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SUMMARY OF ASSESSMENT IMPACTS ANDMITIGATION AND COMPENSATION MEASURES FOR
 RAV PROJECT CONSTRUCTION AND OPERATION
 SECTION 19
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Environmental Assessment Certificate Application for the Richmond•Airport•Vancouver Rapid Transit Project
 19-1 December 2004
 19 Summary of Assessment Impacts and Mitigation and Compensation Measures for RAV Project Construction and Operation
 19.1 Impact Assessment Summary
 Table 19.1 summarizes the information presented in each of the impact assessments of the RAV Project, conducted by specialist consultants on behalf of RAVCo (see SECTIONS 6 – 15). Table 19.1. Summary of Assessment Impacts and Recommended Mitigation and Compensation Measures
 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 Fisheries and Aquatic Habitat Assessment (SECTION 6)
 North Arm Crossing: • On northern shore, features traversed by the
 conceptual alignment include riparian vegetation landward of the top-of-bank and intertidal marsh and mudflat habitat along the eastern margin of the alignment in an area classified as having low productivity (i.e., green coded) by FREMP.
 • On southern shoreline, as defined by the Lulu Island dyke, the conceptual alignment traverses intertidal mudflat, intertidal marsh and a fringe of riparian shrub woodland. These features have been classifed as highly productive fish habitat (i.e., red coded) by FREMP.
 • Conceptual locations for pier footings avoid intertidal fish habitats.
 • Densification treatment for Pier NA1 on northern side of river, approximately 30 m landward of top-of-bank, may affect riparian vegetation.
 • Areas affected by densification treatments for the two in-river piers will readily recover as a result of post-construction deposition of substrates characteristic of the design pier locations.
 • Armament works associated with Pier NA2, located approximately 30 m west of high water level mark of downstream tip of Mitchell Island, would permanetly alienate a portion of the sand/silt river bottom.
 • Armament works associated with Pier NA3, located
 North Arm Crossing: • Height of conceptual crossing structure is
 sufficient to minimize shading such that impacts on the marsh and woodland will be negligible.
 • Presence of two in-river pier footings may alter immediate hydraulic environment. Although impacts expected to be minor, hydrotechnical study may be required to quantify changes in hydraulic conditions.
 • Based on experience with other recently constructed crossings of the Fraser River (i.e., No. 2 Road and Airport Connector bridges), impacts on bottom sediments associated with presence of pier footings will be negligible.
 Middle Arm Crossing: • Orientation of conceptual crossing structure is
 such that shading willl not affect the marsh. • Based on conceptual design, channelization may
 occur between the pier footings of the RAV crossing and those of the Sea Island Connector and Moray Channel bridges. Since the pier footings of the 3 bridges are not aligned and most of the footings are located in immediate proximity to the navigation channel, which is regularly dredged, impacts on fish habitats supported by bottom sediments are not anticipated.
 Fraser River Crossings: • Impact mitigation protocols will be
 implemented as part of normal construction practices.
 • Concessionaire will prepare and implement plans for stormwater and sediment control, and spill prevention and emergency response.
 Sea Island and Lulu Island Ditches/ Vancouver Streams: • Impact mitigation protocols will be
 implemented as part of normal construction practices to avoid impacts to the stormwater receiving environments of the Fraser River.
 • Concessionaire will prepare and implement plans for stormwater and sediment control, and spill prevention and emergency response.
 Fraser River Crossings: • Impacts to intertidal mudflat, intertidal
 marsh and riparian woodland habitats can be offset through creation of replacement habitats at or in immediate proximity to RAV crossings, or through purchase or withdrawal of habitat from NFPA’s habitat bank. It is expected that such works will be required by DFO as a condition of Section 35(2) Authorizations under the Fisheries Act. As a result, residual impacts to fish habitat are not anticipated in association with the conceptual design, construction or operation of the Fraser River crossings.
 Sea Island and Lulu Island Ditches: • Existing stormwater conveyance and flood
 protection features of the ditch network pre-empt habitat enhancement opportunities. Water quality and clarity are poor and the ditches lack suitable rearing/spawning habitat for fish.
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Environmental Assessment Certificate Application for the Richmond•Airport•Vancouver Rapid Transit Project
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 approximately 100 m north of the high water level mark of the southern shoreline, would permanetly alienate a portion of the sand/silt river bottom.
 • The two in-river piers will occupy a portion of the water column.
 • The extent of impacts to intertidal marsh and mudflat are not expected to exceed the footprint of the wood piles used to support temporary work pads. If work pads are utilized, they will be decommissioned following construction.
 Middle Arm Crossing: • Conceptual alignment traverses pockets of intertidal
 marsh and small areas of mudflat along both sides of the channel. The shoreline on either side of the crossing is designated as highly productive (i.e., red coded) habitat by FREMP.
 • On the western shoreline, in addition to the intertidal habitat, the conceptual alignment traverses a small cluster of shrubs and trees associated with a decommissioned stormwater outfall occurs approximately 10 m landward of the top-of-bank.
