NORTH DELTA
RAVINES ISMP




North Delta Ravines ISMP

October 2014
KWL File No. 323.073

Submitted by:

— |
an KERR WOOD LEIDAL
consulting engineers

Page 203 of 769



CORPORATION OF DELTA

k_" North Delta Ravines ISMP
m Final Report

I October 2014
Contents

EXecutive SUMMACY ... i
1. INErOdUCEION. ... e 11
1.1 L Lo T:T L= T Lo B @ T o 1= o2 £SO 11
1.2 ISMP K@Y ISSUES .....ueiiiiiisiiiie it s s b e s s e s ea R e e e s ae e e e R aE e e b ean e s ae e s nenan 1-2
1.3 KST 2] o T=N o3 7 =T=Y T | 4] 4 0= o PR 1-4
14 Stakeholder Consultation Program.........cccccueiiminimismcnnirssssnsss s e sssssssse s 1-4
1.5 Stormwater and Drainage Criteria........ccccuiciioiiiiiiiirr e mne e s e mnns 1-5
2, North Delta Ravines Area Watershed............cccciiiiiiiiiiini s 241
21 Background Material........ccocomeeiiiiiiiri s 241
2.2 [ = 11 4 B T TS L A=Y o) 21
23 Land Use ASSESSMENT ........ccciiiiiiiiiir s s 2-3
24 Recreation and Education ASSE@SSMENT..........coo i 2-4
25 Environmental Inventory and ASSESSMENt ........ccccueeiiiiiiiiininnir s 2-6
2.6 Geotechnical ASSESSIMENT .........ceiiiiiiiirrirc e e e s s e e e e e s s smn e e e ee s s smns e e sasssnmneeees s s nneaesssnnnnnnns 2-8
3. Watershed ANalySis.......oooceeeiiiiiiiiircccsr s s s s e r e s e s e e e eees 31
31 Hydrologic/Hydraulic MOAEIS..........ccccerreimiriinienisierissesssssesssssse s ssns s sns s n s s smn e sssnne s sssnnsssssnessssnnesen 31
3.2 Results of Hydrologic/Hydraulic Modelling.........ccccciiiieminienieseress s 341
3.3 Watershed Health Tracking SyStem ........cccciicciiiiiiicrir e e 3-6
4. Mitigation Alternatives ..o ——————— 41
41 Lo To [T 1 o N 41
4.2 Required Hydrotechnical Upgrades..........cccoeiiiiinisiniisi s s s 4-1
4.3 Mitigate Impacts of Future Development........ .. 4-1
4.4 Improve Watershed Health ...t 4-2
4.5 Evaluation of Potential Projects ........ccccoiiiiniieiiir s 4-4
5. Proposed North Delta Ravines ISMP.......... i 5-1
5.1 0T [T 1 o N 5-1
5.2 Required Hydrotechnical Improvements..........ccoomiiiiiiiiiie e 5-1
5.3 Water Quality Treatment.........ccooiiiiiiiiri e 5-4
5.4 Volumetric Reduction to Mitigate Frequently Occurring Flows and Sustain Baseflows .............. 5-5
5.5 Flow Rate Control to Meet DFO Guidelines, and Delta and Surrey Bylaws..........cccccceiiieiiinennnes 5-6
5.6 LR 0= 1 F= T T 2 e (=Y o2 4 o) o OSSR PPRR 5-6
5.7 Restoration and Enhancement for FiSh ... e s sssr e e mr e 5-7
5.8 Public Access and EAUCAtiON .........ccceiriiiiiiiniir e 5-7
5.9 Further Studies, Recommendations, and Monitoring Programs ............cccceeriomrrnerinsennseseessssneennes 5-8
5.10 Stakeholder FEEADACK ........cccccceirriiicieireersssser s e esssssssr e e s s s ssssnes e s s sssssnnne s sesssssnneessnsssnnenesssnsssnnensennasnnnnes 5-10
5.11 Capital Cost Estimates and FUNAiNg.........cccooiiiiiiiieee e 5-12
6. Summary and Recommendations ..........ccccceiiiiniiineessinn e 6-1
6.1 R0 40T - 1 P 6-1
6.2 LYo oY 415071 4 Lo F- 1o o 1= 6-4
7. Report SUbMISSION ... —————— 71

KERR WOOD LEIDAL ASSOCIATES LTD.

323.073-300

Page 204 of 769



kw|

CORPORATION OF DELTA
North Delta Ravines ISMP
Final Report

October 2014
Figures (At End of Sections)
Figure 1-1: 2010 Air Photo of Study Area
Figure 2-1: Culvert, Outfall and Obstruction Inventory
Figure 2-2: Erosion Inventory
Figure 2-3: Existing Land Use
Figure 2-4: Future Land Use (OCP)
Figure 2-5: Existing Riparian Corridors and Representative Reaches
Figure 2-6: Sampling Site Locations
Figure 2-7: Soils Map
Figure 3-1: Minor Storm Sewer Assessment
Figure 3-2: Major Storm Sewer Assessment
Figure 3-3: Watershed Health Tracking System for Existing and Future Conditions
Figure 4-1: Proposed Hydrotechnical Upgrades
Figure 4-2: Watershed Health Improvement Alternatives
Figure 4-3: WHTS for Improvement Alternatives
Figure 5-1: Proposed Short Term Projects
Figure 5-2: Proposed Medium Term Projects
Figure 5-3: Proposed Long Term Projects
Tables
Table 1-1: Engineering Work Program...........ceeeeeiiemmeissis s ssssssss s s sssssssss s s sssssssss s ssssssnsnns 14
Table 1-2: Summary of Stormwater and Environmental Criteria..........ccccveriiiiiririemnrceeeeere e 1-5
Table 2-1: Summary of Background Material ... 21
Table 2-2: Summary of Observed Severe Erosion Sites.........ccccciiiiiiniiiin s 2-3
Table 2-3: Summary of Observed Major Channel Obstructions..........ccccoiciiiiiiiiccnri s 2-3
Table 2-4: EXiSting LanNd USe ........coeiiiiiiiiiiiiiiies i s s s amn e s s snnnnns 2-4
Table 2-5: Existing and Future Total ImMpervious Areas..........ccccuceecmerrriniisssmrrrisssssssee s sssssssss s s ssssssmssssssssnnnes 2-4
Table 2-6: North Delta Ravine Recreation Potential Evaluation...........ccccocvimmiiiniiincceeeeenne 2-11
Table 3-1: Flows at Strategic Locations for Existing Land Use ...........cccceniiminemnnnnnsnnnsnssisnessessse e 3-2
Table 3-2: Flows at Strategic Locations for Future Land USe .........cccccceiiiiiminiimnncseensseree e 3-2
Table 3-3: Existing Land Use Unit Peak FIOW COMPAriSON ........coocoiiiiiiiiiisneiriecccsesee e s s ssmee s s snnees 3-3
Table 3-4: Water Levels at Strategic Locations for Existing Land UsSe ........ccccccciiimmrinmrnnnsrnnssseesssee e 3-3
Table 3-5: Water Levels at Strategic Locations for Future Land Use...........cccooiiiiiiiricccceee s 3-4
Table 3-6: Measured and Predicted B-IBl SCOIeS .......c..ccuutmmnmmnsminsninsmnnns s s s ssssssssssnes 3-6
Table 4-1: Issues and Improvement AIRErnatives..........cco i 4-5
Table 5-1: ISMP Class D Capital Cost Estimate ............cccociimiiiiiiniiie s 5-2
Table 5-2: Medium Term Hydrotechnical IMprovements ..o 5-3
Table 5-3: Long Term Hydrotechnical IMprovements ... e 5-4
Table 5-4: North Delta Ravines Watershed Adaptive Management Indicators ..........cccccvmeriiniiinnnninnsiinnens 5-9
Table 5-5: Watershed Improvement Options as Ranked by Stakeholders..........ccccocmiiiiiiiiiiiiincicneinnnnne 5-10

KERR WOOD LEIDAL ASSOCIATES LTD.

323.073-300

Page 205 of 769



CORPORATION OF DELTA

North Delta Ravines ISMP
m Final Report
October 2014

Appendices

Appendix A: Drainage Inventory

Appendix B: Land Use

Appendix C: Environmental Inventory and Assessment

Appendix D: Geotechnical Report

Appendix E: Modelling and Assessment

Appendix F: Measures to Mitigate Environmental Hydrologic Impacts of Development
Appendix G: Capital Cost Estimates

KERR WOOD LEIDAL ASSOCIATES LTD.

323.073-300

Page 206 of 769



CORPORATION OF DELTA

North Delta Ravines ISMP
l“‘ Final Report
October 2014

Executive Summary

The Corporation of Delta (Delta) initiated an Integrated Stormwater Management Plan (ISMP) for the North
Delta Ravines area, generally bounded by 80 Avenue, Highway 91, Scott Road, and the Fraser River. This area
includes a number of watersheds totaling approximately 802 ha in size. A small portion of the study area is
within the City of Surrey.

The study area is largely urbanized with many steep sloped ravine areas. The study area includes Sunbury
(Main) Creek, Nelson View Creek, McAdam Creek, Collings Creek, Norum Creek, Gunderson Creek, Knudson
Creek, Kendale Creek, Shadow Brook Creek, Regal Drive Creek, Delta Creek, and Colliers Creek. The area
drains generally south to north, via storm sewers and creeks that drain to the Fraser River

The Delta Official Community Plans (OCPs) show minimal new development areas; however, redevelopment
densification is expected. There are valuable environmental resources within the creek system, and riparian
corridors are strong in the ravine areas.

Key Issues in Watershed

Delta identified a number of key issues in North Delta Ravines area. The field investigation program expanded
and confirmed the key issues. Table i summarizes the key issues that were addressed in the ISMP.

Table i: Summary of Key Issues
Key Issues

Effectiveness of existing hydraulic structures;

Projecting storm outfalls causing flow and erosion on side slopes;
Poor condition of some railway culverts;

Erosion in the creek channels;

Ravine instabilities and hazards;

Fish passage barriers; and

Limited fish habitat.

The Integrated Stormwater Management Plan for the North Delta Ravines
Watershed

The North Delta Ravines ISMP strives to resolve the above issues through the following strategies:
e Culvert capacity assessment and upgrade program;

e  Major and minor storm sewer system assessment and upgrade program;

e Erosion assessment and stabilization projects;

e Ravine stability assessment and proposed future detailed investigations;

e Fish habitat and passage improvements;

e Water quality monitoring program and improvements;

e Improve water quality form non-point sources through the medium and long term implementation of
stormwater source controls; and

e Mitigate hydrologic impacts from future development through source controls and stormwater bylaws.
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To measure and track the levels and changes in the health of a watershed, and to provide accountability to the
ISMP, a suite of performance parameters has been developed that match the key issues identified above.
Table ii lists the parameters or ‘indicators” that should be measured and tracked over time.

The proposed schedule for review of the watershed health indicators should be once every five years. ltis
suggested that indicators be measure every two years.

Table ii: North Delta Ravines Watershed Adaptive Management Indicators
Performance Indicator

Method of Analysis

2012

2017

1 Total Impervious Area GIS Analysis of Aerial Photos and 48% Small increase expected
’ (% of Watershed Area) Assessment Data ° due to development
2 Effective Impervious Area |Estimated from surface cover type |Flow monitoring required |decrease when source
’ (% of Watershed Area) and source controls implemented |to quantify controls implemented
3. ?Apg;';?pgﬂgsi'_lg;e)gmy GIS Analysis of Aerial Photos 68% Same or Increase
4. }/;agirs\?:tirzz;%s;?::f " lais Analysis of Aerial Photos 13% Same or Increase
(v]
5. Benthic Invertebrates B-IBI scores based on methods mean = 18.0 18
used in this study
7 of 11 streams support
6. Fish Populations SFPR environmental impact cutthroat Trout Confirm Data
assessment Three support coho
Salmon
Several culverts need to
7 Fi . SFPR environmental impact Full Barriers 5+ be re-assessed
. ish Passage Barriers . - .
assessment Partial Barriers 10 Progressive Removal of
Non-natural Barriers
o Field Measurement (during Range: 9.9-14.1
8.  |Water Temperature (°C) October) Mean: 11.0 Same or Decrease
9 Dissolved Oxygen Field Measurement (during Range: 11.0-14.3 Same or Increase
’ (DO, mg/L) October) Mean: 12.8
Field Measurement (during Range: 7.05 - 8.08 Same or Trend Toward
10 |Water pH October) Mean: 7.71 Neutral
. Field Measurement (during Range: 63 — 302
11. |Water Conductivity (uS) October) Mean: 192 Same or Decrease
- Field Measurement (during Range: 0.2-785.2
12. |Turbidity (NTU) October) Mean: 51.0 Same or Decrease
Water Quality Fecal Field Measurement (during Range: 57.2-108
13- |Coliforms (MPN/100mL)  |October) Mean: 91.5 Same (< 200)
14. |Sediment Quality Metals in sediment See Section 2.4 Same or Decrease
Field Assessment and Designation
15. |No. of Erosion Sites as Low, Medium, or High Severity |See Table 2-2 Same or Decrease
and Consequence
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1. Introduction

The Corporation of Delta (Delta) initiated an Integrated Stormwater Management Plan (ISMP) for the
North Delta Ravines area, generally bounded by 80 Avenue, Highway 91, Scott Road, and the Fraser
River, includes a number of watersheds totaling approximately 802 ha in size. A small portion of the
study area is within the City of Surrey. Drainage of the area is generally south to north, via storm
sewers and creeks that drain to the Fraser River. The study area is shown in Figure 1-1.

The study area comprises several existing land uses, primarily residential. The North Delta Ravines
area is not currently expected to see significant development in the future, as the area is already largely
built-out, however densification and redevelopment may be likely.

This report fulfills the goals of the ISMP process by:
e documenting the existing condition of the drainage system and the ecological health of the watershed;

o defining how development can proceed with minimal effects on flooding, erosion, water quality, and
ecological health;

e identifying required remedial and new capital work items; and

e providing a sustainable plan with minimal operational and maintenance costs.

The ISMP process strives to preserve watershed health as a whole, while meeting community needs
and allowing development and redevelopment to occur. It allows for trade-offs so that environmental

losses in one area within a watershed can be offset by gains in others, thereby meeting the regulatory
guiding principle of no-net-loss.

1.1 Goals and Objectives

The goal of the North Delta Ravines ISMP is to develop a comprehensive plan that will seek to improve
the overall watershed system by minimizing the risk of flooding, preserving aquatic and riparian habitats,
and developing effective and affordable watercourse improvements.

Delta has developed the following objectives for this study:
e Meet the Ministry of Environment’s criteria for ISMP acceptance;

e Compose a future vision for the study area that marries the interests of Engineering, Planning,
Environment and Recreation;

e Prepare a comprehensive inventory of the study area including confirmation of its boundaries;

o Identify any deficient drainage infrastructure to minimize risks to life and property damage
by flooding;

e Quantify the overall health and natural features of the study area;

e Protect watercourses and aquatic life;

e Prevent pollution and maintain/improve water quality;

e Protect and enhance the environment, wildlife, and habitat corridors;

e Provide a sampling program outline in order to achieve baseline water quality and B-IBI values;
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o |dentify areas of existing and future residential, commercial, recreational, and agricultural land uses;

¢ Inform stakeholders of the issues and objectives of the ISMP;

o Develop a comprehensive and cost effective strategy for municipal capital improvements, potential
projects for streamkeeper groups and improve community awareness of watershed issues; and

¢ Develop a cost effective implementation plan.

The plan is to be cost-effective, scientifically-defendable, supported by the public, and endorsed by the
environmental agencies.

1.2 ISMP Key Issues

The following key issues for the watershed were identified. Refer to Figures 2-1 and 2-2 in Section 2 for
more details.

Existing Erosion

e Erosion and ravine instabilities and hazards;

- . i o b g
Undercutting of fence in McAdam Creek Slope failure in McAdam Creek
downstream of flow split chamber

e Erosion causing undercutting of fence observed in McAdam Creek between 109b Street and 110a
Street; and

e Slope failure and bank erosion observed on McAdam Creek, Knudson Creek and Collings Creek.
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Environmental

Barriers to Fish Passage
Fapeneit

o Fish passage barriers restrict fish access from the Fraser
River into most streams in the North Delta watershed;

e Steep channel gradient and historical railway
development along the Fraser River have combined
to create impassable barriers or seasonal
obstructions; and

o Culverts restrict fish access into Sunbury Creek,
Nelson View Creek, Knudson Creek, Kendale Creek,
Shadow Brook, and Regal Drive Creek.

.
Culvert at the mouth of Nelson Creek

Hydraulic

Eroded culvert on Collings Creek Projecting Outfall between Norum and
Collings Creek causing erosion of bank

e Two culverts and three outfalls were identified as being in a poor condition.
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The following table summarizes the major tasks involved in undertaking this study.

Table 1-1: Engineering Work Program
Major Tasks

Phase 1 Project Initiation

Background Information Review

Engineering and Drainage Systems Inventory

Hydrogeology and Geotechnical Assessment

Phase 2

Land Use Assessment

Recreational Amenities

Environmental Inventory and Assessment

Hydrology/Hydraulic Analysis

©O|®IN|@|O1 B~ WIN =

Phase 3

Ecological Health Analysis

10. Natural Hazard Assessment

11. Land Use Sensitivity Analysis

12. Mitigation Alternatives

Phase 4

13. | Project Summary and 50% Report

Phase 5 14. Develop Strategy, Plan, and Report

This interim draft report summarizes Phases 1 and 2 of the study.

1.4

Stakeholder Consultation Program

A stakeholder consultation program will be conducted in later phases of the ISMP. Stakeholders

will include:

municipal advisory committees;
streamkeeper volunteer groups;

City of Surrey;

study area residents;

Burlington Northern Santa Fe (BNSF) Rail;

Metro Vancouver;

BC Hydro;

Fisheries and Oceans Canada (DFO); and
BC Ministry of Environment (MOE).

1-4

Ministry of Transportation and Infrastructure (MOT);
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1.5 Stormwater and Drainage Criteria

Table 1-2 summarizes the applicable stormwater and environmental criteria used in this ISMP.

Table 1-2: Summary of Stormwater and Environmental Criteria
Application Criteria/Methodology

e 10-year return period design event typically.’

e 5-year return period design event for low density residential
areas; 25-year return period design event for high value
commercial or industrial development

Minor drainage system

e 100-year return period design event for floodway routing.’
Major drainage system | o  25-year return perlod design event for dyked or

(Rural, Urban, reclaimed land."

Commercial Industrial) | ¢  100-year return period design event for culverts with less
than 3 meter span on BC Ministry of Transportation roads.’

Flood and Erosion
Protection

Volume Reduction ¢ On-site rainfall capture (runoff volume reduction) for
(Source Controls) 6-month 24-hour storm (72% 2-year 24-hour storm)

Water Quality
Treatment

e 6-month 24-hour storm (72% 2-year 24-hour storm).3

e Control post-development flows to pre-development levels
for 6-month, 2-year, and 5-year 24-hour event.’

e On fish bearing streams restrict post-development flows to
pre-development Ievels for all storms up to and including
the 10-year storm.”

Rate Control
(Detention/Diversion)

Protection

Erosion & Environmental

o Establish riparian setbacks to comply with Delta
Riparian Streamside Protection and Enhancement Areas Bylaw
and Riparian Areas Regulation.

Corporatlon of Delta Stormwater Management Design Manual, February 1989, Revised January 1994.

BC Ministry of Transportation supplement to TAC Geometric Design Guide, 2007.

3 DFO Urban Stormwater Guidelines and BMPs for the Protection of Fish and Fish Habitat, 2001.

4 Corporation of Delta Development Permit Area to Establish Streamside Protection and Enhancement
Areas Bylaw No. 6349, 2005.
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2. North Delta Ravines Area Watershed
2.1 Background Material

Table 2-1 summarizes the background information reviewed as part of this study.

Table 2-1: Summary of Background Material
Date Title

Exploratory Investigations of the Major Ravine Drainage Courses in the

North Delta Area, Associated Engineering Services Ltd.

Corporation of Delta Stormwater Management Design Manual, Dayton and

Knight Ltd.

North Delta Fraser Drainage Area and Boundary Bay Drainage Area, Dayton

and Knight Ltd.

Manson & Gunderson’s Slough Watersheds Stormwater Management

Review & Feasibility/Functional Plan, Associated Engineering Ltd.

Delta-Surrey Inter-municipal Drainage Cooperation Issues, New East

Consulting Services Ltd.

March 2002 Nort.h De!ta Outfall Study Supplement Output Database Report, UMA

Engineering Ltd.

July 2002 Long Range Drainage Plan, New East Consulting Services Ltd.

June 2003 Fish and Amphibians in Delta, British Columbia, Species Occurrence and
Habitat Utilization Study 2000-2003, Western BioAquatics

June 2003 Delta Timing Schedule for In-stream Works, Western BioAquatics

Stormwater Best Management Practices Integration Plan, Kerr Wood Leidal

1972

February 1989

May 1989

November 1999

March 2000

June 2005 .

Associates Ltd.
August 2006 grallnage. Control Structures Inventory, Corporation of Delta

ngineering Department

South Fraser Perimeter Road Fish Habitat Impact Assessment, Coast River
September 2006 . )

Environmental Services Ltd.
December 2008 South Fraser Perimeter Road Concept Drawings, Ministry of Transportation

and Infrastructure

2.2 Drainage Inventory

The North Delta Ravines study area is located in both the Delta and Surrey, with approximately 87% of
the watershed within Delta (see Figure 1-1 in Section 1). The study area is approximately bounded by
80 Avenue, Highway 91, Scott Road, and the Fraser River, and includes a number of watersheds
totaling approximately 802 ha in size:

e Study area is approximately 802 ha with both the Surrey area (106 ha) and the Delta area (696 ha)
largely developed;

e Drainage direction is generally toward the North, via storm sewers, culverts, and creeks; and

e Study area drainage discharges into the Fraser River.

Refer to Figure 1-1 for the study area extents.
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Field Inventory

Field inventories were completed between October 18 and November 2, 2012 for the Ravine area. The
creek beds were traversed on foot and locations of interest were identified and recorded with a Trimble
GeoXT handheld global positioning system (GPS) receiver. Measurements, photographs and additional
observations were recorded as attributes associated with these positions to create a comprehensive
geographical information system (GIS) database. Figures 2-1 and 2-2 show the field inventory and
locations of interest.

Field inventory work included gathering information on culverts, outfalls, erosion, deposition, and
obstructions. Tables 2-2 and 2-3 summarize the erosion and obstruction locations. See Appendix A
for the culvert and outfall summary tables and photo overview. In general, the following observations
were made:

Undercutting of fence in McAdam Creek Slope failure in McAdam Creek

- o -

downstream of flow split chamber

Two culverts were identified as being in poor condition. One is located on Collings Creek (ID 249)
and the other is located between Sunbury Creek and Nelson View Creek (ID 245).

Three outfalls were identified as being in a poor condition. The outfalls are located on Nelson Creek
(ID 240), McAdam Creek (ID 200) and between Collings and Norum Creek (ID 259).

Erosion causing undercutting of fence observed in McAdam Creek (ID E4) between 109b Street and
110a Street.

Slope failure on McAdam Creek (ID E6) north of the culvert on Nordel Way.

Kendale Creek has slope failures (ID E14) that appear to be localized with the most significant one
occurring approximately 120 m west of the outfall at the east end of the ravine.

Knudson Creek has a localized slide scarp (ID E13) approximately 20 m long was noted near the
toe of the north slope in the eastern portion of the ravine.

Collings Creek has several areas of undulating topography and curved trees were noted, which is
typical of surficial soil movement. A slide area (ID E12) coincided with a localized widening of the
ravine indicating that soil movement has likely been occurring in this area for some time.

Nelson View Creek has a slide scarp (ID E3) approximately 10 m in length and 2 m in height noted
on the north slope near the east end of the ravine.
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Table 2-2: Summary of Observed Severe Erosion Sites
Site ID Comment Creek
E1 Slide Scarp Main
E2 Constructed Tire and Rock Slope Nelson
E3 Wood Crib Retaining Wall Nelson
E4 Undermined Fence and Trees McAdam
E5 Approximate Location Gabion Blocks McAdam
E6 Slope Failures Right Bank McAdam
E7 Sloughing Both Banks McAdam
E8 Sloughing Laminated Silty Clay McAdam
E9 Right Bank - Historical Scarp / Left Bank - Slough McAdam
E10 Riprap Bottom and Sides McAdam
E11 Approximate Location Undulating Topography and Slide Scarps Collings
E12 Approximate Location Slide Area Collings

Table 2-3: Summary of Observed Major Channel Obstructions
Site ID Cause Risk Comment Photo# |

193 Natural Low Fallgn log and debri§ build up. (Note: A lot of 297-299
erosion at property line)
202 Natural Low Debris in creek 316
212 Natural Low Debris build up in creek 334-335
214 Natural Low Debris, Fallen logs, Shopping cart 336-338
215 Natural Low Debris build up, Low Priority 339
216 Natural Low Deposi.tiop behind debris build-up of fallen logs, 340
Low Priority
218 Natural Low Wood debris and logs, Medium Priority 342-344
223 Natural Low Fallen logs, seems to be a barrier for sprat fish 361
224 Natural Low Log debris, blocking flow, 1m drop, 362-366
226 Natural Low Fallen Log 376
228 Natural Low Log debris in creek 378
230 Natural Low Fallen Log 388
232 Natural Low Fallen Log 391
261 Natural Low Fallen Log 170
262 Natural Low Log debris in creek 171
263 Natural Low Fallen Log 172
264 Natural Low Fallen Log 173
265 Natural Low Log debris in creek 174

2.3 Land Use Assessment

Golder Associates Ltd. (Golder), as part of the consulting team, conducted a review of the North Delta
Ravines study area in order to estimate existing and potential development impacts to the hydrological
functioning of ravines and related stormwater management protocols. The project area was assessed
in terms of existing and future land use, impervious area coverage, and stormwater management plans
and policies in both Delta and Surrey. The study area includes a large portion of North Delta and a
small portion of Surrey as outlined in Figure 1-1.
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The existing land uses within the study area are summarized in Table 2-4.

Table 2-4: Existing Land Use

Single family residential Mainly residential

Parks/recreation Some commercial along Scott Road
Commercial mainly along Scott Road

Industrial

Infrastructure

Refer to Figure 2-3 for existing land use and associated impervious percentages.

The anticipated future land use in the study area is shown on Figure 2-4 and includes:

e Minor zoning changes expected to result in a change from lower density single family uses to higher
density, infill single family uses and increased medium density development;

e Mainly redevelopment at higher impervious percentages; and

e Potential for higher density along Scott Road and 84" Avenue near 112 Street.

Although the North Delta Ravines study area is quite mature in terms of build out, it is not expected that
significant amounts of change are going to occur with respect to total impervious areas. There are only
two land use zones in the City that have been identified as undergoing intensification that may result in
an increase in total impervious area. These are single family residential zones where the average TIA
will increase from 35% to 40% and the North Delta Commercial and Mixed-Use zones, which will see an
increase in TIA from 57% to 64% and 56% to 68% respectively.

Table 2-5 summarizes the imperviousness values for each municipality and study area overall for the
existing and future land uses.

Table 2-5: Existing and Future Total Impervious Areas
Existing Land Use Future Land Use (Estimated 2030)
Delta Area  Surrey Area  Total Study Delta Area Surrey Area  Total Study

(0]111Y (0]111Y Area (01111 (01411 Area
47% 52% 48% 50% 55% 51%

Average total impervious area for the entire study area will increase from 48% to 51%. Based on
interviews within City staff and an analysis of existing planning documents, no additional changes are
expected to occur in other land use zones.

