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EXECUTIVE SUMMARY 
Background 
The Lornewood Creek Sanitary Sewer extends for 
approximately 1,667 metres in the Lornewood Creek 
valley between Streambank Drive and Queen Street 
West at Ibar Way, as shown in Figure ES-1.  An 
inspection in 2006 identified concerns with the 
condition of the sanitary sewer. In response, Peel 
Region completed a Schedule “C” Class 
Environmental Assessment (EA) Study in 2010 that 
evaluated alternatives, and identified a preferred 
solution to improve the condition of the Lornewood 
Creek Sanitary Sewer.  The results were documented 
in an Environmental Study Report (ESR) completed in 
March 2010. The Class EA process recommended 
that 791 metres of new sanitary sewer be 
constructed, with rehabilitation (lining) of the 
remaining 870 metres of sanitary sewer. 

Rationale for the Class EA Addendum 

During the detail design phase, additional investigations were completed to assess the condition of the 
sanitary sewer.  It was determined that the existing sanitary sewer was in good condition; much better 
than originally identified.  Further, it was determined that construction of a new sanitary sewer, along 
the preferred alignment, would create significantly more disruption than originally anticipated in the 
Class EA including construction impacts during the sewer realignment process as well as potential long-
term impacts to the natural environment (i.e., removal of over 800 existing trees, other vegetation and 
disruption to the creek and aquatic habitat).  Fluvial geomorphic investigations during detailed design 
concluded that implementation of natural channel stabilization and enhancement measures could 
protect the entire existing sewer pipe from the forces of the creek.  Consultation with Peel Region staff, 
Credit Valley Conservation (CVC) staff and other stakeholders was undertaken to reconsider the original 
preferred approach and design concept in order to reduce the anticipated adverse impacts.  Concern 
was also raised by residents with properties along the creek valley and from other members of the 
public when trees were tagged for removal for access road and sewer construction activities.   

As a result, a revised preferred solution was identified that proposes that the entire 1667 metres of 
sanitary sewer be rehabilitated (lining, with manhole repair where required) and that natural channel 
stabilization and enhancement measures be implemented.  The revised preferred solution is less 
intrusive, which has fewer negative impacts to the environment.  The revised preferred solution will 
result in only minimal tree and vegetative removal to construct the Fair Birch Drive easement, allows for 
the use of temporary easements through Permission to Enter Agreements, which can fully rehabilitated, 
provides for a more stable and functional creek, enhances terrestrial and aquatic habitat, improves 
water quality in the creek, provides for a creek that is better connected to its valley, minimizes potential 
temporary and permanent impacts, addresses concerns of affected residents and stakeholders in the 
study area, less costly and will require less time to implement.  The revised design differs sufficiently 
from the original preferred design concept, requiring preparation of an addendum to the March 2010 
ESR.  

Figure ES-1: Project Limits 
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Municipal Class EA Process- Addenda to Environmental Study Report 

The Municipal Class EA planning and design process allows for re-evaluation of the preferred solution 
and/or preferred design concept. The Class EA addendum process allows a proponent to: 

 consider new data and solutions found through recent investigation; and 

 submit a revised preferred solution or design concept to the public and agencies for review 

The original preferred solution and design concept was a Schedule C Class EA activity. The revised 
preferred solution consists of Schedule A (rehabilitation through lining, with manhole repair where 
required) and Schedule B (creek stabilization and enhancement) activities.  Therefore, this Class EA 
Addendum reflects Schedule B requirements of the MEA Class EA process, focusing on amending Phase 
2 (identifying a preferred solution), and Phase 5 (implementation).  

This Class EA Addendum to the March 2010 ESR documents new information identified through 
additional investigations during the detailed design stage and describes how this information was 
considered in refining the preferred alternative solution. The Addendum should be reviewed in 
conjunction with the original ESR. 

Notice of Addendum to ESR 

The original ESR (March 2010) and the Class EA Addendum are being placed on the public record for a 
30-day review period in accordance with the requirements of the Municipal Class Environmental 
Assessment process. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

In 2006, an inspection of the Lornewood Creek 
Sanitary Sewer from south of Streambank Drive to 
Queen Street West at Ibar Way identified that the 
sanitary sewer was experiencing internal stress from 
deposition, pipe movement and root action and 
external stress from erosion of the creek, reducing 
the cover depth over the pipe and exposing the pipe 
at several locations along its length. The Regional 
Municipality of Peel (the Region) Wastewater 
Operations Section also expressed concerns with 
regard to the access to the sewer for maintenance. In 
response, the Region initiated a Class Environmental 
Assessment (EA) Study in 2007 to evaluate alternative 
solutions and design concepts, and identify a 
preferred solution to improve the condition of the 
Lornewood Creek Sanitary Sewer.  The project limits 
for the Class EA Study extended from Streambank 
Drive 40 metres west of Saginaw Crescent to Queen 
Street and Ibar Way, south of the Metrolinx right-of-
way (ROW) (Figure 1-1). This comprised approximately 1667 metres of sewer, consisting of 300 mm, 375 
mm and 450 mm diameter pipe.  The Class EA was undertaken in compliance with Schedule “C” of the 
Municipal Class Environmental Assessment process (Municipal Engineers Association, June 2000 as 
amended October 2007).     

An Environmental Study Report (ESR) documenting the planning, public consultation and decision-
making process followed to arrive at the preferred solution and design, was completed in March 2010.  
The “Environmental Study Report, Schedule ‘C’ Class EA for Lornewood Creek Sanitary Sewer 
Rehabilitation between Streambank Road and Queen Street, Mississauga”, was placed on the public 
record and was available for public review and comment for a 30-day period commencing March 17, 
2010.  Following the public review period, on April 15, 2010, the ESR document was forwarded to the 
Ministry of the Environment (MOE) for filing in accordance with the Environmental Assessment Act, and 
the Region proceeded with the next steps of implementing the preferred solution. 

As detailed in the March 2010 ESR document, the “recommended solution is to replace the sewer where 
appropriate and to rehabilitate the other sections.”  Based on information available at that time and as 
documented in the March 2010 ESR, the preferred design concept contemplated design and 
construction of approximately 791 metres of new 300 mm sanitary sewer and in-place rehabilitation 
(lining) of the remaining 870 metres of sanitary sewer along the Lornewood Creek corridor, including 
natural channel stabilization and enhancements. The March 2010 ESR document also provided 
information on construction techniques for pipe replacement and rehabilitation; management of 
asbestos cement (AC) pipe; existing utilities and infrastructure; natural environmental impact 
assessment and mitigation; socio-economic impact assessment and mitigation; approvals and permits; 
and an implementation schedule. 

Figure 1-1: Project Limits 
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In 2010, the Region retained Urban & Environmental Management Inc. (UEM) to prepare the detailed 
design and assist with construction administration for implementation of the preferred design concept 
for the Lornewood Creek Sanitary Sewer Rehabilitation project. 

1.2 OVERVIEW:  LORNEWOOD CREEK SANITARY SEWER PREFERRED SOLUTION 

AND DESIGN CONCEPT   (MARCH 2010 ESR) 

The original Class EA study identified and evaluated four alternative solutions: 

 “Do Nothing” Approach 

 Remove and Replace Entire Sanitary Sewer in a New Location 

 Complete Rehabilitation of the Existing Pipe In-Place 

 Combination of New Pipe and Rehabilitation of Existing Pipe 

The evaluation of the four alternative solutions in the original Class EA Study concluded that complete 
rehabilitation of the existing pipe in-place “provides the lowest disruption to the natural environment, 
the lowest impact on the general public and the lowest cost.”  However, the major disadvantage of this 
solution was that it did not mitigate the external pressure that the pipe was experiencing from the creek 
and that these pressures could damage the pipe, in turn causing impacts to the environment from a 
spill.  Therefore, the preferred solution was to replace the sewer where appropriate by moving it outside 
the creek’s 50-year (and if possible 100-year) meander belt and to rehabilitate the remaining sections in-
place.  

A preferred design concept was developed that contemplated construction of 791 metres of new 300 
mm diameter sanitary sewer on new alignments and the rehabilitation (lining) of 870 metres of the 
existing sanitary sewer in-place, with natural channel stabilization and enhancements. The detailed 
design was initiated based on the preferred design concept from the original Class EA Study. 

1.3 RATIONALE FOR THE CLASS EA ADDENDUM 

In support of the detailed design phase, additional technical investigations were completed, including: 
assessments of the condition of the existing sanitary sewer; additional fluvial geomorphological 
investigations; detailed natural environmental studies; and a Stage II archeological and heritage cultural 
assessment. Relevant reports are included in Appendix A.  Through these additional investigations, it 
became evident that: 

 More recent closed circuit television (CCTV) examination and analysis determined that the 
entire existing sanitary sewer was in good condition; much better than originally determined.   

 The construction of new sanitary sewer along the preferred alignment, a heavily wooded area, 
would create significantly more impact than anticipated in the original Class EA Study.  This 
includes potential  impacts on the natural environment during construction (i.e., temporary 
removal of numerous existing trees/vegetation for construction access), as well as long-term 
impacts (i.e. permanent removal of numerous existing trees/vegetation within the sanitary 
sewer easement impacting the ecological function of the woodland and disruption to aquatic 
and terrestrial habitat in and along the creek).   

 The fluvial geomorphological assessment (Parish, March 2012) undertaken in support of the 
detailed design determined that implementation of natural channel stabilization and 
enhancement measures could protect the entire existing pipe from the forces of the creek. 

 Natural channel stabilization and enhancement would provide for a more stable and functional 
creek.  This would include a channel that is more balanced between its flow and sediment 
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regime, better connected with its floodplain, have improved storage of sediment, and a broader 
range of channel features.  With a more stable and functional creek, there would be less 
erosion, which would reduce sediment load.  Water quality would be enhanced due to reduced 
sediment loads as well as from aeration over the proposed riffles. 

 Natural channel stabilization and enhancement would improve aquatic and terrestrial habitat in 
the creek and along the creek banks.  Improved habitat provides more defined riffles and 
deeper pools, which results in more structure and refuge from large flows thus being more 
suitable for a broader range of species and life classes. 

 Natural channel stabilization and enhancement would result in a creek that is better connected 
with its valley.  This will result in more inundation and better functionality of the riparian zone 
since the channel is better connected with its floodplain, ensuring a natural frequency of 
inundation, including longer-term storage of water and sediment. 

 The alignment for the new sanitary sewer would be on private property which would require 
new permanent easements at a significant cost.  These permanent easements would also result 
in a more open corridor, giving the impression that these private lands are publicly accessible. 

Consultation with Peel Region staff, Credit Valley Conservation (CVC) staff and other stakeholders was 
undertaken to determine whether modifications to the original preferred approach and preferred 
design concept could be considered to reduce the anticipated adverse impacts.  Considering additional 
information and input from these consultations, the preferred solution for the Lornewood Creek 
Sanitary Sewer Rehabilitation project was refined.  A revised solution was developed that proposes that 
the entire 1667 metre sanitary sewer be rehabilitated (lining, with manhole repair where required) and 
that natural channel stabilization and enhancement methods be implemented to stabilize the effects of 
the creek on the existing sanitary sewer.  The revised preferred solution differs sufficiently from the 
original preferred solution and design concept to necessitate preparation of an addendum to the March 
2010 ESR Document. 

1.4 MUNICIPAL CLASS EA PROCESS- ADDENDA TO ENVIRONMENTAL STUDY 

REPORT 

Section A.4.3 – Revisions and Addenda to Environmental Study Report, of the Municipal Class EA 
Document (MEA, 2000 as amended in 2007 & 2011) provides that: 

“Due to unforeseen circumstances, it may not be feasible to implement the project in 
the manner outlined in the ESR. Any significant modification to the project or change in 
the environmental setting for the project which occurs after the filing of the ESR shall be 
reviewed by the proponent and an addendum to the ESR shall be written.  The 
addendum shall describe the circumstances necessitating the change, the 
environmental implications of the change, and what, if anything can and will be done to 
mitigate any negative environmental impacts.”  

The Municipal Class EA planning and design process allows for the re-evaluation of the preferred 
solution and/or preferred design concept. The Class EA addendum process allows a proponent to: 

 Consider new data and solutions found through recent investigation 

 Submit a revised preferred solution or design concept to public and agency bodies for review 

The original preferred solution and design concept was a Schedule C Class EA activity.  The revised 
preferred solution consists of Schedule A (rehabilitation through lining, with manhole repair where 
required) and Schedule B (creek stabilization and enhancement) activities.  Therefore, this Class EA 
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Addendum reflects Schedule B requirements, focusing on amending Phase 2 (identifying a preferred 
solution), and Phase 5 (implementation) of the MEA Class EA process.  Phase 1 (identifying the problem) 
has not changed, and is not considered in this Addendum.  Phase 3 (identifying a preferred design 
concept) and Phase 4 (completing an Environmental Study Report) activities are not applicable as this is 
no longer a Schedule C project.  This Addendum should be reviewed in conjunction with the original ESR.  

This Class EA Addendum will: 

 Evaluate the revised preferred solution relative to the alternative solutions in the original ESR 

 Identify and re-evaluate potential impacts 

 Identify and re-evaluate mitigation measures to be deployed 

 Consult with the public and review agencies 

 Select a revised preferred alternative solution  

Following the issue of the Notice of Filing of Addendum, a 30-day period is provided to allow the 
Addendum to be reviewed by the affected public and agencies.  Only the proposed changes to the 
alternative solution identified in this Class EA Addendum are open for review.   

2.0 REVISED SANITARY SEWER PREFERRED SOLUTION 
Considering new information as noted in Section 1.3 obtained during the detailed design process, a 
revised preferred solution was developed.  The revised preferred solution is the “Complete 
Rehabilitation of the Existing Pipe In-Place with Natural Channel Stabilization and Enhancement 
Measures”. 

