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Government Regulations and Criteria Applicable to the Project
A. Federal
Canadian Environmental Assessment Act

This Act requires all projects involving a federal proponent, money, land and specific
regulatory approvals to undergo an environmental assessment, through either a
screening, comprehensive study or public review by a panel or mediator.

This document is a comprehensive study report, prepared in accordance with the
requirements of the Act.

Canada Marine Act

The Canada Marine Act provides a system for making Canadian ports competitive,
efficient and commercially oriented. The Act establishes port authorities and divests of
certain harbours and ports, for the commercialization of the St. Lawrence Seaway, ferry
services and other matter related to maritime trade and transport.

Canada Shipping Act

The Canada Shipping Act deals with shipping and navigation and amends the Shipping
Conferences Exemption Act, 1987 and other Acts.

Fisheries Act

The Fisheries Act is a piece of legislation which protects fish and fish habitat. The release
of a deleterious substance to waters inhabited by fish is prohibited. Where habitat is lost
or expected to be lost, Fisheries and Oceans Canada requires appropriate compensation
to ensure no net loss of habitat productive capacity before they will issue an
authorization under the Act.

Navigable Waters Protection Act

The Navigable Waters Protection Act aims to promote safe navigation and environmental
protection of navigable waters. This Act requires that authorization be obtained for any
marine works that may substantially interfere with the public right to navigation.

Marine Liability Act

The Marine Liability Act outlines the liability of ship owners and ship operators in
relation to passengers, cargo, pollution and property damage.
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Migratory Birds Convention Act

This Act protects migratory birds and their nests and eggs. It is an offence to harm a
migratory bird (other than by permit). Harming migratory birds has been interpreted to
also include creating any disturbance which prevents or interferes with nesting. The Act
is enforced by Environment Canada’s Canadian Wildlife Service.

Species at Risk Act

The Species at Risk Act (SARA) aims to prevent wildlife species from becoming extinct,
and to help species at risk recover. The Act, as well as complementary provincial and
territorial legislation as provided for under the Accord for the Protection of Species at
Risk, is intended to protect all wildlife species at risk in Canada. SARA provides a
framework for actions to ensure the survival of wildlife species and the protection of
natural heritage. It sets out how to decide which species are a priority for action and
what to do to protect a species. It identifies ways governments, organizations and
individuals can work together, and it establishes penalties for a failure to obey the law.

Canadian Environmental Protection Act

The Canadian Environmental Protection Act gives the federal government the means to
better protect human health and the environment from the risks posed by toxic
substances and other pollutants. The Act embodies an ecosystem approach by focusing
on pollution problems in water, on land and through all layers of the atmosphere. It
establishes a comprehensive regime to control toxic substances at each stage of their life
cycle from development and manufacture through transport, disturbance, use and
storage, to their safe, ultimate disposal as wastes. The Act applies to all phases of the
project.

B. Provincial
Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario

These guidelines apply to the sediment in Hamilton Harbour while it is under water.
The guidelines give numeric objectives for sediment quality: the “Severe Effect Levels”
and the “Lowest Effect Levels”. The guidelines also give flexibility to those considering
remediation of sediment. A risk assessment or toxicity based approach can be used to
develop site specific cleanup criteria.

Ontario Provincial Water Quality Objectives

The Ontario Provincial Water Quality Objectives (PWQO) are a set of criteria for fresh
water in Ontario. The criteria given are desirable levels for nutrients, physical
parameters (such as temperature) and toxic compounds. The guidelines are used to set
discharge limits for activities in water and discharges to water. Although they are
guidelines, they can be enforced under powers in the Ontario Water Resources Act.
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Ontario Environmental Protection Act (EPA) and the Waste Management Regulation
made under the EPA

The Waste Management Regulation, O. Reg. 347 defines hazardous, industrial and
municipal wastes and regulates their generation, handling and disposal. Approvals are
required to generate hazardous or industrial waste, to handle, transport and/or dispose
of it.

Hazardous waste, under this regulation, can be transported by an approved hazardous
waste hauler to an approved hazardous waste facility. It may also be conditioned on site
without any approvals under this regulation. Once conditioned, the material will either
be an industrial waste or will be de-listed as a waste (meaning it can be re-used). If itis
considered an industrial waste, it must be disposed of in a licensed industrial waste
facility.

Ontario Environmental Protection Act (EPA) and the General Air Regulation made
under the EPA

In Ontario, air emissions are regulated under the Environmental Protection Act (EPA).
Ontario Regulation 419/05, the Air Pollution-Local Air Quality Regulation, came into
effect on November 30, 2005 and revokes the previous Air Quality Regulation,
Regulation 346. Regulation 419/05 was most recently amended on August 31, 2007.
This regulation prescribes new and/or updated air standards for 54 contaminants.

Air quality standards serve to protect Ontario communities. Regulation 419/05
prescribes requirements for industrial and commercial sources of air pollution to assess,
report to the ministry and manage emissions.

Regulation 419/05 is used in the approval process to assess compliance with air
standards. The Ministry of the Environment (MOE), through the Environmental
Assessment and Approvals Branch (EAAB), is responsible for reviewing applications to
emit a contaminant to the atmosphere under Section 9 of the EPA. The main criteria are
demonstrating compliance with Regulation 419/05 under the EPA and MOE’s published
Sound Level Limits for Stationary Sources (1995). Other regulations and guidelines,
such as specific performance requirements for equipment, are also applied as required.
Where warranted, applicants are required to demonstrate that the odour impact from
their facility will not result in an adverse effect.

During the technical review of the application MOE staff ensure that the proponent has
provided a properly prepared proposal supported by technical documentation
demonstrating that the emissions to the environment will meet Ministry requirements.
The EPA provides for a general prohibition against emitting a contaminant into the
environment that causes an adverse effect.
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Sound or vibration are considered contaminants that may cause an adverse effect under
the EPA. The noise criteria for assessing adverse effects are contained in the Ministry’s
publication entitled Sound Level Limits for Stationary Sources (1995).

Under the EPA, odour is also considered to be a contaminant that may cause an adverse
effect.

Many phases of the project will create air emissions. An air approval will be required if
any additional discharge points are created by the process and if the project takes place
on land not federally designated.

Ontario Occupational Health and Safety Air Quality Standards

These standards protect worker health by setting limits for the amount of chemical
contaminant that workers can be exposed to from air emissions. The standards require
that if the limits are exceeded, the employer must either make modifications to the
workplace or provide protective equipment.

C. Municipal

Municipal Sewer Use Bylaws

The majority of municipalities in Ontario have implemented sewer use by-laws to
regulate indirect discharges to municipal sewer systems and to control inputs coming
into the local sewage treatment plants. In the Hamilton Harbour area, both the Cities of
Hamilton and Burlington have sewer use by-laws in place. The by-laws include general
prohibitions and limit-specific prohibitions to control the quality and, in some cases, the
quantity of sewage being discharged to the municipal system.

The by-laws in these municipalities allow for over strength agreements for a number of
conventional parameters where the sewage treatment plant has the capacity for
treatment of the discharge. The municipality may establish an agreement with the
indirect discharger in order to negotiate the amount of material to be treated and to
cover the costs for the treatment that is being provided by the municipal sewage
treatment plant. These over strength agreements may address one or more of the
following parameters: solvent extractable matter of animal or vegetable origin;
biochemical oxygen demand; suspended solids; phosphorus; Kjeldahl nitrogen; and
phenolic compounds.
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Table A.1: Project Objectives Developed by the Project Advisory Group (2002)

1. Project Objective

a.

Diminish the extent to which highly contaminated PAH’s (> 800 ug/ g less naphthalene)
found within a sediment volume of approximately 20,000 m3 in the Randle Reef Cleanup
Area, can move into the water column or across the bottom of the Harbour, and can
therefore constitute a source of continuing contamination within the local ecosystem.

. Project “Generic” Management Objectives

N

Select a preferred alternative that is both cost effective and consistent with the various
partners’ funding programs, policies and interests.

Satisfy federal /partner tendering processes.

Select a preferred alternative that is technically and scientifically defensible.

Meet all applicable federal, provincial and municipal regulatory requirements.

olalo s

Ensure compliance with applicable environmental assessment legislation, which
includes conducting an appropriate and mutually satisfactory public consultation
process.

Fill a gap in the governmental environmental regulatory regime.

Preferred option should have a contingency plan so that, as in the case of a batch
removal approach, an alternative plan is implemented without delays.

= @ |

Meets Hamilton Harbour RAP Goals and Objectives.

. Performance Objectives

LW

Ensure that the health and safety of workers are protected during all stages of the
project.

Ensure that the health and safety of citizens are protected during all stages of the project.

Minimize local and downwind airborne emissions during remediation process.

Ensure safe transportation of hazardous materials through residential areas, if disposal
to be located in an out of area site.

Ensure a safe location and minimal environmental effect if the disposal site is to be
located within the Harbour area.

Maximize general environmental benefits to the Harbour, e.g., clean up more than one
priority site, remediate contaminated sediment zones beyond initial target of <800 ug/g
less naphthalene, enhancement of Harbour uses and environment.

Complete a Randle Reef area contaminated sediment management strategy by April
2002 (i.e., PAG workplan).

Initiate remedial actions for PAH/metals-contaminated sediment at Randle Reef, as soon
as possible.

Complete remedial measures in a timely manner.

Avoid high risk alternatives that could result in technology failures, cost overruns and
protracted implementation schedules.

Long-term benefits must outweigh any short-term impacts.

Realize beneficial uses for the material, including a future marine terminal (essentially
replacing Pier 8 which was conveyed to Parks Canada and the City of Hamilton),
environmental enhancements, public access, cultural interpretation, etc.

Project recognizes and enhances Port Authority’s very significant (approximately $25
million) financial investment in Pier 15.

m. Limit the dispersal of toxic sediments around the Harbour and threatening human water
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contact uses.

w

. Performance Objectives (continued)

Reduce the impacts of toxic sediments on living organisms in the Harbour.

Prevent contaminated bay water entering the Stelco (now U.S. Steel) water intake and
cross media dissemination of contaminants.

Return any areas used for staging and remedial operations to an environmentally safe
and useful condition as specified in an implementation agreement,

Engage in funding partnerships including in-kind contributions to the project.

=

No loss of navigation routes.

»

The remediation option should allow sufficient access for ships to the Hilton Works
dock.

No net loss of fish habitat productive capacity.

Treated water must be suitable for discharge.

Sediment must be acceptable to receiver of sediment.

Permanent solution/long-term sustainability.

%|s|<|g |~

Prevent uptake of contaminants to waterfowl.
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Table A.2: Objectives and Key Issues — Conceptual Design Study

Objectives and Key Issues — Final, October 4, 2002

Category Objectives “Essential” “Desirable” Key Issues

Environmental | Containment of majority of sediment v
contaminated with >800 ppm PAH less
naphthalene.
Incorporation of contaminated v Potentially an additional 200,000 to
sediments that cause acute toxicity (est. 400,000 m3 of contaminated sediment
200 to 800 ppm PAH less naphthalene) (primarily from around Randle Reef area,
into containment structure (from possibly from Windermere Arm and
Randle Reef area and other areas Ottawa St slip).
around Hamilton Harbour).
Minimize risk to human health and the v Long-term use of land created by
environment both during containment (e.g., industrial, natural
implementation and in the long-term. habitat, etc.).
Minimize risk to worker health and v Potential for odour and volatiles.
safety, both during implementation
and in long-term.
Minimize size of containment structure. v
Area and volume compensation within v
Hamilton Harbour.
Fish habitat compensation within v More favourable locations for fish habitat
Hamilton Harbour. compensation elsewhere in Harbour

(wetland habitat preferable -
compensation ratio to be determined).
v

Minimize potential release of
contaminants to the environment, both
during implementation (e.g., dredging

and disturbance) and during long-term.
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Objectives and Key Issues — Final, October 4, 2002

Category

Objectives

“Essential”

“Desirable”

Key Issues

Long-term security and performance of
containment.

v

Use 100-yr design life. Consider wave
and current magnitudes, seismic effects,
ship impact, etc.

Meet all applicable regulatory
requirements/ permits.

Compliance with applicable
environmental assessment legislation,
including public consultation.

Minimize local and downwind
airborne emissions.

Potential to minimize wave and current
activity on sediments.

Potential for “green-scaping” of
Harbour lands.

Potential for linkage with Sherman Creek
remnant.

Project as a model of integrated
approach (remediation, port facilities,
environmental benefits, etc.).

Technical

U.S. Steel cooling water intake and
outfall
e continued operation, either at
present or new location
e minimize potential for fish
impingement/entrainment
(Note: U.S. Steel’s use of
diversion nets would not be
affected by the project).

No flow restriction during
implementation or over long-term.

Disturbance of sediments

e turbidity of raw water

e impact on MISA compliance (net
loadings more representative than
gross loadings)

e approach velocities must not be
excessive

e proximity of marine traffic.

Security of intake if at new location (U.S.
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Objectives and Key Issues — Final, October 4, 2002

Category Objectives “Essential” “Desirable” Key Issues
Steel to maintain control of access).
Winter operation and icing.
Ease of maintenance.
Do not attract fish.

Ship access to Pier 16 to be reviewed v

and, if necessary, modified.

Minimize impact to U.S. Steel v No process interruption, either due to

operations, during both impacts on intake/outfall or shipping

implementation and in long-term. traffic.

Minimize impact to City sewer outfalls. v Birch Ave CSO tank (10,000 m3) planned
to be constructed at Sherman St outfall in
next 2 to 3 years.

Ability to phase construction (i.e., v

Randle Reef to be addressed as soon as

possible).

Implementation to commence Fall 2003. v

Minimize duration of remediation. v To minimize environmental and
operational disruption during
construction phase of the facility.

Ability to coordinate with other v

dredging projects in Hamilton

Harbour.

Allow for future access of the contained v

sediment if feasible sediment

remediation technology becomes

available.

v

Avoidance of high-risk alternatives and
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Objectives and Key Issues — Final, October 4, 2002
Category Objectives “Essential” “Desirable” Key Issues

unproven technologies.

Accommodate groundwater v To prevent migration of contaminants

considerations at adjacent piers. from existing piers to new facility and/or
Harbour.

Ability to monitor long-term v Potential contaminant migration from

performance and implement facility into Harbour.

appropriate control measures, if

necessary.

Incorporate features to minimize long- v

term maintenance and facilitate

maintenance when necessary.

Socio-economic | Addition of aesthetic enhancements v Will new habitat be beneficial (potential

and naturalized features. uptake of contamination, nuisance
species, non-optimum location, etc.)?
Aesthetics more important than habitat.

Minimize impacts to local v

neighbourhood and residents during

implementation.

Organization willing to assume v Long-term maintenance, monitoring,

ownership of the containment after responsibility and liability, and

completion. protection.
Long-term land use.
Security and liability concerns relating to
shore access route to containment.

No net loss of pier length. v To ensure that wharf alignment and
length is sufficient to maximize the cargo
handling potential of Pier 15.

October 30, 2012
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Objectives and Key Issues — Final, October 4, 2002

Category Objectives “Essential” “Desirable” Key Issues
Minimize disturbance to port activities v
and loss of navigations routes.
Enhancement of port activities. v If possible, should not interfere with
potential reconfiguration of Pier15.
Potential increase of depth in Sherman
Inlet to Great Lakes draught.
Maximize benefits to local economy. v
Financial Minimize costs of implementation and v
long-term maintenance.
Maximize potential for partnerships. v Government agencies are not prepared to
fully fund this project.
Synergies with City of Hamilton’s v 135,000 to 210,000 m?3 of dredged material
Windermere Basin dredging project, anticipated.
and possibly others.
v

Phase project to optimize overall costs.
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Table A.3: Design Standards

Design Reference Design Standard or Requirement
Parameter

Horizontal datum (Acres, 2003) | NADS83

Vertical datum (Acres, 2003) | International Great Lakes Datum, 1985 (Chart
Datum=IGLD 1985-74.2 m)

Wind and wave (Acres, 2003) | Harbour surge level is 0.5 to 1.0 m; significant wave

characteristics height is 1.2 to 1.3 m; maximum wave energy
direction is northeast, dominant wind direction is
west

Basal rock (Acres, 2003) | Queenston shale approximately 30 m below site

Climate trends for design | (Acres, 2003) | Qualitative description- water temperature increase

standard consideration is likely; lower water levels are predicted

Construction windows Not available | To be determined (TBD)

Construction sequence Present Study | SUPPORTING DOCUMENT F

and duration

Sediment physical and Present Study | Basis of Design (BOD) reports

chemical characteristics

Sediment and upland soil | TBD May 2005 design team soil borings at U.S. Steel,

geotechnical December 2004, 2004 monitoring wells, and July
2003 AMEC monitoring wells

Hydrology Present Study | Present Study and TBD; hydrology analysis and civil

characteristics and and TBD design for 5 year stormwater flows TBD

contaminant mobility

issues

Short-term water quality | TBD TBD

monitoring

Short-term water quality | TBD Criteria for TSS, turbidity, dissolved oxygen,

criteria temperature, chemical parameters

Site boundary, dredge Acres, 2003 Initial boundaries in conceptual design, final design

limits and TBD boundaries TBD - Sediment characterized into
Priority categories

Dredge sediment design | Present Study | TBD

volume and TBD

Dredge configuration Present Study | BOD

and TBD

Minimum practical Present Study | 0.5 m and TBD

dredge thickness

Debris management Present Study | TBD through debris survey

Re-suspension control Present Study | Current velocities expected to be less than 10
cm/second for the modeled conditions - control
structures may be used

NAPL and sheens control | Present Study | TBD - Visible sheens

Air quality criteria Not available | TBD

Residual contaminant Not available | TBD for dredge verification program

criteria
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Design Reference Design Standard or Requirement
Parameter
Acceptable production Present study | 100 to 200 m3/hr (hydraulic); 50 to 100 m3/hr
range (mechanical)
Acceptable solids content | Present study | 5% to >10% (hydraulic), in-situ% (mechanical)
range
Acceptable Present study | 0.3 m -TBD
overdredge/overcap
limit
Dredge verification TBD Dredge verification program including
program hydrographic surveys and sampling/analytical
testing
Design Life Standard Acres, 2003 200 years
Low/average/high lake | CHS, www. Lake level above elevation 0 m Chart datum

water level, maximum
height of contaminated
sediment

Charts.gc.ca

approximately 95% of the time, average lake level of
0.55 m Chart Datum (74.5 m IGLD 1985), 0.5 used for
BOD

Maximum elevation for Acres, 2003 Chart datum = 3.0 m (77.2 m IGLD 1985) - TBD

primary ECF

ECEF footprint AMEC, 2003 | TBD

and present
study

ECF fill zoning, Present study | 0.5 m Chart Datum (74.7 m IGLD 1985) elevation of

embankment material top of contaminated sediment in primary ECF based
on lake levels, cap and configuration, Secondary ECF
may contain Priority 3 and 4 sediment

Allowable deflection of TBD TBD

facility walls

Lateral load capacity for | TBD TBD

ice loading, vessel impact

loading (non-facility

sides), hard berthing

(facility side)

Seismic zoning/seismic | Acres, 2003 Za Zone 1 with horizontal acceleration of 0.04 to 0.08

design g at 10% probability in 50 years; Zv Zone 0 with
horizontal ground velocity 0.0 to 0.04 m/second at
10% probability in 50 years

Structural steel Present study | BOD text

ECF volumetric capacity | Present study | Footprint adjusted - see BOD - maximum fill height
modified to 0.5 m (74.7 IGLD 1985) for increased
capacity

ECF effluent water Present study | BOD text

quality criteria

Maximum factors of Present study | Allowable factors of safety (F.S.) for long-

safety for slope stability
of containment berms
and sheet pile wall
design

term/drained conditions for global slope stability
will be 1.3 to 1.5 and 1.1. for pseudostatic/ seismic.
U.S. EPA factors of safety to be considered for risk.
Sheetpile wall design by conventional methods
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Design
Parameter

Reference

Design Standard or Requirement

would require F.S = 1.5 for material bending,
material shear, embedment, and overturning

Long-term engineering Present study | TBD, use of inclinometers along sheetpile wall

monitoring program segments and pore pressure transducers below
embankment

Long-term Not available | Addresses installation of monitoring of groundwater

environmental wells, cap monitoring and surface water quality

monitoring program monitoring

Elevation of surrounding | Acres 2003 76.2m IGLD 1985

piers

Water service HPA, 2003 25 cm (10 inch) minimum diameter PVC domestic
line, 15 cm (6 inch) diameter PVC fire line

Sanitary sewer HPA, 2003 300 mm minimum diameter PVC line

Storm sewer HPA, 2003 Storm water systems remains on-site; catch
basins/ piping design for 5-year storm

Electrical supply HPA, 2003 13.8 kV underground service to on-site substation

Lighting service HPA,2003 Along roadway, 50 mete spacing (250 wall minimum
fixtures); dock lighting as required

Gas service HPA, 2003 150 mm “Yellow jacket”, 60 psi maximum operating
pressure

Telephone service HPA, 2003 4,100 mm diameter concrete encased ductbank

Dock loads HPA, 2003 50 kPa (100 psf) within 12 m (40 ft) of wall (i.e., 0 - 40
ft) 100kPa (2000 psf) beyond 12 m (40 ft) from wall

Dock surface HPA, 2003 Asphalt or concrete over suitable granular base

Vessel design draught HPA, 2003 10.7 m below IGLD1985

Channel configuration Acres, 2003 Seaway draught and double berth requirements 9 m

b/w primary/secondary (300 ft) for double berth, Seaway vessel can have

ECFs maximum dimensions of 222.5, overall length, 23.2
m extreme breadth, and 7.92 m (25.97 ft) draught

Roads/rail minimum HPA, 2003 One 10 m wide minimum roadway to site, one rail

requirement accessing from HPA’s Pier 15 rail siding

Buildings provision HPA, 2003 75,000 ft2 minimum warehouse with office, 3 or 4, 45
m (150 ft) diameter domes

Pipeline provision HPA, 2003 Allow for 250 mm diameter pipeline for liquid
project

Dock structure type and | Present study | TBD with HPA for specific bulkhead and dock

layout configuration

Port facility timing of use | Present study | TBD with development of design elements

Port facility Acres, 2003 5 ha of Primary minimum for port, TBD

layout/configuration

Steel corrosion protection | Not available | TBD

Port facility landscaping | HPA, 2003 Entrance features and roadway features TBD

Lateral loads (berthing Not available | TBD

loads)

Development standards | Not available | TBD consistent with local codes, consistent with City
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Design Reference Design Standard or Requirement
Parameter
of Hamilton Official Plan
Adopted building code Not selected | TBD - Provincial standard code or International

Building Code 200 (or later) for structural and civil
engineering components, seismic design, etc.

Settling agent criteria

Present study

TBD - BOD

Dewatering Present study | TBD

infrastructure

configuration

ECF internal cells Present study | TBD

configuration for settling

effluent clarification

Effluent discharge Present study | TBD

capacity

Maximum thickness of Present study | TBD - prevent infiltration - subject to ECF elevation,

ECF cap use and cap

Infiltration controls for Present study | TBD

ECF cap

Accommodate utilities in | Present study | TBD

ECF cap

Surface water collection, | Present study | TBD

conveyance and

discharge

Engineering controls on | Present study | TBD

ECF

U.S. Steel - general Acres, 2003 Minimum sediment re-suspension, mitigation of fish

design impingement/entrainment (Note: U.S. Steel’s use of

standards/requirements diversion nets would not be affected by the project),
ice collection/ management, no impacts to surface
water discharge at West Side Open Cut

U.S. Steel - General Acres, 2003 TBD - Adequate hydraulic circulation within

hydraulics design channel between ECF and U.S. Steel dock pier/Pier

standards/requirements 16

U.S. Steel - Acres, 2003 TBD - current rated capacity of 255,000 U.S.