Refer to Appendix B for more details on the land use changes in the North Delta Ravines study area.
2.4 Recreation and Education Assessment

Summary of Ravine Access and Education

Golder Associates Ltd. (Golder), as part of the consulting team, conducted a review of the project area
for the existence and potential for recreational facilities and trials. Golder also reviewed the potential for
public education regarding the ravines and identified potential actions for Delta to consider.
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Each ravine was reviewed according to the following criteria:

Ravine area and slope;

Ownership;

Existing and potential public access;
Presence of formal or informal trials; and
Presence of accessible viewpoints.

No formal development or programming for public uses was observed for the ravines, except for the
commemorative signage marking the 1861 Kenned Trail. Potential access points to the ravines were
identified from satellite photos and each access point was visited and assessed. Table 2-6 summarizes
the results of the field assessment.

McAdam Ravine provides the best opportunities for the development of recreational trails and public
education in the study area ravines. It is the largest of all the ravine areas and the only one that has
viable access points for public entry. Increasing public access to the stream areas at the bottom of any
of the ravines would be difficult, potentially disruptive to habitat and would likely require physical
structures such as stairs and viewing platforms, slope stabilization and other mitigation measures. In
addition, regulatory approvals from DFO would be required and the requirements for obtaining approval
of a Development Permit would have to be met.

Although the potential to provide direct access to the ravines themselves is very limited there is a range
of other means to provide information and public education about the ravines and their ecological and
stormwater function and to raise awareness of their importance and vulnerability, including signage,
public information, outreach campaigns and public access. Public education and programming for the
ravines is a shared responsibility amongst Parks Recreation and Culture, Engineering and the Office of
Climate Action and Environment and efforts need to be coordinated to ensure coherence and

effective implementation.

Refer to Appendix B for more details on the recreation and education opportunities in the North
Delta Ravines.

Integration with Municipal Plans

Golder was asked to make recommendations to be considered in the Official Community Plan and
Subdivision and Development Standards Bylaw and to recommend modifications to other municipal
master plans and/or zoning that address desired watershed impervious area and riparian condition
targets in order to maintain watershed ecological health. Golder assessed and reviewed Delta’s
Planning regulations to determine their appropriateness and adequacy to govern development in the
ravine areas and protect their stormwater function.

Delta has a robust set of land use policies to protect ravines from development and permit them to
perform their stormwater function.

The ravines are designated “Development Permit” areas by the Official Community Plan and subject to
Guidelines approved by Corporation Council. All the ravines in the study area are subject to the SPEA
Streamside Protection and Enhancement Area Development Permit Guidelines — Bylaw 6349. Delta’s
policy is to not permit development in the ravines or within 30 meters from the top of the slope of the
ravines. These are “no go” areas. In practice, there is little or no development or land alteration method
that could fully mitigate development impacts. Corporation staff advise that these regulations work well
and provide the authority needed to protect the ravines and streams from inappropriate development.
Delta’s Planning regulations to protect the environmental quality and stormwater function of the ravines
are comprehensive well co-ordinated and conform to the requirements of the Local Government Act.

No additional Planning regulations are required.
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2.5 Environmental Inventory and Assessment

Summary of Environmental Values and Issues

An environmental inventory of watercourses and riparian areas in the North Delta watershed was
undertaken to summarize information on watershed and riparian forest cover, water and sediment
quality, benthic invertebrate communities, fish and fish habitat, fish passage, and instream habitat. In
addition, habitat restoration sites and enhancement opportunities were also identified. The inventory
focused on ten streams that are within the Corporation of Delta’s boundaries.

There is relatively little specific information on fish and fish habitat, water quality, and other
characteristics of the study area streams. Previous stream inventories were undertaken by Coast River
Environmental Services to characterize fish use and habitat conditions as part of the planning and
design of the South Fraser Perimeter Road (SFPR).

Watershed and Riparian Forest Cover

Watershed and riparian forest cover was mapped using the most up-to-date 2012 rectified Google
imagery which shows some of the SFRP impacts, and 1995 orthophotos in GIS based on visual
interpretation of forest cover. Riparian forest cover was measured within a 30 m buffer on either side of
the centerline of permanent stream channels.

A total of 87.5 ha (13%) of the 802.4 ha study area was forested in 2012. Concentrations of forest were
found in the stream ravines and along the Fraser River escarpment. Approximately 10.8 ha (1.3%) of
forest cover have been lost in the past 17 years. The largest losses have occurred recently during
construction of the SFPR.

Approximately 68% (30.1 ha) of the riparian zones surrounding the study streams is currently forested.
It varies from 41% surrounding Regal Drive Creek to 82% around McAdam Creek. Most of the riparian
area is vegetated with deciduous forest (red alder and black cottonwood). Riparian forest cover has
declined 1.8 ha (4%) over the past 17 years. The difficulty in developing on steep ravine slopes and the
regulation of development in riparian areas has limited riparian forest loss. However, recent losses
have occurred because of construction of the SFPR.

Refer to Figure 2-5 for existing riparian corridors.

Water and Sediment Quality

Three methods were used to assess water and sediment quality in the study area streams: (1) a survey
of general water quality parameters; (2) lab-based measurement of total metals, nutrients, and fecal
coliforms was completed at six streams; and (3) concentrations of total metals were also measured in
streambed sediments from six streams. No historic information on water and sediment quality in the
study streams was available.

The survey did not find any specific sites or stream sections with unusual water quality which would
indicate specific sources of contaminations (e.g., “hot spots”). Measurements of general water quality
parameters were consistent with regional observations in urban streams. The study streams have
similar water quality characteristics although Sunbury and Knudson creeks had higher specific
conductivity, higher turbidity, and lower Oxygen Reduction Potential (ORP) which may indicate more
urban influences.
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Lab measurements showed that total metals concentrations were mainly below BCWQ guidelines.

Total copper was marginally higher than the BCWQ guideline in Sunbury and McAdam creeks, and total
antimony was elevated in the sample from McAdam Creek. Fecal coliforms were lower than the BCWQ
guideline for primary contact recreation. Nutrients concentrations were similar to moderately urbanized
streams in Metro Vancouver.

Total metals in streams sediments were also similar to moderately urbanized watersheds in Metro
Vancouver. Samples from four streams (Sunbury, Collings, Knudson, and Kendale Creeks) had
concentrations of total nickel above the BC Working Sediment Quality Guidelines (BCSQGs). Total
arsenic in the sample from Knudson Creek was also above BCSQG. These elevated metal
concentrations are not considered unusual for urban streams in Metro Vancouver.

Refer to Figure 2-6 for an overview of the sampling sites.

Benthic Invertebrates

Four benthic invertebrate samples were collected from the lower 500 m of McAdam Creek using a field
sampling protocol developed for streams in Metro Vancouver. McAdam Creek was selected both as an
indicator of the typical land use conditions in the North Delta watershed, and also as the stream with the
highest ecological values. A ten metric B-IBI (Benthic Index of Biotic Integrity) was used to summarize
the condition of the stream based on the structure and composition of the benthic community.

Mean B-IBI for McAdam Creek was 18.0 which is consistent with the level of urbanization in the
watershed. B-IBI ranges from 10 to 50 and a mean score of 18.0 indicates McAdam Creek is
transitional between fair and poor condition. Mean taxa richness for all samples was 13.3 (range of 9 to
19). Mean EPT taxa richness (stoneflies, mayflies, caddisflies) was 4.5 (range of 3 to 7). The most
abundant taxa were a larval midges (Chironomids: 43% of individuals sampled), Oligochaete worms
(25%), and the pollution-tolerant stonefly Baetis tricaudatus (14%).

Fish Community

Information on fish presence was derived from the detailed fisheries assessment completed previously
by Coast River Environmental Services for the SFPR environmental impact assessment. No new fish
sampling was used to confirm or update information on the fish community.

Seven of the eleven streams support resident or searun cutthroat trout populations, and three
(McAdam, Delta and Regal Drive Creek) support coho salmon. Additional streams may support coho
salmon or chum salmon but presence is not confirmed.

Instream Habitat

Instream habitat characteristics were assessed using field surveys. Channel dimensions and substrate
conditions were measured at 41 points at intervals along the study streams. In addition, pieces of large
instream wood and pools >40 cm deep were mapped as indicators of fish habitat value.

Mean bankfull width in the study streams ranged from 0.6 m in Kendale Creek to 2.2 m in McAdam
Creek with an overall mean of 1.6 m. Wetted width during the survey ranged from 0.4 m in Kendale
Creek to 1.4 m in McAdam Creek (overall mean of 1.0 m). Channel dimensions are characteristic of
small first or second-order streams.

Stream channel substrate is predominantly cobble and gravel with lesser amounts of boulder and fine
sediment (sand and silt). Mean substrate was approximately 10% boulder, 26% cobble, 34% large
gravel, 20% small gravel, and 10% fines.
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Large instream wood is widely distributed in the study area streams but rarely abundant compared to
undisturbed streams. A total of 381 pieces were recorded with an average length of 4.4 m, diameter of
27 cm and volume of 0.45 m®. The density of large instream wood was 5.3 pieces per 100 m which is
less than half the large instream wood found in natural streams. Large wood is concentrated in the
upper ravine areas rather than the higher productivity fish habitat in the lower reaches.

Twenty pools deeper than 40 cm deep were recorded; all were found in McAdam Creek. Mean depth
was 47 cm (range of 40 to 70 cm).

In general, the instream habitat is as would be expected for a developed watershed.

Barriers to Fish Passage

Fish passage barriers restrict fish access from the Fraser River into most streams in the North Delta
watershed. Steep channel gradient and historical railway development along the Fraser River have
combined to create impassable barriers or seasonal obstructions. Culverts restrict fish access into Sunbury
Creek, Nelson View Creek, Knudson Creek, Kendale Creek, Shadow Brook, and Regal Drive Creek.

Environmental Enhancement and Restoration Opportunities

Restoration and enhancement opportunities were identified at four scales: (1) landscape-level actions
that support the broader ecological network and watershed-scale functions; (2) riparian restoration and
management; (3) instream habitat restoration to enhance fish populations; and (4) fish passage
improvements. Important opportunities include:

The streams and forested ravines of the North Delta watershed should be recognized as a critical
component of the ecological network of North Delta and the adjacent portion of Surrey. Construction of
the SFPR has increased habitat fragmentation and options for increasing connectivity between the
ravine areas through adjacent residential areas should be reviewed.

There are limited opportunities to increase riparian forest cover mainly because the existing riparian
ravines are forested and surrounded by existing residential land use. Opportunities for additional
riparian protection may occur during redevelopment. Some private land use occurs in ravine areas and
landowners should be encouraged to minimize forest loss.

Given the limited access into ravine areas, enhancement of instream habitat is not recommended as a
mitigation strategy. Some opportunity exists for instream habitat complexing in McAdam Creek
combined with the riparian restoration efforts described above.

Fish passage in to Knudson Creek, Kendale Creek, Shadow Brook, and Regal Drive Creek should be
restored by addressing culvert barriers.

Refer to Appendix C for more details on the environmental inventory for the North Delta Study area.
2.6 Geotechnical Assessment

Geotechnical

A geotechnical review of the nine ravines in North Delta was completed by exp Services Inc. The
following observations were made during the geotechnical review:

e The study area lies within an area of Pre-Vashon Drift deposits consisting of fluvial, glacio-fluvial
and marine deposits;
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Soils generally consisted of cross bedded sands with silt and gravel lenses, cross bedded sand to
gravel and inter bedded fine sand to clayey silt; and

Groundwater was not typically encountered along the ravine banks except in localized
seepage areas.

Refer to Figure 2-7 for an overview of the soils in the study area.

Erosion and Ravine Instabilities

A geotechnical review of slope stability and erodibility was conducted as part of the geotechnical review
of the ravines:

The granular nature of the soils encountered within the ravines were typically considered to be
susceptible to erosion, with the exception of McAdam and Nelson View Creeks in which clayey soils
were encountered which would be more resistant to erosion.

Erosion within the ravines was generally limited to localized areas.

Shadow Brook Creek - relatively stable bank inclination and limited erosion. Some localized
surficial sloughing noted, particularly in fill slopes.

Kendale Creek - The slopes were generally steeply inclined (up to 1.3H: 1V) resulting in sloughing
and slope failures. The slope failures appeared to be localized with the most significant one
occurring approximately 120 m west of the outfall at the east end of the ravine.

Knudson Creek - The slopes were generally inclined less steeply than 2H: 1V which would be
considered a stable inclination for the soil type encountered. A localized slide scarp approximately
20 m long was noted near the toe of the north slope in the eastern portion of the ravine.

Gunderson Creek - Largely infilled ravine limiting the potential for slope instabilities.
Norum Creek - No significant indications of slope instabilities were noted.

Collings Creek - Slopes within the ravine were inclined at approximately 1.8H: 1V and several areas
of undulating topography and curved trees were noted, which is typical of surficial soil movement.
Erosion of the creek banks may further destabilize slopes particularly in the western portion of the
ravine where creek flows were noted to be higher. A slide area coincided with a localized widening
of the ravine indicating that soil movement has likely been occurring in this area for some time.

McAdam Creek - The higher slopes frequently had areas of exposed ground and undulating
topography. These features are indicative of marginally stable slopes being destabilized by erosion
at the slope toes. The ravine below River Road consisted of slopes with inclinations in the order of
2.3H: 1V, which would generally be considered to be a stable slope angle for granular soils.

Nelson View Creek - Slopes within the ravine were inclined at approximately 2H: 1V with a slide
scarp approximately 10m in length and 2 m in height noted on the north slope near the east end of
the ravine.

Sunbury Creek - Slopes within the ravine were gently inclined (3H: 1V) at what would typically be
considered a stable slope angle. Minor indications of previous slope movement were noted (curved
tree trunks, small slide scarps); however, these instabilities are limited in extent and are unlikely to
be significantly affected by toe erosion along the creek banks.
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e Regular reviews of Shadow Brook, Kendale, Collings and McAdam Creek ravines is recommended
to monitor progression of existing slope movement and/or erosion of creek banks.

e Some localized erosion protection for areas within McAdam Creek ravine is recommended.

e Confirmation of sufficient setbacks for homes adjacent to Gunderson Creek ravine is recommended.

Refer to Appendix D for more details on the geotechnical review.
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Watershed Analysis

Hydrologic/Hydraulic Models
PC SWMM Model Development

A stormwater model was developed for the North Delta Ravines area. PC SWMM was used for both the
hydrology and hydraulic simulations. The hydrology portion of PC SWMM uses inputs such as rainfall
and catchment characteristics (area, slope, soil type, etc.) to estimate catchment flows. The hydraulic
portion of PC SWMM use hydraulic system inputs (culvert/pipe/channel characteristics) to simulate flow
routing, and water levels.

The model was not calibrated as no recorded flow data was available. The infiltration and groundwater
parameters used in the model were based on KWL'’s database of calibrated model parameters for
similar soil conditions in the Lower Mainland. Flow monitoring could be initiated prior to detailed design
of any new drainage structures or upgrades in order to validate the model.

Details of the model development are provided in Appendix E.

Design Storms

The design storms used in the analysis were generated from the IDF curve for the GVRD DT34 rain
gauge. The rain gauge is located in North Delta at 8544 - 116th Street. The 1-, 2-, 6-, 12- and 24-hour
design storms were used for the storm sewer and culvert capacity assessments.

The rainfall amounts for each of the design storms are presented in Table E-1 in Appendix E.
Results of Hydrologic/Hydraulic Modelling

Peak Flow Estimates at Strategic Locations

The model was used to simulate the hydrology and hydraulics and to determine peak flows at strategic
locations in the watershed. Flows were estimated for the 2-, 5-, 10-, 25-, 50-, and 100-year storms for
the following scenarios:

e Existing land use conditions; and
e Future land use conditions.

Peak flow estimates are shown in Tables 3-1 and 3-2 below. Because the catchment is largely built out,
the future land use changes would increase the peak flows by less than 10%.
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Table 3-1: Flows at Strategic Locations for Existing Land Use ]
Peak Instantaneous Flow Estimate (m°’/s)

I 2-year 5-year 10-year 25-year 50-year 100-year
Sunbury Creek at Outfall 1.06 1.57 1.69 1.88 1.98 2.05
Nelson View Creek at Outfall 0.55 0.87 1.07 1.37 1.57 1.84
McAdam Creek at Outfall 3.29 5.63 7.10 8.87 10.44 11.74
McAdam Creek at Nordel Way 3.13 5.34 6.85 8.71 10.16 11.59
Collings Creek at Qutfall 0.28 0.50 0.65 0.84 0.98 1.12
Norum Creek at Outfall 1.62 2.41 2.88 4.44 5.14 5.87
Knudson Creek at Outfall 0.29 0.46 0.57 0.71 0.81 0.91
Kendale Creek at River Road 1.13 1.67 1.99 2.41 2.72 3.14
Shadow Brook Creek at River Road 0.44 0.72 0.82 1.02 1.18 1.23
Shadow Brook Creek at 96th Avenue 0.50 0.79 0.98 1.24 1.43 1.63
Regal Drive Creek at River Road 0.80 1.26 1.58 1.99 2.30 2.61
Delta Creek at River Road 2.07 3.03 3.59 4.43 5.02 5.57
Delta Creek at 96th Avenue 1.57 2.18 2.50 2.84 3.05 3.20

Table 3-2: Flows at Strategic Locations for Future Land Use ]
Peak Instantaneous Flow Estimate (m°’/s)

Sl 2-year 5-year 10-year 25-year 50-year 100-year

Sunbury Creek at Outfall 1.09 1.62 1.73 1.91 2.01 2.07
Nelson View Creek at Outfall 0.57 0.89 1.10 1.41 1.61 1.98
McAdam Creek at Outfall 3.32 6.08 717 9.14 10.55 11.99
McAdam Creek at Nordel Way 3.25 5.91 6.95 8.95 10.36 12.02
Collings Creek at Outfall 0.30 0.53 0.68 0.87 1.01 1.15
Norum Creek at Outfall 1.65 2.50 2.94 4.62 5.33 6.04

Knudson Creek at Outfall 0.30 0.46 0.57 0.72 0.82 0.92
Kendale Creek at River Road 1.15 1.70 2.03 2.47 2.81 3.21

Shadow Brook Creek at River Road 0.44 0.73 0.84 1.05 1.21 1.24
Shadow Brook Creek at 96th Avenue 0.52 0.81 1.01 1.28 1.47 1.67
Regal Drive Creek at River Road 0.82 1.29 1.61 2.03 2.35 2.66
Delta Creek at River Road 2.15 3.11 3.71 4.56 5.16 5.71

Delta Creek at 96th Avenue 1.61 2.23 2.54 2.89 3.09 3.30

Unit peak flows from the model were checked against unit flows estimated for similar creeks in the
Lower Mainland. Table 3-3 shows the unit peak flow comparison.

KERR WOOD LEIDAL ASSOCIATES LTD.
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Table 3-3: Existing Land Use Unit Peak Flow Comparison

Peak Flow (L/s/ha)

Location 5-year 10-year 100-year
Sunbury Creek at Outfall 22.0 32.7 35.3 42.7
Nelson View Creek at Outfall 20.8 32.5 404 69.0
McAdam Creek at Outfall 14.6 25.0 31.6 52.2
McAdam Creek at Nordel Way 15.0 25.6 32.9 55.6
Collings Creek at Outfall 24.6 43.9 57.0 97.6
Norum Creek at Outfall 22.8 34.0 40.6 82.7
Knudson Creek at Outfall 34.9 54.7 68.0 109.6
Kendale Creek at River Road 15.3 22.7 27.1 42.8
Shadow Brook Creek at River Road 18.7 30.5 35.0 52.5
Shadow Brook Creek at 96th Avenue 24.2 38.0 47.5 78.6
Regal Drive Creek at River Road 16.7 26.3 32.9 54.4
Delta Creek at River Road 14.5 211 25.1 38.9
Delta Creek at 96th Avenue 14.3 20.0 22.8 29.2
Similar Residential Catchments
Shaw Creek ISMP 16.7 224 26 36.6
Quibble Creek 619ha 44% TIA
(Surrey) — calibrated model 14 24 ) 48
Upper Serpentine 199ha 66% TIA
(Surrey) — calibrated model 19 29 ] 45
Surrey Design Criteria Manual - Table 17 ) ) )
5.3 (j) — SFR Runoff Design Value

In general, the unit flows from the model were in line with the estimates for similar creeks.

Peak water level estimates are shown in Tables 3-4 and 3-5 below. Because the catchment is largely
built out, the future land use changes would increase the peak water levels by less than 0.2 m.

Table 3-4: Water Levels at Strategic Locations for Existing
Invert

Land Use

Peak Instantaneous Water Level Estimate (m)

el Gegnd‘Zetic 2-year 5-year 10-year 25-year 50-year 100-year
Sunbury Creek at Outfall 2.01 2.90 3.51 3.69 3.99 4.17 4.29
Nelson View Creek at Outfall 5.03 512 5.14 5.15 5.17 5.18 5.19
McAdam Creek at Outfall 7.76 8.10 8.20 8.25 8.30 8.33 8.36
McAdam Creek at Nordel Way 17.42 17.68 | 17.75 17.78 17.82 17.85 17.87
Collings Creek at Qutfall 10.84 10.91 | 10.94 10.96 10.97 10.99 11.00
Norum Creek at Outfall 14.35 14.51 | 14.54 14.56 14.62 14.64 14.66
Knudson Creek at Outfall 2.90 3.16 3.23 3.27 3.33 3.37 3.41
Kendale Creek at River Road 16.41 16.62 | 16.67 16.69 16.72 16.74 16.76
Shadow Brook Creek at 577 | 580 | 581 | 582 | 582 | 583 5.87
River Road
Shadow Brook Creek at 37.98 | 38.08 |38.10 | 38.11 | 38.12 | 38.13 38.14
96th Avenue
Regal Drive Creek at River Road| 13.69 13.73 | 13.74 13.75 13.76 13.77 13.77
Delta Creek at River Road 10.87 10.96 | 10.98 10.99 11.01 11.02 11.02
Delta Creek at 96th Avenue 77.80 79.38 | 81.51 82.73 84.22 84.80 85.40
KERR WOOD LEIDAL ASSOCIATES LTD.
33
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Table 3-5: Water Levels at Strategic Locations for Future Land Use
Invert Peak Instantaneous Water Level Estimate (m)
Location (m)
Geodetic 2-year 5-year 10-year 25-year 50-year 100-year
Sunbury Creek at Outfall 2.01 2.94 3.59 3.74 4.05 4.21 4.33
Nelson View Creek at Outfall 5.03 512 5.14 5.15 5.17 5.18 5.19
McAdam Creek at Outfall 7.76 8.11 8.21 8.25 8.30 8.34 8.37
McAdam Creek at Nordel Way 17.42 17.69 | 17.76| 17.79 17.83 17.85 17.88
Collings Creek at Outfall 10.84 10.92 | 10.94| 10.96 10.98 10.99 11.00
Norum Creek at Outfall 14.35 14.51 | 14.55| 14.57 14.62 14.64 14.66
Knudson Creek at Outfall 2.90 3.16 3.23 3.28 3.33 3.37 3.41
Kendale Creek at River Road 16.41 16.62 | 16.67| 16.69 16.72 16.74 16.76
Shadow Brook Creek at 577 | 580 | 581| 58 | 58 | 583 5.92
River Road
Shadow Brook Creek at 37.98 | 38.08 | 38.10| 3811 | 3812 | 3813 | 38.14
96th Avenue
Regal Drive Creek at 1369 | 13.73 | 13.74| 1375 | 1376 | 1377 | 1377
River Road
Delta Creek at River Road 10.87 10.96 | 10.98| 10.99 11.01 11.02 11.03
Delta Creek at 96th Avenue 77.80 79.52 | 81.70| 82.93 84.42 85.00 85.60

Refer to Figure E-1 in Appendix E for the catchments and modelling schematic.

Capacity Assessment

Minor System

The minor trunk storm sewers were assessed to evaluate their ability to convey the minor flow,
generated by the 10-year return period rainfall event. The following criteria were used to flag
undersized pipes:

e Modelled 10-year instantaneous peak flow is larger than pipe capacity under free-flowing
conditions; and

e Pipe surcharged for longer than 30 minutes.

Existing Land Use Conditions Minor System

Figure 3-1 schematically shows the pipes that exceeded the two criteria during the existing land use
conditions 10-year event model runs. Table E-2 in Appendix E lists the pipes that exceeded the minor
system criteria, listed above. Eleven out of 296 minor system pipes modelled exceeded the criteria and
were flagged for consideration in the upgrade plan.

Future Land Use Conditions Minor System

An additional two pipes exceeded the criteria for the future land use scenario models. These additional
pipes are adequately sized for the existing conditions but would need to be upgraded to accommodate
the future conditions flows. The future conditions models did not account for potential detention that
may be implemented as part of ongoing development in the watershed. These two pipes may not need
replacing if detention is incorporated into future development plans.

KERR WOOD LEIDAL ASSOCIATES LTD.
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Figure 3-1 schematically shows the pipes that exceeded the two criteria during the future land use
conditions 10-year event model runs. Table E-3 in Appendix E lists the pipes that exceeded the minor
system criteria, listed above.

When developing a capital works program for upgrading the storm sewer system, many of the pipes
may not need to be upgraded immediately. They can continue to operate surcharged, and as they
deteriorate and near the end of their design life, should be replaced with the recommended sizes at the
end of their life cycle. Recommendations for upgrades and priorities are included in Section 4.

Major System

The major system is the conveyance system that carries large storms, greater than the 10-year event
and up to the 100-year event. Road surfaces and day lighted sections of creeks make up the majority
of the major system in this watershed.

The other elements that make up the major drainage system are storm sewers in private property
without a safe overland flow path and all culverts. These elements were assessed.

Storm Mains

Storm sewers in private property were checked to determine if they had easements that would
accommodate overland flow. It is standard industry practice to construct an overland swale that
parallels the pipe in the easement, usually directly above the pipe. These swales should be part of the
major system and their purpose is to prevent large flows from being directed towards adjacent lots. The
existence of these swales was not verified, but they are assumed to be in place and to have adequate
capacity in locations with easements.

For storm sewers in private property without an associated easement, the major flow must be conveyed
in the storm sewer without an overland flow route. Three such locations were found. The three
locations (7 pipes) are the only storm mains in the storm sewer system that were assessed as part of
the major system.

A storm main assessment was performed to determine if any storm mains were undersized and
required upgrading. The assessment criteria were:

¢ Modelled 100-year instantaneous peak flow is larger than pipe capacity under free-flowing
conditions; and

e Upstream manhole flooded.
The results indicated that four pipes out of a total of seven would not meet the criteria for the existing
land use flows. No additional culverts failed the criteria for the future flows. Figure 3-2 schematically

shows these pipes. Refer to Table E-4 in Appendix E for the results pipes that exceeded the major
system criteria, listed above.

Culverts

Additionally, all culverts have been designated as part of the major system when they are between
daylighted sections of the creeks. This is to ensure that major flows from the daylighted sections have a
major flow route and do not cause damage to neighbouring properties.

A culvert assessment was performed to determine if any culverts were undersized and required
upgrading. The assessment criteria were:
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¢ Modelled 100-year instantaneous peak flow is larger than culvert capacity under free-flowing
conditions; and

e Culvert surcharged for longer than 30 minutes.

The results indicated that five culverts out of a total of 15 modelled would not meet the criteria for the
existing land use flows. No additional culverts failed the criteria for the future flows. Figure 3-2
schematically shows these culverts. Refer to Table E-5 in Appendix E for the culverts that exceeded the
criteria, listed above.