Table 2-1 presents a comparison of the four alternative solutions from the original Class EA Study (Table 
3-1 March 2010 ESR Document) with the revised preferred solution. The comparison utilizes the same 
criteria from the original Class EA Study in consideration of new information. 

Table 2-1 Evaluation of Alternative Solutions 

Evaluation 
Considerations 

Original Alternative Solutions (ESR, March 2010) 
Revised Preferred 
Solution (April 2016) 

Do Nothing Complete 
Replacement 

Complete 
Rehabilitation by 
Lining Existing 
Pipe 

*Partial 
Replacement and 
Rehabilitation 

(*Denotes the 
original preferred 
solution) 

Complete Rehabilitation 
by Lining Existing Pipe 
and Repairing Manholes 
where required and 
Implementing Natural 
Channel Stabilization and 
Enhancement Measures 

Meets the full 
objectives of the 
study 

 No  Yes  Partially, 
rehabilitates the 
pipe but does 
not remove pipe 
from stream 
meander belt 
and does not 
provide for 
protection of the 
pipe through 
natural channel 
stabilization and 
enhancement 
measures 

 Yes  Yes, full rehabilitation of 
the pipe 

 Although the pipe is not 
removed from the 
meander belt, natural 
channel stabilization and 
enhancement measures 
will provide for a more 
stable and functional 
creek, reducing erosion 
and minimizing potential 
impact to the pipe 
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Evaluation 
Considerations 

Original Alternative Solutions (ESR, March 2010) 
Revised Preferred 
Solution (April 2016) 

Do Nothing Complete 
Replacement 

Complete 
Rehabilitation by 
Lining Existing 
Pipe 

*Partial 
Replacement and 
Rehabilitation 

(*Denotes the 
original preferred 
solution) 

Complete Rehabilitation 
by Lining Existing Pipe 
and Repairing Manholes 
where required and 
Implementing Natural 
Channel Stabilization and 
Enhancement Measures 

Technical Criteria  N/A  Technically 
feasible 

 Technically 
feasible 

 Technically feasible  Technically feasible 

Natural 
Environment 
Criteria 

 High risk 
for 
potential 
future 
breaks or 
leaks 

 Maximum 
amount of 
disruption to the 
environment 

 Temporary 
removal of 
numerous 
trees/vegetation 
for construction 
access and 
permanent 
removal of 
numerous 
trees/vegetation 
within 
permanent 
sanitary sewer 
easement 

 Minimum 
amount of 
disruption to the 
environment 

 Minimum impact 
and loss of 15 
trees for 
easement at Fair 
Birch Drive 

 Disruption at the 
upstream sections 
to south of 
Springhill then 
minimum 
disruption 

 Estimate 
approximately 800 
trees will require 
removal during 
construction and 
for permanent 
easement 

 Minimum disruption to 
the environment during 
natural channel 
stabilization 
construction activities 

 More stable and 
functional creek that is 
balanced between flow 
and sediment regime 
and better connected to 
flood plain 

 Improved water quality 
due to reduced 
sediment loads and 
increased aeration from 
riffles 

 Creek will be better 
connected to valley, 
improving the function 
of the riparian zone and 
ensuring long-term 
storage of water and 
sediment 

 Less tree fall with 
reduced erosion.  Fallen 
trees can be 
incorporated into the 
stabilization work 

 Enhancement of 
terrestrial and aquatic 
habitat allowing for 
more diversity of species 

 Minimum impact and 
loss of 15 trees for 
easement at Fair Birch 
Drive.  

Social Impact 
Criteria 

 N/A  Maximum impact 
on residents  

 Maximum need 
for new or 
modified 
permanent 
sanitary sewer 
easements, 
which would 

 Minimum impact 
and no new 
easements 
required (Note: 
since ESR was 
completed, it has 
been determined 
that an easement 
is required at Fair 

 Disruption at the 
upstream sections 
to south of 
Springhill then 
minimum 
disruption.   

 Will need several 
new or modified 
permanent sanitary 

 Minimum impact. 
Easement at Fair Birch 
Drive  required for lining 
process and future 
maintenance of the 
sanitary sewer 

 Additional access 
requirements for 
rehabilitation and 
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Evaluation 
Considerations 

Original Alternative Solutions (ESR, March 2010) 
Revised Preferred 
Solution (April 2016) 

Do Nothing Complete 
Replacement 

Complete 
Rehabilitation by 
Lining Existing 
Pipe 

*Partial 
Replacement and 
Rehabilitation 

(*Denotes the 
original preferred 
solution) 

Complete Rehabilitation 
by Lining Existing Pipe 
and Repairing Manholes 
where required and 
Implementing Natural 
Channel Stabilization and 
Enhancement Measures 

result in a 
significant cost. 

 Permanent 
easements would 
result in a more 
open corridor, 
giving the 
impression that 
these private 
lands are publicly 
accessible 

Birch Drive for 
lining process 
and future 
maintenance of 
the sanitary 
sewer) 

sewer easements, 
which would result 
in a significant cost. 

 Permanent 
easements would 
result in a more 
open corridor, 
giving the 
impression that 
these private lands 
are publicly 
accessible 

natural channel 
stabilization and 
enhancement measures 
can be addressed 
through Permission to 
Enter Agreements rather 
than much more costly 
permanent easements 

Cost Criteria  N/A  Highest cost  Lowest cost  Mid-range to higher 
cost 

 Lower to mid-range cost 

 

The following compares the revised preferred solution to the four original alternative solutions based on 
the evaluation process criteria and new information. 

Meets the Full Objectives of the Study 

In the original Class EA Study, the “complete rehabilitation of the pipe in-place” only partially met the 
study objectives, because the sewer was not removed from areas where it crosses or is in the stream 
and was therefore subject to continued forces of the stream.  The revised preferred solution also results 
in the sewer not being removed from where it crosses or is in the stream (and stream meander belt).  
However, by adding natural channel stabilization and enhancement measures, this provides a more 
stable and functional creek, reducing erosion and thus addressing the concern of the sewer remaining in 
the stream meander belt and therefore, fully meeting the objectives of the study.  More specifically, the 
Lornewood Creek Technical Design Brief, Fluvial Geomorphological Component (Parish, March 2012), 
which is included in Appendix A, examined the entire creek reach relative to the location of the existing 
sewer alignment.  The study concluded that natural channel realignment, bank treatments using 
bioengineering methods and bed protection through the application of stone riffles could protect the 
entire existing sewer within the study area. 

Technical Considerations 

In the original Class EA Study, the technical evaluation considered the following criteria: 

 Constructability 

 Subsurface conditions 

 Access for operation and maintenance 

 Impact on existing infrastructure 

 Relocation or removal of existing utilities 

 Construction methods 
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The complete rehabilitation of the pipe in-place was considered technically feasible in the original Class 
EA Study.  The natural channel stabilization component of the revised preferred solution is also 
technically feasible based on new information as presented in the detailed fluvial geomorphic study 
(Parish, March 2012).  Additional CCTV investigation during detailed design was reviewed independently 
by UEM’s NAPPI/NASSCO certified engineer in May 2011 and by Region of Peel PACP (formally NAPPI) 
certified personnel in January 2014.  Both investigations independently concluded that the entire pipe 
was in acceptable condition and there was no structural or operational rationale for replacement of any 
part of the sewer in the study area.   

The revised preferred solution involves rehabilitation (lining with manhole repair where required) of the 
entire 1,667 metres of existing Lornewood Creek Sanitary Sewer within the study area.  There are no 
changes from the original Class EA Study to the method recommended for the sanitary sewer pipe 
rehabilitation.  ‘Cured in Place’ pipe (CIPP) technology remains the recommended rehabilitation 
technique.  In general, CIPP involves the use of a resin-saturated tube made of polyester material being 
inserted along the interior wall of the existing pipe.  The polyester tube expands against the inside of the 
pipe, driven by pressure from water or low pressure air.  Using steam, hot water or UV light, the resin 
liner is cured to form a tight-fitting, jointless and corrosion-resistant replacement pipe.  The 
rehabilitated pipe is then inspected by CCTV.  The method is relatively quick because CIPP has little or no 
surface disturbance as the liner is inserted from one manhole to another manhole.  Work is usually done 
from the upstream access point (manhole to manhole).  No excavation is involved in this trenchless 
process, making for a more environmentally friendly method than traditional open excavation pipe 
repair methods. 

The sewer sections will be cleaned to remove foreign materials prior to lining by means of a controlled 
hydro pressure sewer cleaner.  Precautions will be taken to ensure that no flooding of public or private 
property occurs during any phase of the cleaning and/or reaming operations.  Precautions will also be 
taken to protect the sewer lines from damage that might occur from the use of cleaning equipment.  
Therefore, the revised preferred solution, which combines the rehabilitation of the pipe in-place with 
natural channel stabilization and enhancement, is considered technically feasible. 

Natural Environment Considerations 

In the original Class EA Study, the natural environment evaluation considered the following criteria: 

 Impact on aquatic environment 

 Impact on terrestrial environment 

 Short term construction impacts and their mitigation 

 Long term impacts and their mitigation 

 Surface restoration 

 Tree protection or replacement 

 Hydrogeologic impacts 

LGL Ltd. undertook the natural environmental assessment in the original Class EA Study and provided 
natural environmental assessment as part of the detailed design.  During detailed design, an LGL arborist 
visited the site to mark trees that would require removal under the original preferred design concept 
(moderate replacement/moderate rehabilitation).  Following the arborists’ visit, members of the public, 
specifically landowners along the Lornewood Creek valley, expressed concern with the number of trees 
that would be removed to implement the original preferred design concept.  It became apparent that 
impacts to the natural environment of the original preferred design concept were not fully realized by 
the public and impacted property owners, during the original Class EA consultation process.  

http://en.wikipedia.org/wiki/Polyester
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The original Class EA Study determined that complete rehabilitation of the existing sewer pipe in-place 
would have minimal impact and the least disruption to the natural environment.  In order to line the 
pipe and for future maintenance of the sanitary sewer, it was identified in the original Class EA Study 
that only one permanent easement was required, at Fair Birch Drive.  The other accesses for lining work 
and future maintenance would be done from existing streets.  For the revised preferred solution, an 
easement is still required at Fair Birch Drive, while access for lining work and future maintenance can be 
done from existing streets. 

Parish Geomorphic undertook the fluvial geomorphic assessment in the original Class EA Study and 
provided additional investigations during detailed design.  With the addition of natural channel 
stabilization and enhancement to the revised preferred solution, there will be short-term impacts to the 
aquatic and terrestrial environment during construction.  However, these will be minimal as equipment 
required for natural channel stabilization will be smaller and much less intrusive than large construction 
equipment required to remove and replace pipe.  No large excavation equipment is needed to 
undertake the pipe lining or natural channel stabilization and enhancement work.  Access to the creek 
for implementation of natural channel stabilization and enhancement measures can be achieved 
through Permission to Enter agreements, rather than the establishment of permanent easements as 
would be required for removal, realignment and construction of a new sewer.   

Natural channel enhancement and stabilization will provide for a more stable and functional creek, 
improve aquatic and terrestrial habitat, improve water quality and result in a creek better connected to 
its valley.  With a more stable and functional creek, the channel is more balanced between its flow and 
sediment regime, better connected with its floodplain, has improved storage of sediment, and a broader 
range of channel features.  There will be less erosion, reducing sediment load.  Aquatic and terrestrial 
habitat will improve in the creek and along the creek banks.  Improved aquatic habitat through more 
defined riffles and deeper pools will result in more structure and refuge from large flows thus being 
more suitable for a broader range of species and life classes.  The terrestrial habitat will be enhanced 
because of less tree fall due to reduced erosion as well as from planting of additional trees and other 
vegetative species.  Wood from existing fallen trees will be incorporated into the stabilization work.  
Water quality will be enhanced due to reduced sediment loads as well as from aeration over the 
proposed riffles.  Lornewood Creek will be better connected with its valley.  This will result in more 
inundation and better functionality of the riparian zone since the channel is better connected with its 
floodplain ensuring a natural frequency of inundation, including longer-term storage of water and 
sediment. 

A copy of the Parish Geomorphic fluvial geomorphic assessment (March 2012) is included in Appendix 
A, while drawings showing the creek realignment for the naturalization and stabilization works, 
prepared by Parish, are included in Appendix B. 

Social/Cultural Impact Considerations 

In the original Class EA Study, the social cultural evaluation considered the following criteria: 

 Impacts on cultural heritage sites 

 Impacts on archeological sites 

 Construction traffic impacts 

 Inconvenience to residents 

 Disruptions to traffic patterns and public transport 

 Public safety during construction 

 Noise, visual and dust impacts 
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Archeoworks undertook the archaeological and heritage/cultural study and Hardy Stevenson Associates 
(HSA) undertook the social impact assessment (SIA) in the original Class EA Study.  The Stage 1 
Archaeological Assessment undertaken in the original Class EA Study indicated high potential for 
archaeological resources within the study area.  A Stage 2 Archaeological Study was completed 
(Archeoworks, October 5, 2011) since the original Class EA was completed and concluded that there 
were no archaeological resources in the proposed alignment for the sewer pipe.  Therefore, the revised 
preferred solution, with complete rehabilitation of the pipe in-place and natural channel stabilization 
and enhancement measures, will not impact archaeological or heritage/cultural resources.  A copy of 
the Stage II Archaeological Study is included in Appendix A. 