Accommodate current gallons/minute (gal/min), or if modified/relocates

inflow rate and future sized for 3000,000 U.S. gal/min

flow requirements

U.S. Steel - Acres, 2003 West Side Open Cut located 110 m (364 ft) north of

Accommodate site south end of US Steel Pier/Pier 16, WSOC invert

condition elevation 9 m (30 ft) below ground level of pier,
historical average flow of 15,000 U.S. gallons/minute
and average discharge rate 4,500 U.S.
gallons/minute

U.S. Steel - Acres, 2003 TBD - future 210 cm (84 inch) diameter storm sewer

Accommodate agreeable
future infrastructure
needs

at Chainage 20+58
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Design Reference Design Standard or Requirement
Parameter
U.S. Steel - Sediment cap | Palermo et. TBD - use guidance for cap thickness
al, 1996
Modifications to adjacent | Acres, 2003 Sheet pile wall at west end of Pier 15 may need
facilities repair
U.S. Steel intakes and Acres, 2003 Maintain water supply
outfall modifications
Sherman channel Present study | TBD
modifications with
respect to sedimentation
Local provincial, federal Present study | BOD - Section 7 - TBD

standards/requirements
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Table B.1: Climate Normals — 1971 to 2000 — Hamilton A*, Ontario

Latitude: 43°10.200' N
Climate ID: 6153194

Longitude: 79° 55.800' W
WMO ID: 71263

Elevation: 237.70 m

TCID: YHM

* This station meets WMO standards WMO standards for temperature and precipitation.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year  Code*
Temperature:
Daily Average (°C) -6 52 0.3 6.3 12.9 18 20.8 19.8 155 9.1 33 2.7 7.6 A
Standard Deviation 2.8 2.7 22 1.5 1.9 1.2 1.1 1.2 1.1 1.6 1.6 2.7 0.7 A
Daily Maximum (°C) 22 -12 4 112 18.5 237 263 25.1 20.7 13.8 7 0.9 123 A
Daily Minimum (°C) -9.7 -9.1 -4.5 1.2 73 12.4 15.1 14.5 10.2 4.4 -0.4 -6.2 29 A
Extreme Maximum (°C) 15.6 15.8 25 29.7 32.8 35 374 36.4 344 28.9 244 20.7
Date (yyyy/dd) 1995/14  1997/21  1998/31  1990/25 1962/17 1988/25 1988/07 2001/08 1973/03 1971/02  1961/03 1982/03
Extreme Minimum (°C) -28 -26.7 -22 -12.8 -3.9 1.1 5.6 1.1 22 -7.8 -19.3 -26.8
Date (yyyy/dd) 1994/19  1994/10  1980/02  1972/07 1966/10 1998/06 1961/05 1965/30 1974/23 1965/29  2000/23 1980/25
Precipitation:
Rainfall (mm) 29.5 25.7 48.6 69.6 75 83.9 86.5 80.6 82.1 71.6 68.1 43.7 764.8 A
Snowfall (cm) 432 352 25.8 8.6 0.5 0 0 0 0 0.6 11 36.8 161.8 A
Precipitation (mm) 65.8 553 74.8 78 75.6 83.9 86.5 80.6 82.1 72.5 78.6 76.6 910.1 A
Average Snow Depth (cm) 9 9 4 0 0 0 0 0 0 0 1 4 2 A
Median Snow Depth (cm) 8 8 2 0 0 0 0 0 0 0 0 3 2 A
Snow Depth at Month-end (cm) 9 6 1 0 0 0 0 0 0 0 1 6 2 A
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year  Code*

Extreme Daily Rainfall (mm) 393 54.1 35.9 452 39.9 66.6 107 90.8 594 91 58.8 56.8
Date (yyyy/dd) 1995/15  1990/22 1991727  1996/13  1969/18+ 1984/17 1989/26 1981/08 1996/07 1995/05  1999/02 1990/29
Extreme Daily Snowfall (cm) 43.2 274 28 29.2 11 0 0 0 0 23.6 16.4 35.6
Date (yyyy/dd) 1966/22  1984/28  1999/06  1979/09 1989/07 1960/01+  1960/01+  1960/01+ 1960/01+  1962/25  1986/20 1969/23
Extreme Daily Precipitation (mm) 44.6 54.1 414 45.2 39.9 66.6 107 90.8 59.4 91 58.8 56.8
Date (yyyy/dd) 1982/31  1990/22  1985/04  1996/13  1969/18+ 1984/17 1989/26 1981/08 1996/07  1995/05  1999/02  1990/29
Extreme Snow Depth (cm) 59 64 37 25 3 0 0 0 0 2 17 50
Date (yyyy/dd) 2001/05  1978/07  1993/06  1987/01 1989/07 1970/01+  1970/01+ 1970/01+ 1970/01+  1989/21  1986/21 2000/31

Days with Maximum Temperature:

<=0°C 19.4 16.1 8.1 0.77 0 0 0 0 0 0 2.5 12.8 59.8 A
>0°C 11.6 12.2 229 29.2 31 30 31 31 30 31 275 18.2 305.5 A
>10°C 0.63 0.67 5.2 159 28.9 30 31 31 29.9 232 8.1 1.9 2064 A
>20°C 0 0 0.57 2.5 11.4 23.8 30 28.5 16.5 3.7 0.17 0.03 117.1 A
>30°C 0 0 0 0 0.4 2 43 1.9 0.53 0 0 0 9.1 A
>35°C 0 0 0 0 0 0 0.13 0.03 0 0 0 0 0.16 A
Days with Minimum Temperature:

>0°C 1.8 2.1 6 17.9 30.1 30 31 31 29.8 26.5 13 3.9 2232 A
<=2°C 30.4 27.7 283 175 32 0.1 0 0 0.97 9.6 22 29.6 1695 A
<=0°C 29.2 26.2 25 12.1 0.87 0 0 0 0.17 4.5 17 27.1 142.1 A
<-2°C 26.6 232 19.8 6.3 0.03 0 0 0 0.03 1.6 10.6 222 110.4 A
<-10°C 14.5 12.5 52 0.23 0 0 0 0 0 0 0.37 7.7 40.5 A
<-20°C 1.8 1.1 0.1 0 0 0 0 0 0 0 0 0.37 3.4 A
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year  Code*
<-30°C 0 0 0 0 0 0 0 0 0 0 0 0 0 A
Days with Rainfall:
>=0.2mm 53 5 8.6 11.9 12.2 11.1 10.6 10.4 11.6 12.4 11 7.7 117.7 A
>=5mm 2 1.5 32 4.4 53 5.1 42 4 4.5 4.5 4.4 2.8 46 A
>=10 mm 1.1 0.67 1.6 2.5 2.8 3 3.1 2.5 2.8 2.4 2 1.5 26.1 A
>=25mm 0.17 0.1 0.2 0.33 0.2 0.7 0.87 0.83 0.83 0.27 0.4 0.2 5.1 A
Days With Snowfall:
>=0.2cm 15.2 114 8.4 2.8 0.1 0 0 0 0 0.37 52 12.2 55.7 A
>=5cm 2.7 2 1.6 0.53 0.03 0 0 0 0 0.03 0.57 2.5 9.9 A
>=10cm 0.93 0.8 0.57 0.17 0.03 0 0 0 0 0 0.13 0.7 33 A
>=25cm 0.07 0.1 0.03 0.03 0 0 0 0 0 0 0 0.03 0.26 A
Days with Precipitation:
>=0.2mm 17.1 14 14.4 13.5 12.2 11.1 10.6 10.4 11.6 12.5 14.6 15.8 157.7 A
>=5mm 42 32 4.8 5 54 5.1 42 4 4.5 4.7 4.8 5 54.9 A
>=10 mm 1.9 1.4 22 2.8 2.9 3 3.1 2.5 2.8 2.4 23 23 29.8 A
>=25mm 0.27 0.17 0.43 0.4 0.2 0.7 0.87 0.83 0.83 0.27 0.4 0.33 5.7 A
Days with Snow Depth:
>=1cm 23.6 21.8 134 1.7 0.03 0 0 0 0 0.03 3.8 17.3 81.6 A
>=5cm 18.4 16 8 0.67 0 0 0 0 0 0 1.8 8.8 53.7
>=10 10.6 10.3 4.1 0.33 0 0 0 0 0 0 0.7 3.7 29.7 A
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year  Code*

>=20 3.6 3.6 1.4 0.1 0 0 0 0 0 0 0 1.7 10.3 A
Wind:

Speed (km/h) 21.2 19.3 19.7 19.3 16.3 14.8 13.1 12.4 13.7 16.1 18.5 19.4 17

Most Frequent Direction SW SW NE NE NE SW SW SW SW SW SW SW SW A
Maximum Hourly Speed 89 85 78 89 70 74 56 50 52 67 93 81

Date (yyyy/dd) 1978/26  1997/27  1998/28  1979/06  1990/10+ 1992/17 1977/31+ 1983/11 2000/21 1990/18  1998/11  1982/28+

Maximum Gust Speed 133 122 126 119 105 102 106 96 80 96 115 109

Date (yyyy/dd) 1978/26  1997/27  1973/15  1979/06 1973/16 1992/17 1989/26 1990/27 1990/14 1983/13  1998/11 1982/28

Direction of Maximum Gust S SW SW w SW w w w SW SW SW SW S

Days with Winds >= 52 km/hr 53 3.1 43 34 2.2 1.4 0.8 0.7 1.1 24 39 4.6 A
Days with Winds >= 63 km/hr 2 1 1.3 1.2 1 0.6 0.4 0.4 0.3 1 1.4 1.6 A
Degree Days:

Above 24 °C 0 0 0 0 0.1 1.6 6.8 2.8 1 0 0 0 123 A
Above 18 °C 0 0 0 1.1 12.2 46 93.5 73.2 22.7 0.9 0 0 249.6 A
Above 15 °C 0 0 0.4 3.8 33.7 104.5 179 152.1 58.7 55 0.1 0.1 537.8 A
Above 10 °C 0.1 0 3.6 19.8 111.6 2414 3334 304.7 169.6 429 5.7 0.7 12333 A

Above 5 °C 1.7 1.1 18.2 76.4 246.2 390.9 488.4 459.7 314.6 137.9 35.7 5.8 2176.6 A

Above 0 °C 14.2 16 64.5 193.8 400.5 540.9 643.4 614.7 464.6 283.4 117.2 30.6 3383.7 A
Below 0 °C 199.1 161.7 734 6.1 0 0 0 0 0 0.2 18.3 112.8 571.5 A
Below 5 °C 341.6 288.1 182.1 38.7 0.8 0 0 0 0.1 9.6 86.7 243.1 1190.7 A
Below 10 °C 4949 428.4 322.6 132.1 21.1 0.5 0 0 5 69.6 206.7 392.9 2073.8 A
Below 15 °C 649.9 569.7 4743 266.1 98.2 13.6 0.5 2.4 442 187.3 351.1 5473 3204.6 A
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Jan
Below 18 °C 742.9
Humidex:
Extreme Humidex 16.9
Date (yyyy/dd) 1995/14
Wind Chill:
Extreme Wind Chill -43
Date (yyyy/dd) 1994/19
Humidity:
Average Relative Humidity - 0600LST (%) 82.9
Average Relative Humidity - 1500LST (%) 75

Feb

654.5

16.5

1997/21

-37

1976/02

71.9

567

27.7

1998/30

-30.7

1989/07

67.1

Apr

353.4

334

1990/25

-22.5

1972/07

82

589

May

169.7

39

1987/30

-8

1978/01

56.5

Jun

45.1

43.7

1981/15

-1.6

1998/04

57.3

Jul

8.1

49.1

1995/14

4.1

2001/02

57.3

Aug

16.5

472

1988/02

-0.1

1982/29

60.6

Sep

98.1

40.6

1973/02

-4.6

1974/23

922

62.3

Oct

275.7

34

1971/02

-10.9

1976/27

65.4

Nov

441.1

25.1

1974/01

-21.1

1976/30

73.4

Dec Year  Code*

640.2 4012.2 A

24.5

1982/03

-33.9

1980/25

71 65.2 A

Normals for some elements are derived from less than 30 years of record. The minimum number of years used are indicated by a "code" defined

as:

e "A":No more than 3 consecutive or 5 total missing years between 1971 to 2000;

e "B": Atleast 25 years of record between 1971 and 2000;

e '"C" Atleast 20 years of record between 1971 and 2000; and

e '"D": Atleast 15 years of record between 1971 and 2000.
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A "+" beside an extreme date indicates that this date is the first occurrence of the extreme value. Values and dates in bold indicate all-time
extremes for the location.

Note: Data used in the calculation of these Normals may be subject to further quality assurance checks. This may result in minor changes to
some values presented in this table.
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Figure B.1: Primary ECF Section A-A
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Figure B.2: Primary ECF Section B-B
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Figure B.3: Primary ECF Section C-C
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Figure B.4: Hydrogeologic Cross Section Location Map
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Figure B.5: Hydrogeologic Cross Section 1-1
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Figure B.6: Hydrogeologic Cross Section 2 -2
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Table B.2: PAH Mass Distribution By Subarea

Percentage of PAHs i Cumulative
Priority Mass of PAHs for a a Subarea Compared | Percentage of
Subarea Designation Subarea (kg) to the Site (%) PAH (%)
1 1,160,227 716 716
2 9 856 06 722
3 199 434 123 845
4 13,535 0.8 85.3
4] 5,072 0.3 85.6
] 48 054 3.0 88.7
7 3,888 0.2 88.9
8 10,804 07 896
9 2 106,102 65 961
10 2 1,915 0.1 96 2
11 2 1,986 0.1 96 4
12 2 5,450 0.3 96.7
13 2 897 0.1 96.7
14 2 243 0.0 96.8
15 2 480 00 968
16 3 14 370 09 97 7
17 3 28429 18 99 4
18 3 2975 02 99 6
19 3 4222 0.3 999
20 3 1,205 0.1 999
21 4 620 0.0 100.0
22 4 217 0.0 100.0
23 4 15 00 100.0
Total 1,620,996 100.0
Randle Reef Sediment Remediation Project October 30 2012
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Table B.3: Arsenic Mass Distribution By Subarea

Percentage of
Arsenic in a Subarea Cumulative
Priority Mass of Arsenic fora | Compared to the Site| Percentage of
Subarea Designation Subarea (kg) (%) Arsenic (%)

2,139 23.0 23.0

2 322 35 265

3 1,143 12.3 38.8
4 881 95 482

5 633 6.8 550

4] 143 15 566

7 390 42 60.8

8 250 27 63.4

9 2 128 14 64 8
10 2 84 09 65.7
11 2 400 43 700
12 2 707 76 776
13 2 66 0.7 78.3
14 2 G1 07 790
15 2 G4 07 797
16 3 176 19 816
17 3 398 43 859
18 3 342 37 895
19 3 525 56 952
20 3 161 1.7 96.9
21 4 156 1.7 98 .6
22 4 123 1.3 99.9
23 4 8 0.1 100.0

Total 9 300 100.0
Randle Reef Sediment Remediation Project October 30 2012
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Table B.4: Chromium Mass Distribution By Subarea

Percentage of
Chromium in a Cumulative
Priority Mass of Chromium | Subarea Compared to| Percentage of
Subarea Designation for a Subarea (kg) the Site (%) Chromium (%)

1 15,186 25.6 256

2 1,827 31 287

3 3,726 6.3 350

4 2,369 4.0 39.0

] 1,796 30 420

6 1,000 1.7 437

7 1,146 19 456

8 2,147 36 493

9 2 3,507 5.9 55.2

10 2 6593 12 563

11 2 2,244 3.8 60.1

12 2 4 438 75 676

13 2 221 04 68.0

14 2 553 09 689

15 2 472 0.8 69.7

16 3 2,393 40 7348

17 3 5135 87 824

18 3 2,713 46 a87.0

19 3 3,556 6.0 930
20 3 1,083 1.8 94 .8
21 4 1,756 3.0 97.8
22 4 1,184 2.0 99.8
23 4 134 02 100.0

Total 59,278 100.0
Randle Reef Sediment Remediation Project October 30 2012
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Table B.5: Copper Mass Distribution By Subarea

Percentage of Copper|
in a Subarea Cumulative
Priority Mass of Copper | Compared to the Site| Percentage of
Subarea Designation for a Subarea (kg) (%) Copper (%)
I 9,077 17.0 17.0
2 1,342 25 19.6
3 3,726 70 265
4 3,664 6.9 334
5 2,911 55 38.9
6 865 16 40.5
7 1,538 29 434
8 1,971 3T 471
9 2 2,289 4.3 54
10 2 329 06 52.0
11 2 5,645 11.0 63.0
12 2 4133 78 707
13 2 220 04 711
14 2 519 1.0 721
15 2 483 09 730
16 3 1,442 27 7587
17 3 3,486 6.5 82.3
18 3 2147 4.0 86.3
19 3 3,094 H8 921
20 3 1,204 2.3 94 4
21 4 1,815 34 o7.8
22 4 1,045 20 99.7
23 4 148 0.3 100.0
Total 53,293 100.0
Randle Reef Sediment Remediation Project October 30 2012
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Table B.6: Iron Mass Distribution By Subarea

Percentage of Ironin| Cumulative
Priority Mass of Iron fora | a Subarea Compared | Percentage of
Subarea Designation Subarea (kg) to the Site (%) Iron (%)
1 20,813,731 324 324
2 1,783,910 28 352
3 9524715 14.8 500
4 3,198,254 50 550
4] 3,676,246 57 60.7
G 1,003,545 1.6 652.2
7 2,334,963 3.6 65.9
a8 1,894,744 29 68.8
9 2 1,611,879 25 71.3
10 2 243,637 04 7.7
11 2 2,048,268 3.2 749
12 2 4032117 6.3 81.2
13 2 292 800 05 816
14 2 307,940 05 82.1
15 2 232 444 04 825
16 3 967,732 1.5 840
17 3 3,224 474 50 890
18 3 2,073,680 32 922
19 3 2 655,565 4.1 96.3
20 3 912,609 1.4 978
21 4 879,084 1.4 991
22 4 477,781 07 999
23 4 77,038 0.1 100.0
Total 64,267,156 100.0
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Table B.7: Lead Mass Distribution By Subarea

Percentage of Lead in Cumulative
Priority Mass of Lead fora | a Subarea Compared Percentage of
Subarea Designation Subarea (kg) to the Site (%) Lead (%)

' 1 80.795 32.2 32.2
2 5,187 2.1 343
3 33,556 134 477
4 16,622 6.6 543
] 15,835 6.3 60.6
§ 5,088 2.0 62.7
7 9,547 3.8 66.5
8 8,738 35 70.0
9 2 5,924 2.4 72.3
10 2 407 0.2 72.5
1 2 9,466 3.8 76.3
12 2 17,842 71 834
13 2 750 0.3 837
14 2 1,294 05 842
15 2 980 0.4 846
16 3 2113 08 854
17 3 10,271 41 895
18 3 7.307 29 925
19 3 9913 40 96 4
20 3 3,690 15 97 9
21 4 3,239 13 992
22 4 1,865 07 999
23 4 190 01 100.0

Total 250,620 100.0
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Table B.8: Nickel Mass Distribution By Subarea

Percentage of Nickel
in a Subarea Cumulative
Mass of Nickel for a | Compared to the Site| Percentage of
Subarea | Priority Designation Subarea (kg) (%) Nickel (%)

1,900 93 93
270 13 107
1,304 6.4 17.1
1,508 T4 245
904 44 29.0
275 14 303
553 27 330
821 40 371

9 2 428 21 392

10 2 88 04 396

11 2 3,436 16.9 56.5

12 2 2,045 101 66.6

13 2 119 06 671

14 2 226 1.1 68.3

15 2 147 07 69.0

16 3 300 145 705

17 3 1,689 83 78.8

18 3 1,081 53 84 1

19 3 1,484 73 914

20 i 528 26 94.0

21 4 759 3T 977

22 4 424 21 998

23 4 41 02 1000

Total 20,328 100.0
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Table B.9: Zinc Mass Distribution By Subarea

Percentage of Zinc in Cumulative
Priority Mass of Zinc for a | a Subarea Compared| Percentage of
Subarea Designation Subarea (kg) to the Site (%) Zinc (%)
1 506,273 347 347
2 36,425 25 372
3 179,880 12.3 495
4 84,070 58 553
5 74 643 5.1 60.4
4] 31,313 2.1 62.5
7 48,627 3.3 65.8
8 51,368 35 69 4
9 2 31,079 2.1 715
10 2 2,158 0.1 716
11 2 46,614 32 748
12 2 102,412 7.0 818
13 2 3,679 0.3 82.1
14 2 8,669 0.6 827
15 2 5,007 0.3 83.0
16 3 12,145 0.8 839
17 3 73,358 5.0 889
18 3 47,605 3.3 921
19 3 67,256 4.6 96.8
20 3 20,679 14 98.2
21 4 15,662 1.1 992
22 4 10,234 0.7 999
23 4 787 0.1 100.0
Total 1,459 942 1000
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Fisheries and Oceans Canada’s (DFO) contribution to the Randle Reef, Hamilton
Harbour Comprehensive Study Report (CSR) (Environment Canada)

C.M. Brousseaul, K.E. Leisti and S.E. Doka
Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisheries and Oceans Canada
867 Lakeshore Rd., Box 5050, Burlington ON L7R 4A6

' Contact email: christine.brousseau@dfo-mpo.gc.ca

Introduction
This summary report was prepared at the request of Environment Canada (EC) to

provide information on the historical and current fish community and habitats (e.g.
substrate and aquatic vegetation) in Hamilton Harbour. The information is a contribution
to the Comprehensive Study Report for the Randle Reef Sediment Remediation Project
and will aid the Responsible Authorities (EC and DFO) for the project in evaluating the
remediation’s contribution towards fish and fish habitat improvements in Hamilton
Harbour. Both historical (1859-1970) and recent information (1985 to present) from
studies conducted by DFO and others were summarized to provide EC with the status of
the fish community and habitats outside of the industrialized south shore of Hamilton
Harbour. For example, the current information available was not collected in the vicinity
of Randle Reef but came as close as Pier 4 to the west and the Skyway Bridge area to the
east. Monitoring studies conducted by DFO in the Harbour were initiated in 1988 to
evaluate the fish community and associated biotic and abiotic factors that comprise
habitat before (1988 and 1990) and after (1995-2007) various habitat restoration projects.
Data collected by DFO is also used to determine status towards delisting of the beneficial
use impairments (BUI) pertaining to fish and fish habitat in Hamilton Harbour. Funding
for DFO projects was provided by the Great Lakes Action Plan through Environment
Canada.
Objectives set for the summary report included:

e asummary of current substrate information

e asummary of past and current submerged aquatic vegetation (SAV) surveys

e asummary of historical and recent fish surveys
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e comments on the current status of beneficial use impairments (BUIs) and their
delisting targets for the fish community based on an Index of Biotic Integrity
(IBI)

e information on current work underway being conducted by DFO Science on fish

and fish habitat in the Harbour
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Habitat Survey & Classification

The focus of fish habitat-based field surveys conducted in Hamilton Harbour in
2006 and 2007 was to supplement existing physical information and to fill gaps in spatial
coverage. Preliminary work focused on gathering historical information and data from
partners (Environment Canada-EC, Canadian Hydrographic Service-CHS) on depth,
elevation, vegetation and substrate. Field surveys concentrated on substrate type and
SAYV distributions. The information will be used in the classification of fish habitats
throughout the Harbour and spatial modelling where necessary to fill gaps (Hamilton

Harbour 2007 RAP Report contribution: Doka et al. 2007).

Substrate (2002-2007)

Existing information on substrate types is being compiled through recent
nearshore and offshore surveys (both acoustic and point sample). Sampling points from
previous studies (both DFO and EC) are shown throughout the Harbour in Fig. 1. The
majority of offshore survey points are soft sediments (sand/silt/clay). All these pieces of
information will complete a current map of substrates types for the entire Harbour from
the deep hole up to coastal elevations.

Several surveys were conducted in the shallow nearshore (<5 m water depth) to
address spatial data gaps in substrate composition, as most existing information is for
depths >5m. A detailed shoreline survey was conducted in 2006 to get an accurate
picture of substrate type and slope around the shoreline (Fig.1). Sampling points for
substrate quantification in the extreme nearshore (1 m water depth) were then selected
based on shoreline type and in early May 2007, substrate and water chemistry samples
were taken at 45 points (Fig. 1). Substrate sampling consisted of Ponar grabs and
underwater video while water column properties included dissolved oxygen,
conductivity, pH and temperature measured with Hydrolab probes.

At deeper depths, hydroacoustic surveys between 1.5 and 5 m depths were
conducted along the non-industrialized areas of the Harbour and backscatter data will be
analyzed to classify substrates into broad categories; validation samples were taken at the

same time to train backscatter classifications. Some of this information will be used to
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validate a classification of backscatter data collected during CHS bathymetric cruises of

the Harbour in 2002. These data are currently being processed and validated.

2006 Submerged Aquatic Vegetation (SAV) Survey

Percent Cover and Bed Extent: Echosounding using a BioSonics DTX system and a 430
kHz transducer was conducted along thirty-two reference transects that have been
surveyed since 1992 (Fig. 2). Initial results of the 2006 survey are illustrated in Fig. 3, a
more detailed examination of this survey can be found in Leisti et al. (2008). In general,
the most extensive SAV beds were found along the north shore of Hamilton Harbour,
with the widest bed extending 210-m offshore at transect 5. SAV cover was moderate
(20 to 70%) to dense (> 70%) along the north shore. Although moderate to dense cover
was also found along the west and southwest shores, the SAV beds were substantially
smaller at less than 50-m in width. Sparse (1 to 19%) cover was encountered on the

eastern shore with bed extents typically less than 50-m offshore.

Species Composition and Biomass: In conjunction with the hydroacoustics survey
conducted along 32 reference transects (Doka et al. 2007), quadrat sampling for SAV
species composition and biomass were conducted at a subset of 13 transects (Fig. 4).
Using three 0.25 m* quadrats at each sample point, divers harvested above-ground
biomass at four to seven points per transect. The sample points were located at depths of
0.5,1.0, 1.5, 2.0, 2.5, 3.0 and 4.0 m, but some transects were too steep to sample at every
depth. The SAV were rinsed; the majority of the plants were sorted to species, spun-dry
and the wet weights were recorded.

Transect 19 recorded the highest mean biomass for the Harbour (Fig. 4), although
this may be misleading since reduced visibility may have caused the diver to harvest
beyond the confines of the quadrat. Additionally, winds and water currents may have
concentrated and trapped loose fragments of SAV in this location. For the remaining
transects, mean biomass was generally higher along the north shore and at Bayfront Park.