 • On the eastern shoreline, densification treatment, armament of the pier footing and rip rap associated with anticipated bank revetment may adversely affect small areas of intertidal marsh and mudflat at the Pier NA3 location.
 • On the western shoreline, densification treatment and armament of the pier footing may temporarily or permanently affect marsh and mudflat habitat. Impacts to riparian vegetation associated with these works will be negligible.
 • Areas affected by densification treatment for the two in-river piers will readily recover as a result of post-construction deposition of substrates characteristic
 • Areal extent of impacts to intertidal mudflat, intertidal marsh and riparian woodland associated with conceptual design will be limited.
 Sea Island and Lulu Island Ditches:
 • Project operation will not affect fish habitats associated with the ditches.
 Vancouver Streams: • Project operation will not affect fish habitats
 associated with Vancouver streams.
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Environmental Assessment Certificate Application for the Richmond•Airport•Vancouver Rapid Transit Project
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 of the design pier locations. • The two in-river piers will occupy a portion of the
 water column. • On the eastern shoreline, the extent of impacts to
 intertidal marsh and mudflat are not expected to exceed the footprint of the wood piles used to support temporary work pads.
 • On the western shoreline, if aggregate fill is used to construct the work pad, it may cover intertidal marsh and mudflat.
 • All temporary work pads will be decommissioned following construction.
 Sea Island and Lulu Island Ditches: • Ditches traversed by conceptual project alignment
 are not inhabited by fish and sustain habitat of marginal value. Niether conceptual design elements nor construction will significantly affect fish habitat in these ditches.
 Vancouver Streams: • Winona Creek in the Oakridge area is the only
 watercourse that may be affected during construction. Although the conceptual design alignment crosses the historical alignments of the main channel and a tributary of Winona Creek, it will not pre-empt future ‘daylighting’ of the channels by others or interfere with the ability to convey stormwater to enhancement channels. [Note: Neither RAVCo nor the Concessionaire will engage in any active or historical creek “daylighting” during the RAV Project.]
 • Construction is not expected to affect fish habitat potential in Winona Creek.
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 Terrestrial Biophysical Assessment (SECTION 7)
 Vegetation: • No rare plants or rare plant communities were
 identified in the RAV corridor. • As described above (see Fisheries and Aquatic
 Habitat Assessment), intertidal marsh and remnant riparian habitats may be adversely affected during construction of crossings in the North and Middle arms of the Fraser River.
 Wildlife: • Provincially-listed vertebrate wildlife species that
 may occur in the RAV Project corridor include 1 reptile, 14 birds, 2 mammals and 2 invertebrates.
 • With the exception of the Fraser River foreshore marshes, all habitats along the RAV corridor are highly modified. The marshes, which are of special conservation concern as wildlife habitat, are red coded by FREMP.
 • No direct impacts to wildlife are anticipated due to construction.
 • With the possible exception of short-term displacement of birds, direct impacts to wildlife are not anticipated due to RAV construction.
 Vegetation: • Potential changes in extent of marsh habitat due
 to alteration of hydrology and/or sedimentation patterns, and due to shading by bridge structures.
 Wildlife: • With the possible exception of short-term
 displacement of birds at crossing sites, direct impacts to wildlife are not anticipated due to RAV operation.
 • The potential for disturbance or collision with birds and other wildlife along RAV line is low. Barn owls on Sea Island prefer to hunt in long grass rather than short grass habitats. Since this portion of the RAV corridor traverses short grass habitat, the collisions between operating RAV line rail cars and barn owls are not expected. Additionally, primarily for issues of human safety, the VIAA manages grass habitat areas on Sea Island with the goal of recuding wildlife use.
 • Overall, there is no indication that any sensitive or listed species will be affected in the mid or long term.
 • Since most land along the RAV corridor is developed and therefore alienated for wildlife use, habitat displacement effects due to the presence of RAV line will be negligible.
 Foreshore Marshes: • Where possible, minimize construction
 access across foreshore marshes and limit damage to riparian zone habitats.
 • Avoid dredging and/or filling in marsh areas. • All dredging activities are to adhere to
 “Environmental Dredging Guidelines for the Lower Fraser River” (FREMP 2001).
 • Design and locate bridge pilings so as to avoid alteration of downstream hydrology, prevent soil compaction, and minimize direct damage to plants.
 • Design bridges to ensure a minimum deck height of 9 m over marsh areas to minimize shading impacts.
 • Given disturbed nature of foreshore habitats at present, restoration of these sites, post-construction, should improve their level of ecological function.
 Sea Island: • VIAA is managing grass habitats on Sea
 Island with the goal of reducing wildlife use due to safety concerns regarding bird collisions with aircraft. RAV structures should be designed to minimize roosting and perching sites for birds.
 • Replant any trees removed from the areas adjacent to the VIAA airport terminals and access roads.