The SIA in the original Class EA Study concluded that complete rehabilitation of the existing sewer in-
place had the least social impact.  With the addition of natural channel stabilization and enhancement 
measures to the revised preferred solution, there will be some temporary impact to residents during 
construction.  However, a major difference to the sewer replacement alternatives is that no new 
permanent easement is required within the reach of the creek in the study area.  A permanent 
easement within the reach of the creek in the study area could open up resident’s private property to 
potentially unwanted trespassing/use by others due to the perception of an “open path” in the creek 
valley due to the removal of trees/vegetation.  The only easement required for the revised preferred 
solution is at Fair Birch Drive to construct an access road to allow for pipe lining and for future 
maintenance of the sanitary sewer.  The repair of manholes, where required and implementation of the 
natural channel stabilization and enhanced measures can be undertaken with smaller equipment.  
Access requirements can be met through Permission to Enter agreements with residents rather than 
easements that require permanent removal of trees and vegetation that create a permanent “pathway”.  
As the existing pipe is not being removed, there will be no use of large construction equipment, and 
there will be less noise, dust and visual disruption to residents during construction. 

Economic/Financial Considerations 

In the original Class EA Study, the economic/financial evaluation considered the following criteria: 

 Total capital costs 

 Long term maintenance costs 

 Use of the best technology 

 Modified or new land easements 

The original Class EA Study ESR did not specifically identify capital and maintenance costs, but provided 
an order of magnitude comparison of economic/financial impacts.  Other than the “Do Nothing” 
alternative, which had no economic/financial impact as no activities would be undertaken, the original 
Class EA Study identified the complete rehabilitation of existing sewer pipe in-place as having the lowest 
cost and lowest economic/financial impact.  As part of the detailed design study, the cost of natural 
channel stabilization in conjunction with complete rehabilitation of the existing sewer pipe in-place has 
been estimated.  The revised preferred solution is more expensive than complete rehabilitation of the 
pipe in-place only, but is less costly than partial or complete replacement of the sewer.  In addition, the 
revised preferred solution does not require modification to existing easements or any new easements 
along the reach of the creek within the study area.  Additional access requirements can be achieved 
through Permission to Enter agreements.  A new easement is required at Fair Birch Drive for vehicular 
access to undertake pipe lining and will also be used for future maintenance of the sanitary sewer. 
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2.1  CONCLUSION – EVALUATION OF ALTERNATIVE SOLUTIONS 

Based on the comparison of alternatives presented in the original Class EA Study and the revised 
preferred solution, it is concluded that “complete rehabilitation of pipe in-place with natural channel 
stabilization and enhancement” is the preferred solution.  The addition of natural channel stabilization 
to complete rehabilitation of the pipe in-place will provide long-term pipe integrity and ensure stability 
of the sewer by managing creek forces on sewer components, even though the sewer pipe will partially 
remain in the stream meander belt.  In-creek works will also provide for a more stable and functional 
creek, enhance aquatic and terrestrial habitat, improve water quality and result in a creek better 
connected to its valley. 

3.0 CONSULTATION 
During the original Class EA Study process, 15 people attended each of the two public information 
meetings.  However, when the arborist was tagging trees within the ‘construction zone’, Peel Region and 
UEM staff received numerous inquiries from residents concerned that trees were being tagged for 
removal.  It became evident that during the original Class EA process residents did not fully comprehend 
the magnitude of temporary and permanent tree and other vegetative loss that was to occur if the 
original preferred design concept was implemented.  

A number of meetings were held between UEM, Region staff, affected homeowners, and agency 
representatives during the detailed design stage.  The input and discussions, along with the additional 
studies completed, led to a revised preferred design concept and preparation of this Class EA 
Addendum.  Issues addressed during the detailed design consultation process included: 

 Environmental impacts (creek bed impacts, tree/vegetation loss, aquatic habitat disruption) 

 Potential long-term impacts 

 Review of the detail design approach 

 Slope stability (condition of creek bed/banks) 

 Sewer pipe exposure and protection 

 Post-construction restoration and monitoring 

 Accessibility 

3.1 STAKEHOLDER AND AGENCY CONSULTATION ON CLASS EA ADDENDUM 

Members of the public and agency stakeholders will be provided with an opportunity to review and 
comment on this Class EA Addendum.  The original ESR document and the ESR Addendum will be posted 
on the Region’s website (for viewing and/or downloading) and printed copies will be available at offices 
of the Regional Clerk and City Clerk for review and comment.   

3.2 NOTICE OF ADDENDUM TO ESR 

A “Notice of Addendum to ESR” will be published in the local newspaper to provide the public with at 
least 30 calendar days to provide final public comment under the provisions of the Municipal Class EA 
process.  The Notice will also be circulated to property owners within the Lornewood Creek Sanitary 
Sewer study area and affected stakeholders.  The Notice will introduce the purpose of and rationale for 
this Class EA Addendum, identify the change in the preferred solution and identify where the Addendum 
to ESR will be available for public review.  Comments from the public, stakeholders and agencies will be 
solicited in the Notice.  A copy of the Notice of Addendum to the ESR is provided in Appendix C.  
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 CONCLUSIONS 

Public concerns with regards to the impact to the natural and socio-economic environments from the 
proposed construction of approximately 791 metres of new sanitary sewer within Lornewood Creek led 
to re-examination of the preferred solution and design concept.  The preferred solution as envisioned in 
the March 2010 ESR, would create significant surface disruption with potential  impacts on the natural 
environment during construction (i.e. removal of a large number of trees and significant creek valley 
disruption during construction) and in the long-term (i.e. permanent tree and vegetation removal within 
the sanitary sewer easement).  The findings from more recent CCTV investigations revealed that the 
existing sanitary sewer was in good condition; much better than originally determined during the Class 
EA process.  As a result, the Project Team, Region, CVC and other stakeholders were consulted to discuss 
modification of the March 2010 ESR preferred solution to minimize the impact to the environment.  This 
Addendum to the ESR describes the circumstances, which precipitated the changes to the design 
concept, the environmental implications of the changes, and measures to mitigate potential negative 
environmental impacts and positive enhancements to the environment from a revised approach. 

Although the revised preferred solution does not completely remove the existing sewer pipe from the 
stream meander belt and is therefore still susceptible to the forces of the creek, the revised preferred 
solution addresses the technical requirements through lining and manhole repair where required, is less 
intrusive, has fewer negative temporary construction and long-term impacts to the natural 
environment, provides for a more stable and functional creek thus minimizing potential impacts to the 
existing pipe, enhances terrestrial and aquatic habitat, improves water quality in the creek, provides for 
a creek that is better connected to its valley and addresses potential temporary and permanent impacts 
and concerns of affected residents and stakeholders in the study area. The revised preferred solution 
and design concept is less costly and will take less time to implement. 

4.2 RECOMMENDATIONS 

It is recommended that the Region of Peel move forward with the detailed design and implementation 
for rehabilitation of the Lornewood Creek Sanitary Sewer between Streambank Road and Queen Street, 
in the City of Mississauga, based on the revised preferred solution and design concept “Complete 
Rehabilitation of the Pipe In-Place and Natural Channel Stabilization and Enhancement,” as outlined in 
this Class EA Addendum Report. 

 

 

 

Z:\UEM\Projects\2010\100\10-111 Lornewood Sanitary Sewer for Peel\ESR Addendum Report\ESR Addendum Report Jan 2015\ESR Addendum 
Report Updated 2016-04-12.docx 

 

 



 

 

 

APPENDIX A 
 

 

 

ADDITIONAL STUDIES SINCE ORIGINAL EA COMPLETED 

 
A-1    PARISH GEOMORPHIC – LORNEWOOD CREEK TECHNICAL DESIGN BRIEF 

FLUVIAL GEOMORPHOLOGICAL COMPONENT (MARCH 2012) 

A-2    ARCHEOWORKS INC. – STAGE 2 ARCHAEOLOGICAL ASSESSMENT (AA): 
PROPOSED LORNEWOOD CREEK SANITARY SEWER IMPROVEMENTS 

(OCTOBER 5, 2011) 

 

 

 

 

  



 
FFIINNAALL  RREEPPOORRTT    
 

LLoorrnneewwoooodd  CCrreeeekk  TTeecchhnniiccaall  DDeessiiggnn  BBrriieeff    
FFlluuvviiaall  GGeeoommoorrpphhoollooggiiccaall  CCoommppoonneenntt  
 
 
Date: March 2012 
 
Ref: 01-10-41 
 
Client: 08-2306 

 



 
 
 
 
 
 

Lornewood Creek Technical Design Brief – Fluvial Geomorphological Component – Final Report (01-10-41) i 

 
 
 
 

2500, Meadowpine Blvd. Suite 200 Address 

Mississauga, Ontario, L5N 6C4  

Canada  

 (905) 877-9531 Telephone 

(905) 877-4143 Fax 

www.parishgeomorphic.com Internet 

 
 

 
 
 
 

Document Title:  Lornewood Technical Design Brief  

Status:  Final Report 

Version:  01 

Date:  March 2012 

Project Name:  Lornewood Detailed Design 

Project Number:  01-10-41 

Client:  Region of Peel 

Client Project Number:   08-2306 

Reference:  01-10-41/01 

 
 
 
 

Drafted by:  Nyssa Clubine M.Sc  

Checked by:  John Parish P.Geo 

Date checked:  February 15, 2012 

Approved by:  John Parish P.Geo. 

Date of approval:  February 15, 2012 

 



 
 
 
 
 
 

Lornewood Creek Technical Design Brief – Fluvial Geomorphological Component – Final Report (01-10-41) ii 

Contents  
 

1. Introduction .................................................................................................................. 1 

2. Background Information .............................................................................................. 2 

2.1 Lornewood Creek - Fluvial Geomorphological Assessment ...................................................... 2 

2.1.1 Reach Delineation, Characterization and Historic Assessment ................................................. 2 

2.1.2 Geomorphic Field Assessment and Reconnaissance ............................................................... 4 

2.1.3 Meander Belt Width Assessment and Sanitary Sewer Alignment ............................................. 4 

2.2 Emergency Works (2008) .......................................................................................................... 5 

2.3 Lornewood Creek Sanitary Sewer – Scour Assessment ........................................................... 5 

2.3.1 Detailed Field Investigation ....................................................................................................... 5 

2.3.2 Erosion Thresholds ................................................................................................................... 6 

2.3.3 Scour Depth Analysis ................................................................................................................ 7 

2.3.4 Risk Assessment ....................................................................................................................... 7 

3. Design Rationale .......................................................................................................... 9 

4. Design Considerations and Constraints .................................................................. 12 

4.1 Bed Protection ......................................................................................................................... 13 

4.2 Bank Protection ....................................................................................................................... 13 

4.3 Channel Re-alignment............................................................................................................. 13 

5. Design Elements ........................................................................................................ 14 

5.1 Riffles ...................................................................................................................................... 14 

5.1.1 Material Specifications ............................................................................................................ 14 

5.2 Pools ....................................................................................................................................... 14 

5.2.1 Material Specifications ............................................................................................................ 15 

5.3 Vegetated Riprap .................................................................................................................... 15 

5.3.1 Material Specifications ............................................................................................................ 15 

5.4 Brush Layering ........................................................................................................................ 16 

5.4.1 Material Specifications ............................................................................................................ 16 

6. Benefits of a Natural Channel Design ....................................................................... 17 

7. References .................................................................................................................. 18 

 
APPENDIX A: Design Elements Installation Guidelines and Typical Drawings 
 
APPENDIX B: Proposed Natural Channel Design  



 
 
 
 
 
 

Lornewood Creek Technical Design Brief – Fluvial Geomorphological Component – Final Report (01-10-41) 1 

1. Introduction 
 
The purpose of this design brief is to present the design details for the channel re-alignment and in-stream 
works for the sewer rehabilitation along Lornewood Creek between Lakeshore Road and Streambank Drive. 
The channel works build upon a Class Environmental Assessment (EA) addressing preferred alternatives for 
rehabilitation of the sanitary sewer in this area. Working from preliminary designs established through the EA 
process detailed design concepts have been developed. There are three basic components of the design for 
Lornewood Creek: bank protection, bed protection, and channel realignment. Bank protection is proposed 
where the channel is actively eroding and migrating into the sanitary sewer or as a preventative measure to 
ensure the channel does not migrate. Bed protection is recommended for sections of the channel where the 
sanitary sewer is currently exposed, was exposed prior to emergency works in 2008, or is at a high risk of 
exposure. Bed protection, including riffles, stone fill, and shoals, prevents channel incision by dissipating and 
re-directing erosive energy. Channel realignment has been proposed for a few locations at the upstream end of 
the study area in order to increase the radius of curvature in the channel and decrease flow velocities through 
the meander bends, thereby reducing erosive forces. Channel re-alignment designs also incorporate bed and 
bank protection. 
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2. Background Information 
 
2.1 Lornewood Creek - Fluvial Geomorphological Assessment 
 
A Fluvial Geomorphological Assessment was completed in 2009 as part of the Lornewood Creek 
Environmental Assessment process.   
 
2.1.1 Reach Delineation, Characterization and Historic Assessment 
 
The characteristics of channel form, function, and processes can vary along a watercourse. In order to account 
for these changes, channels are separated into reaches, typically 200 m to approximately 2 km in length. 
Reach delineation considers sinuosity, gradient, hydrology, local geology, degree of valley confinement, and 
vegetative control using methods outlined in PARISH Geomorphic Ltd. (2004). Within a reach it can be 
assumed that the channel displays similar physical characteristics (e.g. sinuosity, meander pattern). Reaches 
were previously delineated as part of the Fluvial Geomorphological component of the Lornewood Creek 
Environmental Assessment. Four reaches were defined and are illustrated in Figure 2.1. Table 2.1 provides a 
summary of reach characteristics. 
 
Table 2.1: Summary of reach characteristics for Lornewood Creek (PARISH Geomorphic Ltd., 2009). 