A local deficiency is located at Russel Drive at Watson Drive. This deficiency was not modelled as it is
not on the major drainage system, but has been identified by Delta staff.

3.3 Watershed Health Tracking System

The watershed health was estimated using the Watershed Health Tracking System (WHTS) which uses
the indicators of impervious percentage and riparian forest integrity to estimate the benthic index of
biotic integrity (B-IBI) score. Figure 3-3 shows the WHTS graph for a number of locations in the study
area. B-IBI sampling was only undertaken on McAdam Creek (see Figure 2-6 for sample locations).

The B-IBI samples collected, as discussed in Section 2.4, resulted in the scores shown in Table 3-6.
There was general agreement between the measured score and that predicted by the WHTS from
impervious area and riparian forest integrity.

Table 3-6: Measured and Predicted B-IBI Scores
2013 B-IBI Score \

Sampling Location

Measured  WHTS Predicted |
McAdam Creek 18 15

See Figure 2-6 for sampling locations.

The land use analysis shows that imperviousness is predicted to increase by approximately 3%.
Measures will be proposed to mitigate the watershed heath impacts due to future land use changes and
perhaps to improve stream health in certain areas.
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4. Mitigation Alternatives

4.1 Introduction

Alternatives were developed to address the key issues and mitigate the potential impacts of future
development and also to improve the watershed health by partially mitigating the impacts of past
development. The hydrotechnical upgrades identified in Section 4.2 are necessary to protect property
and infrastructure. The projects identified in Section 4.3 are required as a minimum to offset the
impacts of future development to meet the no-net-loss of watershed health goal. The alternatives
identified in Section 4.4 could be implemented to improve the watershed health above current
conditions or to make up for any shortcomings in implementation of the required projects in Section 4.2.
The projects listed in Section 4.4 should be viewed as potential or possible projects that vary in benefit
and will not all be recommended in the proposed plan. Table 4-1 and Figures 4-1 and 4-2 summarize
the alternatives considered.

4.2 Required Hydrotechnical Upgrades

A number of undersized culverts and priority works were identified. The proposed hydrotechnical
upgrades (see Table 4-1 for details) are shown on Figure 4-1 and include:

o Delta to conduct a detailed geotechnical investigation on Collings Creek to provide an analysis of
the slope stability of the slide area (E11 and E12);

¢ Delta to remove blockages in Collings Creek;

¢ Delta to place erosion protection and slope stabilization measures at the outfall PVC pipe located
within the sloughing fill on McAdam Creek (E4 to E10);

e Surrey to upgrade culvert 1000766325 on Shadow Brook Creek to 1500 mm diameter pipe;
e Surrey to upgrade culvert 1000739968 on Shadow Brook Creek to 1500 mm diameter pipe;
e Surrey to upgrade culvert 1000739966 on Regal Drive Creek to 1800 mm diameter pipe;

e BNR to upgrade culvert 1000748517 on Regal Drive Creek to 1650 mm diameter pipe;

e Surrey to upgrade culvert C27 on Regal Drive Creek to 1650 mm diameter pipe; and

o Delta to obtain ROW for pipes (See Table 4.1 for addresses).

The above list includes only high priority upgrades. Medium and low priority upgrades are listed in
Table 4-1 and are shown on Figure 4-1. Low priority upgrade pipes should be replaced at the end of
their design life or as DCC replacements as indicated in Table 4-1.

4.3 Mitigate Impacts of Future Development

To meet the no-net-loss requirement of an ISMP, future development impacts need to be mitigated.
This mitigation can be performed at the source or with compensation works elsewhere in the watershed.
The developable portions of the watershed are already largely developed and any future densification
would be from re-development. Compensation works for redeveloping parcels are an option once the
potential impacts can be quantified and projects from Section 4.4 could be used to offset redevelopment
impacts. However, it is difficult to estimate how much of the area will redevelop and therefore difficult to
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estimate the required amount of compensation works. Therefore, for the purpose of this ISMP,
developers in both Surrey and Delta should apply the following source controls to allow development
while not making conditions worse in the downstream creeks before considering compensation works
(see Figure 4-2):

e Apply volume reduction source controls on all redevelopment areas including roadways for all areas
draining to creeks (areas piped directly to Fraser River are excluded from this requirement). For
redevelopment areas place 150 mm of amended topsoil in all pervious areas and disconnect roof
leaders to maintain existing runoff volumes. For roadways, the types of source controls for volume
reduction are discussed in Appendix F. Capture 6-month 24-hour storm (31 mm) to meet the DFO
Guideline and avoid making creek erosion worse. Figure 4-3 shows the WHTS for the improvement
alternatives. The line labeled “Redev. Source Controls” represents this item.

e Treat runoff from all new paved surfaces (draining to creeks or the Fraser River), including
municipal roadways, resulting from a 6-month 24-hour storm (or 90% of annual flows) to remove
pollutants. The types of source controls for water quality treatment are discussed in Appendix F.
This level of treatment will meet the DFO Guideline.

e Restrict post-development flows to pre-development levels for all storms up to and including the
5-year storm on all new development and roadways and redevelopment draining to creeks (areas
piped directly to Fraser River are excluded from this requirement) as per the Surrey Design Criteria
Manual and the DFO Guidelines. The Delta Stormwater Management Design Manual requires a
further detention of the 10-year return period flows for development in Delta.

e Protect riparian areas as per the existing bylaws, using the Riparian Areas Regulation (RAR) in
Surrey and the Streamside Protection Regulation (SPR) in Delta.

4.4 Improve Watershed Health

The works listed in Sections 4.2 and 4.3 address existing hydrotechnical issues and mitigate the
impacts of future development to achieve a no-net-loss of ecological health in the watershed. There are
a number of other issues in the watershed that were identified that are a result of existing conditions in
the watershed (past development, riparian encroachment, etc.) that could be addressed to go beyond
no-net-loss and improve the watershed health. The alternatives for addressing these issues are divided
into five categories as shown in Table 4-1 and presented below. The potential projects are shown on
Figure 4-2. Figure 4-3 shows the WHTS for the improvement alternatives. The projects listed in this
section should be viewed as potential or possible projects that vary in benefit and may not all be
recommended in the proposed plan.

Riparian Reforestation

Riparian forest integrity (RFI) is one of the major indicators of watershed health as shown on the WHTS
discussed in Section 3.3. Approximately 68% (30.1 ha) of the riparian zones surrounding the North
Delta study streams is currently forested. It varies from 41% along Regal Drive Creek to 82% along
McAdam Creek. This is considered high for urban watersheds in Metro Vancouver.

Opportunities to improve riparian forest cover are limited because most of the ravine areas are forested,
and other riparian areas are used for residential development or road corridors. Opportunities in parks
and public lands which are often considered high priorities are almost non-existent in the study area.
Redevelopment will provide opportunities to reduce encroachment into riparian areas and replant
riparian forest. Specific riparian reforestation opportunities in the study area (shown in green on

Figure 4-2) include the following:
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A. Encourage stewardship and riparian reforestation to increase riparian forest along lower
Knudson Creek;

B. Removing debris in McAdam Creek riparian zone associated with abandoned mink farm and
restoring riparian conditions;

C. Enhancing riparian forest along stream channels in rail and road corridor near Robson and Elevator
roads (including possible road relocation or closures); and

D. Restoring riparian forest along the lower section of Shadow Brook Creek upstream of River Road.

The line labeled “Riparian Reforestation” on the WHTS shown on Figure 4-3 represents the above
four items.

Water Quality Improvement

Water quality and sediment sampling did not identify any specific issues of concern in the North Delta
study streams and water quality is considered to be similar to other moderately urbanized streams in
Metro Vancouver. Further monitoring is required to more conclusively identify and quantify specific
sources of pollutants, specifically during larger storms or during first-flush conditions. Further actions
(shown in BIli@ on Figure 4-2) include:

A. Undertake additional water quality assessment and monitoring actions using Metro Vancouver’'s
regional strategy entitled: “ISMP Adaptive Management Framework”. This includes collecting data
on general water quality parameters, nutrients, microbiological indicators, metals, and hydrocarbons
and comparing to published thresholds and ranges.

B. Consider policy to retrofit stormwater systems in residential paved areas (parking areas, roads, and
driveways) to capture and trap fine sediment in rock pits, vegetated swales, oil-grit separators,
chambers, or rain gardens to reduce the movement of contaminants into streams.

C. Conduct further sampling of microbiological indicators (E. coli + fecal coliforms) during low flow
conditions in August-September to identify cross-connections between sanitary and storm systems.
A geometric mean of five samples in 30 days is needed to compare to BC Water Quality Guidelines.

Volumetric Reduction to Mitigate Existing Development Impacts

Traditional development alters the flows in the creeks by increasing the peak flows, the runoff volumes,
and the frequency of flows. The existing development outflows into the creek could be improved by
reducing the effective impervious area (EIA) with the following alternatives (shown in yellow on

Figure 4-2):

A. Develop a policy to construct full volume reduction source controls during redevelopment/
densification of single family lots to not only maintain EIA at existing values but reduce the EIA to
10% to reduce the overall study area EIA to less than existing (2013) values. The line labeled
“Retrofit Lots” on Figure 4-3 represents this item.

B. Develop a policy to encourage retrofit of institutional and municipal owned lots by directing
pavement and roof runoff to rain gardens or other source controls (e.g. Schools). Retrofits would
reduce EIA to 10% on these parcels. The line labeled “Inst. Source Controls” on Figure 4-3
represents this item.

C. Evaluate program to help homeowners install rain barrels on existing single family development in
Surrey to reduce potable water usage and increase rainfall capture.
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D. Explore options to allow disconnected roof runoff directed to landscaped areas in areas on existing
single family development in Delta and initiate a program to help homeowners do so. This would
reduce the EIA of approximately 428 ha of residential area by approximately 15%. The line labeled
“Disconnect RL” on Figure 4-3 represents this item.

E. Encourage homeowners to plant trees on their properties to increase evapotranspiration and reduce
runoff volumes to creeks.

F. Surrey and Delta could develop and implement policy to retrofit existing streets with roadside source
controls in upland areas to reduce the EIA from 100% to 10% of approximately 204 ha of road
right-of-way in the study area. The line labeled “Retrofit Roads” on Figure 4-3 represents this item.

Fish Habitat Improvements

A number of instream works could be undertaken to improve the conditions for fish including (shown in
purple on Figure 4-2):

A. Increase habitat complexity in lower McAdam Creek using the addition of logs, boulders, and
gravel-cobble weirs;

B. Instream habitat complexing in lower sections of Shadow Brook and Regal Drive creeks adjacent to
railway and road corridor (including possible road closure or relocation);

C. Restore intertidal marsh habitat at mouth of Kendale Creek, including possible relocation or closure
of Elevator Road; and

D. Incorporate fish passage when upgrading the Sunbury Creek culvert under railway (see Table 4-1).

4.5 Evaluation of Potential Projects

The hydrotechnical upgrades listed in Section 4.2 and the mitigation measures listed in Section 4.3
mitigate the impacts of future development and address existing conveyance capacity issues. These
are required to meet the no-net-loss in the watershed. The various projects listed in Section 4.4 go
beyond a no-net-loss to improve the conditions in the watershed offsetting impacts of existing and
historic development.

It is difficult to compare the costs/benefits of the various optional projects because they achieve different
types of improvement benefits that cannot be readily converted to a common value system. Some
improve water quality while others reduce runoff or provide riparian benefits. Through discussions with
Delta, however, the projects were assigned a timeline and importance which results in a prioritization. A
capital cost was also estimated for the construction projects as shown in Table 4-1.

The various options and projects were discussed with Surrey and Delta and the majority of them were
selected to be incorporated into the ISMP as presented in the next section.
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CORPORATION OF DELTA

North Delta Ravines ISMP
l“l Final Report
October 2014

5.2

Proposed North Delta Ravines ISMP

Introduction

The overall strategy for the North Delta ISMP study area consists of many components for flood
management and environmental protection and enhancement as summarized in the following sections.
The strategy was developed by incorporating preferred elements from the alternatives.

The ISMP Strategy is depicted in plan view on three figures and described in this section:

e Figure 5-1: Short Term Projects that address safe flood conveyance for both existing and
future conditions.

e Figure 5-2: Medium Term Projects that address lower priority nuisance impacts, some of the
impacts form existing and past development, and riparian improvements.

e Figure 5-3: Long Term Projects that address some of the impacts from existing and past
development and long term improvements to fish habitat.

The sizing of facilities in the ISMP is conceptual in nature and should be thoroughly assessed during
pre-design. The capital cost estimates are summarized into four timeline categories, 1) Short Term,
2) Medium Term, 3) Long Term, and 4) Ongoing. They are also summarized by jurisdiction: Delta or
Surrey. Developer Costs are not estimated (see Table 5-1).

Required Hydrotechnical Improvements

A number of undersized culverts and priority works were identified. The proposed Hydrotechnical
upgrades were listed in Section 4.2 and are prioritized below.

Short Term Projects
The following short term projects are recommended as shown in pink on Figure 5-1:

1. Delta to conduct a detailed geotechnical investigation on Collings Creek to analyze the slope
stability for seismic and static conditions (E11, E12). The slopes found in the ravine are
considered to be marginally stable for the soil type, particularly where seepage and saturated
soils are found. A significant slide area was found on the north slope and recently downed trees
and soft saturated depositions indicate ongoing slope failures.

2. Delta to remove blockages from Collings Creek ravine as they occur to prevent water build up
behind blockages that may destabilize slope (E11).

3. Delta to provide erosion protection and slope stabilization measures to the slope below the outfall
PVC pipe (8578 109B Street).

4.-8. Surrey to replace culverts 1000766325 and 10000739968 with 1600 mm diameter pipes, culverts
C27, and 1000739966 with 1800 mm pipes. BNR to replace culvert 1000748517 with 1800 mm
pipe. Try to coordinate this project with the recommended environmental works in the area of the
culvert replacements (Projects 38, 43, and 44 on Kendale and Shadow Brook Creeks). Surrey is
completing an ISMP for the Manson Watershed and the recommendations in that report may
supersede those recommended in this report.
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Table 5-1: ISMP Class D Capital Cost Estimate

ISMP Component Timeline

Class D Cost Estimates

Hydrotechnical Inprovements

Total Developer Cost

1. Conduct a detailed geotechnical investigation on Collings Creek $20,000
2. Remove blockages within ravine as they present to prevent water build up that may destabilize slope $100,000
3. Provide erosion protection and slope stabilization measures to slope below the outfall PVC pipe (8578 109B Street) $70,000
4. Replace existing 1200 mm culvert with 1800 mm culvert (C27 and 3DS) $352,300
Short Term
5. Replace existing 800 mm culvert with 1600 mm culvert (1000766325) $339,900
6. Replace existing 800 mm culvert with 1600 mm culvert (1000739968) $339,900
7. Replace existing 900 mm culvert with 1800 mm culvert (1000739966) $550,400
$324,500
9. Replace existing 300 mm Pipe with 675 mm pipe and upgrade 6 additional downstream pipes to 675 mm (11202 86 Ave- 8589 112 St.) $373,200
10. Replace existing 300 mm Pipe with 525 mm pipe and upgrade 3 additional downstream pipes to 525 mm (11365 82 Ave - 11247 82 Ave) $336,800
11. Replace existing 300 mm Pipe with 450 mm pipe and upgrade 6 additional downstream pipes to 450 mm (8979 Russell Dr- McAdam Creek) $310,200
12. Replace existing 250 mm Pipe with 450 mm pipe (11375 82 Ave) Medium Term $53,600
13. Replace existing 300 mm Pipe with 600 mm pipe (11132 90 Ave) $33,900
14. Replace existing 300 mm Pipe with 600 mm pipe (11132 90 Ave-9044 112 St) $177,100
15. Replace existing 1050 mm Pipe with 1350 mm pipe (River Rd (Delwood dr to Terrace Dr)) $169,000 Hgﬂ;‘::iglh'
16. Obtain ROW for Pipe (GID 432786) $5,300
17. Obtain ROW for Pipe (GID 432787) $6,400
18. Obtain ROW for Pipe (GID 432788) $4,000
19. Replace existing 600 mm pipe with 900 mm pipe (Sunbury Creek Outfall Pipe) $126,800
20. Replace existing 450 mm Pipe with 525 mm pipe and upgrade 4 additional downstream pipes to 525 mm (8205 114 St-11247 82 Ave) $491,300
Long Term
21. Replace existing 450 mm Pipe with 525 mm pipe (11269 82 Ave) $84,800
22. Replace existing 300 mm Pipe with 375 mm pipe (10956 82 Ave) $31,000
23. Replace existing 600 mm Pipe with 675 mm pipe (96 Ave outfall to Delta Creek) $29,100
24. Replace existing 375 mm Pipe with 525 mm pipe and upgrade 2 additional downstream pipes to 525 mm (10525 Main St- to Soutfall to Sunbury
By Developer
Creek)
25. Replace existing 600 mm Pipe with 900 mm pipe and upgrade 2 additional downstream pipes to 900 mm (8984 112 St- 10986 River Rd) By Developer $4.329.500
Water Quality Treatment
26. Undertake additional water quality assessment and monitoring actions using Metro Vancouver’s Adaptive Management Framework (see Section $16,800
5.8 for more detail). ’
27. Consider policy to retrofit stormwater systems in residential paved areas (parking areas, roads, and driveways) to capture and trap fine sediment. Short Term By Municipality
) ] ) o ) ] ] N ) WQ Treat.
28. Conduct further sampling of microbiological indicators (E. coli + fecal coliforms) during low flow conditions in August-September. $16,800 Subtotal
. . . . — At Time of
29. Treat runoff from new paved surfaces, including municipal roadways to remove pollutants using biofiltration or manufactured systems (swales,
rain gardens, oil/grit separators, etc. ) Development | By Developer
9 »oligritsep » €1e. ). and Ongoing $33,600
Volumetric Reduction to Mitigate Frequently Occurring Flows and Sustain Baseflows
30. Evaluate a program to help homeowners install rain barrels on existing single family development in Surrey. By Municipality
31. Explore options to allow disconnected roof runoff directed to landscaped areas in areas on existing single family development in Delta and initiate Short Term By Municipality
a program to help home owners do so.
32. Encourage homeowners to plant trees on their properties to increase evapotranspiration and reduce runoff to creeks. By Municipality
33. Implement policy to apply volume reduction source controls on all new development / redevelopment including roadways to maintain existing EIA By Developer
and catchment flow characteristics. Capture 6-month 24-hour storm (31 mm) to meet the DFO Guideline & mitigate creek erosion. y P
At Time of
34. Develop policy to construct source controls during redevelopment to reduce EIA to less than existing values (e.g. during densification of 35% imp | Development Bv Developer
SFR area to 47%, reduce EIA to less than 35%). and Ongoing Y P
. ’ o ; . L Vol. Red.
35. Consider policy to retrofit existing streets with roadside source controls. By Municipality Subtotal
36. Develop program to encourage retrofit of institutional and municipal owned lots with 31 mm volume reduction source controls for pavement and Medium Term | § 24.235.300
roof runoff. (Cost reflect installation of rain gardens on these lots, not the cost associated with developing the program) U $24,235,300
Flow Rate Control to meet DFO Guidelines, and Surrey and Delta Bylaws
37. Detain post-development flows to pre-development levels for all storms up to and including the 5-year storm for all new development, new At Time of By Developer
roadways, and redevelopment using onsite detention facilities. Additional 10-year detention required in Delta. Development Y P
Riparian Protection and Enhancement
38. R’_lparlan restoration and enhance lower sections of Shadow Brook and Regal Drive Creeks adjacent to railway and road corridor (including Short Term $84,000
possible road closure or relocation).
At Time of
39. Protect riparian areas as per the RAR (Surrey) or SPR (Delta). Development | By Developer
and Ongoing
. - ; . L . Riparian
40. Encourage stewardship and riparian reforestation to increase riparian forest along lower Knudson Creek. Medium Term $41,900 Subtotal
41. Remove debris associated with mink farm from riparian zone on McAdam Creek; reforest disturbed areas. Long Term $126,100 $252,000
Restoration and Enhancement for Fish
42. Increase complexity using the addition of logs, boulders, and gravel cobble weirs in lower McAdam Creek ravine $42,000
- — - . - - - - - - Medium Term . .
43. Instream habitat complexing in lower sections of Shadow Brook and Regal Drive creeks adjacent to railway and road corridor (including possible $126,000 Fish Habitat
road closure or relocation). ! Subtotal
44. Restore intertidal marsh habitat at mouth of Kendale Creek including possible relocation or closure of Elevator Road. $168,100
Long Term
45. Incorporate fish passage when upgrading the Sunbury Creek culvert under railway. $33,600 $369,700
TOTAL CAPITAL COST Excluding Developer Costs (Excluding HST)| $29,220,100
Breakdown by Group
Total Delta Cost $2,666,100
Total Surrey Cost $1,750,600
Total Delta/Surrey Cost $24,268,900
Total BNR Cost $324,500
Total BNR/Surrey Cost $210,000

not estimated

Total Short Term Cost
Total Medium Term Cost
Total Long Term Cost

Breakdown by Timeline
$2,214,600
$25,899,000
$1,106,500

———
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Medium Term Projects

The recommended medium term projects are shown in Table 5-2 and in pink on Figure 5-2.

Table 5-2: Medium Term Hydrotechnical Improvements

Project Pipe ID Approximate Existing Length Desigg Flow Upgrade Size
No. Location Size (mm) (1) (m/s) (mm)
430895 300 3 0.60 675
430882 600 52 675
430887 600 93 675
o [a30890 | ;ﬁgg ?? ;‘éfrr;‘;? 600 4 675
430891 525 20 675
430995 525 38 675
430996 300 21 675
431906 300 91 0.48 525
10 431884 11365 82 Avenue 450 85 525
431900 - 11247 82 Avenue 450 63 525
431892 450 66 525
434455 300 20 0.60 450
433335 250 37 450
434457 ) 300 44 450
11 [43aa58 | 8079 Russell Drve 300 41 450
433326 350 19 450
433327 300 75 450
433325 350 26 450
12 433335 11375 82 Avenue 250 37 0.60 450
13 433694 11132 90 Avenue 300 7 0.43 600
11132 90 Avenue
14 433763 - 9044 112 Street 300 149 0.43 600
15 | 94374g | RiverRoad (Delwood |4 o5, 47 0.49 1,350
Drive to Terrace Drive)
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5.3
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Long Term Projects

The long term/end-of-life replacement projects are shown in Table 5-3 and in pink on Figure 5-3.

Table 5-3: Long Term Hydrotechnical Improvements

Project Pipe ID Approximate Existing Length Desigg Flow Upgrade Size
No. Location Size (mm) (1) (m’/s) (mm)
16 11041-11031 River 536 Purchase

432786 Road 900 53 ] ROW
17 11031 River Road 536 Purchase
432787 - 9150 Norum Road 900 63 ] ROW
18 9150-9140 Norum 536 Purchase
432788 Road 900 40 ' ROW
19 433211 Sunbury Creek Outfall 600 17 2.07 900
432006 450 14 0.48 525
431884 450 85 525
20 [431906 | 2205 119 Sveet 300 91 525
431900 450 63 525
431892 450 66 525
21 431908 11269 82 Avenue 450 69 0.48 525
22 431669 10956 82 Avenue 300 17 0.15 375
23 | 433109 | Y Aveoutfallto Delta 600 2 0.85 675
Creek
432414 . 375 80 0.87 525
24 [432418 | 10929 mf;”cs;;ﬁ”tfa" 450 31 525
432417 450 23 525
433414 600 114 1.93 900
25 [433695 | ooot 112 St-10980 600 88 900
433762 600 150 900
Shaded cells represent DCC projects

Water Quality Treatment

The environmental inventory and sampling has identified a number of water quality issues in the
watercourses. Further monitoring would be required to more conclusively identify and quantify
pollutants. The following projects will be initiated to identify pollutants and treat the water quality of
outflows into the creeks.

Short Term Projects
The following short term projects are recommended as shown in BIlig on Figure 5-1:

26. Delta to undertake additional water quality assessment and monitoring actions using Metro
Vancouver's Adaptive Management Framework (see Section 5.8 for more detail). (No. 26)

27. Delta and Surrey to consider a policy to retrofit stormwater systems in residential paved areas to
capture and trap fine sediments.

28. Delta to conduct further sampling of microbiological indicators (E.coli + fecal coliforms) during low flow
conditions in August-September to identify cross-connections between sanitary and storm systems.
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Developer, DCC, and Ongoing Projects

The following are recommended developer, DCC, and ongoing projects:

29. Delta and Surrey to require treatment from new paved surfaces, including municipal roadways, to
remove pollutants using biofiltration or manufactured water quality treatment systems.

5.4 Volumetric Reduction to Mitigate Frequently Occurring Flows and
Sustain Baseflows

To meet the no-net-loss requirement of an ISMP, future development impacts need to be mitigated.
Volumetric reduction is one step in addressing development impacts. Existing development impacts
can also be mitigated in part with volumetric reduction, the following volumetric reduction projects are
proposed.

Short Term Projects
The following short term projects are recommended as shown in yellow on Figure 5-1:

30. Delta to explore options to allow disconnected roof leaders directed to landscaped areas on existing
single family development in Delta and initiate a program to help homeowners do so.

31. Surrey to evaluate a program to help homeowners install rain barrels on existing single
family development.

32. Encourage homeowners to plant trees on their properties to increase evapotranspiration and reduce
runoff volumes to creeks.

Developer, DCC, and Ongoing Projects
The following are recommended developer, DCC, and ongoing projects:

33. Both municipalities to implement a policy to apply volumetric reduction source controls on all new
development / redevelopment including roadways to maintain existing EIA and catchment flow
characteristics. Capture 6-month 24-hour storm (31 mm) to meet the DFO Guideline and mitigate
creek erosion (see Appendix F for Typical BMPs).

34. Both municipalities to develop a policy to construct source controls during redevelopment to reduce
EIA to less than existing values (e.g., during densification of 35% SFR area to 47%, reduce EIA to
less than 35%).

35. Both municipalities to consider policy to retrofit existing streets with roadside source controls.

Medium Term Projects
The following medium term projects are recommended as shown in yellow on Figure 5-2:

36. Delta and Surrey to develop a program to encourage retrofit of institutional and municipal owned
lots with volume reduction source controls to capture 31 mm of rain runoff from pavement and
roof areas.
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5.5 Flow Rate Control to Meet DFO Guidelines, and Delta and Surrey
Bylaws

Flow rate control is the second step in addressing development impacts. The following flow rate control
projects are proposed:

Developer, DCC, and Ongoing Projects
The following are developer, DCC, and ongoing projects:

37. Detain post-development flows to pre-development levels for all storms up to and including the
5-year storm for all new development, new roadways, and redevelopment using onsite detention
facilities. Additional 10-year detention required in Delta.

5.6 Riparian Protection

Riparian forest integrity is one of the major indicators of watershed health as shown on the WHTS
discussed in Section 3.3. There are a number of riparian reforestation opportunities in the study area
including the following:

Short Term Projects
The following short term projects are recommended as shown in green on Figure 5-1:

38. Surrey to complete riparian restoration on City property and BNR to complete riparian restoration on
Railway property in the lower sections of Shadow Brook and Regal Drive creeks (including possible
road closure or relocation) (to be completed in conjunction with instream enhancement works
Project 43).

Developer, DCC, and Ongoing Projects
The following are recommended developer, DCC, and ongoing projects:

39. Protect riparian areas as per the Streamside Protection Enhancement Area By-Law in Delta and the
Riparian Area Regulation in Surrey.