 Foreshore Marshes: • Impacts to intertidal mudflat, intertidal
 marsh and riparian woodland habitats can be offset through creation of replacement habitats at or in immediate proximity to RAV crossings, or through purchase or withdrawal of habitat from NFPA’s habitat bank. Such works will be required by DFO as a condition of Section 35(2) Authorizations under the Fisheries Act. As a result, significant residual impacts to fish habitat are not anticipated in association with the conceptual design, construction or operation of the Fraser River crossings.
 Socio-Economic / Socio-Community Assessment (SECTION 9)
 • RAV Project costs are expected to be approximately $1.7 billion. Major financial contributors will include the Federal and Provincial governments, TransLink, VIAA and the Concessionaire.
 • Time savings associated with less traffic congestion and better transit service will be main social benefit. These savings, which could range from $35 M to $100 M per year, would generate
 • The system routing and vertical alignment choices made to date have considered and mitigated many potential negative impacts, leaving a very substantially positive net
 None recommended or required.
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 • 12,800 to 14,800 direct Person Years of employment will be generated over the 5-year design/ construction/commissioning period.
 • RAV line construction may be inconvenient and cause short-term, localized increases in traffic congestion.
 • Potential impacts pertaining to First Nations include disturbance of fish/fish habitat during construction of the two Fraser River crossings, and disturbance of archaeological resources in portions of the corridor not previously identified as having archaeological potential.
 • RAV line construction on or adjacent to the Cambie Heritage Boulevard may require the temporary removal or relocation of boulevard trees. The boulevard will be restored by the Concessionaire during and following construction.
 regional productivity gains. Approximately 60% and 40% of the savings will accrue to transit riders and motor vehicle users, respectively.
 • An efficient transit link will improve transportation options for 26,000 airport employees and support continued growth in passenger numbers.
 • Bridges over the North and Middle arms of the Fraser River will not impinge on the existing shipping channels established by the NFPA and Transport Canada’s Navigable Waters Protection Division.
 • The RAV line is expected to result in 10% fewer hours of bus service than would otherwise occur. A 39% reduction in hours of regional and express buses operating between Richmond and Vancouver may be partially offset by increased east/west bus service.
 • The RAV line is expected to result in 18,000 fewer weekday automobile trips in the South Vancouver corridor than would otherwise occur.
 • Reduced bus and automobile traffic volumes may improve the liveability of the north/south streets carrying suburban traffic within the RAV corridor.
 • The RAV line is expected to increase traffic safety along the Richmond/Vancouver corridor.
 • The RAV Project is expected to have a positive impact on property values near RAV stations. For properties immediately adjacent to Cambie Street, project benefits may be partially or totally offset by the visual impact of the system, depending on the vertical alignment (i.e., in-trench or elevated).
 • Due to the width of the Cambie Heritage Boulevard and the setback of houses from front yard property lines, residents of 109 single-
 balance of socio-economic and socio-community impacts, under any reasonable set of impact weighting assumptions.
 • Implementation of traffic management plans will help minimize traffic and noise impacts during construction. Appropriate mitigation measures will also be used to address impacts associated with operation of tunnel boring machines and temporary storage and handling of excavated material at proposed work sites, including the area of 2nd Avenue and Cambie Street.
 • To address safety and security issues, it may be necessary to implement measures, such as security patrols, and to develop station designs that follow basic Crime Prevention Through Environmental Design (CPTED) principles.
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Environmental Assessment Certificate Application for the Richmond•Airport•Vancouver Rapid Transit Project
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 family/duplex units and 39 ground-oriented multi-family units between 49th Avenue and SW Marine Drive will not suffer a significant loss in privacy as a result of the RAV line.
 • 17 ground-oriented multi-family units and one duplex may experience visual and noise impacts due to presence of elevated line and station south of SW Marine Drive.
 • An elevated guideway near Richmond Centre may be more intrusive and obstructive, reducing visibility and exposure for businesses in that area.
 • The RAV line is unlikely to cause a noticeable increase in crime in any of the neighbourhoods along the proposed route.
 Screening Level Contaminated Sites Assessment (SECTION 10)
 • Risks identified are consistent with those expected for typical urban transportation corridors.
 • Low to moderate risk of soil and groundwater contamination along most of the RAV corridor.
 • Dispersed zones of high risk are centred along False Creek, Fraser River and at major intersections. High risk locations are primarily associated with historical commercial land use (e.g., service stations, dry cleaning facilities) or waterfront industrial activities.
 • Actual extent of risk will depend on nature of final transit facility and/or vertical alignment/construction methods.
 • While some contamination may need to be managed, none of the identified sites is especially large or likely to be problematic.
 N/A • Once the final corridor configuration is determined, a contaminated soil/water management plan will be prepared for areas with moderate to high contamination risks.
 • Soil management options could include in situ management or segregation offsite and disposal.
 • Water treatment and disposal under permit may be required to address construction dewatering in some locations.
 None recommended or required.
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Environmental Assessment Certificate Application for the Richmond•Airport•Vancouver Rapid Transit Project
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 Air Quality Assessment (SECTION 11)
 • Potential for temporary, localized impacts due to dust emissions from non-combustion sources and exhaust emissions from construction vehicles and stationary combustion sources.