Reaches Reach Length (m) Valley Length (m) Sinuosity Gradient % 

LC-R1 495.51 446.15 1.11 0.81 

LC-R2 506.6 445.69 1.14 0.59 

LC-R3 566.29 521.46 1.09 0.88 

LC-R4 256.11 252.5 1.01 0.78 

 
An historic assessment was completed and determined that LC-R1 was historically straightened and was 
adjusting to a more natural planform. LC-R2 was in a natural state until 1975 when the surrounding land was 
developed for residential use and the channel was straightened. By 2006 the reach had regained some of its 
natural planform. Dense forest surrounded reach LC-R3 throughout the historic period and a natural planform 
appears to have been maintained while residential development increased surrounding the channel. Reach LC-
R4 was straightened prior to 1954 and remained at least until 2006. Vegetation within the stream corridor 
developed and became denser over the historic period. 
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Figure 2.1: Reaches delineated for the Lornewood Environmental Assessment (PARISH Geomorphic Ltd., 2009).
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2.1.2 Geomorphic Field Assessment and Reconnaissance 
 

A synoptic level survey of channel form, stability, and process was completed in spring 2008 for the fluvial 
geomorphological assessment. Rapid assessments were completed in order to document areas of active 
erosion, refine reach breaks, and collect basic channel dimensions. A reach-by-reach description of field Rapid 
Geomorphic Assessment (RGA) and Rapid Stream Assessment Technique (RSAT) survey results is provided 
in the Fluvial Geomorphological Assessment report (PARISH Geomorphic Ltd., 2009). The dominant 
geomorphic processes in reach LC-R1 and LC-R3 were channel widening and degradation, while the other two 
reaches were experiencing widening and aggradation. Table 2.2 identifies the RGA and RSAT scores. 
 
Table 2.2: Summary of RGA and RSAT survey results for Lornewood Creek Environmental Assessment (2009). 

Reach RGA Condition RSAT Condition 

LC-R1 0.36 In Transition 23 Moderate 

LC-R2 0.29 In Transition 20.5 Moderate 

LC-R3 0.60 In Adjustment 21 Moderate 

LC-R4 0.25 In Transition 17.5 Low 

 
2.1.3 Meander Belt Width Assessment and Sanitary Sewer Alignment 
 
Meander belt widths were calculated for Lornewood Creek within the study area in order to determine the 
corridor in which active channel processes are occurring. Belt widths were defined on a reach basis and are 
identified in Table 2.3. Due to the straightened nature of LC-R1 and LC-R4, surrogate reaches were applied 
while the existing planform was used for LC-R2 and LC-R3. A 20% setback was deemed appropriate for all 
reaches but LC-R3, which was given a 5 m toe erosion setback. The methods for delineating meander belt 
widths are outlined in Belt Width Delineation Procedures (PARISH Geomorphic Ltd., 2004). 
 
Table 2.3: Summary of delineated meander belt widths on a reach basis (PARISH Geomorphic Ltd., 2009). 

Reach Preliminary Belt Width (m) Final Belt Width with Setback (m) 

LC-R1 36 43.2 

LC-R2 36 43.2 

LC-R3 30 40 

LC-R4 30 36 

 
Based on field reconnaissance results and the historic and meander belt width assessments recommendations 
were given for the relocation of the sanitary sewer outside of the hazard area (i.e. meander belt width and 
erosion setback). Mitigation measures were identified where infrastructure could not be relocated and included 
live brush layering, vegetated angular stone treatments, and rock vanes. 
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2.2 Emergency Works (2008) 
 
During the completion of the Fluvial Geomorphology Assessment for Lornewood Creek (PARISH Geomorphic 
Ltd., 2009), it was determined that emergency works would be necessary to temporarily stabilize the channel at 
two sites where a 12 inch sanitary sewer pipe has been exposed within the Lornewood Creek valley. Two sites 
were identified between Indian Road and Springhill Drive and were referred to as ‘Upstream’ (immediately 
downstream of Indian Road) and ‘Downstream’ (Approximately 125 m upstream of Springhill Drive) sites. The 
purpose of the emergency works design was to temporarily protect the exposed pipe through the application of 
stonework to re-cover the pipe while raising the invert of the channel bed through a series of grade controls to 
create a more stable bedform as well as a backwater zone over the existing exposures to limit bed scour. The 
emergency works ensured that the pipe was sufficiently protected until the final design can be implemented. 
 
2.3 Lornewood Creek Sanitary Sewer – Scour Assessment 
 
Following Phase 3 of the Class Environmental Assessment for the Lornewood Creek sanitary sewer alignment, 
a scour and risk assessment was conducted in order to address concerns raised by the Credit Valley 
Conservation Authority (CVC). The scour and risk assessment included an analysis of existing and historic 
conditions to determine the potential threat to the proposed sewer alignment from channel migration and 
incision. The scour and risk assessment included the following: 
 

 Detailed geomorphic field investigation for portions of Lornewood Creek deemed most sensitive to 
erosion and scour;  

 Quantification of erosion thresholds to determine the dominant mode of channel adjustment and 
degree of reach sensitivity; 

 Scour depth analysis based on existing pool depths and boundary shear analyses; 
 Lateral migration risk assessment to determine erosion setbacks; and 
 Recommendations pertaining to secondary erosion protection measures. 

 
2.3.1 Detailed Field Investigation 
 
The detailed field analysis was based on the two most sensitive reaches, as identified by the Fluvial 
Geomorphological Assessment (PARISH Geomorphic Ltd., 2009) rapid field assessments. Reach LC-R3 was 
the most sensitive reach followed closely by reach LC-R1. Although a scoped detailed investigation was 
completed in support of the 2008 emergency works within Reach LC-R3, the entire reach was revisited in 2009. 
Bankfull cross-sectional dimensions were measured and a modified Wolman pebble count was conducted 
along 10 transects for reach LC-R3 and 6 transects for reach LC-R1. A level survey was measured for each 
detailed site to provide a measure of local energy gradient, scour pools, and general bed morphology. Table 
2.4 summarizes the results of the detailed field analysis with both 2008 and 2009 data. According to the 
detailed field investigation results, the deepest bankfull pool depth was observed within reach LC-R3 and was 
1.70 m. The highest velocities and greatest stream power were also observed at this location and it was 
therefore selected for the bed scour analyses in order to model the most sensitive scenario and to ensure a 
conservative approach. 
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Table 2.4: Channel characteristics for the Lornewood Creek detailed field sites (PARISH Geomorphic Ltd., 2009). 

Parameter 
LC-R3 (2008) LC-R1 LC-R3 

Upstream Downstream (2009) (2009) 

Average Bankfull Width (m) 3.45 7.15 3.45 6.01 

Average Bankfull Depth (m) 0.59 0.54 0.54 0.74 

Bankfull Gradient (%) 1.40 1.19 1.12 0.80 

Maximum Bankfull Pool Depth 
(m) 

1.32 1.60 1.21 1.70 

Bed Material D50 (mm) 11.6 5.1 0.51 15.4 

Bed Material D84 (mm) 78.0 15.0 38.5 72.8 

Bank Materials Medium and fine 
sands 

Clay, silt, fine 
sand 

Medium, fine sand 
and silt 

Medium, fine 
sand and silt 

Manning’s ‘n’ at Bankfull 0.038 0.033 0.030 0.034 

Bank Velocity (m/s) 1.98 1.94 2.03 2.05 

Bankfull Discharge (m3/s) 5.19 8.56 4.66 10.0 

Stream Power (W/m) 713 769 512 790 

Stream Power per Unit Width 
(W/m2) 

208 119 148 131 

 
2.3.2 Erosion Thresholds 
 
Erosion thresholds were calculated in order to determine the dominant mode of channel adjustment along 
Lornewood Creek, and were determined for both the bed and the banks. The Lane (1955) model based on 
critical shear stress was selected as the model that best reflected the fine nature of substrate materials for 
reach LC-R1. For reach LC-R3, the Neill (1967) model based on permissible velocity was selected in order to 
reflect the relatively coarse nature of the bed substrate. Bank thresholds for both reaches were determined 
using Chow’s (1959) model for cohesive materials assuming a lean clayey soil composition with a fair degree of 
compaction. Results of the erosion threshold analysis (as presented in Table 2.5) indicate that bank erosion is 
the dominant form of channel adjustment in reach LC-R3. Reach LC-R1 indicated a more equal distribution of 
erosion along the channel margin. 
 
Table 2.5: Erosion threshold summary for Lornewood Creek (PARISH Geomorphic Ltd., 2009). 

Parameter 
LC-R1 LC-R3 (2009 data) 

Bed Banks Bed Banks 

Critical Discharge (m3/s) 0.29 0.05 2.29 0.11 

Critical Velocity (m/s) 1.23 0.66 1.37 0.53 

Critical Depth (m) 0.24 0.12 0.42 0.15 

Model Lane (1955) Chow (1959) Neill (1967) Chow (1959) 
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2.3.3 Scour Depth Analysis 
 
The scour depth analysis was conducted in order to predict the maximum bankfull depth likely to occur over 
time based on the inherent strength of bed materials, governing energy gradient, and the presence of existing 
scour pools. The scour analysis was scoped to reach LC-R3 as the greatest pool depth was identified at this 
location, and in order to provide a conservative estimate of the scour potential throughout the study area. A 
detailed description of the empirical analyses applied to determine predicted scour depths is provided in the 
Lornewood Creek Sanitary Sewer – Scour Assessment report (PARISH Geomorphic Ltd., 2009). Table 2.6 
identifies the observed and predicted results of the scour analysis for reach LC-R3. 
 
Table 2.6: Predicted and observed scour depths for reach LC-R3 (PARISH Geomorphic Ltd., 2009). 

Channel Parameter LC-R3 

Observed Predicted 

Bankfull Gradient (%) 0.80 -- 

Bankfull Discharge (m3/s) 10.0 -- 

D50 (m) 0.15 -- 

D84 (m) 0.73 -- 

Average Bankfull Depth (m) 0.74 0.64 

Observed Maximum Pool Depth (m) 1.70 1.29 

Predicted Maximum Scour Depth (m) -- N/A 

Predicted Scour Depth Based on Critical Shear Stress (m) -- 0.48 

Predicted Bankfull Pool Depth (m) -- 2.18 

 
2.3.4 Risk Assessment 
 
Upon completion of the scour assessment a risk assessment was completed to identify sections of the sanitary 
sewer that are at risk of exposure.  It was broadly recommended that any proposed sanitary sewer crossing 
underneath Lornewood Creek should be placed at a minimum, 0.48 m below the channel invert where bankfull 
depths average 1.70.  For portions of the channel that are less than 1.70 m deep , the depth of cover should be 
doubled to 0.96 m to ensure sufficient cover of the sewer.  The majority of the proposed sewer alignment at the 
time of the risk assessment was within the stream corridor.  An additional erosion setback of 8.0 m was 
recommended along the channel banks as widening was identified as the dominant mode of adjustment.  Table 
2.7 identifies sections of the proposed sewer alignment that were at risk of exposure. 
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Table 2.7: Sections of proposed sewer at risk of exposure (PARISH Geomorphic Ltd., 2009). 

Section of Proposed 
Sewer 

Type of Risk Secondary Erosion Protection 

0+320 to 0+340 Lateral erosion / migration Buried stone treatment around sewer 

0+420 to 0+460 Lateral erosion / migration Buried stone treatment around sewer 

0+730 to 0+750 Bed incision / scour Encase sewer 

1+030 to 1+060 Bed incision / scour Encase sewer, line bed with stone treatment 

1+550 to 1+560 Lateral erosion / migration Buried stone treatment around sewer 
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3. Design Rationale 
 
A sanitary sewer runs along the length of Lornewood Creek between Streambank Drive and Lakeshore Road. 
Two sections of the sewer have become exposed and several other sections are at risk of exposure throughout 
the study area. Based on a scour assessment conducted in 2009 by PARISH Geomorphic Ltd., a risk 
assessment was completed to determine areas of high, medium, and low risk of channel incision or migration 
that exposes the sewer or manholes. Table 3.1 identifies the parameters that characterize a high, medium, or 
low risk of exposure. Figure 3.1 illustrates the determination of risk using a section of Lornewood Creek as an 
example. 
 
Table 3.1: Risk assessment parameters. 

Risk Level Lateral distance from channel banks Depth below channel bed 

High Within 2 m < 0.9 m 

Medium 2-5 m 0.9-1.8 m 

Low > 5 m >1.8 m 

 

 
Figure 3.1: Delineation of risk for the exposure of the sanitary sewer or manholes within the study area. 
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Where the sanitary sewer or a manhole was within 2.0 m, laterally, from the channel banks or the sanitary 
sewer was less than 0.9 m below the channel invert, a high risk of exposure was identified. Where the lateral 
distance to the sewer or a manhole was between 2.0 and 5.0 m or the sewer was within 0.9 to 1.8 m below the 
channel bed, a medium risk was determined. Low risk was identified where the sewer or a manhole was more 
than 5 m laterally from the channel banks or the sewer was greater than 1.8 m below the channel bed. 
 
Reach LC-R4 
 
The upstream end of the study area is situated within a confined valley system and is moderately entrenched. 
During regular high flow events water has difficulty overflowing the banks to access the floodplain and dissipate 
energy. As a result, the erosive force of flood waters is applied to the channel banks and is causing widening 
throughout the reach. At one particular site mid-reach the channel has widened along the north bank in close 
proximity of the sanitary sewer. The channel invert is below the invert of the sewer and continued erosion and 
widening may result in exposure. By re-aligning the channel away from the sewer and increasing the radius of 
curvature through the meander bend, the erosive force of floodwaters would be re-directed away from the bank 
towards the center of the channel, reducing bank erosion. Bank treatments will reduce the potential for bank 
erosion further and should include the planting of riparian vegetation. The root system of the riparian vegetation 
helps hold the soil together and increases the overall bank stability, by its binding network structure. In addition, 
the exposed vegetation (branches, etc.) can increase the roughness and reduce local flow velocities, causing 
the flow to dissipate energy against the plant, thereby decreasing shear stress against the stream bank soil. 
The vegetation also acts as a buffer against the abrasive effect of transported materials, and close-growing 
vegetation can induce sediment deposition at the bank. In turn, shear stresses may become small enough to 
allow coarse sediment to settle out of the flow. Vegetated rip-rap is the recommended bio-engineering 
technique for this site. 
 