A maximum of six species were recorded during the survey, assuming that a

narrow-leaf Potamogeton sp. category is one species. Species included Vallisneria
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americana, Myriophyllum spicatum, Elodea canadensis, Ceratophyllum demersum and
Potamogeton richardsonii. All six species were recorded at Bayfront Park while four
species were found at transects 3, 6 and 19. Six of 13 transects recorded only one or two
species and these transects were scattered throughout the Harbour.

The six plant species had varying distributions throughout the Harbour. V.
americana dominated nine of 13 transects, and represented more than 90% of the total
mean biomass on eight transects. It was absent or found in small amounts in the
southwest corner of the Harbour, with the exception of Bayfront Park. M. spicatum
generally dominated in the southwest, contributing greater than 72% of the total biomass
on three transects. Elsewhere in the Harbour it was either absent or contributed less than
8% of the biomass. E. canadensis was only found in the southwest corner and
represented 84% of the biomass of transect 19, but contributed less than 3% to the
biomass on transects 21 and 25. P. richardsonii was scattered throughout the Harbour
but contributed less than 3% of total biomass on seven transects with the exception of
29% on transect 31. C. demersum was only found on transects 25 and 26, and
contributed between 0.2 and 14% of the total mean biomass, respectively. A narrow-leaf
Potamogeton sp., assumed to be one species, was found on five transects, but contributed

to less than 2% of the total biomass.

Historical Aquatic Vegetation

Historically, Hamilton Harbour had an complex wetland system estimated at 500
hectares that once supported both a coldwater and a warmwater fishery (RAP 1992;
Holmes and Whillans 1984; Smokorowski et al. 1998). A map from 1915 produced by
the Canadian Hydrographic Service, Fig. 5, showed extensive marsh areas along the
southern, eastern and northeastern shore. In the mid to late 1800°s, Kerr and Kerr noted
emergent vegetation extending along the entire south shore, in the mouth and upper
reaches of Grindstone Creek and in the northeast corner at Brant’s Pond (RAP 1992).
These areas provided excellent spawning, nursery and adult habitat for warmwater fishes.
Infilling of the Harbour has resulted in the irreversible loss of 450 ha of wetland area,

based on 1992 figures (Smokorowski et al. 1998).
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Past Submersed Aquatic Vegetation (SAV) Survey Methodology: A total of seventeen
SAV surveys have been conducted in Hamilton Harbour through the Great Lakes
Laboratory for Fisheries and Aquatic Sciences (GLLFAS), DFO since 1987. Some of the
surveys were specifically designed for SAV assessment while others were used to support
the electrofishing program. Through this time series of surveys, there were changes in
the protocols used to assess SAV as equipment became more sophisticated. Locations
also varied, with some surveys using the 100-m long, 1.5-m deep electrofishing transects
in defined areas (Fig. 6), while others used transects perpendicular to the shoreline (Fig.
2).

SAV-specific surveys to determine distribution and relative abundance were
conducted in 1987, annually from 1990 to 1996, and again in 2006, using hydroacoustics,
SCUBA divers, or both. In 1987, echosounding was used along the 1.3-m contour of the
Harbour and at 22 transects perpendicular to shore (RAP 1992). Divers were used during
this survey to determine species richness and density at a subset of these locations.

Using a different protocol, Minns et al. (1993) used divers in 1990 and 1991 to determine
species composition, plant height, stem density and percent cover along a subset of
electrofishing transects. From 1992 to 1996, paper traces from a Lowrance X-16
echosounder were analyzed from 33 transects that ran perpendicular to the shoreline (Fig.
2). These same transects were re-surveyed in 2006 (Leisti et al. 2008) and divers were
used to determine wet biomass and species composition on thirteen of the 33 transects.
As part of the electrofishing program, visual assessment of SAV cover and composition
was conducted in 1992, 1993, 1995, 1997, 2001, 2002 and 2006 from the electrofishing
boat. Protocols for these surveys are described in Valere (1996) and Brousseau et al.
(2005). Sampling effort varied over the years with some years recorded discrete values
of percent cover while other years cover was assigned by category. In 1993, both visual

assessment and echosounding was conducted on a subset of electrofishing transects.

Percent Cover using, Echosounding: In 1987, the only location that had dense
SAV (400 plants/m”) was LaSalle Marina (RAP 1992). Moderate densities (63
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plants/m”) were found along the north shore, with the exception of the mouth of Indian
Creek, which had sparse SAV (3 plants/m”). A patch of moderate density SAV was
found just south of the Desjardins Canal while sparse SAV was located in Macassa Bay.
SAV was absent along the south shore, east of the Royal Hamilton Yacht Club and along
the eastern shore. SAV was rarely found at depths greater than 2-m and was entirely
absent at depths greater than 2.5-m.

Table 1 summarizes changes in mean percent cover and maximum depth of
colonization from the SAV surveys between 1992 and 2006. While methods were
consistent between 1992 and 1996, some caution should be used when comparing these
results with the 2006 data as changes occurred in the equipment and the analytical
procedure. However, the two echosounders were previously compared along nine
transects by Leisti et al. (2006) in the Bay of Quinte in 2004 and mean cover values did
not vary by more than 13%.

SAV were typically sparse (1 to 19% cover) along the eastern shore and in
Carroll’s Bay throughout the sampling period. SAV was always absent on transect 31
while transect 32 only recorded very sparse growth in 2006. In the north-east corner of
the Harbour, transects 3 and 4 were typically sparse from 1992 to 1996, but increased
substantially in 2006 to dense (>70%) cover. Along the north shore, SAV was generally
moderate in the earlier years and dense in 2006, although transects 6 and 14 were
consistently recorded as moderate cover. On the western shore, cover was generally
sparse to moderate, but dense SAV was found on transect 21 in 1993 and transect 19 in
2006. Along the southern shoreline, SAV ranged from sparse to dense through the

sampling period.

Percent Cover, Visual Assessment: Table 2 contains the results from the visual and
echosounding assessments of SAV cover along the electrofishing transects. From 1990
to 2001, SAV along the eastern shoreline and the northeast bays were either absent or
sparse. In 2002 and 2006, the majority of the transects on the eastern shore recorded
moderate SAV, although 23% of the transects had none or sparse growth in 2002. The

north shore generally had moderate to dense cover throughout the sampling period with
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the exception of 2001 where SAV was either sparse or absent on 75% of transects. SAV
was predominantly absent and occasionally sparse on transects near the mouth of
Grindstone Creek throughout the sample period.

Along the western shore, sparse SAV was typically encountered until 2001 and
subsequently increased to moderate density. Sampling along the south shore was very
limited until 1993. Transects 37 to 39 in Straughan Channel typically recorded moderate
SAV until 2001 and then increased to dense in 2002 and 2006. Closer to the boat ramp in
that same area, SAV densities were consistently sparse until 1998, absent in 2001 and
dense thereafter. In the Bayfront Park area, SAV was sparse up to 2001 and then
generally increased to moderate densities. In the Macassa Bay/Pier 4 area, SAV was
typically moderate to dense when sampled, then decreased to sparse on two of the
transects in 2006.

There will be differences between percent cover values from the electrofishing
transects which run parallel to shore at a constant 1.5 m depth and the SAV transects
which are perpendicular to the shoreline and survey into deeper waters. When comparing
the two types of surveys using the nearest locations during the same year, there is some
agreement. In 31% of the cases, both echosounding and visual assessment reported SAV
within the same density category. Differences greater than two categories (i.e. one
method reported sparse, the other reported dense) were found in 21% of the cases. These
differences typically occurred along the steeper sections of the south shore with
echosounding consistently reporting higher values than visual assessment. High wave

energy along the steeper, hardened shoreline may inhibit growth in shallower areas.

Echosounding, Maximum Depth of Colonization: Table 1 records the deepest depth
where SAV was found (Z.) from 1992 to 2006. In 1992, the mean Z. was 2.4 m and
decreased to 2.1 m for the years 1993 to 1995. Mean Z. increased slightly in 1996 to 2.1
m with an additional increase in 2006 to 2.6 m. When transects are examined
individually, the minimum Z. was consistently recorded along the eastern shoreline. The
minimum Z, for all survey years was 1.0 m and was recorded both in 1993 and 1996. In

2006, the minimum Z. was 1.1 m and in 1995, 1.2 m. The maximum Z. was recorded in
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1992 at a depth of 1.8 m, while in 1994 it was 1.5 m. Transects that recorded the deepest
Z. were typically located on the southern shoreline, although in 1992, the deepest
location for SAV was in Carroll’s Bay. All surveys recorded Z. depths in excess of 3.1 m
(in 1992) with the deepest depth of 4.3 m found in 1993. A maximum Z. of 3.5 m was
recorded in 1994, 1996 and 2006, while in 1995 it was 4.1 m.

Across transects, Z. varied from year to year, but there were trends across
transects between years. Between 1992 and 1993, the Z. decreased on 82% of the
transects while in 1994, the transects where Z, increased was equal to the number where
Z. decreased. In 1995, depths decreased on 70% of transects relative to 1994 and
increased on 68% of transects in 1996 relative to 1995. Depths increased again in 2006
on 78% of the transects.

Zebra mussels became established in the Harbour in late 1991 (Dermott et al.
2007). In other locations (Skubinna et al. 1995; Knapton and Petrie 1999; Leisti et al.
2006, Zhu et al. 2006 ), SAV distribution and density increased after invasion by zebra
mussels which has been generally attributed to increased water clarity. However,
Hamilton Harbour did not experience a substantial overall increase in Secchi depth post-
zebra mussel invasion (Charlton and Le Sage 1996) as did other locations (Zhu et al.
2006; Stuckey and Moore 1995). Charlton and Le Sage (1996) did report transient
clearing of the waters immediately adjacent to a pier where zebra mussels had attached,
but found no significant difference in Secchi depths between a series of stations moving
further offshore. The authors believed that the supply of particles in the Harbour relative
to the zebra mussel population overwhelmed their ability to completely clear the water.

There was a response in the SAV community between the 1987 and 1992 surveys
which may be a result of localized increases in water clarity. In 1987, SAV was rarely
found deeper than 2.0 m and entirely absent beyond 2.5 m (RAP 1992) while in 1992 the
mean maximum depth of colonization was 2.4 m with SAV found to 3.1 m depth. The
post-zebra mussel period saw the re-establishment of SAV along the eastern shoreline
and expansion on the southern and western shores. Densities increased to such a degree
in some of the marina areas of the southern shore, that plant control measures were

undertaken in 2001 (Theysmeyer and Cleveland 2001). However, density comparison
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pre- and post- invasion are difficult due to the use of different metrics to describe SAV
abundance. Stem density was used in the 1987 survey, while percent cover was used

post-zebra mussel invasion.

Historical Species Presence: Due to the variable nature of sampling protocols, locations,
and inconsistencies in sampling effort, only species presence is provided in Table 3
compared across sampling years. Between 1987 and 2006, GLLFAS conducted eight
surveys over six years that examined species composition in Hamilton Harbour (RAP
1992; Minns et al. 1993; Brousseau et al. 2005; Theysmeyer and Cleveland 2001 ; Leisti
et al. 2008). Some surveys identified SAV to genus, while others recorded to species.
Protocols varied from diver surveys (1987, 1990, 1991, 2006) to visual assessment from
the boat (2001, 2001b, 2002 and 2006b) supplemented with grab samples (2001b).
Sampling locations also varied with the 1990, 1991, 2001, 2002 and 2003 surveys
conducted along electrofishing transects. Different subsets of the electrofishing transects
were sampled every year with only two transects consistently sampled over the five
surveys. The 2001 survey examined the efficacy of methods of SAV control and
sampling took place at LaSalle Marina, Macassa Bay, Royal Hamilton Yacht Club and
the Hamilton Port Authority.

Eleven species have been found in the Harbour, Table 3, in addition to Chara sp.
and Najas sp. Present in every survey was the species Vallisneria americana and the
genera Myriophyllum sp. and Potamogeton sp. Elodea canadensis was recorded in every
survey year, but was absent on the 2001b survey. Ceratophyllum demersum was absent
in 1987 and 1991 and Zosterella dubia (formerly Heteranthera dubia) was not recorded
in 1991 and 2006. All other species were present on less than 37% of the surveys.

Most of the SAV found in the Harbour are common, widely distributed, and able
to tolerate low light conditions and higher levels of turbidity (Borman et al. 2001). Only
Potamogeton amplifolius was noted to be sensitive to increasing turbidity and was found
in the Harbour for just two years, in 1990 and 1991. Two invasive submersed SAV
species were present in the Harbour: Potamogeton crispus and Myriophyllum spicatum.

P. crispus is able to grow in turbid conditions but was only found on 37% of the surveys.
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This species senesces in mid-summer therefore surveys conducted later in the year will
not detect its presence. M. spicatum is one of the most widely distributed non-indigenous
aquatic plants and was found on all the surveys that reported species information. M.
spicatum is tolerant of degraded conditions and is particularly problematic in disturbed
water bodies that have experienced nutrient loading, intense SAV management, or heavy
motor boat use. This species has been known to begin growth under the ice in February
(Crowder and Bristow 1986) and can quickly form a dense canopy which overtops and
shades native SAYV, thus reducing native plant abundance and diversity (Smith and
Barko 1990; Eichler et al. 1999). Several studies have noted that M. spicatum expands
rapidly, reaches a peak in 5 to 10 years, then subsequently declines (Trebitz et al. 1993;
Knapton and Petrie 1999).

Habitat Summary

SAV is a valuable component of a healthy ecosystem and can affect many
ecosystem processes (Carpenter and Lodge 1986). SAV presence can alter light, nutrient
and temperature dynamics, anchor sediments and slow water velocity (Madson et al.
2001). SAV provides a substrate for epiphytes, habitat for invertebrates (Keast 1984;
Eklov 1997) and influences phytoplankton and zooplankton populations. Fish use SAV
for spawning, nursery and adult habitat (Lane et al. 1996, 1996b). Randall et al. (1996)
found fish density and richness was significantly greater in areas of high macrophyte
density than in areas where SAV was sparse or absent. Several factors influence SAV
abundance including light availability (Barko and Smart 1981), nutrients (Carnigan and
Kalff 1980), exposure (Hudon et al. 2000), temperature, ice scour, water levels, substrate
characteristics and basin morphometry (Duarte and Kalff, 1990).

With the infilling of the south shore of the Harbour, there was an irreversible loss
of 85% of the original vegetated shoreline and basin morphometry restricts the
remaining littoral habitat (less than 3 m depth) to 220 ha (determined using a shoreline
elevation of 75.1 m). In recent history, the north shore of the Harbour dominated in
terms of SAV density and areal extent. SAV continues to remain absent or sparse at the

mouth of Grindstone and Indian Creeks and this may be due to increased localized
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turbidity from storm events. Percent cover was variable along the western and southern
shorelines, but the areal extent is relatively low. SAV has re-established along the
eastern shoreline at sparse densities. SAV species richness and composition in the
Harbour continues to be indicative of degraded environments. Reduced light availability
from factors including suspended sediments and algal blooms and the lack of protected,
shallow-slope shoreline remain problematic for the submerged aquatic vegetation

community of Hamilton Harbour.

Historical Fish Community

Historically, Hamilton Harbour was one of the most productive areas on Lake
Ontario supporting both cold and warm water commercial fisheries. The coldwater
fishery was dominated by lake trout, lake herring and lake whitefish. Northern pike,
smallmouth bass and largemouth bass dominated both the recreational and commercial
warm water fisheries. Fisheries overseers for Hamilton Harbour in the mid- to late 1800s
documented large feeding migrations of lake trout and whitefish in June and July
followed by spawning migrations in October and November (Whillans 1979; Holmes and
Whillans 1984; HHRAP 1992). Millions of herring and whitefish were observed
spawning on the rocky shoals of the north shore (Holmes and Whillans 1984). In
addition to Cootes Paradise, the south (now industrialized) and west shores of the
Harbour were characterized by shallow water marshes that provided spawning, nursery
and adult habitat for a wide variety of warm water species (e.g. smallmouth bass, COA
1992). In addition to pike and bass, the warm water fishery was comprised of yellow
perch, sunfish, muskellunge, walleye, freshwater drum, burbot, brown bullhead, channel
catfish and white sucker (Holmes and Whillans 1984). Detailed accounts of the
commercial and sport fisheries in Hamilton Harbour were found in Whillans (1979) and
Holmes and Whillans (1984). A list of 63 species and their status from the 1800s to the
late 1970s was adapted from Holmes and Whillans 1984 (Table 4).

At the turn of the 20™ century, the coldwater fishery had already been diminished
as a result of heavy exploitation, loss of habitat through development and exotic species.

The addition of industrial and municipal pollution added to the demise of the coldwater
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commercial fishery that fully disappeared by 1959 (COA 1992); the decline of the warm
water fishery followed shortly after (Holmes and Whillans 1984).

Whillans (1979) in his historical review of three Great Lakes’ bays documented
key transformations in the Harbour fish community over a century (1859-1970),
highlighting the changes to individual species and factors contributing to the change. The

results of Whillans’ review are summarized in Table 5.

Current Fish Community

Leslie and Timmins (1992) captured 34 species of fish during larval fish surveys
conducted between 1985 and 1987. Most fishes were caught in or adjacent to turbid, low
gradient waters near submerged aquatic vegetation (SAV). In 1988, they found that
alewife, a non-native species belonging to the family Clupeidae, comprised more than
70% of the larval fish population in the main body of the Harbour. Including the native
gizzard shad, clupeids in total represented 85% of the larval fish catch. Leslie and
Timmins (1992) also found 12 species of native cyprinids (minnows) but this group of
fishes comprised less than 5% of the catch. The cyprinids were found in restricted areas
and the authors suggested that uncommon cyprinids in the Harbour may be close to
extinction. In the western section of the Harbour, Leslie and Timmins (1992) found
sunfish (e.g. pumpkinseeds) to comprise between 5% and 26% of the larval catch
amongst submerged vegetation.

Between 1988 and 1990, Randall et al. (1993) studied the relationship between
macrohabitat conditions and fish in Hamilton Harbour and two other Areas of Concern
(AOCs), the Bay of Quinte and Severn Sound. They found that fish biomass within the
three AOCs were positively correlated with total phosphorus concentrations and
suggested that eutrophication may be linked to fish biomass. Of the three areas,
Hamilton Harbour had the highest biomass largely due to high abundance of common
carp compared to low biomass in Matchedash Bay, Severn Sound. Despite habitat
degradation, the nearshore zone in Hamilton Harbour was productive but the energy was
being utilized by non-native and warmwater offshore species (Randall et al. 1993). Also,

the structure of the fish community was most altered in the more degraded habitats; the
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number of top predators contributing to total biomass was lowest, the total number of
species was low, and the percentage of non-native species contributing to total biomass
was highest in Hamilton Harbour (Randall et al. 1993). Conversely, the percentage of
total fish biomass comprised of top predators and native fish species was highest in the
least degraded sites (e.g. Severn Sound). In Hamilton Harbour, alewife, carp and
bullheads dominated the catch compared to yellow perch, pumpkinseed sunfish, and top
predators in the Bay of Quinte and Severn Sound (Randall et al. 1993).

Randall et al. (1996) examined the relationship between fish production and SAV
measured by percent cover in the littoral zones of Hamilton Harbour, the Bay of Quinte
and three bays in Severn Sound. Fish production was found to be highest in littoral areas
with abundant SAV compared to those with low percent cover. The frequency of fish in
the catch that utilize submerged macrophytes during part of their life cycle was
significantly lower in Hamilton Harbour, which had low macrophyte abundance
compared to the other AOCs. Species that were found more frequently in the Bay of
Quinte and Severn Sound than in Hamilton Harbour included yellow perch, pumpkinseed
sunfish, bluegill sunfish, rock bass, black crappie, largemouth bass, golden shiner, and

northern pike (Randall et al. 1996).

Near Shore Fish Community Monitoring

As part of the restoration program, DFO conducted a nearshore electrofishing
survey and monitoring program in Hamilton Harbour between 1988 and 2006 following
the protocols outlined in Valere (1996) and Brousseau et al. (2005). The field program
was initiated in 1988 (Randall et al. 1993; Minns et al. 1994; Smokorowski et al. 1998)
and involved sampling of the fish community, physical habitat and water quality
parameters before (1988 and 1990) and after (1992-2006) habitat restoration projects at
specific sites (Fig. 7). Smokorowski et al. (1998) summarized the results of the survey
program for the period 1988 to 1997, and identified delisting targets for the fish
community based on an Index of Biotic Integrity (IBI; Table7). Delisting targets for
Hamilton Harbour are conservative and were based on values from four other less

degraded AOCs (Minns et al. 1994; Smokorowski et al. 1998). Brousseau and Randall
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(2008) reported on more recent survey data (1998-2006) including species-specific
trends, assessment of long-term trends in the littoral zone, and AOC IBI comparisons.

The IBI developed for Great Lakes’ littoral fish assemblages integrates the effects
of four main factors, non-native fishes, water quality, physical habitat supply and the
abundance of piscivores (Minns et al. 1994). IBI scores were calculated from 12 separate
assemblage metrics based on the diversity and trophic characteristics of the fish
community (Table 7). IBI metrics were standardized and summed to produce an IBI
score that ranged between 0 and 100 and was indicative of ecosystem health (Minns et al.
1994) and habitat quality (Randall and Minns 2002). IBI scores were rated as very poor
(0-20), poor (20-40), fair (40-60), good (60-80) and excellent (>80). Detailed
information on the development of the Great Lakes IBI can be found in Minns et al.
(1994).

Sampling occurred at 33 transects at eleven areas around the Harbour (Fig. 7) at
varying annual intensity except along the industrialized south shore (e.g. Randle Reef)
and Windermere Arm/Basin where the presence of contaminated sediments precluded
sampling. Fish surveys were designed to determine fish community composition,
abundance, biomass (kg) and species richness per transect. A Smith-Root SR20E
electrofishing boat (length=6.1 m, beam=1.9m) generating 8 amperes of electricity

sampled fishes at a 1.5-m depth parallel to the shoreline (Brousseau et al. 2005).

Fish Catches

Cumulatively (1988-2006), 46 species of fishes were captured by electrofishing in
the Harbour, but the number of species (NSP) captured in any one year was less (e.g., 27
species in 2002, Table 6). Average NSP, which includes non-native species, at transects
varied significantly (refers to statistical significance) among years (Brousseau and
Randall 2008). In 2006, a NSP value of 5.5 was just under the delisting target of 6 to 7
species per 100 m transect. Native species richness was not as high and varied over time
(Brousseau and Randall 2008). Mean native species richness dropped to three species per
transect in 2002 but increased to four species per transect in 2006 (Table 7). The highest

mean value for native species richness was 4.3 in 1998.
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Two species of fish currently found in Hamilton are currently designated as
species at risk (SAR); the American eel and bigmouth buffalo. The American eel has
been listed with the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC) as a species of Special Concern but with the implementation of the new
Species at Risk Act in Ontario (2007), the Committee on the Status of Species at Risk in
Ontario (COSSARO) has designated the species as Endangered (COSEWIC 2006;
hhtp://www.mnr.gov.on.ca/mnr/speciesatrisk/review_overview.html). The current status
of the American eel in the Harbour is unknown; eels were captured electrofishing in each
year between 1988 and 1998 but they were not captured in 2002 and 2006. The
American eel is currently not listed under the federal Species at Risk Act (SARA) but an
assessment is underway. The status of the bigmouth buffalo is currently being assessed
under Schedule 3 of the federal SARA and this species is listed as one of Special Concern
(hhtp://www.cosewic.gc.ca; hhtp://www.sararegistry.gc.ca/status/status_e.cfm).
Bigmouth buffalo were caught in the Harbour in 2002 and 2006 by DFO. This species is
thought to be extending its range in the Great Lakes and the extent of the population in

the Harbour remains unknown.

Mean total biomass and numbers per transect varied among years; numbers were
at a minimum in 2002 and 2006 (Table 7) but total biomass (kg) exceeded delisting
targets in 1988, 1990, 1996, 1997 and 2006; biomass was lowest in 1995. The spike in
total biomass observed in 1996 and 1997 was directly related to common carp and was
coincident with the opening and operation of the Cootes Paradise fishway. Common carp
that resided or moved into Cootes Paradise were held at the barrier and returned to the
Harbour. Mean total biomass (kg) declined after 1997 and currently, it is close to the
delisting target. Biomass (kg) of individual fish species are listed in Table 8. Native fish
biomass has increased since 1988 and was higher in 2002 and 2006 than the previous
four surveys (Table 7). Native species that have made greater contributions to total
biomass since 2002 include brown bullhead and gizzard shad. The mean percent biomass
of native fishes in 2002 and 2006 was greater than 60% compared to 35% and 25% in
1988 and 1990, respectively.
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In contrast to biomass, mean total numbers of fish per transect have decreased
significantly both temporally and spatially (Brousseau and Randall 2008). Average
catches in 2002 and 2006 were significantly lower than what they were in 1988 and 1990
(Table 7). Numerical catches of individual fish species are listed in Table 9. Individual
species that contributed to the decline in total numbers in particular were alewife (Fig.
12), but also largemouth bass, carp, brown bullhead, emerald shiner, yellow perch,
logperch and pumpkinseed sunfish (Table 9). Numbers of native fish also declined
significantly after 1998 (Brousseau and Randall 2008). The average catch per transect
ranged from 19 to 36 between 1988 and 1998; after 1998, native fish catches per transect
averaged between 13 and 14 fishes. Examples of native fishes that declined in numbers
in 2002 and 2006 were logperch (Fig. 14) and pumpkinseed sunfish (Fig. 13). Other
species such as emerald shiners and largemouth bass also declined but to a lesser extent.
Declines in small fishes may be related to cormorant predation (Brousseau and Randall

2008).