Medium Term Projects

The following medium term projects are recommended as shown in green on Figure 5-2:

40. Delta to encourage stewardship and riparian reforestation to increase riparian forest along lower
Knudson Creek.

Long Term Projects

The following long term projects are recommended as shown in green on Figure 5-3:

41. Delta to remove debris associated with mink farm from riparian zone along McAdam Creek and
reforest disturbed areas.
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5.8
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Restoration and Enhancement for Fish

Both fish-bearing and non-fish bearing streams are important to the sustainability of fish populations
within watersheds and contribute to overall watershed health. There are a number of restoration and
enhancement opportunities in the study area including the following:

Medium Term Projects
The following medium term projects are recommended as shown in purple on Figure 5-2:

42. Delta to increase complexity using the addition of logs, boulders, and gravel cobble weirs in lower
McAdam Creek ravine.

43. Surrey to construct instream habitat complexing in lower sections of Shadow Brook and Regal Drive
creeks adjacent to the BNR railway (no complexing on railway property) and road corridor (including
possible road closure or relocation) (to be completed in conjunction with riparian reforestation
Project 38).

Long Term Projects
The following long term projects are recommended as shown in purple on Figure 5-3:

44. Surrey to restore intertidal marsh habitat at the mouth of Kendale creek including possible closure
or relocation of Elevator Road.

45. BNR to incorporate fish passage when upgrading the Sunbury Creek culvert under railway.

Public Access and Education

McAdam ravine is the only ravine in the study area that is potentially suitable for public access for
recreational and education purposes but the steep side slopes of the ravine places very strict limits on
this potential.

Increasing public access to the ravine would be difficult, potentially disruptive to habitat and would likely
require physical structures such as stairs and viewing platforms, slope stabilization and other
mitigation measures.

Although the potential to provide direct access to the ravine is very limited there is a range of other
means to provide information and public education about the ravines and their ecological and
stormwater function and to raise awareness of their importance and vulnerability, including signage,
public information, outreach campaigns and public access.

Delta has a robust set of land use policies to protect ravines from development and permit them to perform
their stormwater function. The ravines are designated “Development Permit” areas by the Official
Community Plan and subject to Guidelines approved by Corporation Council. Delta’s Planning regulations
to protect the environmental quality and stormwater function of the ravines are comprehensive well co-
ordinated and conform to the requirements of the Local Government Act. No additional Planning
regulations are required.
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5.9 Further Studies, Recommendations, and Monitoring Programs

Geotechnical Investigation
The geotechnical hazard assessment performed by exp identified the following recommended actions:

¢ Annual inspection of Shadow Brook creek at the area near the outfall to identify any acceleration of
slope erosion. Measures such as rip rap may be appropriate if accelerated erosion is observed.

¢ Annual and post-storm inspection (after >5-year rain event) of slope conditions on Kendale Creek to
confirm slope instabilities have not progressed up the slope, especially in the area 120 m west of
the outfall at the east end of the ravine.

e Bi-annual review and further study of slope conditions on Collings Creek to assess the progress of
slope movement.

e Annual review of McAdam Creek bank erosion and associated slopes to confirm that residential
properties on the slope crest are not affected.

Hydrotechnical Investigation

A capacity study is recommended to determine the capacity and required upgrades for the local
deficiency identified by Delta staff at Russel Drive at Watson Drive. This deficiency was not modelled
as part of this study.

Ongoing Benthic, Water Quality and Sediment Sampling

To monitor the success of mitigation measures and measures to improve watershed health as outlined
in the ISMP, ongoing benthic sampling of the same sites that were used in the ISMP is recommended.
To establish trends over time, sites should be monitored approximately once every two years. At the
time of the benthic sampling, water and sediment samples should be taken and analyzed to quantify
long term trends of pollutants in the water and sediment. The cost of benthic, water and sediment
sampling would be approximately $33,600 per year for the 4 benthic and 6 water quality and sediment
sampling locations used in this study.

Detailed Fish Presence and Fish Passage Investigations

Fish presence and distributions were derived from the detailed fisheries assessment completed
previously by Coast River Environmental Services for the SFPR environmental impact assessment.
Further fish sampling and a fish utilization study is recommended.

In addition some culverts have been identified as potential barriers to fish passage based on general
characteristics (length, slope, etc.) but further assessment is needed to assess whether they actually
present a barrier to fish.

ISMP Performance Monitoring and Accountability of Plan

To measure and track the levels and changes in the health of a watershed, and to provide accountability
to the ISMP, a suite of performance parameters has been developed that match the key issues
identified above. Table 5-4 lists the parameters or ‘indicators’ that should be measured and tracked
over time.
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The proposed schedule for review of the watershed health indicators should be once every five years. It
is suggested that indicators be measured every two years.
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Table 5-4: North Delta Ravines Watershed Adaptive Management Indicators
Method of Analysis

Performance Indicator

Total Impervious Area
(% of Watershed Area)

GIS Analysis of Aerial Photos and
Assessment Data

48%

Final Report
October 2014

Small increase
expected due to
development

Effective Impervious

Estimated from surface cover

Flow monitoring

decrease when

2. |Area (% of Watershed |type and source controls required to quantify |SOUrce controls
Area) implemented q 9 Y implemented
3. Rt’)lparlar_\ Fo_rrest Integrity GIS Analysis of Aerial Photos 68% Same or Increase
(% of Riparian Area)
Watershed Forest Cover . , o
4. (% of Watershed Area) GIS Analysis of Aerial Photos 13% Same or Increase
5. |Benthic Invertebrates E;leE:jl ;C?r:gss?l?j;d on methods mean = 18.0 18
7 of 11 streams
. . support cutthroat
6. |Fish Populations jgsF;lzsi?g/:tonmental impact Trout Confirm Data
Three support coho
Salmon
Several culverts
need to be re-
7 |Fish Passage Barriers SFPR environmental impact Full Barriers 5+ assessed
’ 9 assessment Partial Barriers 10 |Progressive
Removal of non-
natural Barriers
o~ |Field Measurement Range: 9.9-14.1 Same or
8. |Water Temperaturs (°C) (during October) Mean: 11.0 Decrease
9 Dissolved Oxygen (DO, |Field Measurement Range: 11.0-14.3 Same or Increase
" |mglL) (during October) Mean: 12.8
10. Water oH Field Measurement | Range: 7.05 — 8.08 |Same or Trend
) P (during October) Mean: 7.71 Toward Neutral
- Field Measurement Range: 63 —-302 [Same or
11. |Water Conductivity (1S) (during October) Mean: 192 Decrease
. Field Measurement Range: 0.2-785.2 |Same or
12. | Turbidity (NTU) (during October) Mean: 51.0 Decrease
Water Quality Fecal Field Measurement Range: 57.2-108
13- | Coliforms (MPN/100mL) |(during October) Mean: 91.5 Same (< 200)
14. |Sediment Quality Metals in sediment See Section 2.4 [S)ng]rg:ge
Field Assessment and Same or
15. |[No. of Erosion Sites Designation as Low, Medium, or |See Table 2-2 Decrease

High Severity and Consequence
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5.10 Stakeholder Feedback

Stakeholder engagement took place at a Public Open House on 11 March 2014. The stake holders
were asked to identify any additional issues, rank the potential watershed improvement options, and
provide comments on the project. The stakeholder feedback is summarized below.

Potential Watershed Improvement Rankings

Stakeholders were asked to rank the watershed improvement option projects from A to Q in order of
most preferred to least preferred. Table 5-5 shows the projects as ranked by the stakeholders.

Table 5-5: Watershed Improvement Options as Ranked by Stakeholders

H. Develop policy to construct source controls during redevelopment to reduce EIA to less than
existing values (e.g., during densification of 35% imp SFR area to 47%, reduce EIA to less than 35%).

I. Develop program to encourage retrofit of institutional and municipal owned lots with 31 mm volume
reduction source controls for pavement and roof runoff.

K. Explore options to allow disconnected roof runoff directed to landscaped areas in areas on existing
single family development in Delta and initiate volunteer program to help home owners do so.

L. Encourage homeowners to plant trees on their properties.

M. Consider policy to retrofit existing streets with roadside source controls.

Q. Address large impassable culvert in lower reaches during site redevelopment or upgrading.

P. Restore intertidal marsh habitat at mouth of Kendale Creek including possible relocation or closure
of Elevator Road.

N. Instream habitat complexing in lower McAdam Creek ravine

O. Instream habitat complexing in lower sections of Shadow Brook and Regal Drive creeks adjacent
to railway and road corridor (including possible relocation).

C. and D. Riparian and instream restoration in lower sections of Shadow Brook and Regal Drive
creeks adjacent to railway and road corridor (including possible road closure or relocation).

A. Encourage stewardship and riparian reforestation to increase riparian forest along lower
Knudson Creek.

B. Remove debris associated mink farm from riparian zone; reforest disturbed areas.

E. Undertake additional water quality assessment and monitoring actions using Metro Vancouver’'s
regional strategy.

F. Retrofit stormwater systems in residential paved areas (parking areas, roads, and driveways) to
capture and trap fine sediment.

G. Conduct further sampling of microbiological indicators (E. coli + fecal coliforms) during low flow
conditions in August-September.

J. Evaluate a volunteer program to help homeowners install rain barrels on existing single family
development in Surrey.

In general the stakeholders identified that the preferred options would be ranked in the following order:

1. Source controls / stormwater infiltration;
2. More tree cover in all areas;
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3. Riparian / instream improvements; and
4. Monitoring / testing.

Several stakeholders expressed that not enough information was presented to allow ranking of the options.

Issues/Projects as Identified by Stakeholders

Stakeholders were asked to list any key issues in the watershed that should be addressed by the ISMP.
The issues/projects identified by the stakeholders are listed below. The issues/projects have been
separated into two lists: Addressed in ISMP Alternatives and Additional Issues.

Addressed in ISMP Alternatives

46. All developments and redevelopment, including single family residential, required to install source
controls for stormwater management.

47. Improve Kendale Creek, allow more fish access and remove culverts in lower reaches and
restore channel.

48. Construct rain gardens, retention ponds, and porous asphailt.
49. Make source controls compulsory in new developments.

50. Encourage disconnected roof leaders.

Additional Issues

51. Habitat fragmentation: develop a plan based on site visits to determine where tree planting and
wildlife corridor creation could be located.

52. Improve fish access along Norum Creek (railway culverts) to bring back historical salmon runs.
53. Remove or improve piped sections of Norum Creek, restore channel and add complexing.

54. Remove piped sections of Kendale Creek, restore channel and add complexing.

55. Add baffles to culvert under Nordel Way on McAdam Creek.

56. Construct fish ladder on Colliers/Delta Creek to get fish into the 96" Avenue culvert.

57. Disallow infilling of ditches.

58. Require developers to contribute to the restoration of Creeks as part of approvals process.

59. Create a greenway for wildlife that connects with Burns Bog, the North Delta Ravines, and the
Fraser River.

60. Governmental (municipal, provincial or federal) purchase of all stream courses and riparian buffer.

61. Strive for more than just slightly improve watershed health.
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5.11 Capital Cost Estimates and Funding

Capital Cost Estimate

The sizing of facilities in the ISMP is conceptual in nature and should be thoroughly assessed during
pre-design. The capital cost estimates of the overall proposed works in the ISMP are summarized in
Table 5-1. The detailed cost estimates are included in Appendix G.

The cost estimates in Table 5-1 are summarized into four timeline categories, 1) Short Term, 2) Medium
Term, 3) Long term, and 4) Ongoing. They are also summarized into three groups, 1) Delta, 2) Surrey,
and 3) Delta/Surrey. Developer costs are not estimated.

Class ‘D’ Cost Estimate and Assumptions

The cost estimates provided in this study are of Class ‘D’ accuracy. This means that the general
requirements for upgrading including size and approximate depth of excavation, as well as some
general site conditions are known. The projects identified have not considered the following factors
affecting construction:

e relocation of adjacent services (gas, hydro, telephone, etc.);
e special permitting requirements (fisheries windows, contaminated site, etc.);

e geotechnical issues requiring special construction such as pile-supported piping, buoyancy
problems or rock blasting; and

e critical market shortages of materials.

As the above factors have not been allowed for in estimating construction unit rates or project design,
the following factors are applied to all projects:

Contractor Markup/Overhead — 6% (included in unit price);
Mobilization/Demobilization — 6%;

Bonding/Insurance — 2%;

Engineering — 20%; and

Contingency — 40%.

GST has not been included in the estimated project costs. The unit prices reflect KWL'’s recent
experience with similar work, and therefore represent the best prediction of actual (2014) costs as of the
date prepared. Actual tendered costs would depend on such things as market conditions generally,
remoteness factor, the time of year, contractors’ workloads, any perceived risk exposure associated with
the work, and unknown conditions.

Funding Strategies

Funding opportunities from senior governments should be pursued for some of the items for example:

e Fish barrier removals and habitat improvements — Wildlife Habitat Canada Conservation Grant;

e Riparian enhancement and conservation areas — Environment Canada Habitat Stewardship
Program; and

e Conveyance upgrades — Infrastructure grant programs.

KERR WOOD LEIDAL ASSOCIATES LTD.

5-12

323.073-300

Page 263 of 769



1-G 94nb14

sjoafoid wia] Joys

pasodo.d
10z Ae €10-€2€
aled ‘ON }09loid
000°0Z:}
(W)

00¢ 0 00¢

“paNGILOId SI T JO UOISSILLIS USNLIM SU) INOUIIM S[EUSIeW SSau)

“PI S81L1008SY [ePIa] POOM L8Y ¥10Z ©
si@aulbus Bull|nsuod

1vdaiaT dOOM dd3M

| I

‘Ajuo sasodind aaljensn||i 1o} papiroid S| pue Sa)elossy
|ep1o] POOA L9 AQ ADBINDDE S)1 0} SB PSJUBLIEM JOU S| UOEBULIOJUI SIU |

‘Aaling
10 AjID 8y} pue eya( jo uoneiodiod ayy wouy ejep AjpIN pue [elseped
‘alydesbodoy eyeQ Jo uonelodiod ay) wolj ojoydoylo O10Z :99uslajey

"SUOIIPUOD Bsnpue
ainny 8y} pa|ie} sainyes) WajsAs Jofew [euonippe oN
:9)JON

jusweoueyug ueledry I

uolje}salojey ueledry
papelbdn aq 0} sodld em—

yoNa / %881 pajIspoN

wa)sAg aouekanuo) pajlopo

[STEY (%)

dINSI
saulAey B}joQ YMON
ej|]9Q jo uonesodion

syt

any 08

t
any zg R
Ed

oY g
NV ¥8

s e

jer [apioN

any 88

15921

9NV 26

IS vt
s

A3dUNs
10 ALID

'sJ0] J18Y} UO s88.) Jueld 0} sjuspisas abeinoous Zg "oN

"B)j9 Ul S}0| Y4S UO Ume| 0} Siapes)
SJ00J pajosuuodsip mojje 0} suoiido aiojdx3 LE "ON

‘Aeing Ul sj0| ¥4S
uo s|a.leq uiel |[ejsul 0} weiboid e syenjeng gg "oN

:uoiONpay awnjop
wus) Joys 9|qissod

‘walsAs WS pue Alejues usasmiaq
SUOI}08UU0D-SS0.I0 AJ3Usp! 0} MOJ} MO| BuLINp siojeoipul
|eaiBojoigouoiw jo Buiidwes Jayuny Jonpuod 8z "ON

‘sjuswipas auly desy pue ainyded o0} seale |eluapisal
Ul SWaSAS Jajemuwlols J1joiial 0} Aoljod Japisuo) 2Z "ON

JINY yim Aldwod o} Buuoyuow pue
juswissasse Ajjjenb Jsjem [euonippe eyeuspun 9z "ON

:sjoafoud
Buriojiuoy pue Juswanoidwy Ayijend 19jepy
uudj Joys 3|qissod

420R St

Uo1}99}0.d UOIS0Ig
€ 'ON

sebexoo|g anowsy
C ON

uonebisanu|

[ealuyoe}oes) pajieled

1 'ON

e IO

s ozt

(’@@‘3

L

v zot

3NV YEOT

viiia

10 NOILVYOdH0I

puej|s| sideuuy

1s0104 Ueuedry a10}say
8€ 'ON

adid @ 0091 X ¢ 0} SHeAIND

Jo apeubdn 9|qIssod
(52€£9920001'8966€.0001)
9/S 'ON

Speoy JojeAs|3 pue uosqoy
JEau JopuUIoD peoy

pue |iey ul sjauuey)

Buoly 1s0104 uenediy soueyuy
8€ 'ON

adid @ 0081 0} HBAIND
jo mﬁm._maD 9|qIssod
(2158%20001)

8 'ON

/

1 @did @ 008} 03 HeAIND
/ Jo apelbdn a|gissod

y (222)

Ve ¥ ‘ON

adid @ 0081 0} HOAIND
J0 apeubdn s|qissod
(9966£20001)

LON

ner Jogny

INd O7°Z}E ¥LOZ/SO/0E ‘PoAES Bled PXW' |-GBI4™€/0€Ze\dY-AXINSIO-0EH\ELO-EZE\BBE0-00E0\ O Uied

Page 264 of 769



Z-G 94nb14

sjo9foid wia] wnipap

pasodo.d
10z Ae €10-€2€
aled ‘ON }09loid
000°0Z:}

()

00¢ 0 00¢

“panqIyoid s MY JO UOISSIwIEd UBRUM BU) INOIM S[EUBIEW 858U}
40 asn Jayio Auy ‘dINS| SeuAey BljoQ YUON ey Jo uoiesodio) ay) o) Bunejas £jjeoyioads ssaulsng jonpuoo
o} pauinba Se Ajuo saiued paIY) 0} UOHNGUISIP J0} PUE BUINIE 10} S|ELIBIEW By 8onpoidai o) papiued s eyeq
Jo uoneiodio0 (M) “PH] SSIBI00SSY [epia POOM 118 J0 1UBLAd0D aie sjeslew ssay :3oRoN 3yBliAdod

|

‘Ajuo sasodind aaljensn||i 1o} papiroid S| pue Sa)elossy
|ep1o] POOA L9 AQ ADBINDDE S)1 0} SB PSJUBLIEM JOU S| UOEBULIOJUI SIU |

“PI S81L1008SY [ePIa] POOM L8Y ¥10Z ©
si@aulbus Bull|nsuod

1vdaiaT dOOM dd3M

‘Aaling
10 AjID 8y} pue eya( jo uoneiodiod ayy wouy ejep AjpIN pue [elseped
‘alydesbodoy eyeQ Jo uonelodiod ay) wolj ojoydoylo O10Z :99uslajey

"SUOIIPUOD Bsnpue
ainny 8y} pa|ie} sainyes) WajsAs Jofew [euonippe oN
:9)JON

sjuswanoldwi jelgeH :w_j

uolje}salojey ueledry
papelbdn aq 0} sodld em—

yoNa / %881 pajIspoN

wa)sAg aouekanuo) pajlopo

[SYEY[ele}
Atepunog Apnig ﬁu
Arepunog |ediounpy “I-Il__

dINSI
saulAey B}joQ YMON
ej|]9Q jo uonesodion

anv vg

15921

@AV 00T

BAY 70T

syt

any 08

t
any zg R
Ed

AV 8

s e

jer [apioN

any 88

(s107 papeys mojjaA I1v)

s107 paumQ-Ajledipiuniy

pue [euoiniisu| Ym sjou0
92IJN0S UOI}ONPaY BWN[OA [IN4
Jjou19y 0} Aoijo4 dojensq

9€ 'ON

9NV 26

adid @ 06¢1 01 epeuhdn
(8v.2€¥6)
Gl 'ON

EN 74
s

A3dUNs
10 ALID

AV 96

IS VETT

3NV 66

s

s

420R St

adid @ GgG 03 sadid wealnsumoq
9aly] pue adid apelbdn
(9061€1)

0L ON

0} sadid wealisumoq
XIS pue adid apeibdn

adid @ G/9

(g680€Y)
6 'ON

adid @ 009 03 opesbdn

(e9.£¢9)
¥1 'ON

Q& s ozt
fﬂ’ﬁ

L

3Ny 20T

3NV YEOT

opIOR em—
KeM ¥

viiia

10 NOILVYOdH0I

adid @ 06 0} apelbdn
(seeeeh)
ZL ON
E=AN
A N

SJIBM 919900
|8ABIS) pue ‘siap|nog

‘sB07 Jo uonippy auj buisn
Auxs|dwo) jeyqeH asealou|
Zv 'ON

adid @ 06 0} sedid
wealsumoq XIS pue adid apesbdn
(gsv¥er)

Ll 'ON

adid @ 009 03} apeJbdn
(y69¢€t)
€1 'ON

puej|s| sideuuy

uolje)salojey uenedry pue
diyspsema)s ebeinoous
0¥ 'ON

UO[}E20[|9Y/2INS0[) peoy pue
Buixajdwo) ‘yejqeH weausu|
J €% 'ON

ner Jogny

INd 90:€}E ¥LOZ/SO/0E ‘PoAES BleQ PXW'Z-GBI4™€/0€Ze\dY-AXIN\SIO-0EP\ELO-EZE\BBE0-00E0\ O Uied

Page 265 of 769



€-G ainbi4

sjoafoid wia] Buo

pasodo.d
10z Ae €10-€2€
aled ‘ON }09loid
000°0Z:}

()

00¢ 0 00¢

“panqIyoid s MY JO UOISSIwIEd UBRUM BU) INOIM S[EUBIEW 858U}

40 asn Jayio Auy ‘dINS| SeuAey BljoQ YUON ey Jo uoiesodio) ay) o) Bunejas £jjeoyioads ssaulsng jonpuoo
o} pauinba Se Ajuo saiued paIY) 0} UOHNGUISIP J0} PUE BUINIE 10} S|ELIBIEW By 8onpoidai o) papiued s eyeq
Jo uoneiodio0 (M) “PH] SSIBI00SSY [epia POOM 118 J0 1UBLAd0D aie sjeslew ssay :3oRoN 3yBliAdod

iy

‘Ajuo sasodind aaljensn||i 1o} papiroid S| pue Sa)elossy
|ep1o] POOA L9 AQ ADBINDDE S)1 0} SB PSJUBLIEM JOU S| UOEBULIOJUI SIU |

“PI S81L1008SY [ePIa] POOM L8Y ¥10Z ©
si@aulbus Bull|nsuod

1vdaiaT dOOM dd3M

‘Aaling
10 AjID 8y} pue eya( jo uoneiodiod ayy wouy ejep AjpIN pue [elseped
‘alydesbodoy eyeQ Jo uonelodiod ay) wolj ojoydoylo O10Z :99uslajey

"SUONIPUOD 8snpue|
ainny 8y} pa|ie} sainyes) WajsAs Jofew [euonippe oN
:9)JON

JusWeouByUT JelgeH [epiay| W:/.:/ﬁ.

sjuswanoldwi jeygeH ysi
uolje}salojey ueledi
papelbdn aq 0} sodld em—

yoNa / %881 pajIspoN

wa)sAg aouekanuo) pajlopo

[STEY (%)

dINSI
saulAey B}joQ YMON
ej|]9Q jo uonesodion

anv vg

15921

@AV 00T

BAY 70T

syt

any 08

t
any zg R
Ed

s e

any 88

9NV 26

IS vt

A3dUNs
10 ALID

AV 96

AV 8

s

420R St

jer [apioN

adid & /9 e 0} apesbdn
(60LEED)

€C ON

3NV 66

s

3Ny 20T

s

3NV YEOT

adid @ Gzg 03 epesbdn
(g061Lh)
LZ 'ON

adid @ Ggg 0} sadid weansumoq
no4 pue adid apelbdn
(900z¢et)

02 ON

adid @ G/¢€ 0} apelfdn
(699L€1)
ZZ ON

viiia
10 NOILVYOdH0I

adid @ 006 UM
IIBANO @ 009 d2e|day
(112eey)

61 'ON

a|qissedw| abie ssaippy

juswdojarspay
8)Is Buung weAny

Sv "ON

suolpuo) ueuediy
210}S9Y pUE SlIgeq dAoWaY
LY "ON

sadid € 1o} \\OY UIelq0
(8822¢¥ ‘18.28¥ ‘98/2Eh)
8l ‘Ll ‘91 "ON

puej|s| sideuuy

peoy JojeAs|3

850D 10 8}eo0|aY
Ajqissod pue jeygeH
ysie|\ [epiisiu| 8i0)sey

v "ON

ner Jogny

INd 97°9Z°€ ¥L0Z/SO/0E ‘PoAES Bled PXw'e-GBI4™€/0€Ze\dY-AXINSIO-0EV\ELO-EZE\BBE0-00E0\ O Uied

Page 266 of 769



CORPORATION OF DELTA

North Delta Ravines ISMP
l“l Final Report
October 2014

6. Summary and Recommendations

6.1 Summary

Introduction

e The North Delta Ravines ISMP employed a multi-disciplinary approach including stormwater
engineering and environmental protection.

e The study included consultation with the municipalities and the public.

e Two main watershed goals directed the ISMP: Protect aquatic ecosystems and water resources
and minimize the risk to life and property associated with flooding and erosion.

e Key issues include existing erosion and environmental issues such as fish passage barriers.

e Applicable stormwater criteria included Delta and Surrey 10-year minor and 100-year major
conveyance standards and detention criteria, DFO Guidelines for 6-month volume reduction,
6-month to 5-year detention, and water quality treatment of 90% of annual runoff, and the Riparian
Area Regulation (Surrey) and Streamside Protection Regulation (Delta) for riparian protection.

North Delta Ravines Watershed

Drainage Inventory

e The North Delta Ravines watershed is 802 ha and drains to the north to the Fraser River. There are
11 significant watercourses in the watershed: Sunbury Creek, Nelson View Creek, McAdam Creek,
Collings Creek, Norum Creek, Gunderson Creek, Knudson Creek, Kendale Creek, Shadow Brook
Creek, Regal Drive Creek, and Delta/Colliers Creek.

e There is existing erosion, slope failures, slide scarps and slide areas in McAdam Creek, Kendale
Creek, Knudson Creek, Collings Creek, and Nelson View Creek.

e Adrainage inventory included investigations on Creek crossings, channel cross-sections, erosion,
deposition, obstructions, and a condition assessment of hydraulic structures.

Land Use Assessment

e The existing and future land uses were summarized. The existing land use is largely developed in
both Delta (696 ha at 47% impervious area) and Surrey (106 ha at 52 % impervious). The future
land use has minor zoning changes and mainly includes redevelopment at higher impervious
percentages (Delta 50% impervious and Surrey 55% impervious).

Environmental Inventory and Assessment

e Atotal of 87.5 ha (13%) of the study area and approximately 30.1 ha of the riparian zone (68%) was
forested (based on 2012 aerial photos). Riparian forestation varied from 41% along Regal Drive
Creek to 82% along McAdam Creek. Total forestation has declined by approximately 10.8 ha
(1.3%) and riparian forestation has declined by approximately 1.8 ha (4%) over the past 17 years.

e Water quality sampling shows Sunbury and Knudson Creeks have higher specific conductivity,
higher turbidity, and lower Oxygen Reduction Potential. Levels of total copper were marginally
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higher than BCWQ in Sunbury and McAdam creeks and levels of antimony were elevated in
samples from McAdam. Fecal coliforms were lower than the BCWQ guideline for primary contact
recreation.

Sediment sampling from four streams (Sunbury, Collings, Knudson and Kendale Creeks) had
concentrations of total nickel above the BCSQGs. Total arsenic from in Knudson creek was also
above BCSQG.