Overall, given the issues experienced along this reach with respect to entrenchment and channel migration, the 
aforementioned alternatives (channel re-alignment, and vegetated rip-rap) for Reach LC-R4 should be 
considered as acceptable mitigative alternatives for Lornewood Creek. 
 
Reach LC-R3 
 
Sediment availability is a major issue within reach LC-R3 and has caused the channel to widen and degrade in 
order to move sediment through the system. Flood waters have difficulty accessing the floodplain to dissipate 
energy due to the confined valley setting and moderate entrenchment. As described in Reach LC-R4, the 
erosive force of floodwaters is directed towards the bed and banks causing erosion and incision. 
 
In 2008, emergency works were required for a section of exposed sanitary sewer approximately 45 m 
downstream of Indian Road. A temporary cover of 0.3 m of material was placed above the sewer. Through the 
upstream half of the reach the sanitary sewer crosses the channel several times and at each location is at a 
high risk of exposure. Several manholes have also been exposed through the upstream end. A natural channel 
design and channel re-alignment has been proposed along a 200 m section of channel downstream of Indian 
Road. A natural channel design intends to transform streams that are not working correctly by making them 
more stable. The channel shape will be configured so that fast-moving, erosive water is directed towards the 
middle of the stream instead of the sides next to the stream banks. This reduces the potential for bank erosion 
or failure. The banks will be designed to withstand flooding by adding bio-engineering bank stabilization 
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techniques (e.g. brush layering and vegetated rip rap) to reduce the potential for bank failure. Riffles and pools 
will be constructed to convey the representative sediment of the area. 
 
The downstream half of the reach is experiencing similar processes with a section of the sewer exposed 
approximately 300 m upstream of Springhill Drive and several manholes situated dangerously close to the 
widening channel banks. A channel re-alignment is proposed where the sewer is exposed in order to increase 
the radius of curvature through the meander bend. The bed will be raised and protected by a riffle feature that 
will direct flows towards the centre of the channel and reduce the risk of future exposure of the sewer. 
Vegetated riprap and brush layering are proposed throughout the downstream section of reach LCR3 to protect 
the banks and prevent scour and/or channel migration in sections where the sewer or manholes are in close 
proximity to the channel. 
 
Reach LC-R2 
 
Material that was eroded and scoured from the bed and banks of reach LC-R3 is transported downstream to 
reach LC-R2 and deposited within the channel and across the floodplain. Bankfull heights are low as well as 
entrenchment, resulting in the channel having good access to its floodplain. The reduction in flood flow 
velocities results in sediment deposition throughout the reach. Riffles are proposed to protect the channel bed 
where incision is occurring and the sewer runs beneath the channel and is at a medium or high risk of 
exposure. A stone shoal is proposed to protect the bed from incision and raise the bed elevation through a 
section of channel where 30 m of the sewer runs beneath the channel. Bioengineering treatments are to be 
applied to the banks where manholes or the sewer are in close proximity to the channel. 
 
Reach LC-R1 
 
Reach LC-R1 is partially confined and has good access to its floodplain where there is no valley wall. The rest 
of the reach is moderately entrenched. As a result widening and degradation were the most prominent modes 
of adjustment observed during the 2008 field survey. A 12 to 15 m section of storm sewer pipe has been 
exposed by the channel as well as a short section of the sanitary sewer upstream of Queen Street West. Riffle 
and stone fill treatments have been proposed for these areas in order to protect the bed from incision and raise 
the bed elevation to protect the sewers from exposure. Where the sanitary sewer and a man hole is in close 
proximity to the channel brush layering should be applied to provide a robust bank protection and slow flow 
velocities, protecting the bank from erosion and the sewer and man hole from exposure. 
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4.  Design Considerations and Constraints 
 
The following section summarizes the various considerations and constraints incorporated in the Lornewood 
Creek channel design. The overall design contains spot treatments and is based on high, medium, or low risk to 
a sanitary sewer running the length of the study area. There are three general solutions to the issues identified 
in Section 3: natural channel re-alignment, bank treatments using bioengineering methods, and bed protection 
through the application of stone riffles (see Figure 4.1). Given that the issues are very similar throughout the 
study area, the considerations and constraints will be outlined based on the design treatment. 
 

 
Figure 4.1: Illustration of bed and bank treatments and channel re-alignment for Lornewood Creek. 
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4.1 Bed Protection 
 
Bed protection is proposed for sections of the channel where the sanitary sewer is exposed along the bed or is 
at a high risk of exposure due to thin cover over the sewer. Riffles should be used to raise the channel bed 
elevation and to protect the bed from further incision. Selecting the appropriate stones for the riffles will ensure 
that the bed remains protected during both high and low flows. One area of the channel, located downstream of 
Springhill Drive, contains a long section of sanitary sewer that crosses the channel. A stone shoal is 
recommended for this site and provides habitat variability while protecting the channel bed from incision. The 
main design constraint for areas requiring bed protection was the elevation of the sanitary sewer. 
 

4.2 Bank Protection 
 
Bank treatments are proposed throughout the study area meander bends are undergoing active erosion and 
are at risk of exposing the sanitary sewer. Bio-engineering treatments such as vegetated rip rap and brush 
layering are recommended in order to provide bank protection by increasing stability through a dense rooting 
system. Constraints for areas requiring bank protection included valley wall contacts and the location of the 
sanitary sewer. 
 
4.3 Channel Re-alignment 
 
Several sections have been identified for channel re-alignment, particularly in the upstream end of the study 
area through reaches LC-R4 and the upstream end of LC-R3. The objective of channel re-alignment is to 
provide more natural conditions and to direct flows away from sensitive areas (i.e. the sanitary sewer, private 
property, and valley walls). Along with the re-positioning of the channel bed and bank protection is incorporated 
into the design as are pool features to provide a stable system. Constraints on channel realignment through the 
upstream end of the study area include the location and elevation of the sanitary sewer, the location of valley 
walls and private property, channel gradient and flow velocities. 
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5. Design Elements 
 
5.1 Riffles 
 
Riffles are either designed as a component of new natural channel design or as a rehabilitation technique in an 
existing channel. Constructed riffles are designed to mimic the relative high gradient rocky inflection points 
along a meandering stream, between successive pool features and provide energy dissipation. Riffles also 
provide good fish habitat through the aeration of flow and diversity of substrate (i.e. spawning and feeding 
zones). Riffles also provide protection for the channel bed from incision and prevent the upstream migration of 
knick points. Riffles are to be constructed with a mix of 10 cm to 40 cm with a D50 (median grain size) of 25 cm 
as well as void filling sediment. 
 
Riffles are not intended to provide the same function of traditional bank armouring, using treatments such as 
riprap. Constructed riffles must be carefully designed using integrated analysis of channel slope, section, and 
planform. Riffles are not necessarily an appropriate restoration feature in excessively steep or low gradient, or 
excessively high bedload channels. Riffles are also not appropriate in bedrock controlled channels. 
 
5.1.1 Material Specifications 
 
Riffle materials are composed of angular or rounded quarry stone, or recycled alluvial materials in the project 
location. Limestone rock is the most common form of quarried or natural stone used for riffles. Angular 
limestone is traditionally referred to as riprap while rounded is commonly referred to as riverstone. High density 
granite and dolomite are also used but low density friable shale should not be used. Angular stone generally 
provides a greater degree of surface contact imbrication and stability versus rounded stone. Rounded stone, 
however, generally mimics the natural geology of alluvial watercourses. Angular stone can generally be sized 
smaller than rounded stone for given velocity and shear stress conditions. Riffles are commonly installed with a 
bedding or filter layer of smaller aggregate, and the overall gradation of riffle stone should be enhanced with an 
admixture of void filling gravel (Pit run) and smaller sediment, to prevent piping of flow. Bank areas adjacent to 
the riffle features are to be stabilized through the installation of a soil and stone mix wrapped over the bank face 
with a biodegradable erosion control blanket such as jute or coir matting. The matting is intended to provide 
enhanced and immediate stabilization on the newly constructed banks. 
 
5.2 Pools 
 
Constructed pools are designed to mimic natural scour features, generally on the outside of the bend, in a 
stream or river. They are mainly targeted as an integrated component of riffle-pool sequencing along a new 
natural channel design or a rehabilitated existing channel. Pools can also be the intended end result feature of 
constructed deflector structures. Pools provide primary habitat and refuge features for the various life stages of 
many fish species and aquatic invertebrates. Integrating pools with riffles and producing consecutive 
sequences provides natural attenuation of stream energy, towards a dynamic equilibrium of sediment load and 
flow regime. Pools need to be carefully designed to avoid undersizing which might be subject to additional 
erosion and bank migration. 
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5.2.1 Material Specifications 
 
Constructed pools in a true low gradient natural channel design are excavated in native material and reinforced 
by only the biotechnical protection of existing or planted vegetation. Pools can be enhanced by the placement 
of boulders and large woody debris habitat features for fish.  
 
5.3 Vegetated Riprap 
 
Vegetated riprap is used to protect and stabilize embankment soils from the erosive forces of flowing water and 
piping forces resulting from groundwater seepage.  A well designed vegetated riprap system should consist of 
the following: 
 

 A filter layer of gravel designed to prevent soil movement into or through the riprap layer, while 
allowing water to drain from the embankment; 

 A stone layer of appropriate gradation and thickness to resist the velocity and shear forces of the 
watercourse; 

 And a matrix of live, woody vegetation that reinforces sub-grade soils and helps lock the riprap in 
place 

 
When properly designed and installed, vegetated riprap is an effective method of erosion control where native 
soil conditions are subject to erosion under design flow conditions.  For the current design, vegetated riprap is 
applied to laterally expanding channel banks that are threatening or have the potential to threaten the sanitary 
sewer and/or personal property.  Properly graded vegetated riprap forms a flexible, self-healing cover, which 
can be easily repaired in localized areas. 
 
5.3.1 Material Specifications 
 

Filter Layer: The thickness of the filter should not be less than (10 cm) 4 inches. Generally, filters that are up to 
one half the thickness of the vegetated riprap layer are satisfactory. Aggregate filters should be designed to 
have higher porosity than the native soil face of the excavation, but less porosity than the gradation of the riprap 
face. Under no circumstances should geotextile fabric be used as a filter.  
 
Riprap: The gradation range or weight, and thickness, of stone for riprap should be based upon resistance of 
the design flow velocity and shear stress as determined through detailed study of channel conditions. 
 
Vegetation: For species, size and density of live dormant cuttings refer to the planting plan. Vegetation should 
be long enough to reach below the base of the riprap. At least 0.3 m (1 foot) should be exposed to sunlight. 
Live stakes should be kept covered and moist at all times and should be placed in cold storage if more than a 
few hours elapse between the cutting and replanting time. Live stakes should be cut from fresh, green, healthy, 
dormant parent plants, which are adapted to the site conditions whenever possible. Commonly used woody 
plants include willow shrubs, dogwood, and alder due to versatility, high growth rates, fibrous root systems, and 
high transpiration rates when in leaf. Bare root material can also be used, especially for the summer 
construction season outside of the spring and fall dormancy periods. Basal ends of live stakes or roots of bare 
root stock should be in contact with native or imported topsoil under the filter and riprap layer. Refer to the 
planting plan for specific species, sizes, and density. 
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5.4 Brush Layering 
 
Brush layers are live branch cuttings interspersed between layers of compacted soil in the face of a cut or fill 
slope, designed to provide stability and act as horizontal slope drains. Planting plans are used to guide 
restoration efforts such as this. Brush layering provides long-term durability and erosion control for banks, traps 
organic debris, and slows sheet flow thereby reducing erosion. Brush layers also stabilize deepseated stability 
problems and provide cover for wildlife. To improve their effectiveness, brush layers can be used in 
combination with rock toe protection and other restoration measures. Brush layering is usually more effective 
on fill slopes than cut slopes because branch length is not restricted by the depth to which benches can be dug. 
Cut brush layering should be limited to slopes of 1.5H:1V or less. 
 
5.4.1 Material Specifications 
 
Plant Material: Live branches should be cut from fresh, green, healthy, dormant parent plants which are 
adapted to the site conditions whenever possible. Live branches should be 3/8 to 1.5 inches in diameter and 
should be long enough so that 1/2 to 2/3 of the branch is in contact with the soil at the back of the terrace, 
bench, or gully while projecting slightly from the slope face or stream bank. Bare root stock can also be used in 
some circumstances. Commonly used woody plants for this measure include willow shrubs, dogwood, and 
alder due to versatility, high growth rates, fibrous root systems, and high transpiration rates. A mix of Sandbar 

Willow and Pussy Willow will be used. Live branch cuttings should be kept covered and moist at all times and 
should be placed in cold storage if more than a few hours elapse between the cutting and construction times. 
Live or inert stakes used for live gully repair should be sufficiently long to reach 3 feet into competent soil at the 
base of the slump or hole and soaked for 24 to 48 hours prior to installation. 
 
Topsoil: Topsoil shall be free of stones greater than 2 inches in diameter, subsoil, refuse or other extraneous 
material and be capable of sustaining healthy plant growth.  Topsoil that is in a frozen or muddy condition shall 
not be used. Topsoil may be imported (triple mix or approved equal) for the purpose of mixing with native soil at 
a ratio of 50:50, only if native soil consists of heavy clay subsoil with very little organic material.   
 