 • Greenhouse gas emissions will be consistent with those associated with other projects of this scale due to use of fossil-fuelled equipment (direct source) and production of cement for use in concrete (indirect source).
 • Localized increases in fugitive dust emissions will occur due to transfer of excavated material from dump trucks and/or ocean-going barges
 • The only significant source of emissions attributable to the RAV Project will be generation of electricity to supply the system. It is anticipated that these emissions will be more than offset by the reduction in private vehicle emissions.
 • Displacement of diesel buses and automobiles by the RAV line will help to reduce emissions of greenhouse gas and several common air contaminants along the RAV corridor and connecting transportation routes, contributing to improved local and regional air quality.
 • Reductions in fine particulate matter and oxides of nitrogen are expected to be particularly significant on a local scale, especially along Cambie Street where existing transit bus operations will be replaced by the RAV line.
 • Implementation of best management practices, such as the following, to minimize combustion source emissions and impacts: − Positioning any necessary stationary
 emission sources as far as practical from sensitive receptors.
 − Specifying grid, rather than generator set, electrical power for equipment, whenever possible.
 − Specifying use of clean fuels (e.g., ultra low sulphur diesel in dump trucks and other heavy-duty vehicles) and/or equipment in conjunction with particulate trap control devices (as well as catalytic converters) to avoid excessive diesel emissions.
 • Implementation of best management practices, such as the following, to minimize fugitive dust emissions: − Keeping a supply of water or other dust
 suppressant and appropriate equipment for suppressant application (e.g., a tank truck with spray bars) on-site during construction to maintain moist surfaces on all unpaved haul routes and traffic areas.
 − Making truck wash facilities available to prevent track-out of mud and dust onto city streets.
 − During construction periods, daily use of road-cleaning equipment on paved routes that adjoin unpaved traffic areas.
 − Transporting bulk materials in covered vehicles.
 − Covering or otherwise stabilizing all stockpiles of soil or aggregate.
 None recommended or required.
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Environmental Assessment Certificate Application for the Richmond•Airport•Vancouver Rapid Transit Project
 December 2004 19-8
 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 − Establishing daily visual inspection protocols to identify and address potential areas of dust and odour emissions, procedures for responding to complaints and procedures for documenting inspections, complaints, and responses.
 Noise Assessment (SECTION 12)
 • Localized, temporary increase in noise levels will be associated with guideway and station construction.
 • Station construction will involve installation of ancillary services such as washrooms, elevators, ventilation, and electrical services, all of which will generate minimal noise impacts.
 • Most of the RAV line will either be carried underground or on streets with signficant existing traffic and high ambient noise levels. Thus, for most types of electric train technology and for most of the corridor, the additional noise contribution due to RAV line operation will be "minimal".
 • The site with the quietest noise level of all sites where the RAV line may be aboveground (i.e., Units 8453 and 8457 Cambie Street) has a 24-hour noise level that is 1 to 4 dBA higher than the exposure expected from a SkyTrain-type technology (i.e., 24-hour equivalent noise level of 57 dBA at 15 m from guideway). Combining the existing and project-related noise levels, there would be an increase of 1 to 2.5 dBA which would be assessed as a “Minimal Impact” to “Modest Impact”.
 • Noise and vibration impacts may be increased in certain areas if it is necessary to realign major traffic arteries closer to affected structures to accommodate the RAV alignment. If the distance between the road edge and the structures is cut in half due to road realignment, the equivalent noise level may increase by 3 dBA and maximum vehicle passby noise may increase by 6 dBA.
 • Sound from RAV line passbys will diminish with increasing distance from the right-of-way.
 Construction: The Concessionaire will be required to satisfy relevant noise by-laws in the City of Vancouver and the City of Richmond. Right-of-way: • Alignment Options – consider noise impact
 mitigation during detailed design. • Noise Barriers – consider placement of
 temporary unobtrusive barriers on the edge of the right-of-way or incorporated into guideway design in areas where noise impact is considered significant.
 • Berm, barrier fence, retaining wall – make use of natural features on edge of right-of-way or at property line of the affected property to reduce noise impacts. Consider use of dedicated noise barriers such as berms, barrier fences, or retaining walls during detailed design stage, where warranted.
 Tunnel Operation: • Address potential for limited local mechanical
 noise impact where untreated tunnel ventilation systems surface by incorporating appropriate acoustical measures into project design.
 None recommended or required.
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 Typically, levels drop by 2 to 3 dBA at a distance of 15 to 30 m and by 3 to 5 dBA more at a distance of 30 to 60 m. Beyond 60 m, maximum passby sound level drop by at least 6 dBA (or more, depending on ground effect and shielding) with each doubling of distance from the right-of-way.
 • Localized noise impacts may occur where untreated tunnel ventilation systems surface.
 • Noise associated with RAV train arrival at locations within 30 m of and with a direct line of sight to the tunnel opening may be “telegraphed” to a limited area immediately outside of the tunnel. Some listeners in this area may find this noise annoying.
 • Noise from RAV line activities near stations will include sounds that RAV cars make when accelerating/decelerating out of and into the stations, as well as noise from paging system and door signals.
