pools, poorly sorted material, chute formation, exposed clay till and exposed culvert due to 

channel incision.  Ecologically, the reach was ranked as being in fair condition, a score of 19.0 with riparian 

habitat conditions being the limiting factor.  The Down’s (1995) model characterized the reach as ‘U’ – 

undercutting (active bed and outer bank erosion; migration of bend; coarse inner bank deposits) present as 

inner bank development, outer bank erosion and bed scouring.   

KCT-2 extends upstream from the CSP crossing at the hydro corridor to a grated concrete culvert southwest 

of Dillingham Road.  The reach had a low sinuosity and channel gradient and is generally unconfined 

through the dense continuous riparian buffer of herbaceous grasses, cattails and shrubs.  Channel 

hardening was present at the upstream end of the reach where gabion baskets and concrete wingwalls 

surround the outlet.  Average widths and depths ranged from 1.0 – 2.3 m and 0.3 – 0.8 m, respectively.  The 

reach was mainly transitional with a uniform bed substrate of sands and gravel.  Few riffle features were 

present and were composed of sands to small cobble.  Pool features ranged from sands to gravel.  Bank 

erosion was moderate with few slumps and areas of undercutting noted.  Angles ranged from 30 – 600, 

composed of clay and silt to sands, with some scattered gravel.   

KCT-2 scored as being in a state of transition or stress, a RGA score of 0.3.  Aggradation was the dominant 

geomorphic process as indicated by embedded riffle material, siltation in pools, poorly sorted bed material 

and deposition in the channel overbank.  Other features noted include fallen trees, basal scouring and chute 

formation.  Ecologically, KCT-2 was ranked as 19.0, in fair condition, riparian habitat conditions being the 

limiting factor.  The Down’s (1995) model characterized the reach as ‘m’ – lateral migration (initiation of 

alternating bank erosion in straightened channels or migration of only sharpest bends) present as outside 

bank erosion and undercutting and a straight channel. 

Table 1 General reach characteristics 

Reach Bankfull 
Width (m) 

Bankfull 
Depth (m) 

Substrate Riparian 
Vegetation Notes 

Pool Riffle 

PC-1 7.2 – 10.0 1.5 – 2.0 
Clay/Silt to 

Sand 
Gravel to 
Boulder 

Herbaceous, 
grasses, 
shrubs 

Backwatered by Bay, poorly sorted 
bed material, out of phase thalweg, 
incised channel, accumulation along 
bed. 

PC-2 3.5 – 6.8 0.9 – 1.8 
Clay/Silt to 

Sand 
Sand to 
Cobble 

Herbaceous, 
shrubs 

Valley wall contacts, beaver dam, 
exposed clay till, overbank deposition, 
siltation in pools, inside meander 
scour, chute formation. 

KC-1 10.4- 10.5 0.8 - 1.1 Clay/Silt to Gravel 
Herbaceous, 

shrubs 

Accumulation along bed, marsh area, 
exposed culverts, medial bar, out of 
phase thalweg. 

KC-2 3.3 – 6.1 0.8 – 1.2 
Clay/Silt to 

Sand 

Clay/Silt 
to 

Cobble 

Herbaceous, 
grasses, 
shrubs 

Several valley wall contacts, exposed 
bridge footing, elevated outfall, 
undermined and outflanked gabion 
baskets, exposed length of pipe, 
lobate bar, culvert scour pool.    

KC-3 6.2 1.5 Concrete lined 
Grasses, 

surrounding 
trees 

Concrete lined extent of reach, leaning 
trees, no bed substrate.  

KC-4 5.0 – 5.1 1.0 – 1.7 
Clay/Silt to 

Gravel 
Gravel to 
Cobble 

Herbaceous, 
shrubs, trees 

Exposed clay till, exposed pipe, 
elevated outfall, undermined gabion 
baskets, culvert scour pool, poorly 
formed bars, extensive bank scouring. 

KCT-1 2.7 – 3.9 0.8 – 1.4 
Clay/Silt to 

Gravel 
Sand to 

Sm. 
Herbaceous, 

grasses, 
Exposed clay till and bank scouring, 
slumping, moderate sinuosity, valley 
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Reach Bankfull 
Width (m) 

Bankfull 
Depth (m) 

Substrate Riparian 
Vegetation Notes 

Pool Riffle 
Cobble shrubs  wall contacts, out of phase thalweg. 

KCT-2 1.0 – 2.3 0.3 – 0.8 
Sand to 
gravel 

Sand to 
Sm. 

Cobble 

Herbaceous, 
grasses, 
shrubs 

Poorly sorted bed material, deposition 
in overbank, chute formation, inside 
meander scour, tree root exposure. 