Plant Material: Live branches should be cut from fresh, green, healthy, dormant parent plants which are 
adapted to the site conditions whenever possible. Live branches should be 3/8 to 1.5 inches in diameter and 
should be long enough so that 1/2 to 2/3 of the branch is in contact with the soil at the back of the terrace, 
bench, or gully while projecting slightly from the slope face or stream bank. Bare root stock can also be used in 
some circumstances. Commonly used woody plants for this measure include willow shrubs, dogwood, and 
alder due to versatility, high growth rates, fibrous root systems, and high transpiration rates. A mix of Sandbar 
Willow and Pussy Willow will be used. Live branch cuttings should be kept covered and moist at all times and 
should be placed in cold storage if more than a few hours elapse between the cutting and construction times. 
Live or inert stakes used for live gully repair should be sufficiently long to reach 3 feet into competent soil at the 
base of the slump or hole and soaked for 24 to 48 hours prior to installation. 
 
Topsoil: Topsoil shall be free of stones greater than 2 inches in diameter, subsoil, refuse or other extraneous 
material and be capable of sustaining healthy plant growth. Topsoil that is in a frozen or muddy condition shall 
not be used. Topsoil may be imported (triple mix or approved equal) for the purpose of mixing with native soil at 
a ratio of 50:50, only if native soil consists of heavy clay subsoil with very little organic material. 
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6. Benefits of a Natural Channel Design 
 
In response to the Technical Memorandum issued by LGL Limited, dated February 2012, the following identifies 
the benefits of applying the above recommended channel enhancements and re-alignments upstream of 
Springhill Drive. The preferred alternative for the Class C Environmental Assessment identified a combination 
of replacement of the sewer in sections between Indian Road and Springhill Drive, and pipe lining south of 
Springhill Drive. The preferred alternative requires natural areas to be cleared for maintenance of the sewer 
and areas where the sewer requires protection.  
 
LGL Limited completed a field delineation of Ecological Land Classification polygons and identified 7 ELCs. The 
highest quality communities were situated within ELC unit 3, between Indian Road and Springhill Drive. 
Therefore it is particularly important to maintain as much of the existing vegetative cover through this area as 
possible. A comparison of the impacts to ecological communities from the construction of the preferred 
alternative identified in the EA and the pipelining and natural channel design options was completed and 
identified that the EA preferred alternative has slightly higher, long-term impacts to surrounding vegetation. 
 
The pipe lining and natural channel design option provides long-term benefit for the environment, infrastructure 
and private property along the Lornewood Creek corridor. By applying a natural channel design and providing 
bank and bed protection where the sewer is at risk of exposure or is already exposed will address the root 
cause of the issue. Lornewood Creek, upstream of Springhill Drive is in a state of active adjustment and is 
unstable with widening and degradation processes dominating the watercourse. Without addressing the issues 
occurring within the channel, the current processes will continue with the possibility that the newly aligned 
sewer could become re-exposed in the future. With channel enhancement, comes the mediation of widening 
and degradation processes that will reduce erosion and stabilize the system. A natural channel design will not 
only enhance and stabilize the watercourse but will also enhance aquatic and fish habitat by providing variable 
flow conditions, increase oxygen in the water and refugia for fish. The natural channel design option also allows 
for site specific and priority related responses that enhance and stabilize the channel with as little impact to the 
surrounding areas as possible. Incorporating a pipe lining will add to the protection provided by bank and bed 
treatments. 
 
Costs are low for the pipelining and natural channel design option, relative to the EA preferred alternative. In 
addition, if the channel was to be left unattended, as in the EA preferred alternative, the risk for additional tree 
loss increases into the future as the channel continues to erode and degrade. The loss of trees and vegetation 
is reduced by providing bank protection and reducing erosive forces when applying the natural channel design 
option. The LGL Limited Technical Memorandum identified that extent of impacts for the EA preferred 
alternative, and the pipe lining and natural channel design option were relatively similar, with the EA preferred 
alternative slightly higher. Where possible, when addressing concerns with infrastructure and watercourses, the 
best solution is to provide stability to the watercourse and protection to the infrastructure, while enhancing the 
channel as well as aquatic and fish habitat. 
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Design Elements Installation Guidelines 
And Typical Drawings 

 
 



1.1 Riffles 
 
Riffles are a key component to a properly functioning watercourse and are included throughout the design area.  The function of a riffle for the 
current design is to raise the bed gradient, protect the sanitary sewer where the depth of cover has been significantly reduced, and provide 
variable flow and aquatic habitat.  A concept drawing is provided in Figure 1 that illustrates the cross-sectional view of a riffle and provides 
some details on the proper construction including the appropriate mix of stone to be applied. 
 

 
Figure 1: Typical riffle construction and concept drawing for Lornewood Creek design area. 

Stone sizing mix of 
10cm to 40 cm 
Angular stone with a 
D50 of 25 



The recommended construction procedure for riffles is as follows: 
 

1. Excavation of the riffle base, below final grades, should be made in conformity with the 
specified design plans. 

2. The sub-grade cut should be inspected for bearing strength and if necessary machine 
compacted to a density approximating that of the surrounding undisturbed material. 

3. The filter layer should be placed immediately after preparation. The stone for granular 
filters should be spread in a uniform layer to the specified depth. Where more than one 
layer is specified, they should be spread such that there is minimal mixing. 

4. Riprap or riverstone should be systematically placed from the centre of the channel to 
the outer edges. Larger stones, as specified by the design gradation (i.e. 500 mm to 
616 mm), should be placed at the riffle crest as best as possible.  The stone should be 
placed with suitable equipment to produce a reasonably graded mass of stones. Stone 
should not be dropped from a height that causes damages to the bedding layer or 
causes impact segregation and sorting of stone sizes. Stone should be reasonably 
tamped in place with suitable equipment.  Infill void void reducing stone should be 
either mixed with the main gradation in advance of placement or should be spread on 
top of the placed stone.  Interstitial spaces should be filled with fine native materials to 
prevent through flow.  The final alignment of riffle stone should maintain a low flow 
path through the centre of the feature.  

5. Bank areas on either side of the riffle feature should be reconstructed to the design 
height and form using coir matting wrapped over soil and staked with inert stakes. The 
coir matting should be placed directly on top of riffle stone intended to be buried within 
bank and extend 0.50 m past the edge of the bank treatment. The specified soil/stone 
mix should then be applied on top of portion of coir mat and formed to create desired 
bank height and shape. Remaining coir protruding from under soil/stone mix, which 
has been left loose, shall be pulled taught over soil/stone mix back away from the 
channel until tight. The soil/stone mix and coir and inert stakes shall be driven through 
matting into soil/stone mix as specified to anchor matting sufficiently. 

6. Any excavation voids existing along the edges of the completed riffle should be 
backfilled and compacted to ensure all transitions are smooth. 

7. All remaining disturbed areas should be permanently stabilized in accordance with 
approved restoration and planting plans. 

 
1.2 Pools 
 
In combination with riffles, pools aid in providing a variable flow and good fish habitat.  The 
following outlines the recommended construction procedure for pools: 
 

1. Excavation for an unlined pool should be made in native materials, in conformity with 
the final grades shown on the design plans. 

2. The density and compactness of the native material excavation should be compared to 
surrounding material and any necessary compaction should be done with appropriate 
equipment. 



3. Pools constructed in dewatered conditions should be allowed to fill naturally with 
rainwater and groundwater to help balance pore water pressure and reduce slumping 
of the banks. 

4. Any excavation voids existing along the edges of the completed pool should be 
backfilled and compacted. 

5. All remaining disturbed areas should be permanently stabilized in accordance with 
approved restoration and planting plans. 

 
1.3 Vegetated Riprap 
 
Vegetated riprap is proposed for bank treatments throughout the Lornewood Creek study area.  
Figure 2 is a concept illustration of what a section of vegetated riprap should look like when 
applied to the banks.  Figure 3 illustrates the cross-sectional view of a vegetated riprap 
treatment and some specifications on how it should be constructed. 
 

 
Figure 2: Concept illustration of a vegetated riprap bank treatment overlain on a picture of Lornewood Creek. 



 
Figure 3: Cross-sectional view of a conceptual design of vegetated riprap treatments for Lornewood Creek. 
 
The recommended construction procedure for vegetated riprap is as follows: 
 

1. Excavation should be made in conformity with the existing stream slope and bed or as 
specified on the design plans. 

2. Sub-grade cut material should be compacted to a density approximating that of the 
surrounding undisturbed material. 

3. A toe trench should be cut to anchor or key in riprap at the stream bed to provide 
protection against undermining.   

4. The filter layer should be placed immediately after preparation.  The stone for granular 
filters should be spread in a uniform layer to the specified depth.  Where more than one 
layer is specified they should be spread such that there is minimal mixing.   

5. Riprap placement should begin at the toe.  Larger stones, as specified by the design 
gradation should be placed in the toe trench with 75% of the maximum stone diameter 
keyed into the channel bed.  Stone size may decrease from the bank toe to the top of 
the banks.  The riprap should be placed with suitable equipment to produce a 
reasonably graded mass of stones.  Stone should not be dropped from a height that 
causes damages to the filter layer or causes impact segregation and sorting of riprap 
sizes.  Stone should be reasonably tamped in place with suitable equipment. 

6. Any excavation voids existing along the edges of the completed slope and channel 
protection should be backfilled and compacted. 

7. Vegetated riprap should be installed in lifts ensuring plant material and soil mix is well 
protected by the stone. 

8. Live stakes and cuttings should be installed with the bark intact, side branches cleanly 
removed, and the basal ends angled end down and buds oriented up at a minimum 
angle of 10 degrees to the horizontal so that rooting will not be restricted.  All stakes 



should be positioned above the normal baseflow level.  Twenty percent of the live 
stake, and a minimum of two lateral buds should be exposed above the slope so that 
green, leafy shoots will readily grow. 

9. Stakes should be installed within and along the upper edge of the riprap face.  After the 
stakes have been inserted, additional topsoil should be tamped firmly around their 
bases as necessary. 

10. Successive stakes should be arranged in a random configuration.  Refer to planting 
plan for density. 

11. All remaining distributed areas should be permanently stabilized in accordance with 
approved restoration and planting plans 

 
1.4 Brush Layering 
 
In the current design brush layering is applied as a robust bank protection treatment and is 
similar to vegetated riprap.  The following outlines recommended construction procedures for 
brush layering: 
 
1. Brush layer installation should occur during periods of low flow beginning at the rivers edge. 
A stable base course comprised of topsoil and stone wrapped in coir cloth must first be 
constructed below the normal baseflow level according to detail provided in plan. 
Soils used to construct lifts should be seeded prior to wrapping of coir cloth. 
2.  Live cuttings should be placed on prepared earth lifts for fill brush layering or excavated 
terraces for cut brush layering, with 4” minimum of topsoil respectively.  Fill brush layers 
should be positioned on prepared earth lifts 7 to 17 feet in width, and cut brush layers should 
be arranged on trenches with a minimum width of 3 to 7 feet. The brush rows should be 
angled away from the contour on excessively wet sites, and the angle of the branches from the 
horizontal should range from 10 to 20 degrees; steeper for wetter soils and flatter for dry soils. 
3. Branches should be arranged in a crisscross fashion in 4 to 12-inch thick layers with their 
cut ends touching the back of the slope or gully. Live gully repair requires that the branch 
cuttings be arranged around wooden stakes. The wooden stakes should be spaced 1 to 1.5 
feet apart and driven a minimum of 2 to 3 feet into competent ground. 
4. A maximum of 25 percent of the brush layer should protrude from the slope face. 
5. Moist backfill should be lightly compacted on top of each layer of branches to eliminate air 
voids and provide an adequate soil/branch interface to initiate growth. Each layer of backfill 
should have a thickness of 6 to 12 inches. 
6. Subsequent rows of brush layers should be spaced as follows, though frequently wet and 
unstable slopes may require closer spacing: 
      Slope        Contour Spacing 

1.5:1 to 2:1  2 to 3 feet 
2:1 to 2.5:1  3 to 4 feet 
2.5:1 t0 3:1  4 to 6 feet 

   3:1 to 4:1   6 to 10 feet 
7. All disturbed areas should be permanently stabilized in accordance with approved 
restoration and planting plans. 
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Proposed Natural Channel Design  
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Stage 2 AA of Proposed Lornewood Creek Sanitary Sewer Improvements, Mississauga, RM of Peel i 

Executive Summary 
 

 

Archeoworks Inc. was retained by Associated Engineering to conduct a Stage 2 

archaeological assessment for proposed improvements to the Lornewood Creek Sanitary 

Sewer, located within parts of Lots 11, 22 and 23, Concession 2 South of Dundas Street, in 

the City of Mississauga, Regional Municipality of Peel, Ontario. The study area measures 

approximately 1.56 hectares in size. 

 

The Stage 1 archaeological assessment, conducted by Archeoworks Inc. in April of 2008, 

identified potential for the recovery of historic Euro-Canadian and Aboriginal archaeological 

remains within undisturbed portions of the study area.  Thus, it was recommended that a 

Stage 2 archaeological assessment be undertaken in all undisturbed locations.  

 

The Stage 2 archaeological assessment involved a test pit investigation, as well as the 

identification of disturbed locations, within the subject area limits.  Identified disturbances 

consisted of paved roadways, structures associated with the existing sewer line, and erosion 

control installations.  In addition, physiographic factors consisting of steeply sloping terrain 

and permanently wet areas were encountered.  Due to the low archaeological potential 

classification of these areas, a systematic survey was not warranted, nor undertaken, in these 

locations. 