 • There may be an increase in vehicle noise in the vicinity of bus loops due to bus operations, particularly in early morning and evening hours.
 • Should telegraphing of noise assoicated with an arriving train become an issue, acoustical treatment could be applied to the portal area. This treatment would be effective in silencing this noise in the same way that acoustical lining reduces noise transmission in air conditioning ducts in buildings.
 Station Operation: • In most areas, the location of stations in the
 vicinity of areas characterized by high motor vehicle traffic will mask the tonal noise associated with station operations. Where it will not detract from their function, adjust paging and bell signalling systems for minimum noise levels and strategically locate these to reduce noise egress to the community.
 • Ancillary systems should have suitable noise control measures incorporated into their design to reduce noise to acceptable levels both within the stations and in the surrounding community.
 • Details of any proposed bus loops will be developed during project design and noise mitigation will be considered, where necessary.
 Archaeological Impact Assessment (SECTION 13)
 • Impacts to known archaeological sites were not identified and no further archaeological work is recommended during project design.
 • Additional investigative work may be required once a Concessionaire is selected and final designs are known. These investigations will proceed prior to construction at approximately the following locations: − south side of False Creek, near Cambie
 and 2nd Avenue, close to the former
 None recommended or required.
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 shoreline; and − on the north shore of the Fraser River
 within the alignment of the proposed North Arm crossing.
 − The Concessionaire will develop an archaeological monitoring plan prior to construction.
 Historical and Heritage Assessment (SECTION 14)
 • No designated heritage buildings will be physically affected by the RAV Project.
 • The Cambie Heritage Boulevard, located between King Edward Avenue and SW Marine Drive, was designated as a municipal heritage site by the City of Vancouver in 1993. Short-term, reversible impacts may occur to the trees and landscaping on the boulevard during construction.
 NA • Areas with the potential for sub-surface historical or heritage deposits should be monitored during construction. These areas include: − downtown station locations; − the area surrounding the intersection of
 Cambie and Broadway; − the area near Richmond Centre; and − much of the proposed route on Sea
 Island.
 None recommended or required.
 Electric and Magnetic Fields Assessment (SECTION 15)
 NA • Expected electric fields will likely be similar to those measured and calculated for urban mass transit systems in U.S. Department of Transportation studies and International Electrotechnical Commission (IEC) standards. Therefore, expected static (DC, 0 Hz) and ELF (extremely low frequencies, 5 to 3000 Hz) electric field levels, and expected average static and ELF magnetic field levels from the RAV system will be below International Commission on Non-Ionizing Radiation Protection (ICNIRP) 24-hour electric field exposure guidelines for the general public.
 • Maximum magnetic fields at some locations in vehicles (e.g., near traction control equipment) or on station platforms could exceed the ICNIRP guidelines.
 • At present, there are no federal or provincial exposure standards for ELF electric and/or magnetic fields. The Radiation Protection Services (RPS) of the BC Centre for Disease Control provides guidance on addressing exposure to EMF in BC. In the absence of a national ELF guideline on electric and magnetic fields, the current position of the RPS is to follow the ICNIRP exposure guidelines for the general public in the 0 to 3 kHz range (see SECTION 15: TABLE 15.8) (ICNIRP 1998, 1994).
 • In the unlikely event that an interference complaint does occur, Industry Canada will be contacted for their assistance to determine the cause of the complaint. If the
 None recommended or required.
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 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 • ELF electric fields are expected to be insignificant when compared with those generated by electrical distribution lines found in residential areas that are typically from a few volts per meter to 100 or 200 V/m.
 • Average ELF magnetic fields in RAV vehicles and on station platforms will likely be about 50 and 10 mG, respectively.
 • Average power frequency (60 Hz) magnetic fields in RAV vehicles will likely be in the range of 10 mG, a level comparable with those found directly under overhead power distribution lines.
 • The static electric field at a distance of 10 m from the track will be < 10 V/m for a third rail DC supply system.
 • Electric field levels decrease rapidly with
 increasing distance from tracks, are easily attenuated by most common materials, and do not penetrate significantly into passenger vehicles.
 • Average static magnetic fields in RAV vehicles and on station platforms will likely be about 1000 and 600 mG, respectively. Note that the earth’s field is about 500 mG, and can be perturbed (i.e., increased or decreased) easily by all common ferromagnetic objects.
 • Static magnetic fields at a distance of 10 m from the tracks will likely be <500 mG for a third rail DC supply system. At this distance, the static fields from the RAV system will likely be indistinguishable from the earth’s field.
 • Average wayside ELF magnetic fields from the RAV system will likely be <10 mG at a distance of 10 m from the tracks. Magnetic field levels will
 cause does prove to be from the RAV system, the Concessionaire will endeavour to resolve the complaint by finding a solution that is mutually acceptable to both the complainant and the Concessionaire.