IBI Scores

The IBI score in Hamilton Harbour has changed significantly over time, and in
general has increased (Fig. 8). In 2006, an IBI score of 40 (still a poor rating) was the
highest average IBI score to date; the IBI score was significantly higher than it was in
1988 (30) and 1990 (30). Similarly, the IBI score adjusted for offshore fish species
(IBT*) increased over time (Fig. 9); IBI* scores were higher in post-restoration years
(1996-2006) than early years (Table 7). Since 1988, IBI scores have improved
significantly, indicating that conditions in the Harbour have improved but average IBI

values remain relatively low (Brousseau and Randall 2008).

Species groups

Centrarchids: The number of centrarchid or sunfish species in the Harbour has varied
significantly over time (Brousseau and Randall 2008). An increase in centrarchids since

the mid-1990s may be the result of restoration efforts around Bayfront Park (1992),
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LaSalle Park (1996) and the Northeast shoreline/wildlife islands (1996) which have
increased underwater physical habitat structure and macrophyte abundance for this type
of species (Brousseau and Randall 2008). Pumpkinseed sunfish was the dominant, non-
predatory centrarchid but catches of this species have declined significantly since 1998
(Fig. 13). The decrease in average centrarchid species richness per transect in recent
years (Table 7) was in part, due to the decline in pumpkinseeds. For predatory
centrarchids, largemouth bass were dominant ; however, numbers of largemouth bass
declined significantly in 2006 but biomass reached a maximum (Fig. 10) (Brousseau and
Randall 2008). Smallmouth bass biomass peaked in 1992 and since 1995 this species has
rarely been caught electrofishing (Fig. 10). Other common centrarchid species included
bluegill sunfish and rock bass. Rock bass were common in the catch but contributions to
total biomass on average were less than 1% (Table 8). In 1995, bluegill began to appear
frequently in the samples (Tables 8-9). Other centrarchids, black crappie and green
sunfish were rare. At a larger scale and based on 2006 Near Shore Community Index
Netting (NSCIN) surveys, Bowlby et al. (2007) found numbers of centrarchids (sunfish)

to be relatively low compared to the Bay of Quinte and other inland lakes.

Native Cyprinid and Turbidity Intolerant Species: The number of native cyprinid
(minnows) and turbidity intolerant (i.e. prefer clear water) species both varied
significantly during the survey period (Brousseau and Randall 2008). In general, both the
number of turbidity intolerant and native cyprinid species averaged less than one species
per transect (Table 7). Native cyprinids are a small but important component of the
Hamilton Harbour food web. Although, six species of cyprinids were caught by
electrofishing between 1988 and 2006 they were still underrepresented with only two
common species, emerald and spottail shiners. Emerald shiner abundance averaged from
1% to 23% of the total catch annually (Fig. 15); numbers averaged 11.9 per transect in
1990 but have since declined in abundance (Table 9). Spottail shiners were not as
abundant and contributed from less than 1% to 5% (1998) of the total annual catch. The

mean catch of turbidity intolerant species per transect has increased since 1996. In 2006,
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a marked increase in turbidity intolerant species was found at LaSalle Park and Carrolls

Point due to higher catches of spottail shiners (Brousseau and Randall 2008).

Piscivores: Piscivores or top predators have made small contributions to total mean
biomass in the Harbour (2.5 to 12.1%) annually (Table 7). The percentage of piscivore
biomass in the catch changed significantly during the survey period (Brousseau and
Randall 2008) but has remained below the delisting targets of 20-25%.; percent
piscivores was highest in 1995 and lowest in 1988. Piscivores averaged only 5% of the
total biomass per transect in 2006. Minns et al. (1994) suggested that piscivores should
contribute to at least 20% of the total biomass in a balanced system. Most piscivores
were caught in the west end of the Harbour where macrophytes were most abundant

(Brousseau and Randall 2008).

Largemouth bass and northern pike were the key contributors to mean piscivore
biomass and numbers in most years (Fig. 10). Largemouth bass were rare prior to 1995
but became more abundant in later years and may be related to increased macrophyte
abundance resulting from habitat modifications or temperature changes. Numerically,
largemouth bass have been the Harbour’s top predator comprising between 4% and 13%
of total catch in any year; in biomass, largemouth bass comprised between 5% and 6 %;
0.3 kg to 0.4 kg/transect annually (Table 8). Northern pike comprised about 4% of total
biomass in 1990 (0.3 kg) but were less in other years. Smallmouth bass biomass has
declined in the Harbour since the mid-1990s and other predators were rare in the catch or,
like the American eel, have completely disappeared from the Harbour (Fig. 10). Based
on the 2006 NSCIN trap net surveys, Bowlby et al. (2007) found the catch of northern
pike encouraging but numbers of other piscivores (i.e. largemouth bass, smallmouth bass

and walleye) were low compared to the Bay of Quinte (OMNR 2007).

Generalist: Generalist species biomass (e.g. omnivores like carp and bullhead) in the
Harbour is high and exceeded the delisting targets of 10-30% in every year (Table 7).
The percentage of generalists in the catch varied significantly among years and an

average of 60% generalist biomass in recent years is not different from what it was in
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1988 at the onset of the monitoring program (Table 7; Brousseau and Randall 2008).
Generalist biomass was strongly linked with common carp biomass that contributed
between 73% and 84% of total mean biomass in peak years (1996-7). The peak in the
mid-1990s was concurrent with the establishment of the carp barrier to Cootes Paradise,
which displaced carp from the wetland to Hamilton Harbour (Fig. 11). Despite a
significant decline from the peak years to recent years (2002- 2006), carp still remain the
key contributor to total biomass (Brousseau and Randall 2008). Goldfish, another non-
native cyprinid, comprised less than 1% of total biomass in most years, but increased

numerically in 2006 (Fig. 11).

Brown bullhead, sometimes referred to as catfish, were the other key contributors
to generalist biomass. Bullhead biomass averaged between 0.4 kg (1995) and 2.8 kg
(1988) per transect (Fig 11). Biomass (kg) was significantly higher in 2002 and 2006
than in previous years, forming between 17% and 23 % of the total catch (Brousseau and
Randall 2008). Trap net surveys carried out concurrently with electrofishing surveys in
2006 found bullheads to be the dominant species forming 78% of the catch (Bowlby et al.
2007). Randall et al. (1993) found that the biomass of generalists was highest in the most

degraded environments (e.g. Hamilton Harbour) affected by eutrophication.

Specialists: Specialists are fishes with specialized feeding habits and are classified as
planktivores, invertivores, or insectivores. Non-native and offshore species (e.g., alewife,
gizzard shad and white perch) form the largest percentage of specialist biomass in the
Harbour compared to native, nearshore specialists like white sucker, yellow perch and
sunfish (e.g. pumpkinseed, rock bass). The average percentage of specialists in the catch

remained below the delisting targets of 50-60% in recent surveys (Table 7).

The percentage of specialists in the Harbour catch has decreased significantly
since 1995 (Table 7) concurrent with a decline in alewife (Fig. 12). However, an increase
in percent specialists was noted in 2006 (Brousseau and Randall 2008), mainly due to an
increase in gizzard shad, a native offshore specialist, that comprised close to 20% of total

biomass (Fig. 12). White perch was the other key, offshore specialist in the
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electrofishing catch (Fig. 12). Numerically, white perch was the third most abundant fish
in the 2006 OMNR trap surveys (Bowlby et al. 2007) and also comprised a large
proportion of offshore trawl catches in the Harbour in 2006 (Doka et al. 2007).
Collectively, alewife, gizzard shad and white perch, made up the largest contribution to
offshore biomass in the harbour averaging between 31% and 63% in any given year. The
high proportion of offshore, native species is not found in any other areas surveyed by

DFO using the electrofishing protocol described in Brousseau et al. (2005).

Yellow perch, the dominant percid in the near shore zone, and logperch are native
specialists. Numbers and biomass of yellow perch were significantly higher in the period
between 1998 and 2006 than before, forming between 4% and 13% of the total catch
(Tables 8-9). Since 1995, logperch have been a key component of the catch but due to
their small size contribute only a small percentage (<1%) to total biomass. Both percid
species peaked in numbers and biomass in 1998 (Fig. 14). NSCIN surveys conducted in
2006 found yellow perch to be virtually absent from Hamilton Harbour unlike the Bay of
Quinte, Toronto Harbour and other inland lakes (Bowlby et al. 2007; OMNR 2007).

Non-native species : The number of non-native species in the catch changed significantly
during the survey period (Brousseau and Randall 2008). In Hamilton Harbour, non-
native or invasive fish species included the common carp, goldfish, alewife, white perch,
rainbow smelt, round goby, sea lamprey, rudd and several introduced salmonids (Table
6). On average, the number of non-indigenous species per transect was between 1.5 and
2.2 (Table 7) forming between 32% and 68% of the catch in any given year. Both
percent number and biomass (Table 7) of non-indigenous fish have decreased
significantly over time (Brousseau and Randall 2008). Between 1988 and 1998, the
biomass of non-native species was higher (57% and 68%) than the more recent catches
(about 36%). Although carp continue to be the key contributor to total biomass at
Hamilton, they were rarely caught electrofishing by DFO (2002-2007) in other areas
(Brousseau and Randall 2008). Goldfish catches in the Harbour were higher in 2006 than
in any other year (Fig. 11).

Randle Reef Sediment Remediation Project October 30 2012
Comprehensive Study Report Page B-41



Habitat Restoration

Despite restoration of fish habitat at many locations in the Harbour, no differences
were found in the IBI scores between the restoration (1996-2006) and unaltered (1988,
1990) habitats (Fig. 16). The IBI and IBI* scores were not significantly different
between the two habitat types (Brousseau and Randall 2008). Most metric scores from
both unaltered and restored areas increased over time; positive changes in IBI scores
from both types of habitat between 1988 and 2006 were significant (Brousseau and
Randall 2008).

For the years immediately following restoration efforts (1996 and 1997), IBI
scores and individual metrics increased at the restoration sites (Fig. 16). However, the
values declined again in the two subsequent surveys before increasing again in 2006. In
an earlier report (Smokorowski et al. 1998), a significant increase in IBI scores between
pre- and post-restoration periods was attributed to changes in native and centrarchid
species richness, piscivores, generalists, native fish biomass, and percent non-indigenous
fish by numbers and biomass. Since then, centrarchid species richness, the proportion of
piscivores, and abundance of native species have declined; some metrics have declined
back to pre-restoration values. Native species richness and percent generalists remained
stable with similar values in 2006 to post construction (1996 and 1997) values. In 2006,
there were only three metrics distinctly different between the two areas; percent
generalists were notably higher at the non-altered sites, while specialists (positive) and
the number of turbidity intolerant species (positive) were higher at the restoration sites.
Metrics that showed similar patterns among years regardless of habitat type included non-
indigenous species richness, and native cyprinid species richness. Prior to the creation of
the wildlife islands, there were no macrophytes along the sand-silt shoreline that was
frequently disrupted by wind turbulence. The creation of islands and increased habitat

diversity and shelter may be responsible for the increase in specialists at restoration sites.
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Fish Summary

After 15 years of restoration activities, the state of the fishery in Hamilton
Harbour has improved but IBI scores are still lower than at other AOCs and the fish
community continues to reflect an unhealthy ecosystem. The current structure of the fish
assemblage reflects a shortage of high quality habitat in the littoral zone (Minns et al.
2004) containing a diversity of substrate and macrophytes; the percentage of littoral
piscivores, native cyprinids, centrarchids and percids was lower than elsewhere.
Comparison of IBI metrics to those from other AOCs, examination of trends over time in
individual species and the results of the OMNR’s NSCIN program also indicated that the
state of the fish community was poor. The composition of the offshore component of the
IBI score was found to be mainly comprised of non-native species. For this reason, the
current IBI score adjusted for offshore species (IBI*) was a better measure of the status
of the Harbour’s fish community.

Increases in macrophyte growth and diversity may create more spawning and
nursery habitat for certain native species. For many species, like native cyprinids and
centrarchids, there is still relatively little suitable habitat. Poor water quality persists and
significant improvements are required before physical and environmental habitat
conditions will be suitable to improve conditions for native fishes. The capping of Randle
Reef, to commence in the near future, will reduce the leakage of toxic chemicals into the
Harbour but the effect on the fish community is unknown. None of the other Canadian
AOCs studied by GLLFAS within DFO have been exposed to the same degree of
industrial disturbance and contamination. It is unknown how eutrophication problems
associated with waste water treatment facilities will be resolved in the near future but

plans for enhanced treatment at local WWTP are encouraging.

Other Relevant Work and Conclusions

There are several ongoing projects of relevance to assessments of habitat and
fishes in Hamilton Harbour that are funded by the Great Lakes Action Plan (GLAP), in

addition to the work reported above on SAV and nearshore fish surveys (Doka et al.
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2007). These projects include an acoustic assessment of fish in the Harbour, describing
the trophic structure and development of an ecosystem model, classification and supply
analysis of fish habitat, and fish habitat-population modelling. The latter two projects
may be of particular interest to recommendations that arise from this comprehensive

study report.

Relevant features of the Hamilton Harbour physical environment such as
substrate, vegetation, and water depths have classically been used in habitat supply
estimates for fish guilds and populations (Minns et al. 1996, W.F. Baird Associates
1996). Work on fish habitat mapping and supply has already been mentioned with regard
to substrate distributions and SAV surveys. This basic approach will be extended to
include relevant features about the spatial and temporal dynamics of oxygen and
temperature in the Harbour as well. Statistical analysis and predictive models will be
used to generate spatial layers representing the current physical status of the Harbour.
These layers will be used in classifying habitat suitability for different fish guilds that use
the area (e.g. warmwater piscivores with similar life histories). In this way, habitat
supply can be quantified and comparisons between different habitat restoration scenarios
(e.g. capping of Randle Reef) can be evaluated for their relative contribution to overall
habitat availability in the system. Time permitting, an evaluation of the current situation
against historic habitat availability will allow a comparison of relative gains with overall

historic losses for perspective.

Selected population models have been developed that expand on the initial work
by Minns et al. (1996, Doka 2004, Chu et al. 2005). The models will be modified to
respond to key factors and habitat availability in the Harbour so that habitat supply
estimates can be scaled up to gauge population level impacts. In this way the delisting
criteria that are set for water quality (e.g. dissolved oxygen) and for SAV targets can be

evaluated against their impact on sport fish populations.

Both submerged aquatic vegetation and fish community trends are positive for

Hamilton Harbour. Using an adaptive management approach and the results of projects
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currently underway, it is theoretically possible to triage different management strategies
proposed for continuing to improve the quality of aquatic habitat based on their relative
impact to the whole system. With continued monitoring, predictions can be validated,
improved, and the efficacy of habitat restoration can be evaluated. In this way, Hamilton
Harbour would be an excellent case study to be used for other AOCs around the Great

Lakes.
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Table 1. Mean bottom cover and maximum depth of colonization when bottom cover is
>0 from echosounding surveys 1992 to 2006.

Mean Bottom % Cover Max Depth for Bottom Cover >0, m
Transect 1992 1993 1994 1995 1996 2006* 1992 1993 1994 1995 1996 2006*
1 10 3 6 6 21 1.9 1.7 20 20 1.7
2 15 25 0 1 1 1 2.0 1.0 1.2 14 1.1
3 12 2 20 28 22 72 25 1.3 1.9 1.8 23 26
4 23 1 4 8 19 71 28 20 1.8 20 23 27
5 53 54 32 49 48 81 1.8 1.9 1.8 1.8 1.9 29
6 30 24 57 38 44 55 1.9 19 20 1.7 33 33
7 383 43 46 24 65 79 22 20 1.9 19 25 34
8 50 81 59 72 73 79 28 25 22 23 29 32
9 52 49 69 69 68 76 26 22 29 23 27 31
10 83 77 70 76 87 29 25 20 28 28
11 34 66 86 48 84 69 2.7 1.1 23 20 20 21
12 58 68 30 12 2 75 23 1.6 23 1.3 1.8 28
13 15 20 16 27 26 51 28 21 25 21 1.8 30
14 54 42 57 60 64 22 21 19 20 28
15 68 70 0 79 89 59 2.1 23 1.7 20 1.9
16 5 2 9 7 8 0 3.1 14 L5 14 25 00
18 0 0 54 0 0 25 19 23 22
18 2 0 2 0 21 0 29 25 1.6 24

19 39 21 15 6 3 79 27 21 22 1.6 12 33
20 35 18 24 28 19 68 25 23 27 25 1.7 31
21 80 12 3 7 0 43 1.8 33 35 00
23 30 54 95 80 30 21 27 34
24 0 47 17 29 74 35 33 30 21
25 0 8 23 58 36 19 23 22 30
26 74 15 86 83 63 29 21 24 34 27
28 27 16 30 28 54 27 33 41 1.1 35
29 0 0 0 95 2.6
30 0 0 0 0 0 0.0
31 54 2 4 4 49 16 20 34 1.5 1.5 1.3 20
32 0 0 0 0 0 3 2.8
33 13 0 0 4 8 1.9 1.0 25
34 10 0 1 2 0 23 1.8 1.5 1.5 23
35 0 5 20 5 6 24 2.0 19 20 1.6 24

* echosounding equipment and analysis procedures had changed by the 2006 survey

Randle Reef Sediment Remediation Project October 30 2012
Comprehensive Study Report Page B-50



Table 2. SAV percent cover from electrofishing transects in Hamilton Harbour, 1990 to
2006. Codes are N =none, S = sparse (1 to 19%), M = moderate (20 to 70%) and D =
dense (>70%). The A transects are those that were added after restoration activities in the
area.

Transect 1990 1991 1992 1993* 1993 1995 1997 1998 2001 2002 2006

1 5 S S
2 5 2 23 0 M M
3 N 0 S
4 0 0 0 M M
5 S 0 N
6 1 0 11 0 M D
7 0 N N
8 0 0 0 M M
9 0 S S M
10 2 0 0 M M
10A S
11 S M M
11A M
12 0 0 0 N M
12A M
13 N 0 N
14 0 0 0 S M M
15 0 S S
16 0 17 5 N M M
17 D M
18 27 95 100 92 M D S
19 42 M M M
20 79 85 D M
21 M 47 S
22 3 28 96 89 M M
23 36 M N
24 5 21 3 N M M
25 83 D S
26 35 89 100 90 M S
27 D 81 N
28 27 60 100 72 S M D
29 1 S S
30 0 0 0 N N
31 2 S
32 0 2 0 N N N
33 0 N M
34/34A 7 5 9 S M M
35 S 15 M
36/36A 5 0 22 M S M M
37 61 M D D
38 23 27 D D
39 100 M D D
40 6 2 S
41A D
41B 12 S N D D
42/42A 0 0 0 M D S
42B 18 M M M
43/43A 0 0 0 M
43B 38 M S
44 71 26 M D D
45 M M S
* echogram interpretation
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Table 3. Submerged SAV presence in Hamilton Harbour, 1987 to 2006.

Species or Genus Common Name x X g g s S §
& 2 2 § & & & §

Chara sp. Musk Grass P

Nymphaea odorata White Waterlily P

Vallisneria americana Tape Grass p P P P P P P P

Elodea canadensis Waterweed P P P P P P P

Zosterella dubia Mud-plantain P P P P
Naja sp. Water-nymph P P

Potamogeton amphifolius Big-leaf Pondweed P P

Potamogeton crispus Curly-leaf Pondweed P P P

Potamogeton gramineus Variable Pondweed P

Potamogeton richardsonii Clasping-leaf Pondweed P P P
Potamogeton sp. Pondweeds P P P P
Broadleaf Potamogeton Pondweeds P P
Narrowleaf Potamogeton Pondweeds P P

Stuckenia pectinata Sago Pondweed P P P

Ceratophyllum demersum Coontail P P P P P P

Myriophyllum spicatum Eurasian milfoil p P P P P P P P
Myriophyllum sp. Milfoil P P P

Unknown P P P

Sources:

1987: Stage 1 RAP Report

1990, 1991: Minns et al., 1993

2001a, 2002, 2006b: electrofishing dataset

2001b: Thysmeyer and Cleveland, 2001

2006: Leisti, 2008
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Table 4. List of 63 species found in Hamilton Harbour and status from 1859 to the time

of publication (adapted from Whillans and Holmes 1984)

Scientific name

Common name

Historic status

Petromyzon marinus

Acipenser fulvescens
Lepisosteus osseus

Amia calva

Alosa pseudoharangus
Dorosoma cepedianum
Coregonus alpenae

Coregonus artedi

Coregonus hoyi

Coregonus kiyi

Coregonus nigripinnis
Coregonus reighardi
Coregonus zenithicus
Coregonus clupeaformis
Prosopium cylindraceum
Oncorhynchus kisutch
Oncorhynchus mykiss (Salmo gairdneri)
Salmo salar

Salvelinus fontinalis

Salvelinus namaycush

Osmerus mordax

Hiodon tergisus

Esox lucius

Esox masquinongy

Carpiodes cyprinus
Catastomus commersoni
Moxostoma macrolepidotum
Cyprinella spiloptera (formerly
Notropis spilopgteus)
Carassius auratus

Cyprinus carpio

C. carpio x C. auratus
Phoxinus eos (formerly Chrosomus)
Clinostomus elongatus
Notemigonus crysoleucas
Notropis atherinoides

Luxilus cornutus (formerly Notropis)
Notropis heterodon

Notropis heterolepis

Notropis hudsonius

Notropis stramineus

Notropis volucellus
Pimephales notatus
Pimephales promelas
Rhinichthys atratulus
Rhinichthys cataractae
Ameiurus nebulosus (formerly Ictalurus)

sea lamprey
lake sturgeon
longnose gar
bowfin

alewife

gizzard shad
longjaw cisco
lake herring (cisco)
bloater

kiyi

blackfin cisco
shortnose cisco
shortjaw cisco
lake whitefish
round whitefish
coho salmon
rainbow trout
Atlantic salmon
brook trout
lake trout
rainbow smelt
mooneye
northern pike
muskellunge
quillback

white sucker
shorthead redhorse
spotfin shiner

goldfish

carp
carp/goldfish hybrid

northern redbelly dace

redside dace
golden shiner
emerald shiner
common shiner
blackchin shiner
blacknose shiner
spottail shiner
sand shiner
mimic shiner
bluntnose minnow
fathead minnow
blacknose dace
longnose dace
brown bullhead

rare
extirpated (common 1860s)
rare

rare (common 1890s)
abundant

abundant

extirpated

rare (abundant 1900)
extirpated

extirpated

extirpated

extirpated

extirpated

extirpated (abundant 1860-80s)
extirpated

rare

very low

extirpated (abundant 1810-30s)
rare

rare (common 1860s)
abundant

extirpated (low 1890s)
common (abundant 1800-70s)
rare (abundant 1860-70s)

rare

common (abundant 1860-80s)
low

common

abundant
abundant
abundant
low

low
common
common
low

rare
common
common
rare

low
common
low

low

low

low (abundant 1800s)
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Scientific name

Common name

Historic status

Ictalurus punctatus
Noturus flavus

Noturus gyrinus
Anguilla rostrata
Fundulus diaphanus
Lota lota

Culaea inconstans
Gasterosteus aculeatus
Percopsis omiscomaycus
Morone americana
Morone chrysops
Morone saxatilus
Ambloplites rupestris
Lepomis gibbosus
Lepomis macrochirus
Micropterus dolomieu
Micropterus salmoides
Pomoxis annularis
Pomoxis nigromaculatus
Perca flavescens

Sander vitreus (formerly Stizostedion
vitreum)

Sander vitreus glaucus (formerly S.
vitreum glaucum)
Sander canadense
Etheostoma nigrum
Etheostoma microperca
Percina caprodes
Labidesthes sicculus
Aplodinotus grunniens
Cottus cognatus

channel catfish
stonecat

tadpole madtom
American eel
banded killifish
burbot

brook stickleback

threespine stickleback

trout-perch
white perch
white bass
striped bass
rock bass
pumpkinseed
bluegill sunfish
smallmouth bass
largemouth bass
white crappie
Black crappie
yellow perch
walleye

blue pike

sauger
johnny darter
least darter
logperch

brook silverside
freshwater drum
slimy sculpin

low (abundant 1800s)

rare

rare

extirpated? (abundant 1860-70s)
extirpated?

rare (abundant 1860s)

rare

rare

no status

abundant

common

extirpated (last seen in 1881)
rare (common 1890s)
common (abundant 1870s)
common (abundant 1870s)
common (1850-60s)

rare (1850-60s)

low

low (common 1890s)
common (abundant 1860s)
rare (abundant 1860s)

extirpated ? (abundant 1860s)

extirpated ? (abundant 1860s)
low

low

low

low

rare (abundant 1890s)

rare
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Table 5. Transformations in the Hamilton Harbour fish community and factors contributing to the changes between 1859 and 1970

(Whillans 1979).