 

The remainder of the subject area, consisting of areas of varied vegetation, was subjected to 

test-pit survey.  Despite careful scrutiny, no archaeological remains were encountered.   The 

entire study area can, therefore, be considered free from any further archaeological concern.  
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1.0 PROJECT CONTEXT 

 
1.1 Development Context 

 

Archeoworks Inc. was initially retained by Associated Engineering to conduct a Stage 1 

archaeological assessment (AA) in support of the Lornewood Creek Sanitary Sewer 

Improvements study, classified as a Schedule ‘C’ Municipal Class Environmental 

Assessment (EA) project by the Regional Municipality of Peel. The original study area 

covered parts of Lots 10-12 and 22-25, Concession 2 South of Dundas Street, and parts of 

Port Credit Town Lots 13-14, in the former Township of Toronto South, now City of 

Mississauga, Regional Municipality of Peel (see Appendix A – Map 1).  Following the 

recommendations set forth within the Stage 1 archaeological assessment report, 

Archeoworks Inc. was further retained by Associated Engineering to conduct a Stage 2 

archaeological assessment of the detailed design of the proposed sewer alignment to 

identify any archaeological material that may be present within the subject area limits, 

now only covering parts of Lots 11, 22 and 23, Concession 2 South of Dundas Street (see 

Map 1).  The current subject area, consisting of a ten metre-wide working area 

(easement) with its centreline following the proposed sewer alignment, measures 

approximately 1.56 hectares in size.   

 

The Stage 2 assessment, reported herein, was conducted under the project direction of 

Ms. Jessica Marr, in accordance with the Ontario Heritage Act (1990) under the 

archaeological consulting licence number P334.  Permission to review and assess the 

archaeological potential of the subject lands was granted on July 29
th

, 2010. 

 

1.2 Historical and Archaeological Context 

 

 1.2.1 Stage 1 AA Summary 

The pre-survey research, outlined in the “Stage 1 Archaeological Assessment (AA): 

Lornewood Creek Sanitary Sewer Improvements, Class EA, Part of Lots 10-14 and 22-

25, Concession 2 SDS, City of Mississauga, Regional Municipality of Peel, Ontario” 

(Archeoworks Inc., 2009) report, identified the potential for the recovery of historic Euro-

Canadian and Aboriginal archaeological resources within undisturbed portions of the 

overall study area.  The background research included a review of the Ministry of 

Tourism and Culture’s archaeological site database, which revealed that 20 

archaeological sites have been registered within a two-kilometre radius of the original 

study area (see Table 1).  The Stage 1 AA established high archaeological potential for 

the location and recovery of Aboriginal material within the study area limits due to the 

immediate proximity of Lornewood Creek, a secondary watercourse.  The determination 

of historic potential was based on a review of the 1877 Illustrated Historical Atlas of the 

County of Peel, which revealed that the part of the Toronto South Township (specifically 

Lots 10-12 and 22-25, Concession 2 south of Dundas Street; and Port Credit Town Lots 

13-14) where the original study area lies contained four historic structures owned by 

different individuals (see Table 2 and Map 2). In addition, the Hamilton & Toronto 

Railway corridor bisects the study area. As such, with the study area located within close 

proximity to a historic transportation route and an important water source, we found high 
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potential for locating historic Euro-Canadian archaeological resources within undisturbed 

locations of the study area limits. 

 
Table 1: Sites Within Two Kilometres of the Stage 1 AA Study Area 

Borden # Name Cultural Affiliation Type  

AjGv-1 Hare Archaic, Laurentian; Woodland, 

middle 

Campsite 

AjGv-3 Hogsback Undetermined Burial 

AjGv-4 Stillmeadow Undetermined Aboriginal Campsite 

AjGv-19 Gravel Pit Undetermined Aboriginal Campsite 

AjGv-10 Stavebank Undetermined Aboriginal Campsite 

AjGv-11 Port Street Undetermined Aboriginal Campsite 

AjGv-13 Fort Toronto Euro-Canadian Village 

AjGv-14 Mississauga Indian Village Euro-Canadian Village 

AjGv-15 River Flat Archaic, Laurentian Campsite 

AjGv-17 Nunan Undetermined Aboriginal Campsite 

AjGv-27 Maracle Woodland, middle, Pickering; 

Woodland, middle, Point Peninsula 

Campsite 

AjGv-30 Benares Euro-Canadian House 

AjGv-31 THFH 2 Woodland, early, Adena Findspot 

AjGv-32 Scott-O’Brien Woodland, middle, Pickering; 

Woodland, middle, Point Peninsula 

Campsite 

AjGv-46 - Undetermined Aboriginal Findspot 

AjGv-47 - Undetermined Aboriginal Findspot 

AjGv-48 - Undetermined Aboriginal Findspot 

AjGv-49 Klinker Archaic late Scatter 

AjGv-50 Atoka Woodland, early – middle Scatter 

AjGv-57 - Undetermined Aboriginal Burial 

 

Table 2: Historic Structures inside and within 100 m of the Stage 1 AA Study Limits 

Township Concession Lot Occupant/Owner Structures 

Toronto South 2 SDS 11 William Dennison 1 Historic structure 

Toronto South 2 SDS 22 William Dennison 1 Historic structure 

Toronto South 2 SDS 23 James Oliphant 1 Historic structure 

within 100 m 

Toronto South 2 SDS 24 Hugh Cotter 1 Historic structure 

 

1.2.2 Previous Archaeological Assessments 
Information received from the MTC confirmed that there were no available reports 

documenting previous archaeological fieldwork within or immediately adjacent (i.e., 

within 50 metres) to the current subject area. 

 

1.2.3 Past Land Conditions and Uses 
A review of historic maps, namely the 1859 Tremaine’s Map of the County of Peel and 

the 1877 Illustrated Historical Atlas of the County of Peel suggest that Lornewood Creek 

had changed its course, especially in its marshy lower reaches (see Maps 2 and 3). Where 

the creek now flows was not likely cleared of woodland growth since fairly old and big 

trees still stand throughout the length of the watercourse. The 1877 map also depicts that 

no portion of the current subject area, which follows the present-day course of 

Lornewood Creek, was marked as being cultivated. Two portions of the subject area have 
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remained within the right-of-way of two historic transportation routes: the road now 

known as Indian Road (first appearing in the 1877 map), and the Canadian Pacific 

Railroad (also appearing in the 1859 map). 

 

1.2.4 Current Land Conditions and Uses 
The current subject area, consisting of a ten metre-wide corridor along the proposed new 

sewer alignment and measuring a total of approximately 1.56 hectares, is situated entirely 

within a suburban setting in the lakeside area of the City of Mississauga (see Map 2). The 

subject area lies within the Iroquois Plain physiographic region of Ontario. The 

topography within the subject area limits can be described as varied due to the landscape 

being directly subject to effects of erosion caused by flowing water. The vegetation cover 

varies along the length of Lornewood Creek, but generally consists of moderately treed or 

shrubbed areas, with open grassland occurring in the floodplain immediately west of the 

railway corridor.  The soil is clay loam in many parts of the subject area, with sandier 

soils found closer to flowing water. 

 

1.2.5 Dates of Fieldwork 
The Stage 2 archaeological assessment of the study area, illustrated in Maps 4-9, was 

undertaken on May 13
th

, 2011.  The weather during the Stage 2 investigations was sunny 

with clear skies, with temperatures averaging 18
o
C.  The weather and lighting conditions 

during the Stage 2 investigation permitted good visibility of all parts of the study area and 

were conducive to the identification and recovery of archaeological resources.   

 

2.0 FIELD METHODS 

 

This field assessment was conducted in compliance with the 2011 Standards and 

Guidelines for Consultant Archaeologists (‘2011 S&G’), published by the MTC.  

Photographic images of the study area are presented within Appendix B.  Location and 

orientation information associated with all photographs taken in the field are provided 

within Maps 4-9.   

 

2.1 Identified Disturbances / Areas of Low Archaeological Potential 

 

Identified disturbances consisted of paved roadways, structures associated with the 

existing sewer line, and erosion control installations (see Appendix B, Images 3, 6, 8, 12, 

16).  Physiographic factors affecting archaeological potential included permanently wet 

areas (see Images 2, 4, 6-7, 9-11, 13-14, 16-18, 20) and steeply sloping terrain (see 

Images 2, 6-7, 12, 14, 16).  Due to the low archaeological potential classification of these 

areas (0.81 hectares – 52%), a systematic survey was not warranted, nor undertaken in 

these locations. 

 

The remainder of the study area was subjected to test-pit survey, described in Section 2.2 

below. 
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2.2 Test-pit Investigation 

 

Approximately 0.75 hectares (48%) of land, consisting of manicured grass lawns, 

wooded and shrubbed areas, and open grassland, was subjected to systematic test-pit 

survey, performed at standard five-metre intervals (see Images 1, 5, 10-11, 14-15, 19, 21-

23). Furthermore, test-pitting was conducted until the exposed test-pit profile revealed 

evidence of recent ground disturbance. Test-pit surveys are defined as excavating 

30x30cm units at set intervals on a grid pattern in areas requiring this form of assessment.  

A total of approximately 310 test-pits were excavated to depths of between 20-40 

centimetres, and the topsoil was screened through six-millimetre mesh in order to 

facilitate the recovery of artifacts.  All test-pits were examined for stratigraphy, cultural 

features and evidence of fill and were excavated into the first five centimetres of subsoil.  

All test-pits were backfilled.  

 

3.0 RECORD OF FINDS 

 

Despite careful scrutiny, no archaeological resources were encountered during the Stage 

2 AA of the study area. 

 

4.0 ANALYSIS AND CONCLUSIONS 
 

No archaeological sites were identified during the Stage 2 AA of the study area. 

 

5.0 RECOMMENDATIONS 

 

During the Stage 2 AA of the proposed improvements to the Lornewood Creek Sanitary 

Sewer, no archaeological resources were encountered.  As a result, it is recommended 

that: 

 

1. No further archaeological concern is warranted for those lands identified within 

this report as having been subjected to Stage 2 AA. 

 

The above recommendation is subject to MTC approval. No excavation activities shall 

take place within the study area prior to the MTC (Heritage Operations Unit) confirming 

in writing that all archaeological licensing and technical review requirements have been 

satisfied.  

 

6.0 ADVICE ON COMPLIANCE WITH LEGISLATION 

 

1. This report is submitted to the MTC as a condition of licensing in accordance with 

Part VI of the Ontario Heritage Act, R.S.O. 1990, c0.18. The report is reviewed to 

ensure that it complies with the standards and guidelines that are issued by the 

Minister, and that the archaeological fieldwork and report recommendations 

ensure the conservation, protection and preservation of the cultural heritage of 

Ontario. When all matters relating to archaeological sites within the project area 

of a development proposal have been addressed to the satisfaction of the Ministry 

of Tourism and Culture, a letter will be issued by the ministry stating that there 
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are no further concerns with regard to alterations to archaeological sites by the 

proposed development. 

 

2. It is an offence under Sections 48 and 69 of the Ontario Heritage Act for any 

party other than a licensed archaeologist to make any alteration to a known 

archaeological site or to remove any artifact or other physical evidence of past 

human use or activity from the site, until such time as a licensed archaeologist has 

completed archaeological fieldwork on the site, submitted a report to the Minister 

stating that the site has no further cultural heritage value or interest, and the report 

has been filed in the Ontario Public Register of Archaeology Reports referred to 

in Section 65.1 of the Ontario Heritage Act. 

 

3. Should previously undocumented archaeological resources be discovered, they 

may be a new archaeological site and therefore subject to Section 48 (1) of the 

Ontario Heritage Act. The proponent or person discovering the archaeological 

resources must cease alteration of the site immediately and engage a licensed 

consultant archaeologist to carry out archaeological fieldwork, in compliance with 

Section 48 (1) of the Ontario Heritage Act. 

 

4. The Cemeteries Act, R.S.O. 1990 c. C.4 and the Funeral, Burial and Cremation 

Services Act, 2002, S.O. 2002, c.33 (when proclaimed in force) require that any 

person discovering human remains must notify the police or coroner and the 

Registrar of Cemeteries at the Ministry of Consumer Services. 

 

Under Section 6 of Regulation 881 of the Ontario Heritage Act, Archeoworks Inc. will, 

“keep in safekeeping all objects of archaeological significance that are found under the 

authority of the licence and all field records that are made in the course of the work 

authorized by the licence, except where the objects and records are donated to Her 

Majesty the Queen in right of Ontario or are directed to be deposited in a public 

institution under subsection 66 (1) of the Act.”  
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APPENDIX A: MAPS 

 
Map 1: National Topographical System Map (1994) Identifying Study Area Limits of Stage 1 AA, and Location of Stage 2 AA Subject Area. 
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Map 2: Stage 1 AA Study Area Limits and Stage 2 Subject Area within the 1877 Historical Atlas of the County of Peel 
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Map 3: Stage 2 Subject Area within the 1859 Tremaine’s Map of the County of Peel. Note the historic course of Lornewood Creek. 
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Map 4: Stage 2 Subject Area, section from western terminus (western edge of Trans-Northern Pipelines easement) to STA 0+280. 
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Map 5: Stage 2 Subject Area, section from STA 0+280 to STA 0+560. 
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Map 6: Stage 2 Subject Area, section from STA 0+560 to STA 0+840. 
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Map 7: Stage 2 Subject Area, section from STA 0+840 to STA 1+120. 
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Map 8: Stage 2 Subject Area, section from STA 1+120 to STA 1+400. 
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Map 9: Stage 2 Subject Area, section from STA 1+400 to eastern terminus (Queen Street East median). 
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APPENDIX B: IMAGES 

 

 
Image 1: Looking southwest at test pit survey at 5m 

intervals. 
 

 
Image 2: Looking northeast at watercourse and sloping 

banks. 

 
Image 3: Looking at existing sewer line manhole. 

 
Image 4: Looking at permanently wet ground conditions. 
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Image 5: Looking southwest at test pit survey at 5m intervals. 

 

 
Image 6: Looking northeast at permanently wet areas, steep 

embankment and Indian Road. 

 

 
Image 7: Looking southeast at steeply sloping bank and watercourse. 