 • To minimize the potential interference impacts of electromagnetic fields associated with the RAV system and to ensure electromagnetic compatibility within the RAV system and the surrounding environment, contract specifications will contain provisions to control and monitor stray currents and electromagnetic interference, specifically electromagnetic compatibility, if it is determined that this is necessary.
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 decrease rapidly with increasing distance from the tracks.
 • Beyond substation fences or walls, the EMF produced by the substation equipment will be typically indistinguishable from background levels, and the strongest EMF sources outside the substation will be the overhead and underground power lines entering or leaving the substation. The characteristics of these power lines will be similar to the main distribution lines found in residential or commercial areas.
 • Assuming the RAV electromagnetic emission levels meet IEC requirements and are comparable to those described in the York University study (2002), it is unlikely that these emissions will interfere with commercial radio services in most installations. The probability of Interference with cable services (e.g., cable TV) is even more remote. Low frequency magnetic field interference with information technology equipment (e.g., computer monitors) will not be likely for distances >10 m from the tracks.
 • The frequencies and level of EMF produced during RAV operations are unlikely to pose undue risks to human health beyond those typically encountered in daily life.
 Cumulative Effects Assessment (SECTION 16)
 • Since potential residual effects to aquatic environments associated with RAV Project construction will be addressed by mitigation and habitat compensation, as required by Section 35(2) Authorizations under the Fisheries Act, no adverse cumulative effects are anticipated.
 • In the absence of residual impacts, and given the highly developed urban setting of the RAV corridor
 • Since potential residual effects to aquatic environments associated with RAV Project operation will be addressed by mitigation and habitat compensation, as required by Section 35(2) Authorizations under the Fisheries Act, no adverse cumulative effects are anticipated.
 • The RAV Project is not expected to result in adverse cumulative effects with respect to water
 None recommended or required None recommended or required
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 Impact Assessments
 Potential Impacts Recommended Mitigation Measures Recommended Compensation Measures
 Conceptual Design/Construction Operation & Maintenance
 and the degraded state of much of the habitat along the corridor, RAV Project construction is not expected to result in adverse cumulative effects on the terrestrial environment.
 • No long-term adverse cumulative effects to local or regional air quality are anticipated in conjunction with RAV Project construction.
 • Although there may be short-term, localized noise impacts during construction, these are not expected to result in adverse cumulative effects.
 • Since protection of any archaeological resources encountered during construction is to be addressed in the Concessionaire’s Archaeological Monitoring Plan, the RAV Project is not expected to have a residual impact on archaeological resources. Therefore, it is unlikely to result in any adverse cumulative effects to archaeological resources.
 • No other imminent projects have been identified that could adversely affect the Cambie Heritage Boulevard. Therefore, assuming the boulevard will be restored and re-landscaped to the satisfaction of the City of Vancouver, as per Contributing Agency requirements, the Concessionaire’s Landscape Design and Restoration Plan and the expected terms and conditions of the City of Vancouver Heritage Alteration Permit, no cumulative effects are anticipated to this heritage resource.
 • No adverse cumulative effects on First Nations traditional use are anticipated in conjunction with RAV system construction.
 quality, impervious surface area or environmentally sensitive areas. Since most of the RAV corridor is currently paved and/or supports urban infrastructure and development, project construction is not expected to result in a net increase in impervious surface area in Richmond or Vancouver. Water quality effects associated with the project are anticipated to be negligible to potentially positive, depending on the project’s effectiveness in reducing vehicle use along the Cambie corridor.
 • In the absence of residual impacts, and given the highly developed urban setting of the RAV corridor and the degraded state of much of the habitat along the corridor, RAV Project operation is not expected to result in adverse cumulative effects on the terrestrial environment.
 • No long-term adverse cumulative effects to local or regional air quality are anticipated in conjunction with RAV Project operation.
 • While certain components of the RAV line may result in a localized increase in noise levels during system operation, given the project’s urban setting and existing vehicle traffic levels along the length of the corridor, the overall effect of this increase on the ambient noise environment is expected to be negligible. As a result, no adverse cumulative effects to ambient noise levels are anticipated in conjunction with RAV Project operation.
 • The frequencies and level of both electrical and magnetic fields produced during RAV line operations are unlikely to pose undue risks to human health beyond those typically encountered in daily life. Therefore, the incremental increase
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 in electric and magnetic field exposure due to the RAV Project is unlikely to result in adverse cumulative impacts on human health.
 • No adverse cumulative effects on First Nations traditional use are anticipated in conjunction with RAV system operation.
 Accidents and Malfunctions (SECTION 17)
 Potential accidents and malfunctions during construction of the RAV Project may include: • worker accidents, including falls and electrocution; • traffic accidents; • spills of hazardous materials (e.g., diesel, hydraulic
 oil, lubricating oil and grease, concrete form release agents).
 • Accidental release of potential contaminants (e.g., halon from fire extinguishers released during false alarms; glycol during de-icing operations; cleaning agents, hydraulic fluid and oil, grease and solvents during routine maintenance; leaks or spills from battery banks).
 • Power failure, fire or accident (e.g., train derailment, crashes into line from other vehicles in adjacent roads or trains from adjacent rail lines) resulting in damage to system components.