Period Transformation Factors
1959-1877 e  Change in six species; decline in four offshore e  Loss of spawning and adult habitat through shoreline alterations, removal
migrants (herring, lake whitefish, lake trout of substrates, deforestation and damning of rivers
and lake sturgeon), increase in alewife an non- e Heavy exploitation for subsistence and commercial fisheries using gill and
native species and decline in one near shore seine nets
species (northern pike) e Introduction of a non-native species
1878-1892 e Disappearance of Atlantic salmon e Heavy exploitation of both the cold and warm water fisheries
e  Further decline of offshore migrants: herring, e Loss of an important prey item for lake whitefish, Ponteporeia affinis
lake whitefish, trout and sturgeon e Discontinuation of Atlantic salmon stocking
e Decline of four near shore species; e  Water pollution (municipal sewage)
smallmouth bass, largemouth bass, northern
pike and rock bass
1892-1898 o  Further decline of herring, lake whitefish and e Heavy exploitation of offshore migrants
trout e Increase in near shore predators may have resulted from the decline in
e Increases in brown bullhead, American eel, offshore predators and/or eutrophication creating more favourable
yellow perch, largemouth bass, smallmouth conditions for near shore species
bass, bowfin and freshwater drum e  Usually warm temperatures in 1894 and 1898 may have produced strong
year classes
1906-1943 e Introduction of common carp e Introduction of a non-native species
e Decline in smallmouth bass e Major restructuring along the south shore destroys a large area of
e Increase in northern pike smallmouth bass habitat
e Decrease in walleye, rock bass, white sucker o Intense sport fishery for smallmouth bass
and largemouth bass e Habitat degradation due to urban runoff, dredging, increase water depth
and fluctuations (subsequent reduction in macrophytes), thermal pollution
and eutrophication
1938-1955 e Increase in abundance of three exotic species e Increase in water turbidity due to the spawning and foraging activities of

(overlaps with (rainbow smelt, rainbow trout and carp) and

carp and water fluctuations led to a significant reduction in emergent
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Period

Transformation

Factors

previous period

1960-1961

1962-1970
(approximate)

white sucker

Decline in bullheads, American eel, yellow
perch, pumpkinseed sunfish and black
crappie

Disappearance of coldwater fishery
Significant decline in bullheads, yellow perch,
bowfin, black crappie and common carp
Increase in goldfish and white bass

Decrease in white bass

Improved status of northern pike, bullheads,
yellow perch, smallmouth bass, pumpkinseed,
black crappie, white perch, carp, and
carp/goldfish hybrid

macrophyte coverage
Increase in water quality in Cootes Paradise offset by decrease in water
quality in the Harbour (industrial and municipal impacts)

Significant decrease in water levels and subsequent decline in submerged
macrophyte coverage
Increase in non-native species

Increased water levels
Increased eutrophication of Cootes Paradise
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Table 6. List of 49 species captured in Hamilton Harbour (x) boat electrofishing (1988-2006) with the addition of multiple gear types
in 2006. Species status was indicated as native (N), invasive/non-native (INV), introduced (I) or species at risk (SAR).

Scientific name Common name Status 1988 1990 1992 1995 1996 1997 1998 2002 2006*
Petromyzon marinus sea lamprey INV X
Lepisosteus osseus longnose gar N X X X
Amia calva bowfin N X X X X X X X
Alosa pseudoharangus alewife INV X X X X X X X X X
Dorosoma cepedianum gizzard shad N X X X X X X X X X
Oncorhynchus tshawytscha ~ Chinook salmon I X X X X X X X X
Oncorhynchus mykiss rainbow trout I X X X X X X X
Salmo trutta brown trout [ X X X X X X
Salvelinus namaycush lake trout N X X X X X
Osmerus mordax rainbow smelt INV X X X X X X
Esox lucius northern pike N X X X X X X X X X
Catostomus commersoni white sucker N X X X X X X X X X
Ictiobus cyprinellus bigmouth buffalo N, SAR x x
Moxostoma anisurum silver redhorse N X
Moxostoma macrolepidotum ~ shorthead redhorse N X
Carassius auratus goldfish INV X X X X X X X X X
Cyprinus carpio common carp INV X X X X X X X X X
Notemigonus crysoleucas golden shiner N X X
Notropis atherinoides emerald shiner N X X X X X X X X X
Luxilus cornutus common shiner N X
Notropis hudsonius spottail shiner N X X X X X X X X X
Pimephales notatus bluntnose minnow N X X X X
Pimephales promelas fathead minnow N X X
Rhinichthys atratulus blacknose dace N X
Scardinius rudd INV
erythrophthalmus X
Ameiurus melas black bullhead N X X
Ameiurus nebulosus brown bullhead N X X X X X X X X X
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Scientific name Common name Status 1988 1990 1992 1995 1996 1997 1998 2002 2006*
Ictalurus punctatus channel catfish N X X
Noturus gyrinus tadpole madtom N X
Anguilla rostrata American eel N, SAR X X X X X X X
Culaea inconstans brook stickleback N X

threespine N

Gasterosteus aculeatus stickleback X X X X X
Percopsis omiscomaycus trout-perch N X X X X
Morone americana white perch INV X X X X X X X X X
Morone chrysops white bass N X X X X
Ambloplites rupestris rock bass N X X X X X X X X
Lepomis cyanellus green sunfish N X
Lepomis gibbosus pumpkinseed N X X X X X X X X X
Lepomis macrochirus bluegill sunfish N X X X X X X X
Micropterus dolomieu smallmouth bass N X X X X X X X X X
Micropterus salmoides largemouth bass N X X X X X X X X X
Pomoxis nigromaculatus black crappie N X X X X X X X X X
Perca flavescens yellow perch N X X X X X X X X X
Sander vitreus walleye N X X X
Etheostoma nigrum johnny darter N X X X X

Percina caprodes logperch N X X X X X X X
Labidesthes sicculus brook silverside N X X
Neogobius melanostomus round goby INV X X
Aplodinotus grunniens freshwater drum N X X X X X X X X X
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Table 7. Average biomass, catch in numbers, species richness and metrics of IBI by year of survey.

Metric name Influenceon  Target 1988 1990 1992 1995 1996 1997 1998 2002 2006
IBI
Biomass (kg) 6-7 kg 114 9.0 6.4 5.1 10.4 9.5 7.7 6.1 7.5
Numbers 79.6 55.1 27.5 49.8 46.5 32.8 55.3 28.4 20.5
Species richness 6-7 5.0 4.0 4.8 5.0 5.9 5.4 6.0 4.5 5.6
species
Native species richness Positive 2.8 2.1 2.9 33 3.8 4.0 43 3.0 4.0
Centrarchid species richness Positive 0.5 0.4 0.8 1.3 1.5 1.2 1.3 1.1 1.0
Turbidity intolerant species richness Positive 0.2 0.0 0.3 0.2 0.6 0.5 0.4 0.3 0.5
Non-indigenous species richness Negative 2.2 1.9 1.9 1.7 2.0 1.4 1.7 1.5 1.6
Native cyprinid species richness Positive 0.6 0.5 0.8 0.5 0.7 1.0 0.7 0.2 0.6
Percent piscivore biomass Positive 20-25% 2.5 9.0 12.1 12.1 8.9 7.4 4.5 59 5.0
Percent generalist biomass Negative 10-30% 535 45.0 42.4 343 59.2 56.9 59.7 57.8 55.6
Percent specialist biomass Positive 50-60% 42.4 44 .4 43.7 51.7 31.9 31.8 325 32.0 394
Number of native individuals Positive 22.7 21.7 8.8 19.5 19.4 20.5 36.3 12.7 13.9
Biomass of natives (kg) Positive 3.7 3.1 1.6 1.4 1.9 1.3 1.6 2.7 33
Percent non-indigenous species by number Negative 65.7 58.5 54.1 56.2 49.4 334 32.0 41.8 31.8
Percent non-indigenous species by biomass Negative 64.3 62.1 61.9 61.1 70.3 58.0 57.2 36.0 35.6
Percent offshore species by number 62.7 49.2 44.4 60.2 43.7 314 46.2 36.0 36.8
Percent offshore species by number 354 347 29.8 43.2 19.6 14.9 23.4 17.9 25.2
IBI 55-60 29.6 29.7 334 36.0 35.6 37.1 37.7 34.1 40.1
Adjusted IBI* 50-60 15.0 17.4 20.5 18.9 25.2 28.2 24.2 25.2 27.1
Sample size 189 64 53 55 89 75 89 94 62
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Table 8. Mean biomass and standard error (SE) of fish (kg) by species and year captured at transects electrofishing in Hamilton

Harbour.
1988 1990 1992 1995 1996 1997 1998 2002 2006
Scientific name Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Petromyzon marinus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001  0.00
Lepisosteus osseus 0.004 0.00 0.009 0.01 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Amia calva 0.015 0.01 0.000 0.000 0.009 0.01 0.033 002 0064 005 0.044 0.03 0045 003 0.042 0.04
Alosa pseudoharangus 0999 0.10 0.670 012 0353 009 0738 013 0534 0.1 0150 0.05 0367 0.06 0293 0.06 0.055 0.02
Dorosoma cepedianum 0313  0.05 0.163 006 0040 002 0106 004 0.101 007 0.015 001 0.044 002 0257 0.08 1332 039
Oncorhynchus tshawytscha 0.002 0.00 0.001 000 0001 000 ©000 000 0001 000 0000 0.00 0.000 000 0.000 0.000
Oncorhynchus mykiss 0.000 0.001  0.00 0001 0.00 0003 000 0030 003 0.000 0.009 0.01 0.001 0.00 0.000
Salmo trutta 0.000 0.001 0.00 0244 009 0058 005 0.049 0.03 0.000 0.00 0003 000 0.001 0.00 0.000
Salvelinus namaycush 0.014 0.01 0.046 0.05 0.000 0.043  0.04 0.000 0.000 0.035 0.03  0.000 0.000
Osmerus mordax 0.000 0.00 0.002 000 0.001 0.00 0001 0.00 0.000 0.000  0.00  0.000 0.000 0.000
Esox lucius 0.041 0.03 0321 019 009 006 0032 0.03 0110 005 0.9 007 0066 0.05 0.007 0.0l 0019 0.02
Catastomus commersoni 0.168 0.04 0333 013 0577 018 0215 0.06 028 008 0137 0.10 0.073 003 0.187 010 0.103 0.03
Ictiobus cyprinellus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.055  0.05  0.000
Moxostoma anisurum 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.01 0.000 0.000
Moxostoma macrolepidotum 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Carassius auratus 0.171 0.04 0.084 003 0047 0.03 0017 0.02 0023 002 0012 001 0031 002 0039 0.02 0262 0.08
Cyprinus carpio 5997 0.64 4938 1.10 3763 089 2751 076 7.626 090 7956 1.63 5513 0.88 2862 0.6l 3.676 0.79
Notemigonus crysoleucas 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.00
Notropis atherinoides 0.018 0.00 0.052 001 0020 001 0005 0.00 0006 000 0013 000 0006 000 0.001 0.00 0.003 0.00
Luxilus cornutus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Notropis hudsonius 0.003 0.00 0.000 000 0.007 0.00 0001 0.00 0007 000 0004 000 0015 001 0.001 0.00 0.004 0.00
Pimephales notatus 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.00 0.000 0.000
Pimephales promelas 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ameiurus melas 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.01  0.000
Ameiurus nebulosus 2770 037 1902 064 0283 0.06 0353 009 0546 0.10 0499 0.10 0729 0.12 1424 0.16 1261 0.17
Ictalurus punctatus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.01  0.000
Noturus gyrinus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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1988 1990 1992 1995 1996 1997 1998 2002 2006
Scientific name Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Anguilla rostrata 0.049 0.02 0.059 003 0062 0.04 008 0.05 0306 0.10 0.073 003 0.067 0.04 0.000 0.000
Gasterosteus aculeatus 0.000 0.000 0.000 0.000 0.00 0.001 0.00 0.000 0.00 0.000 0.000  0.00  0.000
Percopsis omiscomaycus 0.000  0.00  0.000 0.000  0.00  .000 0.000 0.000  0.00  0.000 0.000 0.000
Morone americana 0461 007 0.18 005 0297 010 o118 003 0199 004 0172 004 0130 002 0.161 004 0139 0.03
Morone chrysops 0.046 0.02 0.004 0.00 0.000 0.000 0.000 0.006 0.01  0.000 0.000 0.000
Ambloplites rupestris 0.002 0.00 0.000 0.011 001 0032 001 0029 001 0033 0.0l 0023 00l 0049 001 0.035 0.0l
Lepomis cyanellus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Lepomis gibbosus 0.048 0.01 0.029 001 0058 002 0210 0.05 0143 003 0.104 002 0.142 0.3 0.061 0.02 0.008 0.00
Lepomis macrochirus 0.000 0.000 0.000 0.004 0.00 0.003 0.00 0.003 0.00 0.007 000 0.023 0.0l 0013 0.01
Micropterus dolomieu 0.056 0.02 0.017 001 0150 009 0079 007 0019 001 0.000 0.002  0.00 0.001 0.00 0.000
Micropterus salmoides 0.051 002 0074 005 0074 004 o116 005 0073 002 0.134 004 0088 004 0344 010 0359 0.11
Pomoxis nigromaculatus 0.003  0.00  0.000 0.004  0.00 0012 001 0002 000 0.002 000 0.000 0.00 0005 0.00 0.000
Perca flavescens 0.083 0.02 0.006 000 0008 0.00 0034 001 0032 001 0017 001 0135 003 0058 0.0l 0076 0.01
Sander vitreus 0.000 0.000 0.014  0.01 0,000 0.000 0.000 0.006  0.01  0.000 0.000
Etheostoma nigrum 0.000 0.00 0.000 0.000  0.00  0.000 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.000
Percina caprodes 0.000 0.000 0.001 000 0009 000 0.017 000 0014 0.00 008 002 0.001 000 0.009 0.00
Labidesthes sicculus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Neogobius melanostomus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003  0.00 0.001 0.00
Aplodinotus grunniens 0.054 0.02 0110 006 0152 009 0027 002 0213 009 0106 0.06 0033 002 019 006 0.069 0.04
Sample size 189 64 53 55 89 75 89 94 63
Number of species 26 23 26 27 26 27 29 27 21
Total mean biomass (kg) 114 08 9.0 1.5 6.4 1.0 5.1 08 104 09 9.6 1.6 7.7 0.9 6.1 0.6 7.5 1.0
Randle Reef Sediment Remediation Project October 30 2012
Comprehensive Study Report Page B-61



Table 9. Mean number and standard error (SE) of fish by species and year captured at transects electrofishing in Hamilton Harbour.

1988 1990 1992 1995 1996 1997 1998 2002 2006
Scientific name Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Petromyzon marinus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.02
Lepisosteus 0sseus 0.005 0.0l 0.016 002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Amia calva 0.005 0.01  0.000 0.000 0.018 0.02  0.022 002 0027 002 0022 002 0032 002 0016 002
Alosa pseudoharangus 4897 434 2930 498 1296 316 2780 507 2093 443 6413 192 1473 252 1256 277 1581 0.46
Dorosoma cepedianum 0503  0.07 0203 0.07 03% 021 2727 18 0292 016 0253 011 0180 0.07 0.500 0.13 1.806 047
Oncorhynchus tshawytscha 0.185  0.05 0.09 005 009 005 o036 003 0067 004 0.027 002 0034 003 0.000 0.000
Oncorhynchus mykiss 0.000 0.141 0.1 0019 002 0073 006 0056 0.03 0.000 0.101  0.04 0.032 0.2 0.000
Salmo trutta 0.000 0016 002 0170 007 0091 005 0.034 002 0013 0.0l 0056 003 0021 0.02 0.000
Salvelinus namaycush 0.005 002 0.016 0.02 0.000 0.018  0.02  0.000 0.000 0.011  0.01 0.000 0.000
Osmerus mordax 0.021 001 0.156 007 009 006 0073 0.04 0.000 0.027  0.02 0.000 0.000 0.000
Esox lucius 0.016 001 0094 005 0057 003 0018 0.02 0067 003 0.053 003 002 002 0011 001 0016 002
Catastomus commersoni 0392  0.09 0469 0.14 0906 026 (509 0.13 0506 0.2 0280 0.14 0180 0.06 0245 0.10 0661 022
Ictiobus cyprinellus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.032  0.02 0.000
Moxostoma anisurum 0.000 0.000 0.000 0.000 0.000 0.000 0.011  0.01 0.000 0.000
Moxostoma macrolepidotum  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Carassius auratus 0.190  0.04 0125 0.05 0057 004 0018 002 0034 002 0013 001 0034 002 0032 002 0484 013
Cyprinus carpio 2,048 021 1375 026 L1170 031 o582 013 1.899 023 2560 053 1742 026 0.691 013 0968 022
Notemigonus crysoleucas 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.02
Notropis atherinoides 3169 065 1191 317 328 074 1618 042 2404 084 7253 1.89 2202 057 0.117 005 1016 030
Luxilus cornutus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Notropis hudsonius 0455 010 0062 006 0717 023 0636 042 1337 038 1.080 030 268 1.72 0.181 007 0597 0.18
Pimephales notatus 0.000 0.000 0.000 0.000 0.000 0.000 0.011  0.01 0.000 0.000
Pimephales promelas 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ameiurus melas 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.021  0.01 0.000
Ameiurus nebulosus 1533 212 7844 264 1226 026 1709 044 2337 044 2040 039 4494 073 5436 0.70 4.032  0.60
Ictalurus punctatus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011  0.01 0.000
Noturus gyrinus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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1988 1990 1992 1995 1996 1997 1998 2002 2006
Scientific name Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Anguilla rostrata 0.037 0.01 0078 0.03 0038 003 0073 004 0270 0.10 0.080 0.03 0.045 0.02 0.000 0.000
Gasterosteus aculeatus 0.000 0.000 0.000 0.018 0.02 0270 0.11 0.080 0.04 0.000 0.021  0.01 0.000
Percopsis omiscomaycus 0.005  0.01  0.000 0.019  0.02 0,000 0.000 0.040  0.02 0.000 0.000 0.000
Morone americana 5487 094 2328 052 4170 137 1691 038  4.045 0.78 3.400 0.66 2371 042 2074 047 3.548 075
Morone chrysops 0.190 006 0016 0.02 0.000 0.000 0.000 0.013  0.01 0.000 0.000 0.000
Ambloplites rupestris 0.021 0.01  0.000 0.094 0.06 0218 009 0326 0.09 0333 010 0.191 0.06 0340 007 0258 0.07
Lepomis cyanellus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Lepomis gibbosus 1.042 024 0516 020 1094 029 758 200 6764 123 3867 087 10.764 246 1989 046 0565 025
Lepomis macrochirus 0.000 0.000 0.019  0.02 0200 008 0213 007 0.133 006 0225 010 0745 020 0484 0.16
Micropterus dolomieu 0.132 004 0031 002 028 013 0127 009 009 006 0.000 0.011  0.01 0.021 0.2 0.000
Micropterus salmoides 0.090 003 0125 005 018 005 2618 101 2281 052 1307 037 1618 030 1521 034 0726 024
Pomoxis nigromaculatus 0.011  0.01  0.000 0.038 003 0073 006 0011 001 0027 002 0011 001 0043 0.02 0.000
Perca flavescens 1.159 023 0.078 0.04 0132 006 (564 0.18 0461 0.14 0.573 0.19 3910 0.83 1255 023 2758 051
Sander vitreus 0.000 0.000 0.038  0.04  0.000 0.000 0.000 0.011  0.01 0.000 0.000
Etheostoma nigrum 0.005  0.01  0.000 0.000 0.000 0.112  0.05 0013 001 0.022 0.02 0.000 0.000
Percina caprodes 0.000 0.000 0.057 004 0636 026 1506 044 2600 087 9.618 2.19 0.106 0.05 0.855 0.25
Labidesthes sicculus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Neogobius melanostomus 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0287 0.1 0081 004
Aplodinotus grunniens 0.074  0.02 0062 003 0094 005 003 003 0101 004 0080 004 0022 002 009 003 0048 0.03
Sample size 189 64 53 55 89 75 89 94 62
Number of species 26 23 26 27 26 27 29 27 21
Total mean numbers 79.6 52 551 64 275 44 493 5.4 46.5 49 326 3.5 554 53 285 29 205 1.5
Randle Reef Sediment Remediation Project October 30 2012
Comprehensive Study Report Page B-63



— EubbisBouldar Amour SionelArtificisl Fill
= Sand/Silt'Clary
— Vo Aocden VWall

Howrilive Horhiuer

Figure 1. Shoreline survey results, shoreline sample points and historic substrate sample points for Hamilton Harbour. Historic
substrate sites throughout the bay will be used to validate multi-beam information from partners.
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Figure 2. Hamilton Harbour SAV echosounding transects for the 1992 to 2006 surveys. Transect numbers in black represent those transects

sampled by divers for biomass and species composition in 2006.
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Figure 3. Percent cover and SAV bed extent from the 2006 echosounding survey.
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Figure 4. 2006 mean SAV biomass by species for reference transects. Diamond points

show richness by transect.
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Figure 5. Hamilton Harbour shoreline and wetland map based on the Canadian Hydrographic Services 1915 map. The current
shoreline is also shown to illustrate Harbour infilling.
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Figure 6. Electrofishing transect locations where visual assessment of SAV cover was conducted.
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Figure 7. Electrofishing survey areas (A through KB) in Hamilton Harbour. Restoration sites, in order of chronology, were Bayfront
Park (area KB), wildlife islands (area C), LaSalle Park (area E) and West Harbour Waterfront Trail (area J).
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Figure 8. Average IBI score in Hamilton Harbour (£ SE) for the survey years 1988 to
2006 representing an average for all transects. Horizontal reference lines (dashed) in this
and following figures indicate delisting targets for Hamilton Harbour (see Table 4).
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Figure 9. Average adjusted IBI score in Hamilton Harbour (+ SE) for the survey years
1988 to 2006 representing an average for all transects.
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Figure 10. Trends in mean piscivore numbers (top) and biomass, grams (bottom) per
transect over time. Piscivores, excluding those belonging to Salmonidae, included
bowfin, northern pike, American eel, smallmouth bass, largemouth bass and walleye.
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Figure 11. Trends in common generalist numbers (top) and biomass, grams (bottom) per
transect over time. Species included are goldfish, carp and brown bullhead.
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Figure 12. Trends in mean offshore species numbers (top) and biomass, grams (bottom)
per transect over time. Common species included alewife, gizzard shad and white perch.
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Figure 13. Trends in common centrarchid species numbers (top) and biomass, grams
(bottom) per transect over time. Common species included pumpkinseed, rock bass and
bluegill.
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Figure 14. Trends in the two most common percid species (yellow perch, logperch)
numbers (top) and biomass, grams (bottom) per transect over time.
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Figure 15. Trends in mean native cyprinid species numbers (top) and biomass, grams
(bottom) per transect over time. Species included golden shiner, emerald shiner and
spottail shiner.

Randle Reef Sediment Remediation Project October 30 2012
Comprehensive Study Report Page B-76



100 T T T T T T T

80 -1

Index of Biotic Integrity

| | | | |
1988 1990 1996 1997 1998 2002 2006
YEAR

Figure 16. Comparison of Index of Biotic Integrity scores (annual mean + SE) at
restoration sites (dashed line, Sites C- wildlife islands and E- LaSalle Park only), and
unaltered sites (solid line) before and after (1) completion of physical habitat restoration
work in Hamilton Harbour.
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Review of Alternatives to the Project

C.1 Conceptual Stage Alternatives

C.1.1 Description of Alternatives

At the conceptual stage in 1996, six categories of alternatives to the Randle Reef Sediment
Remediation Project were identified as:

inaction;

no immediate action;

in-situ capping;

in-situ treatment;

contain entire zone; and
removal/treatment/disposal.

Each of these alternatives is described below.
e Inaction

With the inaction alternative (i.e., do nothing), the PAHs would continue to spread
along the Harbour floor and re-circulate into the water column attached to sediment
particles. The zone of lethality to benthic organisms could be expected to enlarge.
Eventually (i.e., perhaps after 5 to 10 decades), the rate of export of PAHs from the site
could decrease and the low level deposits in the Harbour bottom would be slowly
buried by natural sedimentation of eroding soils from the watershed.

e No Immediate Action

This alternative was identical to the inaction alternative with the exception that after
some period of time, one of the subsequent actions would be invoked. This would only
occur if there were some reason to believe that a new and cheaper technical component
of one of the subsequent alternatives would soon appear.

e In-situ Capping

In-situ capping involved the controlled and accurate placement of clean material laid
over top of in-place contaminated sediment. The material must be considered as “clean”
and acceptable for unrestricted open water disposal. The objective is to isolate the
contamination from the overlying water columns.

e In-situ Treatment

Treatment of contaminants can occur under water, where the sediment lies in place.
There are four types of in-situ treatment - chemical, biological, biological /chemical and
immobilization.
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e Contain Entire Zone

In-situ containment is a non-removal technology which encloses a zone and isolates the
entire section from the waterway. This alternative would involve the use of physical
barriers (i.e., sheetpiling, rubble mound and/ or earthen dikes) to contain the entire
Randle Reef area, including the Sherman Inlet area.

e Removal/Treatment/Disposal

Removal of the sediment would involve dredging technologies which raise material
from the bottom of a water column to the surface where it can be transported elsewhere.
This alternative involves the use of a dredge to remove the contaminated sediment. One
of three types of dredges could be used for this alternative - mechanical dredge, hybrid
dredge or hydraulic dredge.