 
Image 8: Looking southwest at gabion baskets for erosion control. 
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Image 9: Looking at permanently wet ground conditions. 

 

 
Image 10: Looking southeast at watercourse and level grassed area. 

 

 
Image 11: Looking at northwest at watercourse, sandy bank, and test 

pit survey within flat grassed area. 

 
Image 12: Looking northeast at steeply sloping terrain and existing 

sewer manhole. 
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Image 13: Looking at permanently wet ground conditions. 

 

 
Image 14: Looking northeast at test-pit survey at 5m intervals, sloping 

bank and watercourse. 

 

 
Image 15: Looking southwest at test pit survey at 5m intervals. 

 
Image 16: Looking at watercourse, steeply sloping banks, retaining 

walls and wooden bridge. 
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Image 17: Looking southwest at permanently wet ground conditions. 

 

 
Image 18: Looking at permanently wet ground conditions in the flood 

plain west of the railroad corridor. 

 

 
Image 19: Looking northeast at a dryer portion of the floodplain. 

 
Image 20: Looking at permanently wet area within the floodplain. 
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Image 21: Looking southeast at steep bank, watercourse, and test pit 

survey at 5m intervals. 

 

 
Image 22: Looking southwest at mixed vegetation on level ground. 

 

 
Image 23: Looking southeast at test pit survey at 5m intervals. 
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APPENDIX C: ENGINEERING DRAWINGS  
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APPENDIX D: INVENTORY OF DOCUMENTARY AND MATERIAL 
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Document/ Material Location Comments 
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safekeeping all objects of archaeological significance that are found under the authority of the 

licence and all field records that are made in the course of the work authorized by the licence, 

except where the objects and records are donated to Her Majesty the Queen in right of Ontario or 

are directed to be deposited in a public institution under subsection 66 (1) of the Act.” 
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EXISTING CHANNEL
BED DOWNSTREAM OF
PROPOSED CHANNEL

REALIGNMENT

SHOAL (TYP.)

RIFFLE (TYP.)

XS
: 5

XS
: 6

XS
: 7

XS
: 8

300mmØ SANITARY SEWER PIPE TO
BE CAPPED WITH A MINIMUM 0.15m

OF GRANULAR 'A' MATERIAL

BLEND PROPOSED BANKFULL
WITH EXISTING DOWNSTREAM

OF REALIGNMENT

RIFFLE STONE SIZE
DISTRIBUTION

D84=400m
D50=300mm
D16=230mm

BLEND PROPOSED POOL WITH
EXISTING POOL AT DOWNSTREAM

END OF REALIGNMENT

N
FLOW

GENERAL CONSTRUCTION NOTES

1. ALL MEASUREMENTS FOR THIS PROJECT ARE IN

METRES AND/OR MILLIMETRES UNLESS OTHERWISE

INDICATED. ELEVATIONS ARE RELATIVE.

2. THE CONTRACTOR SHALL BE RESPONSIBLE FOR

ALL LAYOUT, SURVEY AND LOCATION OF UTILITIES.

3. DURING CONSTRUCTION ALL VEGETATION AND

STRUCTURES ADJACENT TO THE WORK SHALL BE

PROTECTED, ALL DAMAGE SHALL BE RESTORED TO

ORIGINAL CONDITION AT THE EXPENSE OF THE

CONTRACTOR.

4. SURPLUS AND WASTE MATERIAL IS NOT TO BE

STORED IN CHANNEL AREA OVERNIGHT IN CASE OF

HIGH FLOW EVENT.

5. ALL GENERAL BACKFILL TO BE APPROVED

MATERIAL COMPACTED TO 85% STANDARD

PROCTOR DENSITY. DUE TO POTENTIAL GROUND

WATER CONCERNS A FILTER LAYER OF GRAVEL

AND SANDS MAY BE REQUIRED AS A BASE FOR

BACKFILL AS DIRECTED BY THE DESIGNER IN THE

FIELD.

6. ALL EXCESS TOPSOIL TO BE DISPOSED OFF SITE.

7. THE CONTRACTOR SHALL MAINTAIN ALL SILTATION

CONTROLS ON A REGULAR BASIS THROUGHOUT

THE CONSTRUCTION OF THE PROJECT.

8. CONSTRUCTION ACCESS TO BE RESTORED TO

ORIGINAL CONDITION AT COMPLETION OF 

PROJECT.

9. ALL EQUIPMENT RE-FUELLING TO BE COMPLETED IN

DESIGNATED AREAS ONLY.

10. IT WILL BE THE RESPONSIBILITY OF THE

CONTRACTOR:

a.  TO REMOVE ALL CONSTRUCTION DEBRIS FROM

WORK SITE AT THE COMPLETION OF THE WORK.

b.  TO REMOVE ALL TEMPORARY EROSION

CONTROL MEASURES BOTH ON THE FLOOD PLAIN

AND IN THE CHANNEL  AFTER THE CHANNEL AND

FLOODPLAIN IS STABILIZED OR BY DIRECTION OF

THE DESIGNER.

11. WORK WILL NOT BE CONSIDERED COMPLETE UNTIL

SIGNED OFF BY THE

DESIGNER/GEOMORPHOLOGIST.

PROPOSED CHANNEL BANKFULL

BLEND PROPOSED CHANNEL
WITH EXISTING BANKFULL

FILL EXISTING CHANNEL
WITH NATIVE MATERIAL

PROPOSED CHANNEL THAWLEG

PROPOSED RIFFLE

PROPOSED POOL

EXISTING 300mmØ
BURIED SANITARY SEWER

EXISTING THAWLEG
DOWNSTREAM OF PROPOSED
CHANNEL REALIGNMENT

EXISTING SANITARY SEWER
MANHOLE STRUCTURE

700 SERIES COIR MATTING
BANK TREATMENT

PROPOSED SHOAL

EXISTING TREE

IN
D

IA
N

 R
O

AD

APPROXIMATE GRADING LIMIT

APPROXIMATE GRADING LIMIT

FLOWSANITARY SEWER
MANHOLE STRUCTURE

SANITARY SEWER
MANHOLE STRUCTURE

FILL EXISTING CHANNEL
WITH NATIVE MATERIAL

DECOMMISSIONED SANITARY
SEWER MANHOLE STRUCTURE



TYPICAL RIFFLE CROSS SECTION TYPICAL POOL CROSS SECTION

5.25m

0.70m
1.5:1

TYPICAL SHOAL CROSS SECTION

TYPICAL CHANNEL CROSS SECTIONS

0.40m
0.25m

0.05m

2.63m
1.44m

0.60m

1.5:1

5.25m
2.63m

1.14m
0.60m

0.55m

5.25m

0.70m
1.5:1

TYPICAL TRANSITION CROSS SECTION

0.40m
0.25m

0.05m

2.63m
1.44m

0.60m

1.5:10.40m

0.05m 0.10m

1.5:11.5:1

5.25m

1.5:1 2:1

2.40m1.05m1.80m
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XS2  0+035.53
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5.25m

BANKFULL

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

1.00m

0.80m

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

5.25m

5.25m

5.25m

BANKFULL

BANKFULL

BANKFULL

0.50m

0.50m

0.50m

2%

2%

2%

2%

2%

12.54m

14.36m 10.49m

12.88m

0.75m

1.20m

1.5:11.5:1

1.5:1

1.5:11.5:1

1.5:1

0.55m

0.55m

2:1

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

700 SERIES COIR MATTING TO BE
WRAPPED 1.00m UNDER BANK

RIFFLE STONE TO EXTEND
0.10m UP FROM TOE OF BANK

0.10m

2:1

GRADE TO EXISTING
AT 2:1 SLOPE

RIFFLE STONE TO EXTEND
UNDER BANK 1.00m

300mmØ SANITARY SEWER PIPE TO BE
CAPPED BY HAND WITH MINIMUM
0.15m GRANULAR 'A' AND COVERED
WITH A MINIMUM 0.30m STONE

PROPOSED RIFFLE

RIFFLE STONE DEPTH TO
BE 0.80m AT RIFFLE CREST

700 SERIES COIR MATTING TO BE
WRAPPED 0.50m UNDER BANK

VOIDS IN RIFFLE STONE TO BE FILLED
WITH LOCAL NATIVE MATERIAL

RIFFLE STONE TO EXTEND
UNDER BANK 1.00m

PROPOSED RIFFLE

RIFFLE STONE DEPTH TO
BE 0.80m AT RIFFLE CREST

700 SERIES COIR MATTING TO BE
WRAPPED 0.50m UNDER BANK

VOIDS IN RIFFLE STONE TO BE FILLED
WITH LOCAL NATIVE MATERIAL

300mmØ SANITARY SEWER PIPE TO BE
CAPPED BY HAND WITH MINIMUM
0.15m GRANULAR 'A' AND COVERED
WITH A MINIMUM 0.30m STONE

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

1.00m

1.20m

2:1

GRADE TO EXISTING AT 2:1
SLOPE FROM BANKFULL

0.50m

RIFFLE STONE TO EXTEND
UNDER BANK 0.50m

PROPOSED POOL

PROPOSED VEGETATED
PROTECTION STONE

1.00m

300mmØ SANITARY SEWER PIPE

EXISTING GROUND EXISTING GROUND

EXISTING GROUND

EXISTING GROUND

700 SERIES COIR MATTING TO
BE INSTALLED ON BANKS

1.00m

PROPOSED POOL

2.90m

300mmØ SANITARY SEWER PIPE

GRADE TO EXISTING AT 2:1
SLOPE FROM BANKFULL

VEGETATED PROTECTION STONE

RIFFLE STONE SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

VEGETATED PROTECTION STONE
SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

RIFFLE STONE SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

VEGETATED PROTECTION STONE
SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

VEGETATED PROTECTION STONE
SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

ALL EXPOSED BANKS AND
GRADED AREAS TO BE

STABILIZED AND SEEDED

700 SERIES COIR MATTING TO BE
WRAPPED A MINIMUM 0.50m
OVER BANK AND STAKED

700 SERIES COIR MATTING TO BE
WRAPPED A MINIMUM 0.50m
OVER BANK AND STAKED

700 SERIES COIR MATTING TO BE
WRAPPED A MINIMUM 0.50m
OVER BANK AND STAKED

FILL EXISTING CHANNEL
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1.00m

0.80m

5.25m

BANKFULL

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

PROPOSED CUT

PROPOSED FILL

VEGETATED PROTECTION STONE

RIFFLE STONE

5.25m

5.25m

5.25m

BANKFULL

BANKFULL

1.00m

0.50m

0.50m

0.50m

2%

2%

2%

2%2%

0.50m

15.84m

12.71m

8.29m

12.06m

1.5:11.5:1

1.5:11.5:1

1.5:11.5:1

1.5:1

0.70m

0.70m

0.70m

0.55m

2:1

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

RIFFLE STONE TO EXTEND
0.10m UP FROM TOE OF BANK

0.10m

RIFFLE STONE TO EXTEND
0.10m UP FROM TOE OF BANK

0.25m

EXISTING 300mmØ
SANITARY PIPE

0.65m

BANKFULL

EXISTING GROUND

RIFFLE STONE TO EXTEND
UNDER BANK 1.00m

PROPOSED RIFFLE

RIFFLE STONE DEPTH TO
BE 0.80m AT RIFFLE CREST

700 SERIES COIR MATTING TO BE
WRAPPED 0.50m UNDER BANK

VOIDS IN RIFFLE STONE TO BE FILLED
WITH LOCAL NATIVE MATERIAL

300mmØ SANITARY SEWER PIPE TO BE
CAPPED BY HAND WITH MINIMUM

0.15m GRANULAR 'A' AND COVERED
WITH A MINIMUM 0.30m STONE

EXISTING GROUND

PROPOSED POOL

EXISTING 300mmØ
SANITARY PIPE

PROPOSED TRANSITION

RIFFLE STONE SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

VEGETATED PROTECTION STONE
SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

RIFFLE STONE SIZE DISTRIBUTION

D84=400mm
D50=300mm
D16=230mm

700 SERIES COIR MATTING TO BE
WRAPPED 1.00m UNDER BANK

ALL EXPOSED BANKS AND
GRADED AREAS TO BE

STABILIZED AND SEEDED

700 SERIES COIR MATTING TO BE
WRAPPED 1.00m UNDER BANK

GRADE TO EXISTING AT 2:1
SLOPE FROM BANKFULL

GRADE TO EXISTING AT 2%
SLOPE FROM BANKFULL

EXISTING GROUND
700 SERIES COIR MATTING TO BE
WRAPPED A MINIMUM 0.50m
OVER BANK AND STAKED

700 SERIES COIR MATTING TO BE
WRAPPED A MINIMUM 0.50m
OVER BANK AND STAKED

700 SERIES COIR MATTING TO BE
WRAPPED A MINIMUM 0.50m
OVER BANK AND STAKED

700 SERIES COIR MATTING TO BE
WRAPPED A MINIMUM 0.50m
OVER BANK AND STAKED

EXISTING 300mmØ
SANITARY PIPE

EXISTING GROUND

EXISTING CHANNEL BED

TYPICAL RIFFLE CROSS SECTION TYPICAL POOL CROSS SECTION

5.25m

0.70m
1.5:1

TYPICAL SHOAL CROSS SECTION

TYPICAL CHANNEL CROSS SECTIONS

0.40m
0.25m

0.05m

2.63m
1.44m

0.60m

1.5:1

5.25m
2.63m

1.14m
0.60m

0.55m

5.25m

0.70m
1.5:1

TYPICAL TRANSITION CROSS SECTION

0.40m
0.25m

0.05m

2.63m
1.44m

0.60m

1.5:10.40m

0.05m 0.10m

1.5:11.5:1

5.25m

1.5:1 2:1

2.40m1.05m1.80m

1.20m
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NOTICE OF ADDENDUM TO ESR 
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