 Construction: • The Concessionaire’s EMP will contain a
 Spill Prevention and Emergency Response Plan that describes measures to be taken in the event of an accident or malfunction during construction. The Plan, which will refer to the BC Guidelines for Industry Emergency Response Plans (MWLAP 2002) and the Canadian Standards Association (CAN/CSA-Z73 I-M91) Emergency Planning for Industry (1991), will facilitate a rapid, safe and effective response to any spill incidents or other types of emergencies that may occur. Other EMP components (e.g., management of hazardous materials, environmental training and orientation), as well as the Concessionaire’s Safety Management Program, will describe specific procedures and impact mitigation practices to effectively reduce the incidence of and respond to any accidents and malfunctions that occur during construction.
 Operation: • The RAV Project is expected to adopt the
 procedures, policies and guidelines that have been developed, improved and refined over the 18 year history of SkyTrain operations to
 None recommended or required.
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 minimize the potential for accidents and malfunctions during system operation.
 • In the event of a power failure, fire or accident that damages any of the system components, it is anticipated that emergency response procedures would be initiated as per SkyTrain’s Emergency Response Procedures.
 Effects of the Environment on the Project (SECTION 18)
 Extreme Weather Events: • Potential structural failure due to saturated soil
 conditions associated with heavy rainfall. • None of the watercourses crossed by the RAV
 line are subject to debris torrents. Seismic Activity: • Risk of ground failure due to an earthquake and
 associated damage to RAV line structures is greatest in the vicinity of the Fraser River and in Richmond.
 Flood Risk: • Risk of flood damage (i.e., scour to column
 foundations) is confined to sections of the line that traverse the Fraser River foreshore in south Vancouver and Richmond.
 Climate Change: • Increase in sea level and/or alteration of
 hydrologic regimes could result in increased flooding with adverse impacts to transportation infrastructure, such as the RAV system.
 Project will incorporate appropriate design requirements to address catastrophic events such as floods and earthquakes. Extreme Weather Events: • Project will be designed to accommodate
 expansion and contraction resulting from exposure to temperature extremes characteristic of the lower mainland.
 • Project will be designed to withstand maximum wind conditions for this area.
 • Project will be sited and/or designed to avoid or stabilize areas of potential failure due to saturated soil conditions. If necessary, fill slopes will be stabilized at column locations in specific areas of concern.
 • Footings will be located below surficial materials subject to sloughing along the route and column support structures will be designed to withstand any minor sloughing.
 Seismic Activity: • Project will be designed to withstand a 1 in
 475 year earthquake.
 None recommended or required.
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 Flood Risk: • Project will be designed to handle a 1 in 200
 year flood on the Fraser River. • Placement of rip rap around the pile cap will
 serve to prevent scouring action on this component of the foundation.
 Climate Change: • Project area is well protected by a dyke
 system that is routinely inspected and maintained by Richmond and Vancouver, under the scrutiny of the Deputy Inspector of Dykes.
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 19.2 Summary of Potential Health Effects Associated with the RAV Project
 The potential effects of the project on health conditions were evaluated with respect to anticipated changes in air quality, noise, and electric and magnetic fields. As described in the respective assessments and summarized below, the RAV Project is not expected to cause any adverse health effects after the implementation of prescribed mitigation measures. These mitigation measures will be described in detail in the Concessionaire’s EMP. Component plan outlines, developed by RAVCo (see SECTION 20.4) will guide the development of this plan, which will be subject to approval by RAVCo, prior to commencement of construction.
 19.2.1 Air Quality
 The transportation corridor connecting downtown Vancouver with central Richmond is one of the busiest in Greater Vancouver. Population growth in these two areas puts increased pressure on existing transportation infrastructure, which in turn results in increased traffic congestion and delays. In the absence of viable transportation alternatives, as the number of vehicles on the roads multiplies, this situation will worsen. The RAV line will provide additional transportation capacity equivalent to 10 arterial road lanes in a dense corridor where other measures to reduce traffic congestion, such as the expansion of roads and bridges, are neither practical nor desirable. This additional capacity will address congestion and make growth in these centres more manageable. Prolonged exposure to ambient levels of air pollution, especially particulate matter, poses an ongoing health risk. Of particular concern is exposure to particles that can be inhaled (PM10) and fine particles (≤PM2.5) that can be respired. By providing an effective transportation alternative, the RAV line is expected to reduce the number of private vehicles that travel along the corridor each day and to eliminate the need for diesel bus service along Cambie Street. This, in turn, will help to reduce localized particulate emissions, providing a net benefit to local air quality. Although the emission reductions may not be measurable or significant in a regional context, local air quality benefits will be significant, particularly along specific transit corridors, such as Cambie Street. Since people living within 100 m of a major
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 roadway or heavily travelled street may be exposed to two to three times the levels of fine particulate matter than are indicated by general regional air quality monitors (see SECTION 11.4.1.2), reductions in emissions along these corridors are especially important. The two major potential sources of emissions during construction are dust from non-combustion sources, and exhaust from construction vehicles and stationary combustion sources. The Concessionaire will develop an Air Quality and Dust Control Plan (see SECTION 20.4.6 for outline) prior to construction and will implement the mitigation measures described in the plan to control both types of emissions. Since air quality impacts during construction will be temporary and localized, they are not expected to result in significant adverse health effects. A detailed discussion of potential air quality impacts associated with the RAV Project is presented in SECTION 11. 19.2.2 Noise
 Localized noise impacts will occur during RAV guideway and station construction. Although the means available for noise control during construction are limited, the Concessionaire will implement mitigation measures described in its Noise Management Plan (see SECTION 20.4.7 for outline) and will comply with the noise by-laws of the City of Richmond and the City of Vancouver. Since the RAV Project will involve the use of rail rapid transit electric train technology, minimal noise impacts are expected during system operation. Most of the alignment will either be carried underground or at street level on roadways that have significant existing traffic volumes and high ambient noise levels. Thus, for electric train technology and for most of the alignment, the additional noise contribution to ambient levels due to RAV system operation is expected to be "minimal". The incremental increase in noise levels associated with RAV Project construction and operation is not expected to result in health effects for the general public.