Table 2:  Results of the Rapid Geomorphic Assessments 

Reach 
RGA RSAT 

Down’s 
Score Condition Form(s) of 

Adjustment Score Condition Limiting 
Feature(s) 

PC-1 0.26 
In Transition/ 

Stress 
Widening 21 Fair 

Riparian Habitat 
Conditions 

M - ‘Lateral 
migration’ 

PC-2 0.45 
In 

Adjustment 
Aggradation 19.5 Fair 

Riparian Habitat 
Conditions 

M - ‘Lateral 
migration’ 

KC-1 0.33 
In Transition/ 

Stress 
Aggradation 24 Fair 

Riparian Habitat 
Conditions 

m – ‘lateral 
migration’ 

KC-2 0.43 
In 

Adjustment 
Widening 18.5 Fair 

Riparian Habitat 
Conditions 

E – ‘enlarging’ 

KC-3 Not Applicable: Concrete lined 

KC-4 0.48 
In 

Adjustment 
Widening 19.5 Fair 

Riparian Habitat 
Conditions 

E – ‘enlarging’ 

KCT-1 0.5 
In 

Adjustment 
Widening 19 Fair 

Riparian Habitat 
Conditions 

U – 
‘undercutting’ 

KCT-2 0.3 
In Transition/ 

Stress 
Aggradation 19 Fair 

Riparian Habitat 
Conditions 

m – ‘lateral 
migration’ 
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SUMMARY 

A Geomorphic Assessment was completed for portions of Pine Cree and Krosno Creek located south of 

Highway 401 to Frenchman’s Bay in the City of Pickering.  The following summary and recommendations 

can be made from the information reviewed: 

 The study area had undergone some significant land use changes since 1939.  Development of 

agricultural fields, modifications to channel planform and characteristic through channel realignment 

and hardening have affected the flow regime significantly. 

 With the exception of reach KC-3 which was concrete lined, reaches within Krosno and Pine Creeks 

displayed ‘Evidence of Widening’ or ‘Evidence of Aggradation’ through the Rapid Stream 

Assessment Tool (RSAT). 

 The Rapid Geomorphic Assessment (RGA) classified the reaches for both channels were either In 

Transition/Stress or In Adjustment. 

 The limiting factor on overall channel health was riparian habitat conditions for both Pine Creek and 

Krosno Creek. 

 

We trust that the information provided in this report is satisfactory for your requirements at this time. Please 

contact us if you have any questions or concerns.  

 

Respectfully submitted, 

GHD Inc. 

 

Imran Khan, M.Sc., P.Geo. 
Service Group Manager - Geomorphology 
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Appendix A 

Reach Maps 
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Appendix B 

Historical Aerial Inventory 
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Year:  1939 
 
Location:  Frenchman’s Bay, Pickering, ON. 
 
Easting:  N/A 
Northing:   N/A 

 
Aerial ID: A6589-2 
 
Scale:  1:20,000 
 
Source:  National Air Photo Library 
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Year:  1971 
 
Location:  Frenchman’s Bay, Pickering, ON. 
 
Easting:  N/A 
Northing:   N/A 

 
Aerial ID:  A22283-40 
 
Scale:  1:15,000 
 
Source:  National Air Photo Library 
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Year:  1973 
 
Location:  Frenchman’s Bay, Pickering, ON. 
 
Easting:  N/A 
Northing:   N/A 

 
Aerial ID:  A23294-95 
 
Scale:  1:20,000 
 
Source:  National Air Photo Library 
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Year:  1982 
 
Location:  Krosno Creek 
Frenchman’s Bay, Pickering, ON. 
 
Easting:  N/A 
Northing:   N/A 

 
Aerial ID:  A25942-65 
 
Scale:  1:6,000 
 
Source:  National Air Photo Library 
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Year:  1982 
 
Location:  Pine Creek 
Frenchman’s Bay, Pickering, ON. 
 
Easting:  N/A 
Northing:   N/A 

 
Aerial ID:  A25942-67 
 
Scale:  1:6,000 
 
Source:  National Air Photo Library 
 



 
 
 
 
 

 GHD | Report for TIMG –Krosno Creek and Pine Creek Geomorphic Assessment – 13077.450 |B6 

 

Year:  1982 
 
Location:  Pine Creek 
Frenchman’s Bay, Pickering, ON. 
 
Easting:  N/A 
Northing:   N/A 

 
Aerial ID:  A25942-41 
 
Scale:  1:6,000 
 
Source:  National Air Photo Library 
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Year:  2005 
 
Location:  Frenchman’s Bay, Pickering, ON. 
 
Easting:  654207 m 
Northing:  4854033 m 

 
Aerial ID:  N/A 
 
Scale:  N/A 
 
Source:  Google Earth Pro® 
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Year:  2009 
 
Location:  Frenchman’s Bay, Pickering, ON. 
 