C.1.2 Evaluation of Alternatives

Decision-making criteria were developed in order to eliminate those alternatives that
were clearly not suitable. These criteria were:

e is the alternative capable of meeting the project’s environmental objectives %;

e is the alternative capable of meeting all environmental or other legislated
requirements of both the federal and provincial governments; and

o will the property owner exercise legal entitlement to exclude the alternative
(this action would preclude the alternative from consideration).

These criteria were applied to the six alternatives identified at the conceptual stage,

in order to identify what alternatives would be carried forward for further study. In
applying the exclusionary criteria, if any one criterion was not met, the alternative was
eliminated from further consideration.

C.1.3 Conclusions

o

The “inaction”, “no immediate action” and “treat in-situ” alternatives were eliminated
from further consideration because they were not consistent with the environmental
objectives of the project. The environmental objectives include diminishing the extent to
which highly concentrated PAHs found within the 14.6 ha priority zone in the Randle
Reef area can move into the water column or across the bottom of the Harbour and can,
therefore, constitute a source of continuing contamination within the local ecosystem.
Another objective is to take early action so that the exposure time is reduced. The cost

The objective of the project is to diminish the extent to which highly concentrated PAHs
found within sediment in the Randle Reef area, can move into the water column or across
the bottom of the Harbour and can, therefore, constitute a source of continuing
contamination within the local ecosystem.
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effectiveness of the solution is also an important consideration so that the optimum
clean-up is achieved. Another goal of the selected remedial solution is that it should
also not transfer the contamination to another location (e.g., disposal of the
contaminants in another municipality or transfer to another media, such as air).

The “inaction” and “no immediate action” alternatives would not diminish the on-going
contamination of the local ecosystem from the Randle Reef site. The inaction alternative
would result in the further spread of contamination and would prevent the success of
the Hamilton Harbour RAP. The current use of the area would continue to be limited
and future use for deep draught barge operations would be impossible. There might
also be indirect and intangible costs to local businesses if the concerted attempt to
restore the Harbour through the RAP were to end in failure.

It was concluded that the “in-situ treatment” alternative might have application in other
locations in Hamilton Harbour, but could not be relied upon to produce the desired
reduction in exposure to PAHs in the aquatic environment as long as the location
remained in active use for shipping and navigation (considered to be a necessary use).

The contain entire zone and cap alternatives were not acceptable because both would
preclude the use of Piers 14 and 15. This would affect the mandate of the Hamilton Port
Authority to develop and operate the Harbour for the purposes of shipping.

Based on the application of the exclusionary criteria, only the
removal/treatment/disposal alternative remained for further consideration.

C.2  Alternatives Means for Removal/Treatment/Disposal

C.2.1 Description of Alternative Means

The evaluation of conceptual alternatives, as described in Section C.1, resulted in the
removal/treatment/disposal alternative being retained for further more detailed
consideration. Removal of the sediments necessitates their disposal. Depending on how
they are disposed of, they require varying levels of pre-treatment (dewatering) and
treatment. It was recognized that variations (i.e., alternative means) of the removal
alternative could be developed for consideration. Table C.1 presents the 20 alternative
means that were developed for more detailed evaluation. It also provides the various
stages of the alternative.

C.2.2 Evaluation of Alternative Means

These 20 alternative means were compared and impact tables were prepared for each.
These impact tables contained primarily descriptive (i.e., qualitative) information and
are provided as Attachment C1.

The descriptive data was translated into ordinal data that reflected the relative
preference of alternatives for each criteria (i.e., highly preferred alternative,
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moderately preferred alternative or less preferred alternative). Table C.2 presents the
ratings assigned to each of the alternatives by criteria.

The results of the concordance analysis were reviewed with the Randle Reef Sediment
Remediation Committee. The purpose of this qualitative review was to position the
concordance analysis results along with what had been learned through public
consultation and along with the collective experience of Committee members, to decide
which alternatives were more preferred.

C.2.3 Conclusions

Overall the preferred alternative was: the removal of sediments to a location adjacent to
the removal site; treatment by thermal, organic or biological methods; and re-use. If re-
use is not feasible, then the material may be disposed of in a licenced industrial landfill
after treatment for volatility and corrosivity. This alternative was viewed as a partial
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Table C.1: Alternative Means Developed for Evaluation

Alternative

Stage of Alternative

A | Disposal at Hazardous Waste Facility

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Transport to
Hazardous Waste Facility — Disposal in Hazardous
Waste Facility

B | Biological Treatment, Inorganic Extraction, Placement in ECF

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Biological
Treatment — Inorganic Extraction — Placement in ECF

C | Organic Extraction, Inorganic Extraction, Placement in ECF

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Organic
Extraction — Inorganic Extraction — Placement in ECF

D | Thermal Treatment, Inorganic Extraction, Placement in ECF

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Thermal
Treatment — Inorganic Extraction — Placement in ECF

E | Biological Treatment, Disposal in Landfill

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Biological
Treatment — Disposal in Landfill

F | Organic Extraction, Disposal in Landfill

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Organic
Extraction — Disposal in Landfill

G | Thermal Treatment, Disposal in Landfill

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Thermal
Treatment — Disposal in Landfill

H | Biological Treatment, Inorganic Extraction, Re-use on
Commercial/Industrial Land

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Biological
Treatment — Inorganic Extraction — Re-use on Land

I | Organic Extraction, Inorganic Extraction, Re-use on
Commercial /Industrial Land

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Organic
Extraction — Inorganic Extraction — Re-use on Land

J Thermal Treatment, Inorganic Extraction, Re-use on

Removal (Dredging) — Transport to Shore — Storage or
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Alternative

Stage of Alternative

Commercial /Industrial Land

Equalization Storage — Pre-treatment — Thermal
Treatment — Inorganic Extraction — Re-use on Land

Thermal Treatment, Inorganic Extraction, Re-use on Residential
or Parkland

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Thermal
Treatment — Inorganic Extraction — Re-use on Land

K2

Organic Extraction, Inorganic Extraction, Re-use on Residential or
Parkland

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Organic
Extraction — Inorganic Extraction — Re-use on Land

Thermal Treatment, Inorganic Extraction, Disposal in Water

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Thermal
Treatment — Inorganic Extraction — Disposal in Water

Biological Treatment, Inorganic Extraction, Cap in Area Adjacent
to Pier 15

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Biological
Treatment — Inorganic Extraction — Construct
Containment Berm and Dispose of Sediment

Organic Extraction, Inorganic Extraction, Cap in Area Adjacent to
Pier 15

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Organic
Extraction — Inorganic Extraction — Construct
Containment Berm and Dispose of Sediment

Thermal Treatment, Inorganic Extraction, Cap in Area Adjacent
to Pier 15

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Thermal
Treatment — Inorganic Extraction — Construct
Containment Berm and Dispose of Sediment

Thermal Treatment, Inorganic Extraction, Any Land-Based
Application

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Thermal
Treatment — Inorganic Extraction — Re-use on Land

Thermal Treatment, Inorganic Extraction, Re-use as Landfill
Cover

Removal (Dredging) — Transport to Shore — Storage or
Equalization Storage — Pre-treatment — Thermal
Treatment — Inorganic Extraction — Re-use as Landfill
Cover

Organic Extraction, Inorganic Extraction, Re-use as Landfill

Removal (Dredging) — Transport to Shore — Storage or
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Alternative Stage of Alternative

Cover Equalization Storage — Pre-treatment — Organic
Extraction — Inorganic Extraction — Re-use as Landfill
Cover

T | Biological Treatment, Inorganic Extraction, Re-use as Landfill Removal (Dredging) — Transport to Shore — Storage or
Cover Equalization Storage — Pre-treatment — Biological
Treatment — Inorganic Extraction — Re-use as Landfill
Cover

Note: A more detailed description of each of these alternatives is found in:

Environment Canada. 1997. Hamilton Harbour Remedial Action Plan: Randle Reef Sediment Remediation Project.
Analysis of Alternatives Report Under the Canadian Environmental Assessment Act. August 1997.
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Table C.2: Evaluation of Alternatives

Criteria

1. Level of confidence H L M M-H M-H | M-H | M-H L L-M | M-H M L L M | M-H | L-M | M-H | L-M L L-M
associated with ability to
carry out alternative

2. Certainty with which H M M M M M M L L M-H M M M M M M | M-H L L L-M
cost of alternatives can be

predicted

3. Impact on post H M M M H H H M M M M H M M M M H H H M

remediation value of
properties where material
is disposed

4. Risk to public health L H H H M M M H H H M H H H H M M M M M
and safety:

* Risk associated with
transportation

5. Risk to public health H H H M H H M H H M M M H H M M M H H H
and safety:

* Risk associated with
technology

6. Risk to worker health H M H M M H M M H M M M M H M M M H M H
and safety
7. Potential for impact M H H H H H H H H H H M H H H H H H H H
on aquatic biota during
implementation

8. Potential for impact L M M M M M M H H H H M H H H H H H H H
on aquatic biota
following implementation

9. Potential for impact M L L L H H H H H H H H M M M H H H H H
on terrestrial biota during

implementation

10 Potential for impact L M M M M M M H H H H H H H H H H H H H

on terrestrial biota
following implementation

11. Potential for impact M L H H L H H L H H H H L M M H H H L H

on water column during

implementation
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Criteria

12. Potential for impact L M M M M M M H H H H H H H H H H H H H
on water column
following implementation
13. Potential for impact M H H L H H L H H L L L H H L L L H H H
on air quality during
implementation

14. Potential for impact H M M M H H H H H H H H H H H H H H H H
on air quality following
implementation

15. Potential for impact M H H H H H H H H H H H H H H H H H H H
on land quality during
implementation

16. Potential for impact H M M M H H H H H H H H H H H H H H H H
on land quality following
implementation

17. Potential for noise or H L M M L H H L H H H H L H H H H H L H
other loss of aesthetic
value during
implementation

18. Potential for H M M M H H H H H H M H H H H H H H H M
disruption to recreation
during implementation
19. Potential for H H H H H H H H H H H M H H H H H H H H
disruption to recreation
following implementation
20. Potential for H H H H H H H H H H H H M M M H H H H H
disruption to businesses

21. Potential for impact M H H H H H H H H H H H M M M H H H H H

on ground water

22. Potential for L H M M H M M H M M M M H M M H M M H M

contaminated residual

material

23. Extent of sediment L M M M LM|LM|L-M| M M M M-H H M M M H M M M M-H

remediation
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solution for Randle Reef, given that a significant amount of contaminated sediment
would remain after the removal of the 20,000 m? of the most highly contaminated toxic
sediments. Further work to delineate the volume and extent of the most highly
contaminated area was also recommended in order to better understand the extent to
which the proposed remedial alternative would address PAH contamination in the
Harbour.

This preferred alternative was not one listed in Table C.1. During the review of these
alternatives, it was decided to allow for a selection to be made from among the
alternatives which were most preferred after applying the concordance method. These
were alternatives for which some re-use of the material could be found. A primary
reason for retaining this flexibility was the desire to leave room for innovation.
Innovation could be helpful not only in terms of keeping costs down, but in finding an
end use for the sediments that might avoid taking up limited space in disposal sites.

C.3 Sinter Plant Alternative

C.3.1 Description of Alternative

A sinter plant alternative was developed as a result of discussions among former
members of the Randle Reef Sediment Remediation Committee, including
representatives from Environment Canada, MOE, Hamilton Port Authority and U.S.
Steel. The sinter plant was an “alternative to” the project, as per CEAA (see Section 2.4).

In May 1999, a Pre-Engineering Technical Evaluation report was prepared for Stelco
(now U.S. Steel). This report assessed background information, reviewed technologies
for implementing the project, proposed monitoring and operational requirements and
presented budgetary evaluations for the various project elements. The proposed works
and activities warranted a screening level of environmental assessment under CEAA
and, in December 1999, an environmental screening report was prepared by
Environment Canada.

The proposed project involved dredging approximately 20,000 m? of sediment from the
highly contaminated area in the Harbour around Randle Reef and transporting it to the
Hamilton Port Authority’s property where it would be screened for coarse materials.
The dredged material would be de-watered and stored, as required. The material would
be conditioned to meet feedstock quality for Stelco’s sinter plant specifications, and to
ensure worker health and safety. The conditioning of the sediment included an initial
pre-treatment to reduce the contaminant levels to levels that met the sinter plant
feedstock, and which met all applicable levels for worker health and safety. The higher
metal levels in the sediment were acceptable given the ability to recover and reuse the
metals in the sediment within the treatment process. Two bioremediation options were
examined for the pre-treatment stage.

Treatability studies related to the chemical quality of the water were also reviewed and
an analysis was conducted to assess any additional pre-treatment needs for the decant
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water from the various stages of the treatment processes. Volatile emissions would be
collected by an air containment system and the volatiles would be removed from the air
by a treatment system. Once conditioned, the material would be transported to Stelco
where it would be fed into the sinter plant and then into the blast furnace. The end
products would be iron and blast furnace slag.

All screening, de-watering, storage and conditioning operations would occur in a
controlled environment. The treated decant water would be returned to the Harbour, or
discharged to the Region’s combined sewer system in accordance with applicable
regulatory criteria.

As a contingency measure, a limited amount of material would be conditioned only for
volatility / corrosivity and placed in a licenced industrial landfill in the event that it did
not meet Stelco’s sinter plant specifications. In this scenario, only the material that had
been removed and analyzed for specification acceptability would be landfilled.
Dredging would be terminated if the sinter plan specifications could not be met.

C.3.2 Evaluation of the Alternatives

Table C.3 summarizes the evaluation of the sinter plant project, including potential
environmental effects for each phase of the project and mitigation and monitoring
measures.

The evaluation of the sinter plant alternative included a review with the public at a
December 1999 environmental assessment meeting chaired by the Bay Area Restoration
Council (BARC). Representatives from the Stelco Steelworkers Union, Local 1005,
expressed health and safety related concerns. General concerns regarding overall air
quality were also raised.

C.3.3 Conclusions

The potential environmental effects of the sinter plant project, including cumulative
effects, were assessed in the December 1999 environmental screening report. Taking
into consideration the mitigation measures considered, it was concluded that there
would be no significant adverse environmental effects associated with the sinter plant
project.

However, given concerns from the public expressed during the consultation undertaken
for the sinter plant alternative, it was decided not to proceed but to re-examine some of
the other feasible options that had been previously evaluated (see Section C.2).
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Table C.3: Evaluation of Sinter Plant Project

Phase of Potential Environment Effects Monitoring Possible Mitigation
Project
Removal Water quality impairment due to Water sampling. Halt or alter dredging. Install silt curtain.
(Dredging) migration of suspended solids and Improve dredge operational performance.
contaminants away from dredge site in
water column.
Noise from dredge and barge engines. | Noise monitoring. Muffle sound or change hours of operation.
Air emissions from dredged sediment Ambient and downwind air | Install wind barriers or cover specific
and engine exhaust. monitoring. operations and treat air. If necessary, avoid
dredging when winds are light and northeast.
Worker exposure to contaminants. Personal air monitors on Change working conditions. Have workers
workers. wear protective equipment.
Disruption and/or contamination of Sampling and observation of | Operate only in areas and at times approved
aquatic life and birds. representative organisms. by CWS and OMNR. Keep organisms away
from project areas with barriers and other
mechanisms.
Transport Water quality impairment due to Pressure gauges on pipelines. | Emergency response teams standing by.

spillage of sediment due to equipment
failure and/or human error.

Air quality impairment.

Observers in boats and at
loading points to look for
major releases.

Water sampling to check for
leaks and small spills.

Air monitoring.

Minimize environmental damage by strategic
placement of transport.

Maintain and repair pipelines. Change
operating procedures.

Change operating procedures. Keep dust
down with water and other dust
suppressants.
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Phase of
Project

Potential Environment Effects

Monitoring

Possible Mitigation

Disruption and/ or contamination of
aquatic life and birds.

Sampling and observation of
representative organisms.

Operate only in areas and at times approved.
by CWS and OMNR. Keep organisms away
from project areas with barriers and other
mechanisms.

Storage and
Conditioning

Water quality impairment.

Air quality impairment.

Water levels sensors. Leak
detection sensors.

Modeling and monitoring of
decant water pre/post bio-
remediation and prior to
discharge.

Air emission
controls/treatment and
monitoring.

Feedback systems to stop filling if level too
high. Have emergency storage available.
Have secondary containment built in.

Implement various de-watering options
(settling ponds, etc.), investigate water
treatment options (coagulants/flocculant
additions), utilize land farming or bio-slurry
remediation to pre-treat dredged sediment.

Keep volatile releases down by covering with
0.5m layer of water or cover with temporary
roof.

Air emission controls implemented -
treatment and operational controls (e.g., flare
the gases at the site, utilize a bio-reactor).

Source: Environment Canada. 1999. Draft. Randle Reef Sediment Remediation Project Environmental Screening Report. December 1999.
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C.4 Re-examination of Disposal and Reuse Alternatives

C.4.1 Description of Alternatives

The alternatives under consideration prior to 2001 were:
Disposal Alternatives:

1(a) Dredge and dewater the sediment and dispose as a hazardous waste at an
existing (upland) hazardous waste facility

1(b) Dredge and dewater the sediment, treat it to meet industrial waste criteria and
dispose as an industrial waste in an existing industrial landfill

1(c) Dredge and dewater the sediment, treat it to meet industrial waste criteria and
dispose in a new semi-aquatic confined disposal facility in Hamilton Harbour

These were “alternatives to” the project, as per CEAA (see Section 2.4).
Reuse Alternatives:

2(a) Dredge and dewater the sediment, treat it to meet industrial land criteria and
use as fill at an industrial property

2(b) Dredge and dewater the sediment, treat it to meet residential / parkland criteria
and use as fill at a residential / parkland property

All of the alternatives assumed the use of mechanical dredging to remove the sediment
for purposes of the comparison and costing, although it was recognized that both
mechanical and hydraulic dredging could be used.

All of the alternatives involved coarse screening to remove objects greater than
approximately 2.5 cm in diameter, dewatering to reduce the water content of the
dredged material to approximately 30% (by weight), treatment of the water fraction to
remove solids and chemical compounds, storage of the dewatered solids until either
disposal or treatment, and collection and treatment of the off-gases from the sediment.

Table C.4 provides further information on the alternatives.

C.4.2 Evaluation of the Alternatives

The purpose of this review was not to choose a preferred alternative. The intent was to
review the alternatives to determine which alternative may be the most likely to be
implemented.
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Table C.4: Description of Alternatives

Alternative Description of Alternative

1(a) | Dredge and dewater the sediment and | This is the simplest option in terms of technical complexity. Under this option the sediment
dispose as a hazardous waste at an would be dredged, coarse screened, dewatered and then sent to a hazardous waste landfill site.
existing (upland) hazardous waste The supernatant water would be treated as in the other options. Off-gases from the screening
facility and dewatering processes would be collected and treated as with the other options.

1(b) | Dredge and dewater the sediment, treat | This option has the same process steps leading up to the treatment of organics as for Option 1(a).
it to meet industrial waste criteria and However, the objective of a treatment phase would be to reduce the toxicity of the sediment so
dispose as an industrial waste in an that the sediment could be re-classified as an “industrial waste”. As an industrial waste the
existing industrial landfill sediment could then be sent to an industrial landfill at considerably less cost than a hazardous

waste landfill.

1(c) | Dredge and dewater the sediment, treat | This option is exactly the same as Option 1b except that instead of using an existing upland
it to meet industrial waste criteria and industrial landfill, a semi-aquatic confined containment facility is used to dispose of the treated
dispose in a new semi-aquatic confined | sediment. A semi-aquatic ECF is a containment facility, usually for navigational dredged
containment facility in Hamilton material, that is located partly in water and partly above water.

Harbour
For this option it is presumed that a new ECF would be designed specifically to contain material
that has been classified as industrial waste. This new ECF would have to have extra containment
features to ensure that contaminants could not leach out and harm the environment.

2(a) | Dredge and dewater the sediment, treat | These two options (2a and 2b) involve “cleaning” the sediment to an acceptable level for use as
it to meet industrial land criteria and fill at either a residential/ parkland site or at a commercial/industrial site. The chemical criteria
use as fill at an industrial property for fill at commercial industrial sites are slightly less stringent for commercial industrial sites

than for residential / parkland sites. The first steps in the remediation process (dredging, coarse

2(b) | Dredge and dewater the sediment, treat | screening, dewatering, water treatment, off-gas collection/treatment) are the same as for all

it to meet residential / parkland criteria
and use as fill at a residential / parkland

property

other options. However, after dewatering the sediment is treated for organics and metals,
followed by temporary storage and reuse as industrial or residential fill.
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C.4.3 Conclusions

The alternatives were not scored or ranked at this stage. The alternatives were simply
presented for discussion and consideration - all alternatives were seen as feasible and
none should be excluded from further consideration.

It was recognized that the main item to consider was the space for staging the land-
based operations (screening, dewatering, water treatment, sediment treatment, etc.) in
order to address the 20,000 m? of contaminated sediment. Considerable space may
likely be needed for both dewatering and treatment options for this volume of material.
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Attachment C1

Alternative A — Dredge and Place into Hazardous Waste Facility

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

High level of confidence associated with ability to carry out alternative based on available technologies and
expertise. There are a number of hazardous waste facilities available for the disposal of the material. The
closest facility is Tricil in Sarnia.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a high level of certainty based on past activities in other
jurisdictions.

3. Impact on post remediation
value of properties where material
is disposed

The disposal of Randle Reef sediments at the hazardous waste facility is not expected to impact on the value
of the disposal site property, since it will continue to be a hazardous waste facility regardless of whether or
not these materials are disposed at the facility.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. Pre-treatment can be conducted in an enclosed environment before the sediment is
transported to the hazardous waste facility, therefore, the exposure will be minimal.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. This alternative will involve the longest travel distance and, therefore, has
the greatest public health and safety risk.

5. Risk to worker health and safety

This alternative will involve potential exposure to on-site workers, transportation workers and workers at the
hazardous waste facility. All workers handling sediment (either at dredge site or hazardous waste facility)
should employ appropriate health and safety measures.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the transportation of the hazardous material to the hazardous waste facility there is potentially a
higher risk for an accident which could impact the aquatic environment should a spill occur in the vicinity of
a watercourse or water body. This alternative will involve the longest travel distance and, therefore, has the
greatest potential for impact on the aquatic biota.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The hazardous waste facility where the material is disposed with this alternative
is designed to contain the material and isolate it from the environment. Therefore, effects on the aquatic
environment around the hazardous waste facility following the implementation of this alternative are
expected to be minimal. However, relative to the other alternatives, this has the greatest potential for impact
should the containment system at the facility fail, since the contaminants may not have been treated.

8. Potential for impact on terrestrial
biota during implementation

During dredging and pre-treatment, there may be an opportunity to expose terrestrial biota to the
contaminated sediments, however, this potential exposure can be mitigated. During the transportation of the
hazardous material to the hazardous waste facility there is potentially a risk for a spill which could impact the
terrestrial environment.

9. Potential for impact on terrestrial
biota following implementation

No significant impact on terrestrial biota resulting from this alternative is expected. The same potential for
impact exists for all alternatives. The hazardous waste facility where the material is disposed with this
alternative is designed to contain the material and isolate it from the environment. However, relative to the
other alternatives, this has the greatest potential for impact should the containment system at the facility fail,
since the contaminants will not have been treated.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during removal. Operation performance
standards can be implemented to minimize impacts. During the transportation of the hazardous material to
the hazardous waste facility there is potentially a higher risk for an accident which could impact on the water
column environment should a spill occur in the vicinity of a watercourse or water body.

11. Potential for impact on water
column following implementation

There is minimal potential for impact on the water column following the implementation of this alternative.
Equilibrium or ambient conditions at the dredging are expected to return within 48 hours based on previous
pilot projects. Hazardous waste facilities at the dredging site are designed to contain the material and isolate
it from the environment. However, relative to the other alternatives, this has the greatest potential for impact
should the containment system at the facility fail, since the contaminants may not have been treated.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during pre-treatment, however, it is expected that
this can be mitigated. During the transportation of the hazardous material to the hazardous waste facility
there is potentially a risk for an accident which could result in the volatilization of contaminants should a spill
occur.

13. Potential for impact on air
quality following implementation

There is low potential for impact on air quality following implementation.
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Criteria

Potential Environmental Effects

14. Potential for impact on land
quality during implementation

There is some potential for impact on land quality during implementation during the pre-treatment stage.
This is common for all alternatives. During the transportation of the hazardous material to the hazardous
waste facility there is potentially a higher risk for an accident which could result in an impact on land quality.

15. Potential for impact on land
quality following implementation

The lands associated with the hazardous waste facility will be degraded, however, this would have occurred
irrespective of whether or not the Hamilton Harbour sediments were disposed of there.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. Since there will be no treatment
operation beyond dewatering the aesthetic impact will be less for this alternative compared to alternatives
requiring treatment due to the shorter time period.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to b
restricted for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the contaminate
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Short term potential for disruption to water-based businesses (i.e., limited to duration of removal activity)
due to the temporary disruption.