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 A detailed description of potential noise impacts associated with the RAV Project is presented in SECTION 12. 19.2.3 Electric and Magnetic Fields
 At present, in Canada, there are no Federal or Provincial exposure standards for extreme low frequency (ELF) electric and/or magnetic field (EMF) levels. As described in SECTION 16.4.5, in the absence of a national EMF guideline, the current position of the Radiation Protection Services of the BC Centre for Disease Control is to follow the ICNIRP exposure guidelines for the general public in the 0 to 3 kHz range (ICNIRP 1998, 1994) (see SECTION 15: TABLE
 15.8). The EMF assessment conducted for the RAV Project (see SECTION 15) describes the potential incremental impacts of the new rail rapid transit line in the context of ambient electric and magnetic field conditions in the project area. The study concludes that, regardless of the type of rail transportation technology that is selected, expected static (DC, 0 Hz) and ELF electric field levels will be below the ICNIRP 24-hour electric field exposure guidelines for the general public. ELF electric fields generated by the RAV system are not likely to be significant when compared to fields generated by common distribution lines found in residential areas. Similarly, static and ELF magnetic field levels, which will likely be comparable with those measured and calculated for other urban mass transit systems (e.g., SkyTrain, systems investigated by the U.S. Department of Transportation), will also be less than the ICNIRP guidelines. Although the maximum magnetic fields at some locations in the vehicles (e.g., near the traction control equipment) or on station platforms could exceed the ICNIRP guidelines, the strength of EMF from equipment will decrease rapidly with increasing distance from the equipment. Based on the results of the EMF assessment, the frequencies and level of both electrical and magnetic fields produced during RAV operations are unlikely to have any effect on human health. This finding is corroborated by a recent ruling by the National Energy Board of Canada (NEB), as well as information presented in the Final Environmental Impact Statement (EIS) for the proposed Green Line rapid transit system in Seattle. In a ruling regarding the proposed construction and operation of a 230 kV transmission line by Sumas Energy 2 through Abbotsford, B.C, the NEB indicated that there was insufficient evidence to establish a causal relationship between EMF
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 exposure and significant health effects. Further, the NEB concluded that, should the proposed transmission line be approved, the resultant change in EMF levels would be unlikely to cause any significant adverse effects on human health (National Energy Board 2004). Since power frequency (60 Hz) EMF produced by RAV Project operations will be similar to those produced by common distribution lines along residential streets, and the EMF levels are generally lower than those from higher voltage transmission lines, they are not expected to pose any undue health risk to humans beyond those normally encountered in daily life. This conclusion is similar to that presented in the Final EIS for the new Green Line system in Seattle. A review of the literature regarding similar DC-powered transit systems conducted for that project found no conclusive evidence of a link between EMF of the type and level associated with Monorail and other types of transit and adverse human health effects (Seattle Popular Monorail Authority 2004).
 19.3 References
 International Commission on Non-Ionizing Radiation Protection. 1998. “Guidelines for Limiting Exposure to Time-Varying Electric, Magnetic, and Electromagnetic Fields (Up to 300 GHz),” Health Physics, Vol. 74, No. 4, pp. 494-522, April 1998.
 International Commission on Non-Ionizing Radiation Protection 1994. “Guidelines on Limits of Exposure to Static Magnetic Fields.” International Commission on Non-Ionizing Radiation Protection Health Physics, Vol. 66, No. 1, pp. 100–106, January 1994.
 National Energy Board. 2004. Environmental Screening Report. Screening
 Summary. Sumas Energy 2, Inc., International Power Line.
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 Seattle Popular Monorail Authority. 2004. Environmental Health Backup Information. Appendix SS, Volume 4, Seattle Monorail Project Green Line Final Environmental Impact Statement. Available online at: ftp://eis.elevated.org/Volume_4/Appendix%20SS.pdf [Accessed on March 22, 2004].
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