The biological condition of the watershed has been heavily impacted by human disturbances in the
watershed as reflected in the 2012 B-IBI score of 18.0 and a mean taxa richness of 13.3. These
results are not unexpected given the high levels of urbanization and total impervious area within
the watershed.

Fish presence was derived from the detailed fisheries assessment completed previously for the
SFPR environmental impact assessment. Six of the ten streams support resident or searun
cutthroat trout populations, and two (McAdam and Regal Drive creeks) support coho salmon.
Additional streams may support coho or chum salmon but presence was not confirmed.

Stream channel substrate is predominantly cobble and gravel with lesser amounts of boulder and
fine sediment. Large instream wood is widely distributed in the study areas, but rarely abundant.
Twenty pools deeper than 40 cm were recorded; all were found in McAdam Creek.

Culverts restrict fish access into Sunbury, Nelson View, Knudson, Kendale, Shadow Brook and
Regal Drive Creeks.

Geotechnical Assessment

The assessment revealed cross bedded sands with silt and gravel lenses, cross bedded sand to
gravel and inter bedded fine sand to clayey silt in the watershed. Groundwater was not typically
encountered along the ravine banks except in localized seepage areas.

The granular nature of the soils encountered within the ravines were typically considered to be
susceptible to erosion, with the exception of McAdam and Nelson View Creeks in which clayey soils
were encountered which would be more resistant to erosion.

Erosion within the ravines was generally limited to localized areas.

Watershed Analysis

Hydrologic and Hydraulic Modelling

A PCSWMM model was developed for trunk storm sewers in the watershed.

The design storms were created from the IDF curve for the GVRD DT34 rain gauge and the 1-, 2-,
6-, 12-, and 24-hours storms for the 2-, 5-, 10-, 25-, 50-, and 100-year return periods. These were
used for the storm sewer and culvert capacity assessments.

Peak flows and water levels for design events were estimated at strategic locations within the
watershed.

The future land use, if left unmitigated, would increase 2-year to 100-year peak flows by
approximately 1% to 73% and increase water levels by less than 1%.
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A minor trunk sewer capacity assessment was performed. Pipes were checked using the 10-year
peak flow limiting the surcharge time to 30 minutes. Eleven out of 296 minor pipes exceed criteria
in the existing land use and an additional two pipes exceeded criteria in the future land use.

A major system capacity assessment was performed. Pipes were checked to determine if they had
easements that would accommodate the 100-year peak overland flow safely. Seven pipes were
identified as failing the criteria, however they were considered low-risk failures as the pipes are
located in the ravines away from structures.

A culvert capacity assessment was performed. Culverts were checked using the 100-year
instantaneous peak flow limiting the surcharge time to 30 minutes. Five out of 15 culverts exceed
the criteria in the existing land use case and no additional culverts exceeded it under future land
use.

A local deficiency located at Russel Drive at Watson Drive was identified by Delta staff. This
deficiency was not modelled as it is not on the major drainage system.

Watershed Health Tracking System

The Watershed Health Tracking System shows general agreement between the measured score
(18 and the score predicted from impervious area and riparian forest integrity (15) for McAdam
Creek. The watershed health is as would be expected for a watershed with this level of
development and would benefit from improvement.

Mitigation Alternatives

Alternatives were developed and explored with Delta and Surrey to address the existing issues and
mitigate the potential impacts of future development.

Hydrotechnical upgrades to protect property and infrastructure were identified.

To meet the no-net-loss requirements of an ISMP, future development impacts need to be
mitigated. Developers in both Delta and Surrey should apply source controls to allow development
while not making conditions worse in the downstream creeks and ravines.

To go beyond the no-net-loss requirement of an ISMP and in fact improve the watershed, a number
of existing issues could be addressed. Four categories of alternatives are identified:

- Riparian reforestation to improve and reduce the losses in the riparian area.

- Water quality improvements to identify pollutants and treat water quality of outflows to the creek.

- Volumetric reduction alternatives to reduce existing development flows.

- Fish habitat improvement to improve instream habitat, estuarine habitat and improve fish
access to creeks.

The potential projects were discussed with Delta and Surrey and evaluated based on cost and
qualitative benefit. The projects were assigned a timeline and importance which results in a
prioritization. The maijority of the options were selected to be incorporated into the ISMP.

Stakeholder engagement took place at a Public Open House on 11 March 2014. The stakeholders
were asked to identify any additional issues, rank the potential watershed improvement options and
provide comments on the project.
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Proposed North Delta ISMP

The ISMP strategy is summarized in four timeline categories: short term, medium term, long term, and
ongoing with capital cost estimates provided for each (see Table 5-1 and Figures 5-1 to 5-3).

¢ Required Hydrotechnical Improvements include eight short term projects ($2,097,000), seven
medium term projects ($1,453,800), and eight long term projects ($778,000).

¢ Water quality treatment to improve instream conditions for fish includes three short term projects
($33,600) and one ongoing project ($0).

e Volumetric reduction for environmental protection includes three short term projects ($0), three
ongoing projects ($0), and one medium term project ($24,235,300).

¢ Flow rate control to meet bylaws and guidelines includes one ongoing project ($0).

e Riparian protection and enhancement for improving watershed health includes one short term
project ($84,000), one ongoing project ($0), one medium term project ($41,900), and one long term
project ($126,100).

e Restoration and enhancement for fish includes two medium term projects ($168,000) and two
long term projects ($328,500).

e  Further studies and monitoring are recommended for the North Delta Ravines study area to
investigate the geotechnical hazards in Shadow Brook, Kendale, Collings, and McAdam Creeks, to
continue benthic and water quality sampling, to document fish presence and fish passage through
culverts, and to measure the performance of the ISMP.

e The total capital cost of the ISMP projects is up to $29,346,900 million of which $27 to $39 M is
attributable to Delta projects and $2 to $14 M to Surrey projects. Short term costs projects are
valued at $2,214,600, medium term projects at $25,899,000, and long term projects at $1,233,300.
Funding opportunities from senior governments may be pursued for some of these projects.

6.2 Recommendations
Based on the above summary, it is recommended that Delta and Surrey:
e Adopt the goal of net gain of ecological health for the North Delta Ravines watershed as a whole.

e Initiate a monitoring program to collect benthic samples, water quality samples, and sediment
samples. Undertake further fish presence and fish passage investigations. Track the performance
of the ISMP by comparing trends in indicators as shown in Table 5-4.

e Implement the proposed short term projects and improvements first, followed in turn by the medium
and long term projects and improvements.

e Develop and implement policy requiring volume reduction source controls on all new development
and redevelopment.

e Develop a policy to retrofit existing streets with roadside source controls BMPs.

¢ Review implications of a roof leader disconnection program that directs roof runoff to landscaped
areas and encourage home owners to do so.

e Encourage homeowners to plant trees on their properties.

KERR WOOD LEIDAL ASSOCIATES LTD.

6-4

323.073-300

Page 270 of 769



CORPORATION OF DELTA

North Delta Ravines ISMP
"J Final Report
October 2014

e Initiate a detailed geotechnical investigation on Collings Creek to analyse the slope stability for
seismic and static conditions.

e Regularly review Shadow Brook, Kendale, Collings and McAdam Creek ravines to monitor
progression of existing slope movement and/or erosion of creek banks.

e Construct erosion protection for areas within McAdam Creek ravine.

e Confirm that setbacks for homes adjacent to Gunderson Creek ravine are sufficient through a
detailed location survey.

e Perform capacity study for the local deficiency identified by Delta staff at Russel Drive at
Watson Drive.
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Statement of Limitations

This document has been prepared by Kerr Wood Leidal Associates Ltd. (KWL) for the exclusive use and benefit of the Corporation of Delta
for the North Delta Ravines Integrated Stormwater Management Plan. No other party is entitled to rely on any of the conclusions, data,
opinions, or any other information contained in this document.

This document represents KWL'’s best professional judgement based on the information available at the time of its completion and as
appropriate for the project scope of work. Services performed in developing the content of this document have been conducted in a manner
consistent with that level and skill ordinarily exercised by members of the engineering profession currently practising under similar
conditions. No warranty, express or implied, is made.

Copyright Notice

These materials (text, tables, figures and drawings included herein) are copyright of Kerr Wood Leidal Associates Ltd. (KWL). The
Corporation of Delta is permitted to reproduce the materials for archiving and for distribution to third parties only as required to conduct
business specifically relating to the North Delta Ravines Integrated Stormwater Management Plan. Any other use of these materials without
the written permission of KWL is prohibited.

Revision History

Revision # Date Status Revision Author
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Appendix A — Engineering Field Inventory
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Appendix A - Engineering Field Inventory

1. Engineering Field Inventory

KWL undertook drainage inventory survey activities in November of 2012. The scope of work covered
the North Delta Ravines area.

The purpose of the survey was to supplement the Corporation of Delta’s existing CAD database by
locating, photographing and assessing the following features along each major tributary:

e Hydraulic structures and stormwater outfalls; and
e Channel obstructions.

The terms left and right in this report refer to the left and right side of the creek channel when looking
downstream.

A geotechnical inventory survey of the nine ravines in North Delta was completed by exp Services Inc.
The purpose of the survey was to locate erosion sites along the creeks.

Equipment

Features and observations were positioned and recorded using the Rino 520-530HCx mapping
grade GPS.

All inventory features were photographed at 1,600 x 1,200 pixel resolution using a digital camera.

Coordinate System

The coordinate system used for this survey is Universal Transverse Mercator (UTM) Zone 10 North,
North American Datum of 1983. Raw GPS positions were differentially corrected against reference data
measured at base stations in Chilliwack, Vancouver, and Bellingham. The data collected was converted
to Delta mappings co-ordinate system.

Data Structure

The photographs and GPS positions associated with each feature were combined with additional field
observations and measurements to produce a fully cross referenced database. The data collection
structure used for this project is summarized below:

Culvert Inlet

Diameter (mm)

Material (CMP, concrete, PVC, etc.)

Condition (good, fair, damaged)

Headwall (type)

Barrier/Trash rack (yes/no)

Overflow Height (from invert of culvert up to road surface)
Sediment Depth (from invert of culvert up to creek bed)
Comment (additional notes or comments)

Photo Numbers
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Culvert Outlet and Storm Water Outfall

Diameter

Material

Condition
Headwall

Energy Dissipation
Outlet Drop
Sediment Depth
Comment

Photo Numbers

Channel Obstruction

Cause

Risk

Comment
Photo Numbers

Observed Sites

(mm)

(CMP, concrete, PVC, etc.)

(good, fair, damaged)

(type)

(type)

(from invert of culvert down to creek bed)
(from invert of culvert up to creek bed)
(additional notes or comments)

(natural, anthropogenic)
(low, medium, high)
(additional notes or comments)

Orthophotos and CAD data showing storm water collection systems, outfalls, streams and road crossing
locations were provided by the Corp and used as background information to plan and carry out field

investigations.

The CAD data was converted into an ESRI shape file format.

GIS layers where created for obstruction, culverts and outlets observed during the field inspection.

The culverts, outfalls, obstructions and erosion site GIS layers contain the location and comments on
the features. These are summarized in Figure A-1 and A-2 and Tables A-1 through A-5.
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Appendix A — Engineering Field Inventory

Figure A-3: Photo Overview - Main Issues ldentified
ID 214 = Culvert Railway Crossing ID 249 - Creek Culvert Eroded ID 200 - Projecting Outfall

ID MacAdam Creek: Undermining of fence

Norum Creek: Abandoned House near
Creek Norum Creek: Shed near Creek
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Golder Sustainable
Associates Communities TECHNICAL MEMORANDUM
DATE October 29, 2014 REFERENCE No. 1214410157-003-TM-Rev0
TO David Zabil
KWL Engineering
Aaron Licker, Aaron_Licker@golder.com,
FROM Don Crockett EMAIL Don_Crockett@golder.com

NORTH DELTA RAVINES INTEGRATED STORMWATER MANAGEMENT PLAN

Golder Associates Ltd., (Golder) as part of the consulting team, conducted a review of the North Delta project area
in order to estimate existing and potential development impacts to the hydrological functioning of ravines and
related stormwater management protocols. The project area was assessed in terms of existing and future land use,
impervious area coverage, and stormwater management plans and policies in both Delta and Surrey. The study
area includes a large portion of North Delta and a small portion of Surrey as outlined in Figure 1 (Appendix A).

1.0 EXISTING AND FUTURE LAND USE

Existing land use, historical development trends, and future land use plans have been reviewed by Golder GIS
analysts to assess the current and future state of development in the study area. Through interviews with city
staff, review of development trends (building permit, demolition, and subdivision statistics), zoning bylaws,
Official Community Plans (OCPs) and Area Plans, existing and future land use was assessed in both Delta and
Surrey to estimate the average rate of change, average lot coverage, and projected increase to total impervious
areas.

11 Delta: Anticipated Growth and Development

Largely developed in the 1960’s and 70’s, aging buildings and infrastructure in the North Delta area are reaching
the point where replacement or redevelopment of some areas may be attractive to the development industry.
Past trends have shown piecemeal infill development as older single family lots are replaced with larger homes
or subdivided into multiple lots. This type of gradual infill is expected to continue although new development and
higher densities are increasingly being guided into comprehensive developments located in nodes along major
transportation corridors such as Scott Road and Nordel Way'. The following nodes have been identified in
Delta’s OCP for increased densityz:

" Rukowski, M. (2013, January 16). Senior Planner, Community Planning and Development, Corporation of Delta. (L. Cowan, interviewer).

2 Corporation of Delta. 1985. Official Community Plan Bylaw No. 3950, Schedule C.1 North Delta Area Plan. Retrieved January 16, 2013
from https://delta.civicweb.net/Documents/DocumentList.aspx?1d=37999.

Golder Associates Ltd.
#200-420 West Hastings Street, Vancouver, British Columbia, Canada V6B 1L1

Tel: +1 (604) 688 9769 Fax: +1 (604) 688 9764 www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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m Richardson Node (80th Avenue and Scott Road) - high intensity, mixed-use development proposed, not in
study area (application under review, 3rd reading)

m Kennedy Node (88th Avenue and Scott Road) - high intensity mixed-use development proposed, just
outside study area

m 84th Avenue Node (84th Avenue and Scott Road) — low intensity, mixed-use development proposed, just
outside study area

m Townline Node (92nd Avenue to 96th Avenue along Scott Road) — redevelopment and revitalization
including a wide range of residential, commercial, institutional, and light industrial.

m Delsom Estates/Sunstone Community Node (84th Avenue and Nordel Way — just outside study area
boundary) — low intensity, mixed-use development proposed (approved, in progress).

Residential

North Delta is largely made up of low density single family residential lots with a variety of higher density
duplexes, row or townhomes, strata houses, multi-family apartments, and mixed-use residential/commercial
developments throughout the area. Aside from the higher density growth nodes listed above, residential
development is expected to continue gradually through subdivision and infill based on historical trends and
existing land use policy. The North Delta Area Plan (currently under review) contained in Delta’s OCP
encourages the retention of single family homes. Current zoning bylaws3 regulate the size and dimensions of
housing on subdivided lots to reduce the impact to neighbouring single family areas.

As per communication with Corporation staff, the following demolition, subdivision and infill rates were identified
and projected into the future.

Table 1: North Delta Single Family Residential Land Use Change

8 Year Averages Parcels Per Annum Notes
Building Permit Rate 71 Standard of deviation = 25.8
Subdivision Rate 15 Each Subdivision Yields 2.4 Parcels on Average
Demolition rate is based on total demolitions in all zones (42)
Demolition Rate 35 multiplied by the ratio of SF parcels to total parcels resulting
in 35 parcels per annum.

Commercial

The majority of commercial properties are located along the Scott Road corridor with a small commercial node at
84th Avenue and 112th Street and select neighbourhood commercial spread throughout the remainder of the
study area. Similar to residential, commercial growth is expected to occur mainly in the identified nodes (either
as sole commercial properties or mixed-use developments) with limited infill development occurring gradually
throughout adjacent neighbourhoods and along the Scott Road Corridor.

® Corporation of Delta. 1977. Delta Zoning Bylaw No. 2750. Retrieved December 17, 2012 from

https://delta.civicweb.net/Documents/DocumentList.aspx?1D=38103.
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Industrial

Industrial lands in North Delta are located mainly along the Fraser River on the western side of the study area
and along Scott Road on the eastern side. The addition of some light industrial land use has been proposed for
the Townline Node (92nd avenue to 96th Avenue along Scott Road) and the development of the South Fraser
Perimeter Road is also expected to impact industrial land use to some degree”.

Infrastructure

In addition to land use changes, the North Delta Area Plan has proposed improvements and upgrades to its
transportation and utility networks. The development of pedestrian and cyclist routes have been proposed for
numerous neighbourhood streets throughout the study area, many of which would connect the area’s existing
parks and green spaces. Road improvements are suggested for several major corridors including Scott Road,
Nordel Way, and 86™ Avenue, as well as a possible new 2-lane waterfront arterial road. Water supply system,
storm sewer system, and sanitary sewer system improvements are also proposed in select locations to ensure
adequate service for future growth and development.

Parks, Natural Green Spaces, and Recreation

Green spaces in the study area are made up of neighbourhood parks, community and school playing fields (two
of which are synthetic turf), pedestrian trails, and riparian corridors surrounding the numerous ravines emptying
into the Fraser River.

Delta’'s OCP aims to increase parks, open spaces, and recreation facilities to accommodate the existing
population’s needs and meet the needs of future growth and development. Specific objectives include acquiring
more open spaces to achieve a standard of 2.4 hectares per 1,000 people, developing a riverfront recreational
trail system, creating pedestrian and cyclist trail networks, working with schools to upgrade existing playing
fields, and encouraging new developments to include indoor and/or outdoor recreation amenities.

Additional objectives in Delta’s OCP related to the health of natural ecosystems include protecting natural
systems, improving public awareness of environmentally sensitive areas, conducting impact studies on sensitive
areas where development is being considered, preserving Burns Bog and its wildlife habitat, and preserving
ravines as natural areas.

1.2 Surrey: Anticipated Growth and Development

The small portion of Surrey lands within the study area boundary is quite comparable with Delta in its existing
land use, future plans, and rate of change®.

The Surrey portion of the site (north of 96th Avenue) is zoned primarily as low density single family with various
higher density housing types spread throughout residential neighbourhoods. Concentrations of commercial,
higher density residential and mixed-use developments are found along the Scott Road corridor. Future
development is expected to occur mainly within these growth nodes along Scott Road with gradual residential
infill and subdivision throughout residential neighbourhoods. It is not expected that growth along the Scott Road
nodes will significantly alter the imperviousness of the area.

* Rukowski, M. (2013, January 16). Senior Planner, Community Planning and Development, Corporation of Delta. (L. Cowan, interviewer).
® COSMOS. City of Surrey Mapping Online System, Version 1.0.2.1. Retrieved January 16, 2013 from http://cosmos.surrey.ca/external/.
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Additionally, much like the single family areas in North Delta, it is anticipated that infill and redevelopment will
occur at a slow pace resulting in the gradual replacement of 1970s single family stock with newer single family
dwellings.

Several ecological corridors run through the northern portion of the study area as well as a number of
greenbelts, neighbourhood parks, and riparian areas. As these areas are protected by both local and provincial
law, it is not anticipated that any development will occur which will impact the imperviousness of the area.

2.0 IMPERVIOUS AREAS

To estimate the Total Impervious Area for the study area, A GIS technique called supervised classification of
aerial imagery was performed using ESRI ArcMap and its Spatial Analysis extension. In this process, discreet
representative features from the source imagery were manually identified using polygonal selections. The
spectral signatures from these areas were inputted into the software as ‘training samples’ which are then used to
classify the remainder of the image.

Specific features were selected and assigned a binary code with two criteria in mind: impervious structures (0)
and permeable features (1). For instance, rooftops of various colours, asphalt lots and road sections as well as
some concrete structures were selected as impervious. Trees, shrub and open field of various hues, chroma,
and values were selected as permeable. Care was taken during this process to represent unique (discreet)
features only once for each image and to avoid ambiguous features such as green rooftops. In order to
quantitatively minimize redundancy, histograms of related training samples were compared in the three colour
bands of each image (Red, Green and Blue). Histograms show the pixel value and count (per value as well as
total) for each selection.

In total, there were 12 high-resolution images for the study area: 10 for Delta at 10cm resolution and 2 for Surrey
at 40cm resolution. Approximately 15 to 20 training samples were used for each image. The result of this
process was a new raster for each image showing the same extent classified according to the training samples.
Each resulting raster was then reclassified according to the original binary assignment of 0 or 1, impervious or
permeable. This reclassified data was then combined into a single surface covering the study area (Figure 2).
This was overlaid by relevant parcel boundaries for Delta and Surrey and through an intersection process this
data was combined, allowing for the calculation of an imperviousness ‘index’, which is a ratio between the total
area of a parcel and the area represented by pixels classified as impervious.

Future impervious surface coverage was estimated by understanding where change would occur in the study
using extrapolated current and historical building trends for single family areas and the location of known
development nodes for along Scott Road/120th. Assignment of a “change-value” to single family parcels that
could experience intensification through demolition and rebuilding was completed by randomly selecting
86 Parcels a year (71 from Delta, 15 proportionately from Surrey) and applying the average total impervious area
of infill residential (47%) which is reflective of that type of development in the North Delta context. Additionally,
there were nine (9) parcels in the North Delta Mixed Use and Commercial zones that are expected to be
redeveloped to the highest possible site coverage Accordingly these nine parcels received a future TIA of 79%.
Table 2 below outlines in increased detail current and future impervious areas.
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Table 2: Anticipated Future Impervious Surface Coverage

e S | Morese Coage | Count o Parels
Rights of way 80% 80% 1
Special Development Area 79% 79% 174
Low-Rise Residential 7% 7% 90
Neighbourhood Commercial 73% 73% 1
Road 68% 68% 9
Townhouse Residential 63% 63% 117
Split 61% 61% 108
Commercial (North Delta) 57% 64% 23
Mixed-Use (North Delta) 4 56% 68% 5
Stratahouse Residential 54% 54% 167
Institutional 51% 51% 30
Mixed-Use (North Delta) 2 50% 50% 2
Infill Single-Family Residential 47% 47% 72
Industrial 47% 47% 20
Residential Ground-Oriented 45% 45% 1
Medium Density Residential 41% 41% 63
Mixed-Use (North Delta) 1 39% 39% 110
Single Family Residential 35% 40% 5,491
Medium Density Ground Oriented Residential 26% 26% 52
Major Parks & Recreational Areas 26% 26% 34
Environmentally Sensitive Area 2 7% 7% 19

Figures 2, 3, and 4 in the appendix illustrate classified impervious areas, existing impervious areas by parcel,
and anticipated future impervious areas by parcel.

3.0 RAVINES AND STORMWATER MANAGEMENT

The study area boundary includes nine ravines in total; seven of which fall in the North Delta area and two within
the Surrey area boundary.

The seven ravines in the North Delta portion are classified as environmentally sensitive and make up part of the
Metro Vancouver Regional Green Zone®. The surrounding area has been identified as sensitive in terms of
archaeological potential as well as potential geotechnical hazards due to steep slopes leading down to the
Fraser River. While some residential and industrial land use is located nearby, large riparian buffers surround the
mouths of these ravines and future development is restricted to low intensity residential clustered on portions of
sites with low environmental sensitivity.

® Corporation of Delta. 1985. Official Community Plan Bylaw No. 3950, Schedule C.1 North Delta Area Plan. Retrieved January 16, 2013
from https://delta.civicweb.net/Documents/DocumentList.aspx?1d=37999.
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The two ravines in the Surrey area of the study boundary are designated as potential ecological corridors and
support year round presence of salmonids’. The smaller ravine on the eastern edge of the Surrey area is
protected by a riparian buffer surrounded by small lot single family residential. The ravine running through the
northeastern portion of the Surrey area is largely surrounded by the city-owned Tom Hopkins Ravine Park with
low density residential adjacent®.

3.1 Delta: Stormwater Policies and Practices

Policies and regulations related to stormwater management were identified in Delta’s OCP and Zoning Bylaw.
Zoning regulations require minimum permeable lot coverage (as described in Section 2.0) as well as
landscaping on all portions of a lot that are not utilized by structures, parking/access, or outdoor storage.
Development Permit Areas (DPAs) are identified for zones within 30 meters of the top bank of any watercourse
(whether usually containing water or not) that is integral to a stream and provides fish habitat. Specific
requirements and recommendations are made within these DPAs with regards to landscaping, tree retention,
sediment management, alterations to natural drainage, and restrictive covenants in order to protect and enhance
watercourses and riparian areas adjacent to development. Additional bylaws include waterways protection, soil
removal and deposit guidelines, and tree cutting regulations.

OCP objectives directly related to ravines include: preserving ravines as environmentally sensitive areas and
permitting only low intensity residential nearby, avoiding impact to ravines in road development, and working with
other agencies to manage/monitor point and non-point source pollution of waterways. Objectives related to
stormwater management that will indirectly affect ravines include: developing Integrated Stormwater
Management Plans (ISMPs), conducting impact studies on sensitive areas being considered for development,
enhancing the natural environment and minimizing damage through appropriate planning/construction
measures, working with other agencies to protect/enhance shoreline habitat during coastal development,
considering Fraser River Estuary Management Program (FREMP) Area Designations in land use decisions,
requiring development applications in foreshore areas to be reviewed by FREMP, maintaining
groundwater/aquifer water quality, and upgrading water, storm, and sanitary sewer systems.

3.2 Surrey: Stormwater Policies and Practices

In addition to policies and regulations for construction and development in Surrey’s OCP, the city has also
developed numerous resources to support and guide stormwater management® including:

m Master Drainage Plans, detention ponds, driveway culverts, flows and flow monitoring data, and
sustainable drainage best management practices. Also, the integration of stormwater or drainage
considerations into area servicing studies, preliminary design assessments, development application plans,
neighbourhood concept plans, functional feasibility plans, and infrastructure management plans. In addition,
ISMPs have been or will be completed for the 39 different watershed drainage areas located within the City.

" HB Lanarc Consultants Ltd. and Raincoast Applied Ecology (2011, April). City of Surrey Ecosystem Management Study. Retrieved
February 8, 2013 from http://www.surrey.ca/plans-strategies/1332.aspx.

8 COSMOS. City of Surrey Mapping Online System, Version 1.0.2.1. Retrieved January 16, 2013 from http://cosmos.surrey.ca/externall.
® City of Surrey. 2012. Stormwater. Retrieved December 17, 2012 from http://www.surrey.ca/city-services/4706.aspx.
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4.0 CONCLUSIONS

Although the North Delta Study area is quite mature in terms of build out, it is not expected that significant
amounts of change will occur with respect to future total impervious areas. There are only two land use zones in
the City that have been identified as undergoing intensification that may result in an increase in total impervious
area. These are single family residential zones where the average TIA will increase from 35% to 40% and the
North Delta Commercial and Mixed-Use zones, which will see an increase in TIA from 57% to 64% and 56% to
68% respectively. Average total impervious area for the entire study area will increase from 38% to 42% and the
average area-weighted total impervious areas will increase from 48% to 50%. Based on interviews within City
staff and an analysis of existing planning documents, no additional changes are expected to occur in other land
use zones.

5.0 CLOSURE

We trust the information contained in this technical memorandum is sufficient for your present needs. Should
you have any additional questions regarding the project, please do not hesitate to contact the undersigned.

GOLDER ASSOCIATES LTD.