20. Potential for impact on ground
water

Any hazardous waste facility used for the disposal of this material will be designed to protect ground water.
However, relative to the other alternatives, this has the greatest potential for impact should the containment
system at the facility fail, since the contaminants will not have been treated.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

No treatment, therefore, material remains contaminated.
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Alternative B — Dredge, Pre-treatment, Biological Treatment, Inorganic Extraction and Placement in Engineered Disposal Facility

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low level of confidence associated with ability to carry out alternative due to past performance of technology
with Hamilton Harbour sediment in context of Randle Reef Industrial Fill Criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on past demonstration
costs and subsequent commercial practices. The uncertainty relates to the ability of the technology to achieve
the Randle Reef Industrial Fill Criteria.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the ECF should be minimal, since the material will have been cleaned up to
appropriate guidelines. There may, however, be implications associated with perceived risk that result in a
decrease in property value should the Harbour Commission [now Hamilton Port Authority] choose to sell it
for industrial land once it is filled and capped.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy mat causes
some dispersion. During the temporary storage of materials (if required), provisions will be required to
ensure the public is not exposed to the material. Pre-treatment and treatment can be conducted in a
controlled environment before the sediment is transported to the ECF.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. This alternative will involve the shortest travel distance and, therefore, has
the least risk to public health and safety risk.

5. Risk to worker health and safety

Depending on the type of biological treatment, a separate temporary storage facility may be required. During
the temporary storage of materials, workers will need to take precautions to avoid exposure. Biological
technologies expose workers to the materials for much longer periods of time than either thermal or organic
technologies. Consequently, there is a greater risk to worker health and safety because of the time and type of
exposure. The risk can be mitigated with protective equipment.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage (if required) and treatment of the material there is the potential for
contaminants to reenter the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The remediated material may still contain contaminant levels higher than
typically found in other ECFs on the Great Lakes. Consequently, a risk assessment study will be required to
assess potential ecosystem effects.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage (if required), pre-treatment and treatment, there may be an opportunity
to expose terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.
Until the ECF is capped, there will be some opportunity for exposure of terrestrial biota to the treated
material. Because the material will be treated, it is expected that the effects of the exposure will be minimal.
During placement of the material in the ECF, birds nesting in the area could be disturbed temporarily.

9. Potential for impact on terrestrial
biota following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage (if
required), pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 6 months to 5 years to
implement the alternative.

11. Potential for impact on water
column following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage (if required), pre-
treatment and treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

14. Potential for impact on land
quality during implementation

During temporary storage (if required), pre-treatment and treatment there is some potential for impact on
land quality, however, it is expected it can be mitigated.
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Criteria

Potential Environmental Effects

IS. Potential for impact on land
quality following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 6 months to 5 years to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation. The placement of the treated material in the ECF could
potentially impact temporarily on the birds using the ECF. This, in turn, could impact on bird watching.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.

20. Potential for impact on ground
water

In the long term, no potential for impact on the ground water is expected. Depending on the type of
biological treatment, there may be a need for temporary storage. During temporary storage there may be
potential for impact on ground water, however, mitigation measures can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Treatment will produce minimal contaminated residuals. Depending on the type of biological treatment,
there may be a need for temporary storage. Any equipment used to temporarily store material will have to be
disposed of.
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Alternative C — Dredge, Pre-treatment, Organic and Inorganic Extraction and Placement in Engineered Containment Facility

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate level of confidence associated with ability to carry out alternative due to past performance of
technology with Great Lakes sediment in context of Randle Reef Industrial Fill Criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on past demonstration
costs and subsequent commercial practices. This uncertainty relates to the ability of the technology to achieve
the Randle Reef Industrial Fill Criteria.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the ECF should be minimal, since the material will have been cleaned up to
appropriate guidelines. There may, however, be implications associated with perceived risk that result in a
decrease in property value should the Harbour Commission [now Hamilton Port Authority] choose to sell it
for industrial land once it is filled and capped.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment and treatment can be conducted in a controlled environment
before the sediment is transported to the ECF.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. This alternative will involve the shortest travel distance and, therefore, has
the least risk to public health and safety risk.

5. Risk to worker health and safety

During the temporary storage of materials, workers will need to take precautions to avoid exposure. Organic
technologies have less potential for risk to worker health and safety than either biological or thermal
technologies because of the nature of worker exposure to the contaminated sediment and the potential for
accidents. The potential risk, however, will be a function of the toxicity of the solvents that are used to extract
the contaminants.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The remediated material may still contain contaminant levels higher than
typically found in other ECFs on the Great Lakes. Consequently, a risk assessment study will be required to
assess potential ecosystem

effects.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage (if required), pre-treatment and treatment, there may be an opportunity
to expose terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.
Until the ECF is capped, there will be some opportunity for exposure of terrestrial biota to the treated
material. Because the material will be treated, it is expected that the effects of the exposure will be minimal.
During placement of the material in the ECF, birds nesting in the area could be disturbed temporarily.

9. Potential for impact on terrestrial
biota following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.
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Criteria

Potential Environmental Effects

I5. Potential for impact on land
quality following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation. The placement of the treated material in the ECF could
potentially impact temporarily on the birds using the ECF. This, in turn, could impact on bird watching.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.

20. Potential for impact on ground
water

No long term potential for impact on the ground water is expected. During temporary storage there may be
potential for impact on ground water, however, mitigation measures can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material is expected from the organic extraction process. Any equipment used
to temporarily store material will have to be disposed of.
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Alternative D — Dredge, Pre-treatment, Thermal Treatment, Inorganic Extraction and Placement into Engineered Containment

Facility

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate to high level of confidence associated with ability to carry out alternative due to past performance
of technology with Hamilton Harbour sediment. The uncertainty relates to the inorganic extraction.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on past demonstration
costs and subsequent commercial practices. The uncertainty relates to the inorganic extraction.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the ECF should be minimal, since the material will have been cleaned up to
appropriate guidelines. There may, however, be implications associated with perceived risk that result in a
decrease in property value should the Harbour Commission [now Hamilton Port Authority] choose to sell it
for industrial land once it is filled and capped.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. This alternative will involve the shortest travel distance and, therefore, has
the least risk to public health and safety from a transportation perspective.

5. Risk to worker health and safety

During the temporary storage of materials, workers will need to take precautions to avoid exposure. Thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater accident risk to the worker health and safety than
organic or biological technologies.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The remediated material may still contain contaminant levels higher than
typically found in other ECFs on the Great Lakes. Consequently, a risk assessment study will be required to
assess potential ecosystem

effects.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated. Until the
ECF is capped, there will be some opportunity for exposure of terrestrial biota to the treated material.
Because the material will be treated, it is expected that the effects of the exposure will be minimal. During
placement of the material in the ECF, birds nesting in the area could be disturbed temporarily.

9. Potential for impact on terrestrial
biota following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.

13. Potential for impact on air
quality following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.
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Criteria

Potential Environmental Effects

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

I5. Potential for impact on land
quality following implementation

The remediated material may still contain contaminant levels higher than typically found in other ECFs on
the Great Lakes. Consequently, a risk assessment study will be required to assess potential ecosystem effects.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur since the access to the site will need to be
restricted for the duration of the removal operation. The placement of the treated material in the ECF could
potentially impact temporarily on the birds using the ECF. This, in turn, could impact on bird watching.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposal
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.

20. Potential for impact on ground
water

No long term potential for impact on the ground water is expected. During temporary storage there may be
potential for impact on ground water, however, mitigation measures can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.
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Criteria

Potential Environmental Effects

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. Any equipment
used to temporarily store material will have to be disposed of.

Alternative E — Dredge, Pre-treatment, Biological Treatment, Inorganic Extraction and Placement in Industrial Landfill

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate to high level of confidence associated with ability to carry out alternative based on available
technologies, expertise and criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on lack of experience
with Randle Reef Volatility Criteria.

3. Impact on post remediation
value of properties where material
is disposed

The disposal of Randle Reef sediments at the industrial landfill is not expected to impact on the value of the
site, since it will continue to be an industrial landfill regardless of whether or not these materials are disposed
at the facility.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediment
will be stirred up, these sediments are currently in the water and are already exposed to energy that cause
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in an enclosed environment before the
sediment is transported to the hazardous waste facility, therefore, the exposure will be minimal. Depending
on the type of biological treatment, a separate storage facility may be required.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that an industrial landfill site can be found within 100 km of
the site, this will involve a moderate travel distance.

5. Risk to worker health and safety

Depending on the type of biological treatment, a separate storage facility may be required. During the
temporary storage of materials, workers will need to take precautions to avoid exposure. Biological
technologies expose workers to the materials for much longer periods of time than either thermal or organic
technologies. Consequently, there is a greater risk to worker health and safety because of the time and type of
exposure. This risk can be mitigated with protective equipment.
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Criteria

Potential Environmental Effects

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage (if required) and treatment of the material there is the potential for
contaminants to reenter the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are not hazardous. The industrial landfill where the material is disposed with this alternative is
designed to contain the material and isolate it from the environment. However, since the sediments will still
have some degree of contamination even after treatment, there could be some potential for groundwater
impacts if the containment system failed. This failure could potentially lead to surface water impacts and
aquatic biota impacts.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage (if required), pre-treatment and treatment, there may be an opportunity
to expose terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

No significant impact on terrestrial biota resulting from this alternative is expected. The industrial landfill
facility where the material is disposed with this alternative is designed to contain the material and isolate it
from the environment. However, since the sediments will still have some degree of contamination even after
treatment, there could be some potential for impact on terrestrial biota should the containment system fail.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage (if
required), pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 6 months to 5 years to
implement the alternative.

11. Potential for impact on water
column following implementation

There is minimal potential for impact on the water column following the implementation of this alternative.
Equilibrium or ambient conditions are expected to return within 48 hours based on previous pilot projects.
Industrial landfill facilities are designed to contain the material and isolate it from the environment.
However, since the sediments will still have some degree of contamination even after treatment, there could
be some potential for impact on groundwater if the containment system failed. This failure could potentially
lead to surface water impacts.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage (if required), pre-
treatment and treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.
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Criteria

Potential Environmental Effects

14. Potential for impact on land
quality during implementation

During temporary storage (if required), pre-treatment and treatment there is some potential for impact on
land quality, however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

The lands associated with the industrial landfill will be degraded, however, this would have occurred
irrespective of whether or not the Hamilton Harbour sediments were disposed of there.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 6 months to 5 years to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Short term potential for disruption to water-based businesses (i.e., limited to duration of removal activity)
due to temporary disruption.

20. Potential for impact on ground
water

Depending on the type of biological treatment, there may be a need for temporary storage. During temporary
storage there may be potential for impact on ground water, however, mitigation measures can be developed
to minimize this risk. Any industrial landfill facility used for the disposal of this material will be designed to
protect ground water. However, since the sediments will still have some degree of contamination, even after
treatment, there could be some potential for impact on groundwater if the containment system failed.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Treatment will produce minimal contaminated residuals. However, minimal remediation will have occurred,
therefore, sediments still have elevated levels of contaminants. Depending on the type of biological
treatment, there may be a need for temporary storage. Any equipment used to temporarily store material will
have to be disposed of.
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Alternative F — Dredge,

Pre-treatment, Organic and Inorganic Extraction and Placement into Industrial Landfill

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate to high level of confidence associated with ability to carry out alternative based on available
technologies, expertise and criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on lack of experience
with Randle Reef Volatility Criteria.

3. Impact on post remediation
value of properties where material
is disposed

The disposal of Randle Reef sediments at the industrial landfill is not expected to impact on the value of the
site, since it will continue to be an industrial landfill regardless of whether or not these materials are disposed
at the facility.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in an enclosed environment before the
sediment is transported to the hazardous waste facility, therefore, the exposure will be minimal.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that an industrial landfill site can be found within 100 km of
the site, this will involve a moderate travel distance.

5. Risk to worker health and safety

During the temporary storage of materials, workers will need to take precautions to avoid exposure. Organic
technologies have less potential for risk to worker health and safety than either biological or thermal
technologies because of the nature of worker exposure to the contaminated sediment and the potential for
accidents. The potential risk, however, will be a function of the toxicity of the solvents that are used to extract
the contaminants.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are not hazardous. The industrial landfill where the material is disposed with this alternative is
designed to contain the material and isolate it from the environment. However, since the sediments will still
have some degree of contamination even after treatment, there could be some potential for groundwater
impacts if the containment system failed. This failure could potentially lead to surface water impacts and
aquatic biota impacts.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

No significant impact on terrestrial biota resulting from this alternative is expected. The industrial landfill
facility where the material is disposed with this alternative is designed to contain the material and isolate it
from the environment. However, since the sediments will still have some degree of contamination even after
treatment, there could be some potential for impact on terrestrial biota should the containment system fail.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

There is minimal potential for impact on the water column following the implementation of this alternative.
Equilibrium or ambient conditions are expected to return within 48 hours based on previous pilot projects.
Industrial landfill facilities are designed to contain the material and isolate it from the environment.
However, since the sediments will still have some degree of contamination even after treatment, there could
be some potential for impact on groundwater if the containment system failed. This failure could potentially
lead to surface water impacts.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.
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Criteria

Potential Environmental Effects

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

The lands associated with the industrial landfill will be degraded, however, this would have occurred
irrespective of whether or not the Hamilton Harbour sediments were disposed of there.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Short term potential for disruption to water-based businesses (i.e., limited to duration of removal activity)
due to the temporary disruption.

20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigation measures
can be developed to minimize this risk. Any industrial landfill facility used for the disposal of this material
will be designed to protect ground water. However, since the sediments will still have some degree of
contamination, even after treatment, there could be some potential for impact on groundwater if the
containment system failed.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material is expected from the organic extraction process. In addition, minimal
remediation will have occurred, therefore, sediments will still have elevated levels of contaminants. Any
equipment used to temporarily store material will have to be disposed of.
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Alternative G — Dredge, Pre-treatment, Thermal Treatment, Inorganic Extraction and Placement into Industrial Landfill

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate to high level of confidence associated with ability to carry out alternative based on available
technologies, expertise and criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on lack of experience
with Randle Reef Volatility Criteria.

3. Impact on post remediation
value of properties where material
is disposed

The disposal of Randle Reef sediments at the industrial landfill is not expected to impact on the value of the
site, since it will continue to be an industrial landfill regardless of whether or not these materials are disposed
at the facility.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediment
will be stirred up, these sediments are currently in the water and are already exposed to energy that cause
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that an industrial landfill site can be found within 100 km of
the site, this will involve a moderate travel distance.

5. Risk to worker health and safety

During the temporary storage of materials, workers will need to take precautions to avoid exposure. Some
thermal technologies use high temperatures in the presence of explosive substances. Therefore, should there
be a system failure, a thermal technology could pose a greater accident risk to the worker health and safety
than organic or biological technologies.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments arc disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are not hazardous. The industrial landfill where the material is disposed with this alternative is
designed to contain the material an isolate it from the environment. However, since the sediments will still
have some degree of contaminate even after treatment, there could be some potential for groundwater
impacts if the containment system failed. This failure could potentially lead to surface water impacts and
aquatic biota impacts.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

No significant impact on terrestrial biota resulting from this alternative is expected. The industrial landfill
facility where the material is disposed with this alternative is designed to contain the material and isolate it
from the environment. However, since the sediments will still have some degree of contamination even after
treatment, there could be some potential for impact on terrestrial biota should the containment system fail.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

There is minimal potential for impact on the water column following the implementation of this alternative.
Equilibrium or ambient conditions are expected to return within 48 hours based on previous pilot projects.
Industrial landfill facilities are designed to contain the material and isolate it from the environment.
However, since the sediments will still have some degree of contamination even after treatment, there could
be some potential for impact on groundwater if the containment system failed. This failure could potentially
lead to surface water impacts.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.
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Criteria

Potential Environmental Effects

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

The lands associated with the industrial landfill will be degraded, however, this would have occurred
irrespective of whether or not the Hamilton Harbour sediments were disposed of there.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Short term potential for disruption to water-based businesses (i.e., limited to duration of removal activity)
due to the temporary disruption.

20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigation measures
can be developed to minimize this risk. Any industrial landfill facility used for the disposal of this material
will be designed to protect ground water. However, since the sediments will still have some degree of
contamination, even after treatment, there could be some potential for impact on groundwater if the
containment system failed.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. In addition,
minimal remediation will have occurred, therefore, sediments still have elevated levels of contaminants. Any
equipment used to temporarily store material will have to be disposed of.
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Alternative H — Dredge, Pre-treatment, Biological Treatment and Inorganic Extraction and Placement on Commercial or

Industrial Land

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low level of confidence associated with ability to carry out alternative due to rigour of the criteria. Biological
treatment may or may not be able to treat to industrial criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a low level of certainty based on rigour of the criteria.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the industrial or commercial land should be minimal since the material will have
been cleaned up to appropriate guidelines.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment and treatment can be conducted in an enclosed environment
before the sediment is cleaned up and transported to the industrial or commercial location.

The risk associated with the transportation of material to the receiving lands will be directly related to the
distance the material will travel. If we assume that commercial or industrial land can be found within the
Harbour, this alternative will involve the shortest travel distance and, therefore, will have the least impact to
public health and safety from a transportation perspective.

5. Risk to worker health and safety

Depending on the type of biological treatment, a separate storage facility may be required. During the
temporary storage of materials, workers will need to take precautions to avoid exposure. Biological
technologies expose workers to the materials for much longer periods of time than either thermal or organic
technologies. Consequently, there is a greater risk to worker health and safety because of the time and type of
exposure. This risk can be mitigated with protective equipment.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage (if required) and treatment of the material there is the potential for
contaminants to reenter the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are consistent with those already found on the industrial lands. If material is placed on
industrial/commercial lands in a manner that won't result in reentry to the Harbour, impacts will likely be
minimal.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage (if required), pre-treatment and treatment, there may be an opportunity
to expose terrestrial biota to the contaminated sediments, however, this potential exposure be mitigated.

9. Potential for impact on terrestrial
biota following implementation

The impacts on terrestrial biota resulting from this alternative are expected to be negligible because the
material will be consistent with soils already found on commercial or industrial lands.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage (if
required), pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 6 months to 5 years to
implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is no anticipated potential for impact on the water
column.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage (if required), pre-
treatment and treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage (if required), pre-treatment and treatment there is some potential for impact on
land quality, however, it is expected it can be mitigated.

15. Potential for impact on land
Quality following implementation

Low impact on land quality following implementation, since the material will be treated to a level consistent
with CCME guidelines and will, therefore, potentially be as clean as soils already in the disposal location.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
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Criteria

Potential Environmental Effects

approximately 6 months to 5 years to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during dredging may occur since the access to the site will need to be restricted
for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the contaminated
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses. Limited to duration of removal activity)
during dredging.

20. Potential for impact on ground
water

In the long term, the potential for impact on ground water quality is negligible given that the material would
be clean and likely similar in character to material already at the disposal location. Depending on the type of
biological treatment, there may be a need for temporary storage. During temporary storage there may be

potential for impact on ground water, however, mitigation measures can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Treatment will produce minimal contaminated residual material. Depending on the type of biological
treatment, there may be a need for temporary storage. Any equipment used to temporarily store material will
have to be disposed of.

Alternative | — Dredge, Pre-treatment, Organic and Inorganic Extraction and Placement on Commercial or Industrial Land

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low to moderate level of confidence associated with ability to carry out alternative due to the rigour of the
criteria. The organic extraction treatment may or may not be able to treat to these criteria levels.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a low level of certainty based on rigour of the criteria.
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Criteria

Potential Environmental Effects

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the industrial or commercial land should be minimal since the material will have
been cleaned up to appropriate guidelines.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment and treatment can be conducted in an enclosed environment
before the sediment is cleaned up and transported to the industrial or commercial location.

The risk associated with the transportation of material to the receiving lands will be directly related to the
distance the material will travel. If we assume that commercial or industrial land can be found within the
Harbour, this alternative will involve the shortest travel distance and, therefore, will have the least impact to
public health and safety from a transportation perspective.

5. Risk to worker health and safety

During the temporary storage of materials, workers will need to take precautions to avoid exposure. Organic
technologies have less potential for risk to worker health and safety than either biological or thermal
technologies because of the nature of worker exposure to the contaminated sediment and the potential for
accidents. The potential risk, however, will be a function of the toxicity of the solvents that are used to extract
the contaminants.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are consistent with those already found on the industrial lands. If material is placed on
industrial/commercial lands in a manner that won't result in reentry to the Harbour, impacts will likely be
minimal.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

The impacts on terrestrial biota resulting from this alternative are expected to be negligible because the
material will be consistent with soils already found on commercial or industrial lands.
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Criteria

Potential Environmental Effects

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is no anticipated potential for impact on the water
column. The removed material will have been remediated to a point that contaminant levels are consistent
with those already found on industrial lands. If the material is placed on industrial/commercial lands in a
manner that will not result in reentry to the Harbour, impacts will likely be minimal.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

I5. Potential for impact on land
quality following implementation

Low impact on land quality following implementation, since the material will be treated to a level consistent
with guidelines and will, therefore, potentially be as clean as soils already in the disposal location.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during dredging may occur since the access to the site will need to be restricted
for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the contaminated
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.
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Criteria

Potential Environmental Effects

20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigation measures
can be developed to minimize this risk. In the long term, the potential for impact on ground water quality is
negligible given that the material would be clean and likely similar in character to material already at the
disposal location.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material is expected from the organic extraction process. Any equipment used
to temporarily store material will have to be disposed of.

Alternative J — Dredge, Pre-treatment, Thermal Treatment and Inorganic Extraction and Placement on Commercial or Industrial

Land

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate to high level of confidence associated with ability to carry out alternative due to past performance
of technologies with Hamilton Harbour sediment or similar material. The uncertainty relates to the organic
extraction. Itis expected that the thermal treatment will be able to meet criteria levels.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderately-high level of certainty based on past activities
in other jurisdictions.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the industrial or commercial land should be minimal since the material will have
been cleaned up to appropriate guidelines.

Randle Reef Sediment Remediation Project October 30 2012

Comprehensive Study Report

Page C-43




Criteria

Potential Environmental Effects

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
their dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving lands will be directly related to the
distance the material will travel. If we assume that commercial or industrial land can be found within the
Harbour, this alternative will involve the shortest travel distance and, therefore, will have the least impact to
public health and safety from a transportation perspective.

5. Risk to worker health and safety

During the temporary storage of materials, workers will need to take precautions to avoid exposure. Some
thermal technologies use high temperatures in the presence of explosive substances. Therefore, should there
be a system failure, a thermal technology could pose a greater accident risk to the worker health and safety
than organic or biological technologies.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reentei
the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are consistent with those already found on the industrial lands. If material is placed on
industrial/commercial lands in a manner that won't result in reentry to the Harbour, impacts will likely be
minimal.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

The impacts on terrestrial biota resulting from this alternative are expected to be negligible because the
material will be consistent with soils already found on commercial or industrial lands.
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Potential Environmental Effects

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is no anticipated potential for impact on the water
column. The removed material will have been remediated to a point that contaminant levels are consistent
with those already found on industrial lands. If the material is placed on industrial/commercial lands in a
manner that will not result in reentry to the Harbour, impacts will likely be minimal.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
Quality following implementation

Low impact on land quality following implementation, since the material will be treated to a level consistent
with CCME guidelines and will, therefore, potentially be as clean as soils already in the disposal location.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during dredging may occur since the access to the site will need to be restricted
for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the contaminated
material will not be placed in a recreational area.
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Potential Environmental Effects

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.

20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigation measures
can be developed to minimize this risk. In the long term, the potential for impact on ground water quality is
negligible given that the material would be clean and likely similar in character to material already at the
disposal location.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. Any equipment
used to temporarily store material will have to be disposed of.

Alternative K-1 — Dredge, Treat Using a Thermal Technology and Inorganic Extraction and Placement on Residential or Park

Land

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate level of confidence associated with ability to carry out alternative due to past performance of
technologies with Hamilton Harbour sediment or similar material. The uncertainty relates to the inorganic
extraction and the thermal treatments ability to meet more restrictive criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level certainty because of rigour of criteria.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the residential area or parkland should be minimal since the material will have
been cleaned up to appropriate guidelines. There may, however, potentially be implications associated with
perceived risk.
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Potential Environmental Effects

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
their dispersion. During temporary storage of materials, provisions will be required to ensure the public is
not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that residential or park land can be found within 100 km of the
site, this will involve a moderate travel distance.

5. Risk to worker health and safety

Some thermal technologies use high temperatures in the presence of explosive substances. Therefore, should
there be a system failure, a thermal technology could pose a greater accident risk to the worker health and
safety than organic or biological technologies. During the temporary storage of materials, workers will need
to take precautions to avoid exposure.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material, there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that containment
levels are consistent with those already found in residential areas or on park lands.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

The impacts on terrestrial biota resulting from this alternative are expected to be negligible because the
material will be consistent with soils already found on residential or park lands.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
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of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is no anticipated potential for impact on the water
column. The removed material will have been remediated to a point that containment levels are consistent
with those already found in residential areas or on park lands.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

Low impact on land quality following implementation, since the material will be treated to a level consistent
with CCME guidelines and will, therefore, potentially be as clean as soils already in the disposal location.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during dredging may occur since the access to the site will need to be restricted
for the duration of the removal operation. During the placement of the treated material there may be some
temporary disruption depending on the location where the material is disposed.