Easting:  654207 m 
Northing:  4854033 m 

 
Aerial ID:  N/A 
 
Scale:  N/A 
 
Source:  Google Earth Pro® 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Appendix C 

Photographic Record 
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Photo 1. 
Pine Creek PC-1 
 
Downstream view of 
general site conditions. 
 
Note steep bank angles 
and uniform flow regime. 
 

 

Photo 2. 
Pine Creek PC-1 
 
Upstream view of newly 
installed pedestrian 
crossing and section of 
channel restoration. 
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Photo 3. 
Pine Creek PC-2 
 
Downstream view of 
Radom Street double CSP 
crossing.   
 
Note scouring around the 
west (right) structure. 
 

 

Photo 4. 
Pine Creek PC-2 
 
Upstream view of beaver 
dam located upstream of 
Radom Street. 
 
The dam has created a 
difference in grade of over 
1.0 m and a large scour 
pool downstream into the 
clay till.  
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Photo 5. 
Pine Creek PC-2 
 
Upstream view of valley 
wall contact area and 
general site conditions 
upstream of the beaver 
dam.   

 

Photo 6. 
Pine Creek PC-2 
 
Upstream end double box 
culvert at Bayly Street. 
 
Note the formation of 
several bar formations. 
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Photo 7. 
Krosno Creek KC-1 
 
Upstream view of Sandy 
Beach Road crossing and 
outflanked outfall.   

 

Photo 8. 
Krosno Creek KC-1 
 
Downstream view of 
general site conditions. 
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Photo 9. 
Krosno Creek KC-1 
 
Upstream view of reach 
limit at a series of four CSP 
culverts.   
 
Note the culverts are 
undermined with a large 
scour pool downstream. 

 

Photo 10.  
Krosno Creek KC-2 
 
Upstream view from CSP 
crossing.   
 
Note bank failure along 
west (left) bank and extent 
of confinement.   
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Photo 11. 
Krosno Creek KC-2 
 
Upstream view of east 
(right) bank valley wall 
contact and exposed pipe 
and adjacent bank 
scouring.   

 

Photo 12. 
Krosno Creek KC-2 
 
Downstream view towards 
Sandy Beach Road 
crossing. 
 
Note gabion baskets along 
the west (right) bank and 
elevated outfall.   
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Photo 13. 
Krosno Creek KC-2 
 
Upstream view of Alyssum 
Street crossing and riffle-
pool sequence. 
 
Note elevated concrete 
apron at crossing and west 
(left) bank scouring. 

 

Photo 14. 
Krosno Creek KC-2 
 
Downstream view from 
Reytan Boulevard at riffle-
pool series.   
 
Note west (right) bank 
erosion and confinement 
from the residential 
property. 
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Photo 15. 
Krosno Creek KC-3 
 
Upstream view of outfall 
and concrete lined 
channel.   
 
Note the presence of 
leaning trees downstream. 

 

Photo 16. 
Krosno Creek KC-3 
 
Upstream view towards 
Bayly Street and concrete 
lined channel. 
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Photo 17. 
Krosno Creek KC-4 
 
Downstream view of Bayly 
Street crossing and west 
(right) bank outfall.   
 
Note bank scouring around 
infrastructure. 

 

Photo 18. 
Krosno Creek KC-4 
 
Upstream view of general 
site conditions. 
 
Note confinement from 
both properties with bank 
scouring and exposed clay 
bed. 
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Photo 19. 
Krosno Creek KC-4 
 
Upstream view of exposed 
pipe and clay bed towards 
the upstream end of the 
reach.  
Broken/decommissioned 
pipes. 

 

Photo 20. 
Krosno Creek KC-4 
 
Series of two CSP culverts 
at upstream end of reach 
at rail line and Highway 
401. 
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Photo 21. 
Krosno Creek Trib KCT-1 
 
Downstream limit at CSP 
crossing. 
 
Note extensive bank 
erosion around the 
structure.  

 

Photo 22. 
Krosno Creek Trib KCT-1 
 
Upstream view of general 
site conditions and west 
(far centre) bank valley 
wall contact. 
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Photo 23. 
Krosno Creek Trib KCT-1 
 
Active slumping along the 
outside meander bend. 

 

Photo 24. 
Krosno Creek Trib KCT-1 
 
Upstream view of reach 
break twin CSP crossing 
with slumped material and 
west (right) bank erosion.   
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Photo 25. 
Krosno Creek Trib KCT-2 
 
Downstream view of 
general site conditions and 
existing floodplain 
vegetation. 

 

Photo 26. 
Krosno Creek Trib KCT-2 
 
Upstream end reach break 
at grated concrete 
headwall. 
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