Aaron Licker, B.A., Adv. Dipl. Tech. GIS Don Crockett, B.E.S., M.L.Arch., BCSLA, CSLA
GIS Programmer/Analyst Principal, Landscape Architect
AL/DC/asd

Attachment: Appendix A — Study Area Figures

\\golder.gds\gal\vancouver\final\2012\12-1441-0157\1214410157-003-tm-rev0\1214410157-003-tm-rev0-north delta ravines 29oct_14.docx
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APPENDIX A

Study Area Figures
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Appendix C — Environmental Inventory and Assessment
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C.1 Introduction and Purpose

An environmental inventory of watercourses and riparian areas in the North Delta watershed was
undertaken to summarize information on watershed and riparian forest cover, water and sediment quality,
benthic invertebrate communities, fish and fish habitat, and instream habitat. In addition, habitat
restoration sites and enhancement strategies focusing on instream and riparian areas were also
identified. The inventory focused on ten streams that are within the Corporation of Delta’s boundaries.

There is relatively little specific information on fish and fish habitat, water quality, and other components
of the ecological health of the study area streams. Stream inventories were undertaken by Coast River
Environmental Services to characterize fish use and habitat conditions as part of the planning and design
of the South Fraser Perimeter Road (SFPR)". Additional information from the SFPR construction phase
was also incorporated when available.

C.2 Watershed and Riparian Forest Cover

Forest vegetation and forest soils regulate many important watershed processes, such as the movement
and provision of water, sediment, nutrients, organic matter, and wood. Within watersheds, forests are
important regulators of streamflow through rainfall interception, capture, and evapotranspiration, and
forest soils infiltrate, store, and transport water. Forests within the riparian area, the interface zone
between the water and land, also protect streams by providing cooling shade and stabilizing banks, as
well as supplying food, nutrients, organic matter, and instream wood debris that are important
components of aquatic ecosystems and fish habitat. Both watershed and riparian forest cover decline
with increasing urbanization. Watershed forest cover may also be a useful indicator of the increasing
intensity of urban land use in situations where imperviousness remains relatively stable.

Watershed and riparian forest cover was mapped using 2012 (rectified Google imagery) and 1995
orthophotos in GIS based on visual interpretation of forest cover. It included large forest patches as well
as smaller patches distributed within urban areas and parks. The assessment area was expanded to
included Delta Creek and the Colliers Creek watersheds to the north of the main study area.

Riparian forest cover mapping followed methods followed those used by Page and Johnston (2006). A
standard 30 m buffer on either side of the centerline of permanent stream channels (60 m total width) was
used to assess riparian forest integrity (RFI) across the watershed. RFI has been used as an indicator of
riparian function in urbanizing watersheds in Metro Vancouver as part of ISMP planningz.

Figures C-1 and C-2 provide a graphical summary of watershed and riparian forest cover mapping. Key
findings of the analysis were:

e Atotal of 87.5 ha (13%) of the 802.4 ha study area was forested in 2012. Concentrations of forest
were found in the stream ravines and along the Fraser River escarpment. The largest area of forest
was the central unit of the McAdam Creek ravine at 11.1 ha (see Figure C-1).

' Coast River Environmental Services Ltd. 2006. South Fraser Perimeter Road Fish Habitat Assessment: Technical Volume 9 of the
Environmental Assessment Application. Prepared for Ministry of Transportation. 140 pp + appendices.

2 Greater Vancouver Regional District. 2005. Template for Integrated Stormwater Management Planning 2005. Draft
report produced by Kerr Wood Leidal Associates for Greater Vancouver Regional District, December 2005.
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e Approximately 10.8 ha (1.3%) of forest cover have been lost in the past 17 years based on 98.3 ha
(12%) of watershed forest cover in 1995. The largest losses have occurred recently during
construction of the South Fraser Perimeter Road.

e Approximately 68% (30.1 ha) of the combined riparian zones surrounding the study streams is currently
forested (Table C-1). It varies from 41% surrounding Regal Drive Creek to 82% around McAdam Creek.
Most of the riparian area is vegetated with deciduous forest (red alder and black cottonwood).

¢ Riparian forest cover has declined 1.8 ha (4%) over the past 17 years (30.1 ha (68%) in 2012 and
31.9 ha (72%) in 1995) (see Table C-1). The difficulty in developing on steep ravine slopes and the
regulation of development in riparian areas has limited riparian forest loss. However, recent losses
have occurred because of construction of the SFPR.

Table C-1: Riparian Forest Cover Summar
Length Riparian Rip Forest Rip Forest % Rip % Rip

(m) Area 1995 (ha) 2012 (ha) | Forest 1995 Forest 2012

1 | Sunbury Creek 393 2.44 1.95 1.72 80% 70%
2 | Nelson View Creek 205 1.36 0.84 0.58 62% 43%
3 | McAdam Creek 1,817 10.74 9.17 8.83 85% 82%
4 | Collings Creek 506 3.15 2.60 2.41 83% 76%
5 | Norum Creek 320 2.07 1.92 1.59 93% 77%
6 | Gunderson Creek 205 1.12 0.86 0.67 77% 60%
7 | Knudson Creek 387 2.50 1.68 1.62 67% 65%
8 | Kendale Creek 566 3.65 2.61 2.61 72% 72%
9 | Shadow Brook Creek 584 3.53 2.29 2.24 65% 63%
10 | Regal Drive Creek 424 2.76 1.15 1.14 41% 41%
11 | Delta Creek 1,781 10.92 6.84 6.71 63% 61%

Total | 7,188 44.24 31.90 30.11 72% 68%
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Watershed Forest Cover
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Figure C-1: Watershed forest cover in 2012 (dark green) and losses since 1995 (light purple) in
the North Delta watershed
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Riparian Forest Cover
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Figure C-2: Riparian forest cover (%RF]I) in the North Delta watershed. 2012 riparian forest cover
shown in light green and 1995 riparian forest cover is light purple. Recent losses associated with
construction of the SFPR are visible along the Fraser River
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Y3l f e B T BN : ,
Figure C-3: The McAdam Creek ravine supports the largest concentration of forest in the study

area. An 11 ha forest patch (shown in red) is found in the central ravine between River Road and
Nordel Way

C.3 Water and Sediment Quality

Water quality refers to the chemical, physical and biological conditions of water and the degree to which it
is impaired or degraded by natural or anthropogenic factors. Water quality in streams is vital to the
protection of ecosystem functioning and aquatic life, such as fish, as well as human uses for drinking
water and recreation, and aesthetics. None of the streams in the study area are used for drinking water.
Comparisons to BC Water Quality Guidelines (BCWQGs) and the Canadian Water Quality Guidelines for
the Protection of Aquatic Life (CWQGs) can help to assess whether current stormwater management is
adequately protecting these values.

No existing information on water and sediment quality in the study streams was available except for City
of Surrey’s biannual (spring and fall) sampling of general patterns in Delta Creek as part of their benthic
invertebrate sampling program.
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Water, Sediment and
Banthic Sampling
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Figure C-4: Location of water and sediment quality sampling sites in the North Delta watershed
study area
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Three methods were used to assess water and sediment quality in streams in the study area:

1. A survey of general water quality parameters (e.g., temperature, pH) in seven of the study streams on
October 3, 2012 using a multi-parameter (YSI 6920) probe;

2. Lab-based measurement of total metals, nutrients, and fecal coliforms was completed at six streams
on November 12, 2012; and

3. Concentrations of total metals were also measured in streambed sediments from six streams in the study
area (Sunbury, McAdam, Collings, Knudson, Kendale, and Shadow Brook) on November 12, 2012.

Sites sampled are illustrated on Figure C-4 and general water quality data is summarized in Table C-2.
Raw data for each component is presented in Tables C-5 to C-9.

Table C-2: General Water Quality Conditions Summary (October 2012)
Parameter Values

Parameter Units

Minimum Maximum Mean
Water Temperature °C 9.9 14.1 11.0
Dissolved Oxygen mg/L 11.0 14.3 12.8
Dissolved Oxygen % Sat 101.8 130.4 116.4
Specific Conductivity puS/cm 63 302 192
pH pH units 7.05 8.08 7.71
Turbidity NTU 0.2 785.2 51.0
S&ﬁ%‘;ﬁgﬁg'on mV -58.4 514 3.36

General Water Quality Survey
Key results of the general water quality survey were:

e The survey did not find any specific sites or stream sections with elevated or unusual water quality
characteristics which would indicate specific sources of contaminations (e.g., “hot spots”).
Measurements of general water quality parameters were consistent with regional observations in
urban streams. The study streams have similar water quality characteristics although Sunbury and
Knudson creeks had higher specific conductivity, higher turbidity, and lower ORP which may indicate
more urban influences.

e Specific conductivity was elevated (mean of 192 uS/cm) relative to undisturbed streams (typically <20
uS/cm in Metro Vancouver), however, it was lower than many heavily urbanized streams such as Still
Creek in Vancouver, Quibble Creek in Surrey, and Wagg Creek in North Vancouver (typically these
streams have specific conductivity values over 300 uS/cm).

e All streams had dissolved oxygen levels were above 11 mg/L which is suitable for salmonid spawning
and rearing.

KERR WOOD LEIDAL ASSOCIATES LTD.

323.073-300

Page 309 of 769



CORPORATION OF DELTA

North Delta Ravines ISMP
l“l Final Report
October 2014

Appendix C — Environmental Inventory and Assessment

e pHranged from 5.47 to 8.29 (mean of 7.67) which is more variable than some watersheds but still
within expected ranges.

¢ Mean turbidity was elevated above background levels (51.0 NTU compared to <5 NTU in reference
streams) but this was influenced by the measurement of 785.2 NTU in one the tributaries to Sunbury
Creek). If this measurement was removed, the mean turbidity was 14.3 NTU.

Detailed Water Quality Survey
Key results were:

e Generally, the sampling showed that study area streams had total metals concentrations below
BCWQ guidelines. Total copper was marginally higher than the BCWQ guideline in Sunbury and
McAdam creeks, and total antimony was elevated in the sample from McAdam Creek. These results
are not a concern for aquatic life or other values.

¢ Fecal coliforms were lower than the BCWQ guideline for primary contact recreation (200 MPN/100
ml). Mean value was 91.5 (range of 57.2 to 108).

¢ Nutrients concentrations were similar to moderately urbanized streams in Metro Vancouver. The
mean concentration of total nitrate was 1.14 mg/L which is slightly higher than expected based on
land use (no agricultural activity) but less than the 2.95 mg/L recommended by the CCME guidelines.
There were no signs of eutrophication such as excessive algae growth observed in the streams.

Sediment Quality Sampling

Stream sediments accumulate metals and other contaminants from a variety of sources in developed
watersheds, and provide a complimentary assessment of environmental chemistry when combined with
water quality. They are also useful for long-term monitoring of stream condition because they are much
less variable than water quality measurements. Concentrations of total metals in stream sediments can
be compared to BC Working Sediment Quality Guidelines (BCSQGs) and regional studies.

A single sediment samples were collected on November 12, 2012 from the lower reach of six of the study
streams. The sample was composite of surface and shallow sub-surface fine sediment collected from
10-15 sites from within the active stream channel. The sampling location is shown in Figure C-4. The
sample was analyzed for total metals using BC CSR standard methods.

Key results were:

e Total metals in streams sediments were similar to other moderately urbanized watersheds in
Metro Vancouver.

e Samples from four streams (Sunbury, Collings, Knudson, and Kendale creeks) had concentrations of
total nickel above the BC Working Sediment Quality Guidelines (BCSQGs), and the other two
samples were near the guideline. The similar pattern across these streams and the lack of shared
land use sources suggests nickel may be naturally elevated because of geological sources.

e Total arsenic in the sample from Knudson Creek was also above BCSQG. It is not considered
unusual for urban streams in Metro Vancouver.

Full sediment quality sampling data can be found in Tables C-5 to C-9.
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C.4 Benthic Invertebrates

Benthic (streambed) invertebrates are useful indicators of the biological condition of the stream or
watershed and can be monitored over time to track changes in stream or watershed health. B-IBI
(Benthic Index of Biotic Integrity) is a common method for summarizing benthic invertebrate data using
metrics of community structure and composition. B-IBI is an effective tool for measuring the biological
condition of small streams in Metro Vancouver and is recommended as part of Integrated Stormwater
Management Plan (ISMP) projects.

Samples are collected from the lower 500 m of McAdam Creek using a field sampling protocol developed
for streams in Metro Vancouver. McAdam Creek was selected both as an indicator of the typical land use
conditions in the North Delta watershed, and also as the stream with the highest ecological values.

Four composited samples are collected from segments within a 500 m sampling reach using a 500 micron
Surber sampler on October 11, 2013. Composite samples are collected from three placements in riffle
habitats using 3 minutes of substrate disturbance. Sample processing, subsampling, taxonomic
identification, and B-IBI scoring (used as an index of watershed health) was completed by Rhithron
Associates (Missoula, MT).

Key results of the benthic invertebrate sampling were:

¢ Mean B-IBI for McAdam Creek was 18.0 which is consistent with the level of urbanization in the
watershed. B-IBI ranges from 10 to 50 and a mean score of 18.0 is indicates McAdam Creek is
transitional between fair and poor condition®.

e Mean taxa richness for all samples was 13.3 (range of 9 to 19). Mean EPT taxa richness (stoneflies,
mayflies, caddisflies) was 4.5 (range of 3 to 7). Similar to B-IBI, both metrics indicate the stream is
transitional between conditions typical of moderate urbanization and more urban land use which
leads to a more substantial decline in benthic invertebrate taxa richness.

e The most abundant taxa in McAdam Creek were a larval midges (Chironomids; identified only to
family: 43% of individuals sampled), Oligochaete worms (25%), and the pollution-tolerant stonefly
Baetis tricaudatus (14%).

Full taxonomic data and individual B-IBI scores are available in Tables C-5 to C-9.

C.5 Fish Community

Information on fish presence was derived from the detailed fisheries assessment completed by Coast River
Environmental Services for the SFPR environmental impact assessment®. No new fish sampling was used
to confirm or update information on the fish community. Sampling to confirm this information was not part of
the scope of this project. Existing fisheries information on each watercourse is summarized in Table C-3
based on the Coast River SFPR report.

% See Puget Sound Benthos for more information on B-IBI score. Available here.

4 Coast River Environmental Services Ltd. 2006. South Fraser Perimeter Road Fish Habitat Assessment: Technical Volume 9 of the
Environmental Assessment Application. Prepared for Ministry of Transportation. 140 pp + appendices.
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Seven of the eleven streams support resident cutthroat trout populations, and three (McAdam, Delta and
Regal Drive Creek) support coho salmon. Additional streams may support coho salmon or chum salmon
but presence is not confirmed.

Table C-3: Fish Presence Summary

Stream Fish Presence Watercourse Coding1
Sunbury Creek Cutthroat trout occur upstream of River Road Red
Nelson View Creek No fish present; dry during summer Yellow
Meadam Cresk | o e £y
Collings Creek Cutthroat trout and coho salmon suspected but not Red

confirmed
Norum Creek Cutthroat trout confirmed; coho and chum salmon possible Red
Gunderson Creek No fish present; dry during summer Yellow
Knudson Creek No fish present Yellow
Kendale Creek Cgtthroat trout, rainbow trout, sculpin species, threespine Red
stickleback
Shadow Brook Creek | Cutthroat trout; coho salmon possible but not confirmed Red
Regal Drive Creek Coho salmon, cutthroat trout Red
Delta Creek Cutthroat trout, rainbow trout, coho salmon Red
' Red coded = Inhabited by salmonids year round or potentially inhabited year round.
Yellow coded = Significant food/nutrient value. No fish present.
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Figure C-5: 30 cm spawning sea-run coastal cutthroat trout found dead in McAdam Creek in March 2012

C.6 Instream Habitat

Instream habitat characteristics (channel dimensions, substrate, channel complexity, etc.) were assessed
during field visits in February and March 2013. To understand the distribution of different habitat types,
channel dimensions and substrate conditions were measured at 41 points at intervals along the study
area streams (see Figure C-6 for locations). Bankfull width, wetted width, substrate composition (visual
estimate of % boulder, cobble, large gravel, small gravel, silt/sand), and substrate embeddedness were
recorded. These measurements provide quantitative information on channel conditions as well as
providing data that can be monitored over time.

In addition, pieces of large wood (greater than 10 cm in diameter and 2 m long) and pools >40 cm deep
were mapped as indicators of fish habitat value. Large wood and deep pools are important for sustaining
salmon and trout populations, particularly juvenile coho salmon and cutthroat. Large wood is an
important structural feature in small coastal streams which is reduced or eliminated by urbanization.
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Figure C-6: Location of instream habitat sampling sites in North Delta watershed
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Key results of the instream habitat survey were:

e Mean bankfull width in the study streams ranged from 0.6 m in Kendale Creek to 2.2 m in McAdam
Creek with an overall mean of 1.6 m. Wetted width during the survey ranged from 0.4 m in Kendale
Creek to 1.4 m in McAdam Creek (overall mean of 1.0 m). Channel dimensions are characteristic of
small first or second-order streams.

e Stream channel substrate is predominantly cobble and gravel with lesser amounts of boulder and fine
sediment (sand and silt). Mean substrate was approximately 10% boulder, 26% cobble, 34% large
gravel, 20% small gravel, and 10% fines.

¢ Embeddedness, a measure of the sedimentation of substrate, was 21% (meaning about 1/5 of a
typical piece of cobble is embedded in the stream bed). Embeddedness increases with urbanization
because of the increase in fine sediment.

e Large instream wood (“large wood debris (LWD)”) is widely distributed in the study area streams but
rarely abundant compared to undisturbed streams (see Figure C-7). A total of 381 g)ieces were
recorded with an average length of 4.4 m, diameter of 27 cm and volume of 0.45 m”. Wood pieces
were not differentiated by species or age/condition.

e The density of large instream wood was 5.3 pieces per 100 m of stream channel. Natural streams
typically have been 10 and 20 pieces per 100 m and wood volume is often much higher. Overall, the
survey indicates that the study streams have less than half the large instream wood compared to
natural streams. Large wood is concentrated in the upper ravine areas rather than the higher
productivity fish habitat in the lower reaches.

e Twenty pools deeper than 40 cm deep were recorded in March 2013 (see Figure C-7). All were
found in McAdam Creek. Mean depth was 47 cm (range of 40 to 70 cm). There was no clear pattern
or concentration of pool development related to channel dimensions or other factors.
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Deep Fools and Instream
Wood Survey
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Figure C-7: Distribution of instream large wood (pink dots: larger than 2 m long and 10 cm in diameter)
and pools >40 cm deep (blue dots) in the watercourses in the North Delta study area in March 2013
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C.7 Barriers to Fish Passage

Fish passage barriers restrict fish access from the Fraser River in to most streams in the North Delta
watershed. Steep channel gradient and historical railway development along the Fraser River have
combined to create impassable barriers or seasonal obstructions. Table C-4 summarizes available
information on fish passage based on the Coast River SFPR report and field surveys and Figure C-8
shows their location.

Table C-4: Fish Passage Issues Summary.
Stream Fish Passage Issue

13 m long culvert at stream mouth (railway crossing and light industrial site)
precludes anadromous fish access from Fraser River; culvert is located near
archaeological site; River Road culvert has a 60 cm drop from accumulated
debris lodged at inlet; resident cutthroat trout population above River Road
Railway culvert (approx. 22 m long) likely precludes fish access from Fraser
River; small stream size and seasonal flow also limit fish use

Fish passable culvert (25 m) under railway; new bridges for SFPR; fishway
allows adult salmonid access at River Road; Nordel Way culvert allows limited
passage (at high flows fish can approach up riprap cascade enter back
flooded culvert)

Passable to fish at Fraser River (marsh area); no open channel above

River Road

40 m long culvert at railway crossing; potential fish access under some flow
levels; no open channel above River Road

Sunbury Creek

Nelson View Creek

McAdam Creek

Collings Creek

Norum Creek

Gunderson Creek No fish access; vertical riser pipe at railway culvert precludes access

Multiple fish passage barriers including culverts beneath industrial site at mouth
Knudson Creek (40 m), under railway crossing, and River Road (grated vertical riser pipe); no

fish access

River Road culvert likely prevents upstream fish access because of internal
Kendale Creek velocity; culvert under railway tracks; 29 m long culvert at mouth (downstream of

Gunderson Road)

River Road culvert is likely a barrier to anadromous fish based on
sampling results

40 m culvert under River Road precludes fish access; steep channel and

Shadow Brook Creek

Regal Drive Creek cascade combined with 70 cm drop at culvert outlet 100 m east of River Road is
also a passage barrier
Delta Creek Fish passage not assessed
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Figure C-8: Important fish passage barriers in the North Delta watershed
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C.8 SFPR Construction

Recent construction of the South Fraser Perimeter Road (SFPR) has affected watercourses in the North
Delta study area including riparian clearing and changes to culverts. Impacts have been closely
scrutinized and mitigation measures to maintain or improve fish and riparian habitat have been
implemented. Table C-5 summarizes riparian and stream changes associated with the SFPR.

Watercourse
Sunbury Creek

Fish
CT upstream of

CORPORATION OF DELTA
North Delta Ravines ISMP
Final Report

October 2014

Table C-5: Impact of SFPR Construction on North Delta Watercourses

SFPR Works
Culvert replacement but no upgrading to fish passage

River Road because extensive culverting of lower section
Nelson View Creek | No Fish Headwalls installed
McAdam Creek CT, CO, etc. Headwalls installed; bridge crossing; riparian clearing (50 m

x 30 m)

Collings Creek

CO, CT suspected

Lock-blocks to minimize disturbance; riparian clearing (53
m x 30 m)

Norum Creek

CO, CT, CH,
confirmed
or suspected

Installation of temporary culvert (40 m long) and restoration
at later date; riparian clearing (40 m x 30 m).

Gunderson Creek

No fish (access
barrier at railway)

Installation of 30 m pipe arch

Knudson Creek

Fish to River Road
(steep above)

Culvert extension on north and south sides of River Road;
no change to fish access but loss of habitat on north side

Kendale Creek

CO, CT in lower
section; CT in ravine

Two culverts: one for fish and water flow (1200 mm) and
the other for wildlife (1050 mm); riparian clearing: 50 by 30
m work area on the east bank and a 30 x 30 m2 work area
on the west bank

C.9 Environmental Enhancement and Restoration
Opportunities

Restoration and enhancement opportunities were identified at four scales:

1.

w

Landscape-level connections including forest protection or restoration that support the broader

ecological network in the watershed as well as watershed-scale functions;

of riparian forest;

Riparian restoration and management that focuses on increasing the amount and ecological function

Instream habitat restoration to enhance fish populations; and
Fish passage improvements to restore access to habitat.

KERR WOOD LEIDAL ASSOCIATES LTD.

17

323.073-300

Page 319 of 769




e CORPORATION OF DELTA

North Delta Ravines ISMP

I_IJI Final Report
e

October 2014

Appendix C — Environmental Inventory and Assessment

Watershed and Landscape-scale Actions

¢ The streams and forested ravines of the North Delta watershed should be recognized as a critical
component of the ecological network of north Delta and the adjacent portion of Surrey. The McAdam
Ravine forests are the central unit in this network.

¢ Construction of the SFPR has increased habitat fragmentation and options for increasing connectivity
between the ravine areas through adjacent residential areas should be reviewed (e.g., providing
lateral connections between the ravines outside of the SFPR corridor).

o Watershed-scale tree planting should be undertaken on public lands (parks and school sites), and
encouraged on private lands.

Riparian Corridor Actions

e There are limited opportunities to increase riparian forest cover mainly because the existing riparian
ravines are forested and surrounded by existing residential land use or roads. Opportunities for
additional riparian protection may occur during redevelopment. Some private land use occurs in
ravine areas and landowners should be encouraged to minimize forest loss.

¢ Removal of the debris associated with the abandoned mink farm in the lower portion of the McAdam
Creek ravine should be undertaken.

Instream Habitat Actions

e Given the limited access into ravine areas, enhancement of instream habitat is not recommended as
a mitigation strategy.

e Some opportunity exists for instream habitat complexing in McAdam Creek combined with the
riparian restoration efforts described above.

Fish Passage Improvements

e Fish passage in to Knudson Creek, Kendale Creek, Shadow Brook, and Regal Drive Creek should be
restored by addressing culvert barriers.
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Table C-10: Benthic index of biological integrity scoring and summary values for

McAdam Creek (North Delta watershed)

McAdam Ck

C-1 C-2 C-3 C-4 Mean
METRIC VALUES
Taxa richness 15 9 10 19 13.25
E richness 1 2 1 3 1.75
P richness 1 1 0 1 0.75
T richness 3 0 2 3 2
INTOLERANT taxa richness 1 0 0 2 0.75
Clinger richness 6 2 4 7 4.75
LL richness 3 1 3 4 2.75
% tolerant 0.9 4.4 0.2 3.0 2.2
% predator 3.8 0.0 2.8 2.5 2.3
% dominance (3) 79.3 79.6 95.5 76.8 82.8
METRIC SCORES
Taxa richness 3 1 1 3
E richness 1 1 1 1
P richness 1 1 1 1
T richness 1 1 1 1
INTOLERANT taxa richness 1 1 1 1
Clinger richness 1 1 1 1
LL richness 3 1 3 3
% tolerant 5 5 5 5
% predator 1 1 1 1
% dominance (3) 3 3 1 3

Mean

SAMPLE SCORE 20 16 16 20
Mean B-IBI Score 18.0
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August 29, 2014 Reference: VAN-00209598-A0

Kerr Wood Leidal Associates Ltd.
200-4185A Still Creek Road
Burnaby, BC V5C 6G9 Email: dzabil@kwl.ca

Attention: Mr. David Zabil, M.A.Sc., P.Eng.

Re: North Delta Ravines, Delta, BC
Geotechnical Review, Rev. 1

Dear Mr. Zabil:

1.0 INTRODUCTION

As requested, exp Services Inc. (exp) has completed a geotechnical review of North Delta Ravines
and adjacent slopes as part of an Integrated Stormwater Management Plan (ISMP). Ravines included
in the ISMP listed from north to south include:

Shadowbrook
Kendale
Knudson
Gunderson
Norum
Collings
MacAdam
Nelson View
Main

The ravine locations are shown on attached Map 2. The purpose of our review was to characterize the
subject sites with regards to slope stability, stream erosion and soil types and present mitigative
options where appropriate.

There is an inherent level of uncertainty associated with the prediction of long term slope stability of
natural slopes, particularly in seismically active areas as is the case in this study. This uncertainty
combined with the lack of long term historical records and information regarding subsurface soil
conditions significantly limits our ability to complete a quantitative assessment of slope stability within
the subject sites. Therefore, we are presenting a qualitative assessment of geologic hazards, which
may influence nearby developments or infrastructure, based on our characterization of the sites.

Our characterization is based on the following information:

e Published surficial geology information from GSC Map 1484A (1:50,000);

ISO
275 — 3001 Wayburne Drive, Burnaby, BC V5G 4W3, Canada 9001:2008
T: +1.604.874.1245 « www.exp.com REGISTERED
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exp Services Inc.
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e Aerial photographs of the general area dated from 1949 to 2004;
o Regional topographic contour plan provide by Kerr Wood Leidal Associates Ltd.;

e Plan map of existing culverts and storm water pipes in the area provided by Kerr Wood Leidal
Associates Ltd.

¢ Information from previous exp projects in the general vicinity of the subject sites;
e Site reconnaissance of each ravine, with the exception of Gunderson for reasons stated below.

A geotechnical field reconnaissance of Gunderson was not conducted as water in the ravine has been
directed into a culvert, mitigating erosion of slopes, and the lack of development and infrastructure
along the ravine slopes.

2.0 SITE DESCRIPTIONS

In general, the ravines included in this review contain watercourses, or previously contained
watercourses, which flow/flowed from east to west outletting into the Fraser River. A brief description
of each ravine is provided below.

The study area lies within an area of Pre-Vashon Drift deposits consisting of fluvial, glacio-fluvial and
marine deposits. Soils deposited in such environments would generally consist of crossbedded sands
with silt and gravel lenses, crossbedded sand to gravel and interbedded fine sand to clayey silt.

A railway track is located parallel to the Fraser River near the mouths of the ravines. The railway track
is generally located in areas where the ravines broaden and slope heights are minimal.

2.1 Shadowbrook Ravine

Shadowbrook Ravine is located near the northern boundary of North Delta and contained an open
creek which flows east to west. The ravine was bordered by residential development to the north, east
and along the southeast portion (see Map 3). In addition, a single family residential dwelling had been
constructed on the south side of Shadowbrook Ravine, on a ridge between Shadowbrook and Kendale
Ravines, near River Road.

The ravine was about 290m long and up to approximately 100m wide. The open creek had a length of
approximately 215m and entered the ravine through a culvert located about 70m east of Dawson
Crescent. The culvert is located about 2m below the crest of the slope at the eastern end of the ravine.
Water flowing out of the culvert dropped about 2.5m then flowed along a riprap surface generally
comprised of sub-angular boulders with a diameter of about 600mm. The creek had a width of up to
about 2m and was incised up to about 1m. The creek ends at a culvert intake located about 70m west
of River Road.

The ravine slopes were generally gently to moderately inclined (as steep as 2H:1V (horizontal:vertical))
with heights up to about 15m. Adjacent to the creek some near vertical eroded banks were noted.
However, only one area was noted as experiencing significant erosion with a bank height of about
2.5m. Significant erosion was also noted on both sides of the ravine near the culvert outfall at the east
end of the ravine, particularly the north bank. Exposed bank material generally consisted of sand and
gravel.

A lock-block wall about 2.25m in height (3 rows) was noted on the right bank of the ravine near the
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midway point of the creek. The purpose of the lock-block wall was unknown; however, it appeared to
be in generally good condition with some movement of a top block at the wall end.

Vegetation within the ravine generally consisted of thick underbrush with widely spaced deciduous
trees and some coniferous trees.

2.2 Kendale Ravine

Kendale Ravine was located about 200m south of Shadowbrook Ravine and contained an open creek
which flowed east to west. The ravine was about 700m long with a width up to about 100m. The
ravine was bordered by residential development to the northeast, southeast and at the east end. A
single residential dwelling was located at the western end of the ravine between Shadowbrook and
Kendale ravines.

The creek had a length of about 430m and entered the ravine at a culvert outfall located about 250m
northeast of the intersection of 114 Street and Kendale Way and flows for about 440m before entering
a culvert intake to flow under River Road and outlet to the Fraser River. The creek generally has a
width of about 1m and was incised into the subgrade up to about 0.5m. An additional outfall is located
about 200m west of the culvert outfall at the east end of the ravine with a two tier lock block wall
located above. Placed rip rap was noted on the creek bottom upstream of the culvert inlet.

The ravine slopes were generally inclined at about 1.3H:1V with slope heights ranging from
approximately 15m to 20m, increasing in height from the east end to about 100m east of the west
culvert intake. Slopes adjacent to the creek were generally gently inclined steepening away from the
creek. Erosion of the creek banks had resulted in some near vertical slopes, up to about 3.5m in
height, particularly near the culvert inlet at the west end of the ravine. A slide scarp approximately 20m
in length and up to about 6m in height was noted on the right bank about 120m downstream of the
culvert outlet. Also, in the general vicinity of the slide scarp, the left bank was noted to have undulating
topography with leaning trees, often indicative of surficial soil movement. Isolated areas of sloughing
of soil slopes were noted (both banks), often associated with seepage zones in the creek banks and/or
fallen trees.

Exposed soils within the ravine generally consisted of sand to silty sand with trace to some gravel. The
density of the exposed soils ranged from compact in near vertical eroded banks to loose and saturated
in areas where sloughing and/or seepage was noted.

Vegetation within the ravine generally consisted of thick underbrush with deciduous trees in the ravine
bottom and evergreen trees on the ravine slopes.

2.3 Knudson Ravine

Knudson Ravine was located south of Knudson Road and contained an open creek which flows east to
west. The ravine was about 280m in length with a width of up to about 120m. The ravine was
bordered by residential developments to the north, southeast and along the east end. Immediately
adjacent to the south bank of the creek at the west end, structures (sheds, farm vehicle storage) had
been constructed.

The open creek had a length of about 280m and originated at the east end of the ravine on a natural
slope. The creek had a width of about 1m incised into the subgrade up to about 0.75m at the west end
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diminishing to very limited flow upstream.

The ravine slopes were generally inclined flatter than 2H:1V with slope heights ranging from about 15m
to 20m. The area south of the creek, in the western portion of the ravine, was flat lying and thus
conducive to allowing the building of the structures mentioned above. A slide scarp about 20m long
and 3m high was noted on the north slope in the eastern portion of the ravine. In some locations, fallen
trees were noted, generally in clusters.

Exposed soils within the ravine generally consisted of compact sand with some gravel.

Vegetation consisted of thick underbrush with deciduous trees in the ravine bottom with evergreens
generally located on the ravine slopes.

24 Gunderson Ravine

Our description of Gunderson Ravine was based on a review of a plan map showing culverts, air
photos and the topographic contour plan.

Gunderson Ravine was located between River Road and the railway track and was immediately north
of 92A Avenue with an approximate length of 120m. There was no open creek in the ravine as the
water flows through a pipe outletting into the Fraser River. The ravine was bordered by a single
residence in the northeast corner and two residences on the south side. Based on our review of air
photos, it appeared that the original ravine was significantly infilled during placement of the pipe,
resulting in moderated slope inclinations and lower slope heights.

The ravine slopes had a maximum height of about 15m and were inclined at about 2.4H:1V on the
north side with localized slopes as steep as 1.6H:1V on the south slope.

Vegetation within the ravine consisted of thick underbrush with deciduous trees and evergreen trees on
the upper slopes.

2.5 Norum Ravine

Norum Ravine was located west of River Road originating at the intersection of Norum Road and River
Road and contained an open creek which flows east to west. The ravine was about 380m long with a
width up to about 160m. The ravine was bordered by residential development to the south and in the
northeast corner, a single residence located on the northwest corner of the ravine. An abandoned
home was located immediately south of the creek near the western end of the ravine.

The open creek had length of about 230m and originated at an outfall located approximately 200m
northwest of the intersection of Norum Road and River Road. Immediately below the outfall were a
series of concrete weirs. The creek had a maximum width of up to about 6m, though generally in the
order of 1m to 2m, incised into the subgrade up to about 1m and outlets into the Fraser River. A small
watercourse flowed from the top of the ravine into the creek originating from the culvert outfall. A small
creek was also noted to be flowing into the main creek from the north slope about 280m from River
Road. A review of historical records indicates that this small creek was formerly part of a larger ravine
which joined into Norum Ravine and was largely infilled during development.
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The ravine slopes were generally inclined at about 2.5H:1V; however, localized steeper slopes up to
about 1.5H:1V were noted particularly in the upper portions of the slopes. Maximum slope heights
ranged from about 30m on the north slope to about 25m on the south slope. Localized bank erosion
noted and was generally less than 1m in height; however, on the outside of a creek bend, an eroded
bank up to about 3.5m in height was noted.

Exposed soils within the ravine generally consisted of compact silty sand with trace to some gravel.

Vegetation within the ravine consisted of heavy underbrush with deciduous trees in the bottom area
with coniferous trees on the slopes.

2.6 Collings Ravine

Collings Ravine was located between Norum Crescent to the north and Collings Way to the south and
contained an open creek which flows east to west. The ravine was about 500m long with a width of up
to about 80m with a significant curve bowing out to the north. An area about 150m west of the east
end of the ravine widened to about 100m for a distance of approximately 50m due to a curvature in the
crest of the south slope. The ravine was bordered by residential development to the north and south
and River Road to the east.

The open creek also had a length of about 500m entering the ravine at the east end via a culvert
outfall. The creek generally had a width of about 1m and was incised into the subgrade about 1m;
however, little flow was noted in approximately the eastern 100m of the ravine.

Ravine slopes were generally inclined at about 1.8H:1V with maximum slope heights of about 25m on
the south slope and 20m on the north slope. Localized slide scarps with lengths up to about 10m and
heights of about 2m along with undulating topography were noted on both the north and south slopes.
In addition, an area on the south slope where numerous trees had recently fallen and significant
deposition of soft soils was noted coincided with the area of ravine widening noted above. A small
gully with some seepage was noted on the north slope about 100m west of the east end of the gully.

Exposed soils within the ravine generally consisted of compact to dense gravelly sand with some silt,
except in the area of tree fall and soil deposition noted above, where the soils were saturated and
soft/loose.

Vegetation within the ravine generally consisted of thick underbrush with sparse coniferous trees. In
localized areas, some trees on the ravine slopes exhibited curved trunks.

2.7 MacAdam Ravine

MacAdam Ravine was located north of 84 Avenue and contained an open creek which flows under
Nordel Way and River Road via culverts. The ravine was bordered by residential development along
the crests of the slopes on both sides of the ravine with the exception of an undeveloped area between
84B Avenue and 86 Avenue, west of 111 Street. The ravine was oriented in a north-south direction
south of Nordel Way and in a northwest-southeast direction north of Nordel Way.

The ravine had a total length of about 1500m with approximately 300m west of River Road, 600m
between River Road and Nordel Way and 550m south of Nordel Way. The maximum width of the
ravine was about 180m with the exception of an area about 350m west of Nordel Way where a tributary
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flows into the creek from the northeast and the ravine is about 300m wide. The tributary, which was
less than 1m in width and incised about 0.5m, flowed into the creek between Nordel Way and River
Road. The ravine containing the tributary was about 150m long and approximately 110m wide. South
of Nordel Way MacAdam Ravine was generally narrow (less than 20m) and had slope heights in the
order of about 10m. The creek starts at the south end of the ravine at a culvert outfall located
immediately north of 84 Avenue. The creek ranges from about 1m in width at the southeast end to
about 3.5m at the west end, incised a maximum of about 1.5m into the subgrade.

As mentioned above MacAdam Ravine south of Nordel Way had a maximum slope height in the order
of 10m; however, it was noted that the creek banks were often steeply inclined as a result of erosion of
the banks. The ravine increases in depth and width to the north. Undermining of trees was noted in
several locations in this portion of the ravine. In addition, a private fence located along the crest of the
west bank of the creek near the south end of the ravine was severely undermined and had been
constructed within the creek to the north. A gabion wall had been constructed along the east bank
immediately north of the above described fence. The gabion wall was about 1m in height and
appeared to be in generally good condition. An outfall for a PVC pipe was noted downstream of a
water main crossing. Sloughing of the fill surrounding the PVC pipe resulted in a very steep bank with
minimal vegetation. No flow from the pipe was observed at the time of our field review. A concrete
outfall with a concrete apron was noted on the east bank downstream of the PVC pipe. Approximately
20m upstream of the watermain, several slope failures were noted on the east side of the creek.
These slope failures ranged from about 5m to 9m and 10m to 20m in height and length respectively.
Undulating slopes and smaller slide scarps were common in this portion of the ravine. The creek flows
through a culvert intake at a large fill slope stabilized with a bin wall to cross Nordel Way.

North of Nordel Way the creek turned to the northwest about 220m north of the culvert outfall. The
ravine bottom widened; however, the ravine slopes increased in height to a maximum of about 30m
with slope inclinations ranging from approximately 2H:1V on the northeast slope to 1H:1V on the
southwest slope. Near vertical eroded banks up to about 1.5m height were noted along both banks of
the creek with some localized undermining of trees and slope crests. The creek flowed into a culvert
intake located at the base of a high fill slope retained by a bin wall to cross River Road.

The slopes for the tributary had a maximum height of about 25m and were inclined as steep as
0.8H:1V in the localized upper portions of the slopes; however, were generally inclined at about
1.5H:1V. Seepage at the upper end of the ravine containing the tributary was noted on the north slope
with some associated sloughing.

Slopes within the ravine to the north of River Road had a maximum height of about 25m and were
generally inclined at about 2.3H:1V. A gabion wall was located on the south bank immediately below
the culvert outfall. The wall was about 2.5m in height and appeared to be in generally good condition.

Soils exposed along the creek banks and in the creek bottom consisted of clayey silt, particularly in the
upstream portions and in areas where slope failures were noted. Other soils consisted of fine sand
with some silt and gravelly sand with some silt. Rip rap had been placed in areas near culvert intakes
and outfalls.

Vegetation consisted of heavy underbrush, particularly south of Nordel Way and deciduous trees with
coniferous trees on the ravine slopes. Several areas of trees downed across the creek and tributary
were noted, often the result of bank erosion.
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2.8 Nelson View Ravine

Nelson View Ravine was located south of Nelson View and west of River Road and contained an open
creek which flowed east to west. The ravine was about 200m long with a width up to about 50m. The
ravine was bordered by residential development to the north and a single residence to the south.

The open creek had a length of about 200m and entered the ravine via a culvert outfall above a
constructed slope with a blast rock and tire surface. The creek is about 1m wide and incised about
0.5m. Minimal flow was noted in the upper portions of the creek.

The ravine slopes were inclined at about 2H:1V with a maximum height of about 15m. Significant
amounts of garden refuse were noted along the ravine slopes. Eroded banks with a height of up to
about 1.2m were noted in localized areas with some undermining of trees. A minor slope failure about
10m long with a 2m high scarp was also noted on the north slope in the upper portion of the ravine. A
wood crib retaining wall was noted on the south slope about 100m west of River Road.

Exposed soils generally consisted of soft clayey silt overlying dense granular soil.
Vegetation generally consisted of thick underbrush with sparse coniferous and deciduous trees.
29 Main Ravine

Main Ravine is located between Sunbury Place and Arpe Road, west of Main Street and east of River
Road. The ravine contained an open creek which flowed from east to west. The ravine was about
220m long and up to about 130m wide. The ravine was bordered by residential development to the
north and along the east end with undeveloped land to the south.

The open creek was about 180m long and entered the ravine via two outfalls at the east end. The
creek entered a culvert intake to cross River Road. The creek generally had a width of about 1m and
was incised from about 0.5m to 2m.

The ravine slopes were generally inclined at about 3H:1V with some localized steeper areas.
Maximum slope heights were about 15m. Near vertical creek banks up to about 2.5m height were
noted. A gully, with minor flow and some erosion at the top, leading into the creek from the north slope
was noted in the east portion of the ravine. Another gully was noted on the north slope with a
residence at the crest about 140 m west of Main Street. A cased pipe outfall on the north slope was
noted to be outletting onto a rip rap covered slope below a residential development. A minor vegetated
slide scarp was noted on the north slope in the mid-portion of the ravine.

Exposed soils within the ravine generally consisted of dense silty sand with some gravel and firm to
stiff clayey silt.

Vegetation within the ravine generally consisted of some underbrush with coniferous sparse tree cover.
Some trees were noted to have curved trunks and others had fallen due to erosion undermining the
trees.
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3.0 DISCUSSION

A brief discussion regarding identified potential naturally occurring geologic hazards (slope instabilities,
erosion, etc.) is provided for each ravine below. Included in the discussion are:

o Potential blockages from tree fall which could result in sudden releases during periods of high
water flow which, in turn, could block culvert intakes downstream.

e Slope failures in the form of slides or sloughing can deposit materials in the creeks also
resulting in potential blockages with similar consequences.

e Slope failures near the crest of slopes in close proximity to residences may undermine
structure foundations damaging the building.

e FErosion along creek banks may undermine slopes resulting in unstable slopes, sloughing
and/or slope failures.

3.1 Shadowbrook Ravine

The creek banks were generally comprised of sand and gravel which would typically be susceptible to
erosion; however, relatively limited flow of the creek combined with a rip rap bottom for a substantial
portion of the creek has limited the bank erosion to localized areas. As a result, undermining of trees
along the banks is minimal and few blockages were noted in this ravine. The most significant erosion
was noted near the culvert outfall at the east end of the ravine and was not considered to be likely to
result in unstable slopes that would affect private property.

The slopes were considered to be inclined at a relatively stable angle (2H:1V) and large scale global
slope failures are not expected. However, some sloughing may occur, particularly in the area near the
outfall.

3.2 Kendale Ravine

The creek banks appeared to be generally comprised of compact sand to silty sand with some gravel
which is typically susceptible to erosion; however, the small size of the creek (about 1m wide and 0.5m
deep) has limited erosion along the creek banks. Areas of loose saturated soils were also noted in
areas of seepage. Erosion was noted on the slopes above the creek in localized steep areas where
flowing water would have concentrated, including at the outfall of a residential drain. The erosion on
the slope was undermining some trees away from the creek and there is a possibility such trees would
fall into the creek creating potential blockages.

The slopes were generally steeply inclined (up to 1.3H:1V) resulting in sloughing and slope failures.
The slope failures appeared to be localized with the most significant one occurring about 120m west of
the outfall at the east end of the ravine. This slope failure scarp was near the crest of the slope with
exposed soils and a residence nearby. Sloughing of slopes within the ravine appeared to be generally
associated with seepage zones. Due to the apparent relationship between groundwater and unstable
slopes it is considered that periods of high precipitation or groundwater tables may result in increased
sloughing and mobilization of existing slope failures.

Some trees had fallen across the creek resulting in potential blockages; however, the small size of the
creek will likely mitigate the effects of such blockages.
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A PVC pipe outfall onto the slope at the east end of the ravine did not appear to be creating significant
erosion as soils were identified as being dense to very dense silty sand which typically has good
resistance to erosion.

3.3 Knudson Ravine

The creek banks appeared to generally consist of compact sand and gravel which is typically
susceptible to erosion. However, the creek had minimal flow with a maximum width of about 1m and
incised about 0.75m and no significant erosion was noted.

The slopes were generally inclined less steeply than 2H: 1V which would be considered a stable
inclination for the soil type encountered. A localized slide scarp about 20m long was noted near the
toe of the north slope in the eastern portion of the ravine. It is considered unlikely that the observed
slide area would affect residences setback from the crest of the slope.

Two significant creek blockages in the form of downed trees were noted along the creek. However,
due to the limited creek flow in the areas of the blockages, significant ponding behind the blockage is
considered unlikely. Buildings located in close proximity to the south bank of the creek and limited
elevation difference between the creek and the buildings make these buildings susceptible to even
limited flooding resulting from a breach of a blockage.

3.4 Gunderson Ravine

The lack of an open creek within the Gunderson Ravine makes undermining of slopes by erosion
unlikely. It appears that during installation of a pipe in the ravine, substantial fill was placed in the
ravine lessening slope heights and increasing stability of those slopes though the south slopes are
inclined at a steep angle of about 1.6H:1V. The residences in the vicinity of Gunderson Ravine were
setback about 10m from the slope crests resulting in an approximate maximum gradient of less than
about 2H:1V from toe of slope to building foundation which would generally be considered stable in
granular soils.

3.5 Norum Ravine

The creek banks within Norum Ravine generally consisted of silty sand with trace to some gravel which
would typically be susceptible to erosion. Erosion of the creek banks was noted in several locations
with one area located on the outside of a bend in the creek having a near vertical inclination and a
height of about 3.5m. Due to relatively moderately inclined slopes (2.5H:1V), particularly in the lower
portions of the slopes erosion of the slopes is not expected to destabilize slopes to the extent where
infrastructure at the slope crests would be affected.

The ravine which connected to Norum Ravine on the north side appears to have been largely filled
during development in the area contained a small creek during our reconnaissance. This infilled ravine
provides a buttress for the former slopes in the area and likely increases slope stabilities in the area.

No significant blockages or slope instabilities were noted along the creek banks.
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3.6 Collings Ravine

The creek banks within Collings Ravine were generally comprised of compact to dense gravelly sand
with some silt with the exception of a slide area where exposed soils were saturated and soft/loose.
Limited erosion of the banks was observed during field reconnaissance; however, some areas with
near vertical eroded banks up to about 2m in height were observed.

The slide area coincided with a localized widening of the ravine indicating that soil movement has likely
been occurring in this area for some time. No residential development is located at the crest of the
slope in this area. Numerous fallen trees were associated with the slide area and a significant
blockage of the creek was noted.

Slopes within the ravine were inclined at about 1.8H:1V and several areas of undulating topography
and curved trees were noted which is typically indicative of surficial soil movement. In addition,
localized slide scarps were observed near the slope toes. Based on our observations, it appears that
there are localized areas of unstable or marginally stable slopes with the ravine where erosion of the
creek banks may further destabilize slopes particularly in the western portion of the ravine where creek
flows were noted to be higher.

3.7 MacAdam Ravine

The creek banks within MacAdam Ravine north of Nordel Way generally consisted of granular soils
overlying stiff silty clay/ clayey silt which would typically be resistant to erosion. North of Nordel Way
exposed soils generally consisted of fine sand with some silt to gravelly sand with some silt which
would typically be relatively susceptible to erosion. Erosion of the creek banks was noted in numerous
locations along the creek, particularly in the east end of the ravine where fences and trees had been
undermined as the granular soils were eroded and a bottom of stiff silty clay/clayey silt has formed.
Erosion of the creek banks was also noted in the area between Nordel Way and River Road with near
vertical banks up to about 1.5m height. Minimal erosion was noted along the tributary.

Slopes within the portion of the ravine south of Nordel Way were generally of lower height (5m to 10m).
The higher slopes frequently had areas of bare ground exposed by slope failures and undulating
topography. Soils exposed by slope failures generally consisted of silty clay/clayey silt indicating a
lower friction angle for these soils; hence, less stable slopes when the slope geometry is similar to
those comprised of granular soils. Between Nordel Way and River Road slopes were generally higher
(25m to 30m) and localized sloughing and slide scarps were noted, particularly in areas where
significant bank erosion was noted. These features are indicative of marginally stable slopes being
destabilized by erosion at the slope toes. The ravine below River Road consisted of slopes with
inclinations in the order of 2.3H:1V, which would generally be considered to be a stable slope angle for
granular soils.

Potential creek blockages were noted in several locations both due to fallen trees and anthropogenic
sources (i.e., fences). Due to limited water flow in the creek, the potential for significant sudden
release following the collapse of a blockage are considered to be a low risk.

An outfall PVC pipe outletting onto a fill slope is likely the cause of the sloughing as it erodes the
surface of the slope and introduces water into the placed fill.

-10 -
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3.8 Nelson View Ravine

Creek banks within Nelson View Ravine generally consisted of soft to firm clayey silt overlying dense
granular soils. These soils would typically be relatively resistant to erosion and minimal erosion was
observed along the creek banks; however, some localized erosion of the creek banks was noted.

Slopes within the ravine were inclined at about 2H:1V with a slide scarp about 10m in length and 2m in
height noted on the north slope near the east end of the ravine. As the slopes are relatively moderately
inclined and limited slope instabilities were identified, it is considered unlikely erosion of the slope toes
by the creek would affect residential lots at the crest of the slope.

No significant blockages were noted along the creek.

3.9 Main Ravine

Creek banks within Main Ravine generally consisted of dense silty sand with some gravel and firm to
stiff clayey silt. The silty sand would typically be relatively susceptible to erosion and eroded banks up
to about 2.5m in height were noted. In addition, erosion of the clayey silt was also noted in localized
areas, due to higher flows as water was directed against creek banks.

Slopes within the ravine were gently inclined (3H:1V) at what would typically be considered a stable
slope angle. Minor indications of previous slope movement were noted (curved tree trunks, small slide
scarps); however, these instabilities are limited in extent and are unlikely to be significantly affected by
toe erosion along the creek banks.

The outfall observed to be outletting water onto a rip rap slope appeared to have sufficient erosion
protection.

Fallen trees within the ravine across the creek were not considered to present a significant risk of
blockage due to the limited nature of their presence and the ability of water to flow under the trees.

4.0 RECOMMENDATIONS

Recommendations for mitigation of the effects of erosion of creek banks by streams and creeks within
the ravines and slope instabilities along ravine slopes are provided below for each ravine where
appropriate.

4.1 Shadowbrook Ravine

Slopes within Shadowbrook Ravine were generally inclined at about 2H:1V, which would typically be
considered a stable slope for the soils identified along the creek banks (sand and gravel). Minimal
erosion of the creek banks was noted and only the area in the vicinity of the eastern outfall was noted
to be experiencing significant issues. Regular reviews (annual) of the area near the outfall should be
conducted to identify any acceleration of the slope erosion which could affect residences at the slope
crest. Rip rap protection may be appropriate of accelerated erosion were to be observed.

11 -
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4.2 Kendale Ravine

Slopes within Kendale Ravine may be as steep as 1.3H:1V which would not generally be considered to
be slope with a satisfactory factor of safety for slope stability. This opinion is further confirmed by
observations of surficial movement and ongoing slope failures within the ravine. However, the majority
of the slope instabilities and steeper slopes were located in the eastern portion of the ravine where the
creek flow was lower and erosion of the slope toes less evident. Regular reviews (annual) of the slope
conditions should be conducted to confirm slope instabilities have not progressed up the slope so as
not to affect residential development at the slope crest particularly in the area about 120m west of the
outfall at the east end of the ravine. Such reviews should also be conducted following unusually heavy
precipitation (1 in 5 year event).

The residential outfall identified at the east end of the ravine does not appear to be having a significant
effect on the slope.

4.3 Knudson Ravine

Slopes within Knudson Ravine were generally inclined at less than 2H:1V which would typically be
considered a stable slope for the sand and gravel soils encountered in the ravine. A localized
indication of unstable slope (slide scarp about 20m long) is not considered likely to affect residences at
the slope crest.

Potential blockages of the creek were noted; however, the low flow of the creek limits the anticipated
significance of such blockages.

4.4 Gunderson Ravine

Gunderson Ravine has had significant infilling, reducing the height of the ravine slopes and providing
additional stabilization to those slopes. Steep slopes (1.6H:1V) were noted on the south slopes;
however the residential structures appear to be setback from the slope crest. Confirmation of sufficient
setback should be confirmed and is beyond the scope of this report.

4.5 Norum Ravine

The north slope of Norum Ravine has been substantially infilled during development reducing slope
heights in this area. The remaining slopes are generally moderately inclined (2.5H:1V) and would
typically be considered to be stable with the soil types encountered in the ravine.

No significant blockages or slope instabilities were noted during the field reconnaissance.
4.6 Collings Ravine

Slopes within Collings Ravine were inclined as steep as 1.8H:1V with localized steeper slopes. Slopes
with these inclinations would typically be considered to be marginally stable for the soil types
encountered, particularly where seepage and saturated soils are found. A significant slide area was
identified on the north slope where the gully widens indicating long term slope recession. The
presence of relatively recent downed trees and soft saturated depositions indicate ongoing slope
failure. Other areas were noted to have numerous indicators of slope movement (curved trees,
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undulating topography, etc.). In order to provide a quantitative analysis of the slope stability in the slide
area, a geotechnical review is required.

Blockages within this ravine should be removed as they present an opportunity for water build-up which
may destabilize the toes of the slopes by increasing pore pressures and reducing the friction angle of
the soils.

Regular reviews (6 month intervals) of the conditions of slopes in this ravine should be conducted to
assess the progress of slope movement, if any.

4.7 MacAdam Ravine

Slopes within MacAdam Ravine range from about 1H:1V on the south slope between Nordel Way and
River Road to about 2.3H:1V west of River Road.

Sloughing and slope failures were noted in the portion of the ravine south of Nordel Way. Due to
limited slope heights in this area, slope instabilities are not expected to affect residential development
at the crests of the ravine slopes.

Sloughing and slope instabilities between Nordel Way and River Road were frequently associated with
erosion along the creek banks at the slope toes. Regular reviews of bank erosion and the associated
slopes should be conducted to confirm that the residential properties at the slope crests are not
affected.

No slope instabilities were noted west of River Road.

Several blockages along the creek were noted; however, the minimal flow of the creek and ability of
water to flow under/around the potential blockages limited the significance of such blockages.

Slopes within the tributary generally appeared to be stable with the exception of areas of seepage
where sloughing was noted. Due to the limited extent of these seepage zones, and as they generally
occurred in areas of less steep inclinations, the slope instabilities associated with them are not
considered to likely affect the residential developments at the slope crests.

The slope below the outfall PVC pipe located within sloughing fill should be provided with erosion
protection and possibly slope stabilization measures (i.e., berms, erosion mats, etc.) in order to prevent
failure of the fill slope and pipe.

4.8 Nelson View

Slopes within Nelson View Ravine are generally inclined at about 2H:1V which would typically be
considered a stable slope for granular and cohesive firm soils. Softer soils encountered within the
ravine are likely indicative of surficial conditions and hence would not affect the overall slope stability.

With the exception of a single slide scarp, which is not expected to affect residential development at
the slope crest, no significant indications of slope instabilities or erosion were encountered.

No significant blockages were encountered during the field reconnaissance.

-13-
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4.9 Main

Slopes within Main Ravine were generally inclined at about 3H; 1V which would typically be considered
a stable slope for the soil conditions encountered in the ravine (firm o siff silty clay). Some ndications
of surficial slope movement were noted {curved trunks, small shde scarps); however, the global stability
of the slopes appeared to be adeguate and unlikely to be affectad by erosion at the slope loes.

Downed trees crealing potentiad blockages within the creek were considerad minor and unlikely o
provide suddan releases of water.

5.0 CLOSURE

Ag no geclechnical subsurface exploration was conducied, we have provided a gualitative review of
the existing slope stabdity based on our visual characierization of the subject siles including identified
recent and historical sloge failures. Our characterizafion of the subject sies i based on sile
reconnakssance, opograghic plan maps, surficial geology maps and exp's experience with simiar siles
frhroughowt British Columbia.

The above-noted and altached information is provided for the exclusive use of our client and their
designated consullants and agents and may not be uzed by other paries withoul the written consent of
exp Services Inc. The allached “Interpretation & Use of Study and Report” forms an integral pari of
this regort and must be included with any copies of this report.

Raviewsad by:

EE Bean Waiss, P.
T 1
¥ Senior Engin

Enclosures: Interpretation & Use of Study and Report
Lacation Plan (Map 1)
Owerall Site Plan (Map 2)
Site Plan — Shadowbrook, Kendale, Knudson (Map 3)
Site Plan = Gunderson, Narum, Collings (Map 4)
Sita Plan - MacAdam, Malson View, Main (Map 5)
Photos
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INTERPRETATION & USE OF STUDY AND REPORT

1. STANDARD OF CARE

This study and Report have been prepared in accordance with generally accepted engineering consulting practices in this area. No other warranty,
expressed or implied, is made. Engineering studies and reports do not include environmental consulting unless specifically stated in the engineering
report.

2, COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report which is of a
summary nature and is not intended to stand alone without reference to the instructions given to us by the Client, communications between us and the
Client, and to any other reports, writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of which
constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE
MUST BE MADE TO THE WHOLE OF THE REPORT. WE CANNOT BE RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE
REPORT WITHOUT REFERENCE TO THE WHOLE REPORT.

3. BASIS OF THE REPORT

The Report has been prepared for the specific site, development, building, design or building assessment objectives and purpose that were described to
us by the Client. The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the document are only
valid to the extent that there has been no material alteration to or variation from any of the said descriptions provided to us unless we are specifically
requested by the Client to review and revise the Report in light of such alteration or variation.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming the Report, are for the sole benefit of the Client. NO OTHER PARTY
MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT OUR WRITTEN CONSENT. WE WILL CONSENT TO ANY
REASONABLE REQUEST BY THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”. The
contents of the Report remain our copyright property and we authorise only the Client and Approved Users to make copies of the Report only in such
quantities as are reasonably necessary for the use of the Report by those parties. The Client and Approved Users may not give, lend, sell or otherwise
make the Report, or any portion thereof, available to any party without our written permission. Any use which a third party makes of the Report, or any
portion of the Report, are the sole responsibility of such third parties. We accept no responsibility for damages suffered by any third party resulting from
unauthorised use of the Report.

5. INTERPRETATION OF THE REPORT

a. Nature and Exactness of Descriptions: Classification and identification of soils, rocks, geological units, contaminant materials, building
envelopment assessments, and engineering estimates have been based on investigations performed in accordance with the standards set
out in Paragraph 1. Classification and identification of these factors are judgmental in nature and even comprehensive sampling and testing
programs, implemented with the appropriate equipment by experienced personnel, may fail to locate some conditions. All investigations, or
building envelope descriptions, utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions will not be detected
and all documents or records summarising such investigations will be based on assumptions of what exists between the actual points
sampled. Actual conditions may vary significantly between the points investigated and all persons making use of such documents or records
should be aware of, and accept, this risk. Some conditions are subject to change over time and those making use of the Report should be
aware of this possibility and understand that the Report only presents the conditions at the sampled points at the time of sampling. Where
special concerns exist, or the Client has special considerations or requirements, the Client should disclose them so that additional or special
investigations may be undertaken which would not otherwise be within the scope of investigations made for the purposes of the Report.

b. Reliance on Provided information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in
evidence at the time of site inspections and on the basis of information provided to us. We have relied in good faith upon representations,
information and instructions provided by the Client and others concerning the site. Accordingly, we cannot accept responsibility for any
deficiency, misstatement or inaccuracy contained in the report as a result of misstatements, omissions, misrepresentations or fraudulent acts
of persons providing information.

C. To avoid misunderstandings, exp Services Inc. (exp) should be retained to work with the other design professionals to explain relevant
engineering findings and to review their plans, drawings, and specifications relative to engineering issues pertaining to consulting services
provided by exp. Further, exp should be retained to provide field reviews during the construction, consistent with building codes guidelines
and generally accepted practices. Where applicable, the field services recommended for the project are the minimum necessary to ascertain
that the Contractor’'s work is being carried out in general conformity with exp’s recommendations. Any reduction from the level of services
normally recommended will result in exp providing qualified opinions regarding adequacy of the work.

6.0 ALTERNATE REPORT FORMAT

When exp submits both electronic file and hard copies of reports, drawings and other documents and deliverables (exp’s instruments of professional
service), the Client agrees that only the signed and sealed hard copy versions shall be considered final and legally binding. The hard copy versions
submitted by exp shall be the original documents for record and working purposes, and, in the event of a dispute or discrepancy, the hard copy versions
shall govern over the electronic versions. Furthermore, the Client agrees and waives all future right of dispute that the original hard copy signed version
archived by exp shall be deemed to be the overall original for the Project.

The Client agrees that both electronic file and hard copy versions of exp’s instruments of professional service shall not, under any circumstances, no
matter who owns or uses them, be altered by any party except exp. The Client warrants that exp’s instruments of professional service will be used only
and exactly as submitted by exp.

The Client recognizes and agrees that electronic files submitted by exp have been prepared and submitted using specific software and hardware
systems. Exp makes no representation about the compatibility of these files with the Client’s current or future software and hardware systems.
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E. Hydrologic and Hydraulic Modelling

E.1 Introduction

This appendix outlines the development of the detailed hydrologic and hydraulic model of the North
Delta Drainage Basin.

E.2 PC SWMM Model Development

The drainage system is shown in Figure E-1 and includes portions of both Delta and Surrey.

One model was developed for the watershed. PC SWMM was used for both the hydrology and
hydraulics. The hydrology portion of PC SWMM uses inputs such as rainfall and catchment
characteristics (area, slope, soil type, etc.) to estimate catchment flows. The hydraulic portion of PC
SWMM use hydraulic system inputs (culvert/pipe/channel characteristics) to simulate flow routing,
water levels.

E.3 PC SWMM Overview

The hydrologic and hydraulic model was developed with the aid of the Corporation of Delta and City of
Surrey GIS databases and with information gathered during the drainage inventory.

Model Catchments

The watershed was discretized into major sub-catchments using contours, field watercourse
information, and existing drainage information. The major sub-catchments for the study area are shown
on Figure E-1.

In total, 146 catchments were created and imported into the PC SWMM model. Catchments were assigned
the following attributes:

areas;

slopes, using contour information;
impervious percentage values; and
Infiltration and groundwater parameters.

Impervious Percentage

Existing land use impervious percentages were estimated based on the land use type visible in the
aerial photography and typical impervious percentage values. For more details, see Appendix B.

The future land use impervious percentages were derived using the OCP zoning information combined
with typical impervious percentage values. For more details, see Appendix B.

Soil Parameters

The groundwater portion of PC SWMM was used to estimate the groundwater and interflow portions of
the runoff hydrograph. Figure 2-7 shows the surficial geology that was used to determine soll
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E.4

parameters. The majority of the watershed is silt-clay soils and till, with some sand, steep land
sediments and sand and silt soils.

The infiltration and groundwater parameters used in the models were based on KWL's database of
calibrated model parameters for similar soil conditions.

Hydraulic Model

The model incorporates the study areas storm trunk network of drainage pipes, manholes, ditches, creeks
and culverts as provided by the Corporation in their GIS databases. Each culvert was assigned a unique
identifier. Creek and ditch cross-sections were obtained from the DEM (Digital Elevation Model). Nodes
in the model consist of manholes, catch basins, cleanouts, intakes, outfalls and junctions. Missing or
inaccurate information in the database was corrected with the use of available as-built drawings.

Channel roughness values were assigned based on typical values for the various conduit materials.
The drainage system includes:

e 16 km of pipes;
e 247 manholes; and
e 6 km of creeks and ditches.

Boundary Conditions

Rainfall Input

The design storms used in the analysis were generated from the IDF curve for the GVRD DT34 rain
gauge. The rain gauge is located in North Delta at 8544-116th Street. The 1, 2, 6, 12 and 24-hour
design storms were used for the conduit and culvert capacity assessments.

Table E-1 shows precipitation totals for all events.

Table E-1: Total Precipitation Amounts for Climate Station DT34
Total Rainfall (mm)

Duration

2-year 5-year 10-year 25-year 50-year 100-year
1-hour 9.5 12.6 14.6 17.3 19.2 211
2-hour 11 14.4 16.7 19.5 21.6 23.7
6-hour 234 31.7 371 44.0 491 54.2
12-hour 31.9 43.8 51.8 61.8 69.2 76.6
24-hour 42.5 62.2 75.2 91.7 103.9 116.1

Water Level Boundaries

The outlets of each of the creeks were modelled with a fixed high tide water level elevation of 2.4 m.
This water elevation was taken as an average of the maximum water elevation recorded at Deas Island
Tunnel (downstream of the study area) and Port Mann Pump Station (upstream of the study area)

in 2012.
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E.5 Results Analysis

The modelling results are presented in Section 3 of the main body

Capacity Assessment

Assessments were performed for the modelled conduits and culverts in the study area to determine if
any were undersized and required upgrading. Tables E-2 to E-5 show the pipes and culverts that are
flagged for upgrading based on this analysis.

There are 11 pipes that exceeded the minor system criteria during existing land use conditions and an
additional two pipes that exceeded the criteria for the future land use conditions.

Four pipes did not meet the major system criteria for the existing land use conditions and no additional
pipes failed the criteria for the future land use conditions.

Five culverts did not meet the major system criteria for the existing land use conditions and no additional
culverts failed the criteria for the future land use conditions.
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Measures to Mitigate
Environmental Hydrologic Impacts of Development
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1. Low Impact Development Practices

Introduction

Low Impact Development (LID) is a design with nature approach that reduces a development'’s
ecological footprint. LID concepts embodied at the planning stage, often affords more opportunities to
reduce the overall negative effects of development and reduce costs. Requirements for expensive
traditional stormwater infrastructure may also be reduced, as less runoff will be generated.

There are many best management practices (BMPs) commonly used in LID; however, it is not always
possible to incorporate all of them into a development, and even with adoption of all available LID
options, there will still be changes to the hydrologic regime relative to the pre-development conditions
and some additional measures or facilities will often be required. LID practices are most effective in
mitigating adverse stormwater effects when used in combination with other BMPs, such as constructed
source controls and detention. The Puget Sound Action Team’s LID Technical Guidance Manual’ is an
excellent resource for LID planning and design.

Reduced Road Widths

Traditional road pavement widths may be larger than they need to be, particularly for streets that are
residential access only, and not thoroughfares. Road widths can be narrowed to a minimum that allows
necessary traffic flow, but that discourages excess traffic and excess speed, both of which are beneficial
in a family- and pedestrian-oriented neighbourhood. Road widths do, however, need to meet the
community’s needs for utility and emergency vehicle access and these requirements will often
determine acceptable minimum road widths.

Reduced Building Footprints

Building footprints, and impervious roof area, may be reduced without compromising floor area by
increasing building height. This also allows greater flexibility to develop layouts that preserve naturally
vegetated areas and provide space for infiltration facilities. Some relaxation of building height
restrictions may be necessary to allow this type of design.

Reduced Parking Standards

Reducing the required number of parking spaces for a development reduces the impervious area and
encourages pedestrian and public transit-friendly communities. Reducing the required parking spaces
also reduces development costs.

! Low Impact Development Technical Guidance Manual for Puget Sound, 2005. http://www.psparchives.com/our_work/stormwater/lid.htm
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Limiting Surface Parking

Limiting surface parking and restricting parking to below building roof areas, also directly reduces the
impervious area in a development.

Pervious Parking Surfaces

Use of pervious paving materials rather than impervious concrete or asphalt can reduce the runoff
generated from parking areas. Pervious materials may include pavers, reinforced clean crushed gravel,
reinforced turf, or engineered permeable pavements.

Pavers

Reinforced Clean Crushed Gravel

Building Compact Communities

A complete and compact development plan preserves more natural watershed features and significantly
reduces imperviousness. In some cases, compact communities have up to 75% less roadway
pavement per dwelling unit, and parking needs are reduced because local services are more accessible
by pedestrians and via public transit.

Preserving Naturally Significant Features

Preservation of natural areas in a watershed is always an important consideration, which can provide
recreational as well as environmental benefits but some natural areas perform special aquatic
ecosystem functions and as such are vital to maintaining watershed health. These areas, which include
riparian forests, wetlands, floodplains and natural infiltration depressions with highly permeable soils,
are particularly important to inventory and protect from alteration.

Stormwater Source Control Technologies

Stormwater source controls reduce the runoff that is discharged to the stream network by managing the
water balance at the site level. Source controls play a key role in achieving Rainwater Management
Criteria for volume reduction, water quality treatment, and runoff control and can be very effective at
reducing runoff volumes and peak runoff rates from events smaller than the 50% of 2-year storm.
Though they do provide some flow-detention benefits for the 2-year storms, source controls have limited
ability to reduce peak runoff rates from large storms and must be designed with adequate overflow
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capacity. Additional stormwater infrastructure must be provided to safely convey stormwater offsite for
the larger events.

Several standard source control technologies are described below. The Metro Vancouver Stormwater
Source Control Design Guidelines® is an excellent reference for source control BMP design advice.

Absorbent Landscaping

Natural topsoil is generally permeable. The vegetation on topsoil provides a layer of organic matter
which is mixed into the soil by worms and micro-organisms, creating voids, which allow rain water to
percolate through, and making the soil more structurally capable of providing storage in the void spaces
when saturated.

Standard construction practice is often to strip the existing topsoil, compact or excavate a site surface to
the desired grade, and then cover it with a thin layer of imported topsoil. Although lawns and other
ornamental landscaping will establish a vegetated surface, both the original surface and subsurface
flows and storage capacities have been altered and surface runoff will be increased. Instead of
stripping and removing, original topsoil it should be replaced on the site and augmented with organic
matter and sand to improve soil structure and increase macropore development.

To increase absorbency, surface soils should have a minimum organic content to facilitate plant growth
and a soil depth sufficient to meet the 50% of 2-year rainfall capture target. Increased soil depths also
provide retention for runoff from adjacent hard surfaces. Surface vegetation should include herbaceous
groundcovers with a thickly matted rooting zone, deciduous trees, or evergreens.

Some maintenance over the long term is required for the absorbent landscape to continue to provide
stormwater benefits. Maintenance activities may include replacing soils that have eroded and replanting
dead or dying vegetation.

Absorbent Landscaping

Absorbent Landscaping

2 Metro Vancouver, Stormwater Source Control Design Guidelines, 2005 http://www.gvrd.bc.ca/sewerage/stormwater_reports.htm
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Surface Infiltration Facilities

Rainfall runoff is stored at or near the surface in a layer of absorbent soil, sand, gravel, or rock, and/or
on the ground surface in a ponding area. The stored runoff that infiltrates into the soil becomes
interflow and augments groundwater in the sub-surface.

Surface infiltration facilities can look like normal vegetated swales or ponds, and can be aesthetically
landscaped and integrated into the design of open spaces. They include bioretention facilities and rain
gardens. Both surface and sub-surface infiltration facilities can be effective at the lot level, as well as at
the neighbourhood level, where individual lot sizes or layouts don’t support on-lot facilities or where
more permeable soils or groundwater recharge areas are located off-site. Surface infiltration facilities
can, depending on their design, provide some level of water quality treatment as well.

Surface infiltration can be combined with detention, where the detention release rate allows sufficient
time for infiltration through the pond. Infiltration facilities are highly dependent on the hydrologic
properties of the sub-surface soils.

Surface infiltration can also be promoted by the used of permeable pavers or other pervious surfacing
materials.

Surface Infiltration Swale

Bio-Retention Facilities

If infiltration rates are low, such as is likely in clay and till soils, bio-retention facilities can be designed to
store the volume reduction target in soil and rock trench voids and infiltrate it slowly over time.

Where applicable, a retention facility may also be designed as a baseflow augmentation facility that
retains the design capture volume in a tank or pond and releases it at baseflow rates. These rates are
very low, and are based on measured summer baseflows in a watercourse divided by the contributing
watershed area, and then applied to the area of the site contributing runoff. Baseflow augmentation
facilities discharge the capture volume to the downstream stormwater system or watercourse at a
maximum of the determined baseflow rates. Any volumes above the capture volume must be allowed to
bypass the baseflow augmentation facility.
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Bio-Retention Swale Bio-Retention Swale

Sub-surface Infiltration Facilities

A similar design process is used for sub-surface infiltration as for surface infiltration facilities. The main
advantage of sub-surface facilities is that they often have vertical walls and do not require as much
dedicated ground area, allowing them to be located beneath paved impervious areas.

Sub-surface facilities must be located at least 0.5 m above the level of the water table so that they can
discharge through the sides and bottom of the structure and will not merely store infiltrated groundwater.
Generally, the deeper an infiltration facility is located, the less-effective it will be. Subsurface infiltration
facilities can be as simple as a trench filled with clean, free-draining rock that is protected from soil by a
permeable membrane. There are numerous products available commercially for subsurface infiltration
as well.

Sub-Surface Infiltration
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Green Roofs

Installing a green roof rather than a conventional impervious roof can significantly reduce the volume
and rate of runoff from a building lot particularly for the smaller, more frequent storm events.

A green roof is essentially a roof with a layer of absorbent soil and vegetation on top of a drainage
collection layer or system. Rainfall is absorbed or stored by the soil and vegetation for later
evapotranspiration. The green roof has a limited storage capacity, so any excess rainfall percolates
through and is collected by a drainage system. The excess rainfall is then routed to the ground for
detention and conveyance.

Green roofs are more expensive to build as they have structural costs as well as landscaping costs and
do require maintenance to ensure their ongoing functionality. However, when compared with land costs
for alternate facilities in high density urban areas, the costs for a green roof may be favourable. Green
roofs also have other benefits, in addition to stormwater benefits, that can include heating or cooling
cost savings by insulating the building, aesthetic benefits, air quality benefits, and reduced solar gain
that decreases the urban heat island effect. Green roofs should only be designed and constructed by
qualified professionals as structural engineering, building envelope and landscape design as well as
stormwater engineering are all critical components. Green roofs are the preferable source control in
areas where ground surface controls are not possible. For more information on green roofs readers are
referred to the Green Roofs for Healthy Cities website.

Gren Roof Green Roof

Rainwater Re-use

Rainwater re-use is commonly afforded by residential rain barrels which are effectively retention
facilities for roof runoff. Limitations of rain barrels are that rainfall is seldom a reliable source for water
during the dryer seasons and rain barrels are often not large enough to store the 50% of 2-year capture
target. The most significant reductions in runoff volume from re-use are achieved by capturing and re-
using rainwater for indoor grey-water uses, or for commercial and industrial applications with high water
consumption rates or where water supplies are limited. Recycling rainwater reduces demands from
surface waters and reservoirs and can reduce supply infrastructure costs. Rainwater re-use can also be
combined with infiltration facilities.
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Re-Use Tank Re-Use Rain Barrel

Water Quality Best Management Practices

Changes in land use, loss of natural biofiltration capacity, increases in impervious area, and pollutant
laden runoff associated with urban development can contribute to reduced water quality which impacts
fish and fish habitat. BMPs designed to capture and treat runoff need to be incorporated into RWMPs.

Water Quality BMPs are physical, structural or management practices that reduce or prevent water
quality degradation. Many of these are the same as, or similar to those used for runoff volume
reduction and rate control and but have ancillary benefits for water quality. Source control remains the
key means of reducing introduction of toxic and hazardous materials or organic and inorganic
contaminants, originating from land and water use or as a result of commercial or industrial spills.
Without source control, runoff water quality is limited by the effectiveness of treatment technology.

Treatment controls are point-source water quality management measures. They are generally
constructed facilities and are often individual installations incorporated into the stormwater management
infrastructure. They should be designed on a site-specific basis, after examining all alternative
treatment technologies, and selecting the best available options based on cost and effectiveness.
These controls should be designed and constructed by appropriately qualified environmental
professionals.

Water Quality Best Practical Technologies

Several technologies have the ability to provide both water quality benefits and runoff control. Water
quality benefits are derived from contaminant removal mechanisms that use biological and physical
processes. Runoff control is accomplished by improving stormwater detention and retention which
reduces peak runoff discharge rates and volumes.

Biofilters

Biofilters are vegetated filter strips, swales and rain gardens that remove deleterious substances,
notably particulate contaminants, though some combination of physical (e.g.: adsorption) and biological
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(biodegradation) removal mechanisms. Biofilter technology is suitable for sheet flow runoff, typical of
large linear impervious developments like roadways and parking lots.

Urban Forests and Leave Strips

Depending on the extent of tree canopy and ground cover retained, runoff reduction and pollutant
removal can be achieved by maintaining natural well functioning urban forested areas. The
contaminant removal processes forests and natural vegetation provide include: filtration, adsorption,
absorption, and biological uptake and conversion by plant life. Urban forests also provide habitat
refuges for many species whose habitats have been fragmented while riparian leave strips along
watercourses, provide critical fish and wildlife habitat.

Infiltration Systems

Infiltration systems generally require pre-treatment for water quality to prevent clogging and binding-off
of the permeable materials and contamination of underlying aquifers. Physical removal of deleterious
substances by filtration and adsorption, as well as conversion of soluble pollutants by bacteria, also
occurs within the infiltrating soils.

Constructed Wetlands

Physical, biological and chemical processes combine in wetlands to remove contaminants and either
surface or subsurface flow wetlands can be constructed specifically to treat stormwater runoff.
Constructed wetlands also offer retention benefits and can create preferred habitats for aquatic and
terrestrial wildlife species. The use of existing natural wetlands to treat stormwater however is not
an acceptable practice.

Small Wetland Wetland

Wet Detention Ponds

Permanent wet ponds remove pollutants and other deleterious substances through physical processes
such as sedimentation, filtration, absorption and adsorption and through biological mechanisms such
as: uptake and conversion by plants, and microbial degradation. Wet ponds can also detain flows
thereby contributing to rate control and volume reduction objectives. General design parameters need
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to include: vegetation types (floating, emergent and submergent vegetation), water depth and ponding
area, and will often require consideration of detailed pond specific operational parameters.

Wet Detention Pond Wet Detention Pond

Oil and Grit Separators

Oil and grit separators are suitable for spill control and removal of floatable petroleum-based
contaminants as well as coarse grit and sediment from small areas, such as gas stations, automotive
service areas and parking lots. Oil and grit separators have limited application in large-scale stormwater
runoff applications, and should be limited to small area generation sites.

Oil Grit Separator Oil Grit Separator

Construction Best Practices

Construction Best Practices for instream stormwater management works include timing of the works to
minimize impacts. Timing windows should be adhered to in order to minimize impacts to fish and wildlife
and specifically to avoid sensitive periods for certain life history stages of fish (e.g.; adult spawning, egg
and alevin intergravel incubation). Where information is available on critical life history stages and timing
for any identified Species at Risk, these times should also be avoided. Clearing should only be
undertaken immediately in advance of work, and only during vegetation clearing timing windows, where
these have been identified for protection of nesting birds. To the extent possible, work should be
restricted to cells and undertaken in a systematic manner to limit the area disturbed at any given time.
Works should only be undertaken during favourable weather conditions and low water conditions.
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Measures must be taken to prevent the release, from any work site, of silt, sediment, sediment-laden
water, raw concrete, concrete leachate, or any other deleterious substance into any ditch, watercourse,
stream, or storm sewer system. The work area should be isolated from flowing water as much as
possible and diversions around the site should be provided for overland flow paths. Ensuring that all
equipment used on-site is in good working order, and having a ready spill containment kit and staff
trained in its use, are also critical measures.

For further information on managing erosion and sediment discharges during construction, see the
Erosion and Sediment Control section of the Land Development Guidelines and the Standards and Best
Practices for Instream Works.?

3. Stormwater Detention Systems

The rainwater detention objective is to limit the post-development runoff to the pre-development rate,
volume, and approximate shape of the hydrograph for the 50% MAR, and 2-year/24-hour storm events and
to maintain, as closely as possible, the natural pre-development flow pattern in the receiving watercourse.

These detention levels have been adopted to address increases in impervious areas in developments
and the environmental impacts (e.g. stream erosion, sedimentation; loss of riparian habitat, changes in
stream morphology, etc.) that are occurring due to the more frequent, smaller storm events being rapidly
conveyed off hard surfaces into fish bearing waters.

4. Infiltration Systems

Stormwater infiltration systems can provide many benefits to urban streams. Infiltration systems can
retain runoff, recharge groundwater and control peak flows. The soil, through which the stormwater
runoff passes, also acts as a filter removing a large percentage of the common pollutants normally
discharged to the stream or creek. Infiltration can recharge local groundwater which in turn feeds
smaller streams and creeks through seepage. Groundwater which is slowly discharged back into
streams and can constitute all or part of a stream's baseflow. This baseflow can be critical for fish and
fish habitat during extended periods of little or no precipitation and runoff. It maintains preferred
spawning conditions for several salmon species which key on groundwater seepage areas for spawning
and egg incubation.

In areas with well-draining soils, stormwater runoff from a site can be collected and discharged into an
infiltration system where there are no conventional stormwater removal systems, or infrastructure, which
reduces the costs of providing offsite conveyance.

% BC Ministry of Water, Land and Air Protection’s Standards and Best Practices for Instream Works (draft March 2004)
http://wlapwww.gov.bc.ca/sry/iswstdsbpsmarch2004.pdf.
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