18. Potential for disruption to
recreation following
implementation

Following the implementation of this alternative there could potentially be a positive impact to recreation if
the clean material was put to a beneficial use.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.
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20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigative measures
can be developed to minimize this risk. The potential for impact on ground water quality is negligible given
that the material would be clean and likely similar in character to material already at the disposal location.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. Any equipment
used to temporarily store material will have to be disposed of.

Alternative K-2 — Dredge, Treat Using Organic and Inorganic Extraction and Placement on Residential or Park Land

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low to moderate level of confidence associated with ability to carry out alternative due to the uncertainty
associated with organic and inorganic extraction and the ability to meet more restrictive criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a low to moderate level of certainty because of rigour of
criteria and lack of experience achieving these levels.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the residential area or parkland should be minimal since the material will have
been cleaned up to appropriate guidelines. There may, however, potentially be implications associated with
perceived risk.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
their dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment and treatment can be conducted in a controlled environment
before the sediment is cleaned up and transported to the residential or park land location.

The risk associated with the transportation of material to the receiving lands will be directly related to the
distance the material will travel. If we assume that residential or park land can be found within 100 km of the
site, this will involve a moderate travel distance.
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5. Risk to worker health and safety

Organic technologies have less potential for risk to worker health and safety than either biological or thermal
technologies because of the nature of worker exposure to the contaminated sediment and the potential for
accidents. The potential risk, however, will be a function of the toxicity of the solvents that are used to extract
the contaminants. During the temporary storage of materials, workers will need to take precautions to avoid
exposure.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material, there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that containment
levels are consistent with those already found in residential areas or on park lands.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

The impacts on terrestrial biota resulting from this alternative are expected to be negligible because the
material will be consistent with soils already found on residential or park lands.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is no anticipated potential for impact on the water
column. The removed material will have been remediated to a point that containment levels are consistent
with those already found in residential areas or on park lands.

12. Potential for impact on air
Quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.
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14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

Low impact on land quality following implementation, since the material will be remediated to a point that
contaminant levels are consistent with those already found in residential areas or on park lands.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during dredging may occur since the access to the site will need to be restricted
for the duration of the removal operation. During the placement of the treated material there may be some
temporary disruption depending on the location where the material is disposed.

18. Potential for disruption to
recreation following
implementation

Following the implementation of this alternative there could potentially be a positive impact to recreation if
the clean material was put to a beneficial use.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.

20. Potential for impact on ground
water

The potential for impact on ground water quality is negligible given that the material would be clean and
likely similar in character to material already at the disposal location. During temporary storage there may be
potential for impact on ground water, however, mitigative measures can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated from the organic extraction process. Any equipment
used to temporarily store material will have to be disposed of.
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Alternative L — Dredge, Pre-treatment, Thermal Treatment and Inorganic Extraction and Placement into Water

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low level of confidence associated with ability to carry out alternative due to the extent of contaminant
treatment required to meet criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with moderate certainty because of rigour of criteria.

3. Impact on post remediation
value of properties where material
is disposed

No impact on property values is expected since the material will have been cleaned up to appropriate
guidelines.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
their dispersion. During temporary storage of materials, provisions will be required to ensure the public is
not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies. Once the sediments are treated they might be cleaner than the materials already in place in the
disposal location, therefore, no impact is expected.

5. Risk to worker health and safety

Some thermal technologies use high temperatures in the presence of explosive substances. Therefore, should
there be a system failure, a thermal technology could pose a greater accident risk to the worker health and
safety than organic or biological technologies. During the temporary storage of material, workers will need to
take precautions to avoid exposure.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures. If material was placed
into water there could potentially be negative impacts on aquatic biota from suspended sediments.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that containment
levels will be consistent with or better than the sediment at the disposal location. There is the potential for a
negative effect on the benthic community at the disposal site.
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8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

The impacts on terrestrial biota resulting from this alternative are expected to be negligible because the
material will be consistent with sediments already in the disposal location or better.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

During the disposal of the remediated sediment in the water column, elevated levels of suspended sediment
will be observed in the water column.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is no anticipated potential for impact on the water
column. The removed material will have been remediated to a point that containment levels are consistent or
better than the sediments at the disposal location.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

IS. Potential for impact on land
quality following implementation

No impact on land quality is expected following the implementation of this alternative.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.
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17. Potential for disruption to
recreation during implementation

Some disruption to recreation during dredging may occur since the access to the dredge and disposal site will
need to be restricted.

18. Potential for disruption to
recreation following
implementation

Some disruption to recreation may occur since the access to recreation areas may be effected depending on
the selected disposal location.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.

20. Potential for impact on ground
water

During temporary storage, there may be potential for impact on ground water, however, mitigation measures
can be developed to minimize this risk. The potential for impact on ground water quality is negligible.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. Any equipment
used to temporarily store material will have to be disposed of.

Alternative M — Dredge, Pre-treatment, Biological Treatment and Metals Stabilization and Disposal Behind Containment Berm

at Pier 15

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low level of confidence based on similar studies conducted at other sites and past performance of technology
with Hamilton Harbour sediment in context of Randle Reef Industrial Fill Criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on past demonstration
costs and subsequent commercial practices. The uncertainty relates to the ability of the technology to achieve
the Randle Reef Industrial Fill Criteria. In addition, feasibility studies would have to be conducted to
determine the appropriate design for such a facility.
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3. Impact on post remediation
value of properties where material
is disposed

The impact on the property would be an increase in size of the present lot. The material will have been
cleaned up to meet appropriate guidelines. There may, however, be implications associated with perceived
risk that result in a decrease in property value should the Harbour Commission [now Hamilton Port
Authority] choose to sell it for industrial land once it is filled and capped.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment and treatment can be conducted in a controlled environment
before the sediment is transported to the ECF. Depending on the type of biological treatment, a separate
temporary storage facility may be required.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. This alternative will involve the shortest travel distance and, therefore, has
the least risk to public health and safety risk.

5. Risk to worker health and safety

During construction of the containment facility, caution should be taken to ensure the stability of the
structure. Depending on the type of biological treatment, a separate temporary storage facility may be
required. During the temporary storage of materials, workers will need to take precautions to avoid
exposure. Biological technologies expose workers to the materials for much longer periods of time than either
thermal or organic technologies. Consequently, there is a greater risk to worker health and safety because of
the time and type of exposure. The risk can be mitigated with protective equipment.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage (if required) and treatment of the material there is the potential for
contaminants to reenter the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are well below those outside of the berm structure. The design of the structure should prevent
migration of any low level contaminants.
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8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage (if required), pre-treatment and treatment, there may be an opportunity
to expose terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.
During the construction of the containment structure, there may be an opportunity to expose terrestrial biota
to the treated sediments, however, this potential exposure can be mitigated. Until the containment berm is
covered, there will be some opportunity for exposure of terrestrial biota to the treated material. Because the
material will be treated, it is expected that the effects of the exposure will be minimal.

9. Potential for impact on terrestrial
biota following implementation

Once the bermed area is covered with clean fill, the potential impact should be minimal.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage (if
required) to clear a pathway for the berm. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 6 months to 5 years to
implement the alternative.

11. Potential for impact on water
column following implementation

Following implementation of this alternative, there is minimal potential for impact on the water column.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage (if required), pre-
treatment and treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage (if required), pre-treatment and treatment there is some potential for impact on
land quality, however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

It is expected that there will be a low impact on land quality following implementation.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the berm construction. Since the operation will be in
an existing industrial area, it is expected that it will be absorbed into the surrounding landscape. Noise
impacts are expected to be minimal. The potential impact associated with this alternative is, in part, a
function of the amount of time required to implement the alternative. It will take approximately 6 months to
5 years to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur since the access to the site will need to be
restricted for the duration of the construction activities.
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18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected since the treated material
will not be placed in a recreational area.

19. Potential for disruption to
businesses

During construction of the berm, the adjacent land would be used as a staging area for the construction
operation. There could be limitations to access adjacent to the immediate work site.

20. Potential for impact on ground
water

A site feasibility study is required to ensure no impacts to the ground water. Depending on the type of
biological treatment, there may be a need for temporary storage. During temporary storage there may be
potential for impact on ground water, however, mitigation measures can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Treatment will produce minimal contaminated residuals. Depending on the type of biological treatment,
there may be a need for temporary storage. Any equipment used to temporarily store material will have to be
disposed of.

Alternative N — Dredge, Pre-treatment, Organic and Inorganic Extraction and Disposal Behind Containment Berm at Pier 15

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate level of confidence associated with ability to carry out alternative due to past performance of
technology with Great Lakes sediment in context of Randle Reef Industrial Fill Criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on past demonstration
costs and subsequent commercial practices. This uncertainty relates to the ability of the technology to achieve
Randle Reef Industrial Fill Criteria. In addition, feasibility studies would have to be conducted to determine
the appropriate design for such an area.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the property would be an increase in the size of the present lot. The material will have been
cleaned up to meet appropriate guidelines. There may, however, be implications associated with perceived
risk that result in a decrease in property value should the Harbour Commission [now Hamilton Port
Authority] choose to sell it for industrial land once it is filled and capped.
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4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment and treatment can be conducted in a controlled environment
before the sediment is transported to the ECF.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. This alternative will involve the shortest travel distance and, therefore, has
the least risk to public health and safety risk.

5. Risk to worker health and safety

During construction of the containment facility, caution should be taken to ensure the stability of the
structure. Organic technologies have less potential for risk to worker health and safety than either biological
or thermal technologies because of the nature of worker exposure to the contaminated sediment and the
potential for accidents. The potential risk, however, will be a function of the toxicity of the solvents that are
used to extract the contaminants. During the temporary storage of materials, workers will need to take
precautions to avoid exposure.

6. Potential for impact on aquatic
biota during implementation

During removal and berm construction, there will be a temporary impact on aquatic biota as sediments are
disturbed and dispersed. During the temporary storage and treatment of the material there is the potential
for contaminants to reenter the Harbour, although this will be offset with mitigation and contingency
measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are well below those outside of the berm structure. The design of the structure should prevent
migration of any low level contaminants.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated. During
the construction of the containment structure, there may be an opportunity to expose terrestrial biota to the
treated sediments, however, this potential exposure can be mitigated. Until the containment berm is covered,
there will be some opportunity for exposure of terrestrial biota to the treated material. Because the material
will be treated, it is expected that the effects of the exposure will be minimal.
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9. Potential for impact on terrestrial
biota following implementation

Once the bermed area is covered with clean fill, the potential impact should be minimal.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during sediment removal to clear a
pathway for the berm. There is some potential for a temporary impact on the water column during dredging,
temporary storage, pre-treatment and treatment. Operation performance standards and mitigation measures
can be implemented to minimize impacts. The potential impact associated with this alternative is, in part, a
function of the amount of time required to implement the alternative. It will take approximately 5 to 7
months to implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is minimal potential for impact on the water column.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

It is expected there will be a low impact on land quality following implementation.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during berm construction. Since the operation will be in an
existing industrial area, it is expected that it will be absorbed into the surrounding landscape. Noise impacts

are expected to be minimal. The potential impact associated with this alternative is, in part, a function of the

amount of time required to implement the alternative. It will take approximately 5 to 7 months to implement
the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the construction activities.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the treated
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

During construction of the berm, the adjacent land would be used as a staging area for the construction
operation. There could be limitations to access adjacent to the immediate work site. Potential for short-term
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disruption to water-based businesses is, therefore, expected.

20. Potential for impact on ground |A site feasibility study is required to ensure no impacts to the ground water from the new facility. During
water temporary storage there may be potential for impact on ground water, however, mitigation measures can be
developed to minimize this risk.

21. Potential for impact on cultural |[No impact on cultural heritage resources is expected.
heritage resources

22. Potential for contaminated Some contaminated residual material is expected from the organic extraction process. Any equipment used
residual material to temporarily store material will have to be disposed of.
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Alternative O — Dredge, Pre-treatment, Thermal Treatment and Inorganic Extraction and Disposal Behind Containment Berm at

Pier 15

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate to high level of confidence associated with ability to carry out alternative due to past performance
of technology with Hamilton Harbour sediment. The uncertainty relates to the inorganic extraction.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty based on past demonstration
costs and subsequent commercial practices. This uncertainty relates to the ability of the technology to achieve
Randle Reef Industrial Fill Criteria. In addition, feasibility studies would have to be conducted to determine
the appropriate design for such an area.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the property would be an increase in the size of the present lot. The material will have been
cleaned-up to meet appropriate guidelines. There may, however, be implications associated with perceived
risk that result in a decrease in property value should the Harbour Commission [now Hamilton Port
Authority] choose to sell it for industrial land once it is filled and capped.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During temporary storage of materials, provisions will be required to ensure the public is
not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. This alternative will involve the shortest travel distance and, therefore, has
the least risk to public health and safety from a transportation perspective.

5. Risk to worker health and safety

During construction of the containment facility caution should be taken to ensure the stability of the
structure. Some thermal technologies use high temperatures in the presence of explosive substances.
Therefore, should there be a system failure, a thermal technology could pose a greater accident risk to the
worker health and safety than organic or biological technologies. During the temporary storage of material,
workers will need to take precautions to avoid exposure.
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Criteria

Potential Environmental Effects

6. Potential for impact on aquatic
biota during implementation

During removal and berm construction, there will be a temporary impact on aquatic biota as sediments are
disturbed and dispersed. During the temporary storage and treatment of the material there is the potential
for contaminants to reenter the Harbour, although this will be offset with mitigation and contingency
measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Handle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are well below those outside of the berm structure. The design of the structure should prevent
mitigation of any low level contaminants.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated. During
the construction of the containment structure there may be an opportunity to expose terrestrial biota to the
treated sediments, however, this potential exposure can be mitigated. Until the containment berm is covered,
there will be some opportunity for exposure of terrestrial biota to the treated material. Because the material
will be treated, it is expected that the effects of the exposure will be minimal.

9. Potential for impact on terrestrial
biota following implementation

Once the bermed area is covered with clean fill the potential impact should be minimal.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during sediment removal to clear a
pathway for the berm. In addition, there is some potential for temporary impact on the water column during
dredging, temporary storage, pre-treatment and treatment. Operation performance standards and mitigation
measures can be implemented to minimize impacts. The potential impact associated with this alternative is,
in part, a function of the amount of time required to implement the alternative. It will take approximately 5
to 7 months to implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is minimal potential for impact on the water column.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.
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Criteria

Potential Environmental Effects

13. Potential for impact on air
quality following implementation

There is low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

It is expected that there will be a low impact on land quality following implementation.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during berm construction. Since the operation will be in an
existing industrial area, it is expected that it will be absorbed into the surrounding landscape. Noise impacts

are expected to be minimal. The potential impact associated with this alternative is, in part, a function of the

amount of time required to implement the alternative. It will take approximately 5 to 7 months to implement
the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the construction activities.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the treated
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

During construction of the berm, the adjacent land would be used as a staging area for the construction
operation. There could be limitations to assess adjacent to the immediate work site. Potential for short-term
disruption to water-based businesses is, therefore, expected.

20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigative measure!
can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. Any equipment
used to temporarily store material will have to be disposed of.
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Alternative Q — Dredge, Pre-treatment, Thermal Treatment and Inorganic Extraction for Unrestricted Land Use

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low to moderate level of confidence associated with ability to carry out alternative due to the uncertainty
associated with the inorganic extraction techniques ability to meet criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate level of certainty because of rigour of criteria and
lack of experience achieving these levels.

3. Impact on post remediation
value of properties where material
is disposed

The impact on the value of the land where the material is disposed of should be minimal due to its high level
of remediation. There may, however, potentially be implications associated with perceived risk.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
their dispersion. During temporary storage of materials, provisions will be required to ensure the public is
not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that a disposal location can be found within 100 km of the site,
this will involve a moderate travel distance.

5. Risk to worker health and safety

Some thermal technologies use high temperatures in the presence of explosive substances. Therefore, should
there be a system failure, a thermal technology could pose a greater accident risk to the worker health and
safety than organic or biological technologies. During the temporary storage of materials, workers will need
to take precautions to avoid exposure.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material, there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Handle Reef and around it. The removed material will have been remediated to a point that the material is
considered clean fill, therefore, no long term aquatic impact is expected.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

The impacts on terrestrial biota resulting from this alternative are expected to be negligible because the
material will be considered clean fill.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

Following the implementation of this alternative, there is no anticipated potential for impact on the water
column. The removed material will have been remediated to a point that the material is considered clean fill,
therefore, no long term impact is expected.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

There will be a low potential for impact on land quality following implementation, since the material will be
treated to a level consistent with clean fill.
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Criteria

Potential Environmental Effects

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during dredging may occur since the access to the site will need to be restricted
for the duration of the removal operation. During the placement of the treated material there may be some
temporary disruption depending on the location where the material is disposed.

18. Potential for disruption to
recreation following
implementation

There will be a low potential for impact on recreation since the material will be treated to a level consistent
with clean fill. Potentially the clean fill could be used to enhance recreation areas.

19. Potential for disruption to
businesses

Potential for short-term disruption to water-based businesses (limited to duration of removal activity) during
dredging.

20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigative measures
can be developed to minimize this risk. In the long term, the potential for impact on ground water quality is
negligible given that the material would be clean fill.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. In addition, any
equipment used to temporarily store material will have to be disposed of.

Alternative R — Dredge, Pre-treatment, Thermal Treatment and Inorganic Extraction and Placement as Cover at a Landfill

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Moderate to high level of confidence associated with ability to carry out alternative based on available
technologies and expertise.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate to high level of certainty based on past activities
in other jurisdictions.
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Criteria

Potential Environmental Effects

3. Impact on post remediation
value of properties where material
is disposed

The disposal of Randle Reef sediments at the landfill is not expected to impact on the value of the site.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that an industrial landfill site can be found within 100 km of
the site, this will involve a moderate travel distance.

5. Risk to worker health and safety

Some thermal technologies use high temperatures in the presence of explosive substances. Therefore, should
there be a system failure, a thermal technology could pose a greater accident risk to the worker health and
safety than organic or biological technologies. During the temporary storage of materials, workers will need
to take precautions to avoid exposure.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are consistent with those used for cover material at a landfill.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

No significant impact on terrestrial biota resulting from this alternative is expected. The removed material
will have been remediated to a point that contaminant levels are consistent with those used for cover material
at a landfill.
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Criteria

Potential Environmental Effects

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

There is minimal potential for impact on the water column following the implementation of this alternative.
Equilibrium or ambient conditions are expected to return within 48 hours based on previous pilot projects.
Industrial landfill facilities are designed to contain the material and isolate it from the environment.
However, since the sediments will still have some degree of contamination even after treatment, there could
be some potential for impact on the water column should the containment system fail.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated. Although all alternatives will need to meet
Provincial Air Quality Emission standards, should process or equipment failure occur, the thermal treatment
technology is more likely to have an impact on the environment than the biological or organic technologies.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

Although the use of the sediment as cover material will have a positive effect, this would occur whether or
not Randle Reef sediments were used.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.
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Criteria

Potential Environmental Effects

19. Potential for disruption to
businesses

Short term potential for disruption to water-based businesses (i.e., limited to duration of removal activity)
due to the temporary disruption.

20. Potential for impact on ground
water

During temporary storage there may be potential for impact on ground water, however, mitigation measures
can be developed to minimize the risk.

21* Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material may be generated by the thermal treatment process. Any equipment
used to temporarily store material will have to be disposed.

Alternative S — Dredge, Pre-treatment, Organic and Inorganic Extraction and Placement as a Cover at a Landfill

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low to moderate level of confidence associated with ability to carry out alternative based on available
technologies and expertise.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a low level of certainty based on past activities in other
jurisdictions.

3. Impact on post remediation
value of properties where material
is disposed

The disposal of Randle Reef sediments at the industrial landfill is not expected to impact on the value of the
site.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in an enclosed environment before the
sediment is transported to the hazardous waste facility, therefore, the exposure will be minimal.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that an industrial landfill site can be found within 100 km of
the site, this will involve a moderate travel distance.
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Criteria

Potential Environmental Effects

5. Risk to worker health and safety

Organic technologies have less potential for risk to worker health and safety than either biological or thermal
technologies because of the nature of worker exposure to the contaminated sediment and the potential for
accidents. The potential risk, however, will be a function of the toxicity of the solvents that are used to extract
the contaminants. During the temporary storage of materials, workers will need to take precautions to avoid
exposure.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are consistent with those used for cover material at a landfill.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

No significant impact on terrestrial biota resulting from this alternative is expected. The removed material
will have been remediated to a point that contaminant levels are consistent with those used for cover material
at a landfill.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage,
pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 3 to 5 months to
implement the alternative.

11. Potential for impact on water
column following implementation

There is minimal potential for impact on the water column following the implementation of this alternative.
Equilibrium or ambient conditions are expected to return within 48 hours based on previous pilot projects.
Industrial landfill facilities are designed to contain the material and isolate it from the environment.
However, since the sediments will still have some degree of contamination even after treatment, there could
be some potential for impact on the water column should the containment system fail.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage, pre-treatment and
treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.
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Criteria

Potential Environmental Effects

14. Potential for impact on land
quality during implementation

During temporary storage, pre-treatment and treatment there is some potential for impact on land quality,
however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

Although the use of the sediment as cover material will have a positive effect, this would occur whether or
not Randle Reef sediments were used.

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 3 to 5 months to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Short term potential for disruption to water-based businesses (i.e., limited to duration of removal activity)
due to the temporary disruption.

20. Potential for impact on ground
water

Any industrial landfill facility used for the disposal of this material will be designed to protect ground water.
During temporary storage there may be potential for impact on ground water, however, mitigation measures
can be developed to minimize this risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Some contaminated residual material is expected from the organic extraction process. Any equipment used
to temporarily store material will have to be disposed of.
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Alternative T — Dredge, Pre-treatment, Biological Treatment and Inorganic Extraction and Placement as a Cover at a Landfill

Criteria

Potential Environmental Effects

1. Level of confidence associated
with ability to carry out alternative

Low level of confidence associated with ability to carry out alternative due to rigour of the criteria. Biological
treatment may or may not be able to treat to industrial criteria.

2. Certainty with which cost of
alternatives can be predicted

The cost of the alternative can be predicted with a moderate to low level of certainty based on past activities
in other jurisdictions.

3. Impact on post remediation
value of properties where material
is disposed

The disposal of Randle Reef sediments at the landfill is not expected to impact on the value of the site.

4. Risk to public health and safety

There is little concern that during the dredging operation public health will be at risk. Although sediments
will be stirred up, these sediments are currently in the water and are already exposed to energy that causes
some dispersion. During the temporary storage of materials, provisions will be required to ensure the public
is not exposed to the material. Pre-treatment can be conducted in a controlled environment. Some thermal
technologies use high temperatures in the presence of explosive substances. Therefore, should there be a
system failure, a thermal technology could pose a greater risk to the public than organic or biological
technologies.

The risk associated with the transportation of material to the receiving facility will be directly related to the
distance the material will travel. If we assume that an industrial landfill site can be found within 100 km of
the site, this will involve a moderate travel distance.

5. Risk to worker health and safety

Depending on the type of biological treatment, a separate storage facility may be required. During the
temporary storage of materials, workers will need to take precautions to avoid exposure. Biological
technologies expose workers to the materials for much longer periods of time than either thermal or organic
technologies. Consequently, there is a greater risk to worker health and safety because of the time and type of
exposure. This risk can be mitigated with protective equipment.

6. Potential for impact on aquatic
biota during implementation

During removal, there will be a temporary impact on aquatic biota as sediments are disturbed and dispersed.
During the temporary storage and treatment of the material there is the potential for contaminants to reenter
the Harbour, although this will be offset with mitigation and contingency measures.
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Criteria

Potential Environmental Effects

7. Potential for impact on aquatic
biota following implementation

Immediately following implementation, one might expect to see an increase in uptake by biota because of the
physical disturbance. In the long-term, however, exposure of biota to PAHs in the sediment will decrease at
Randle Reef and around it. The removed material will have been remediated to a point that contaminant
levels are consistent with those used for cover material at a landfill.

8. Potential for impact on terrestrial
biota during implementation

During dredging, temporary storage, pre-treatment and treatment, there may be an opportunity to expose
terrestrial biota to the contaminated sediments, however, this potential exposure can be mitigated.

9. Potential for impact on terrestrial
biota following implementation

No significant impact on terrestrial biota resulting from this alternative is expected. The removed material
will have been remediated to a point that contaminant levels are consistent with those used for cover material
at a landfill.

10. Potential for impact on water
column during implementation

There is some potential for a temporary impact on the water column during dredging, temporary storage, (if
required) pre-treatment and treatment. Operation performance standards and mitigation measures can be
implemented to minimize impacts. The potential impact associated with this alternative is, in part, a function
of the amount of time required to implement the alternative. It will take approximately 6 months 5 years to
implement the alternative.

11. Potential for impact on water
column following implementation

There is minimal potential for impact on the water column following the implementation of this alternative.
Equilibrium or ambient conditions are expected to return within 48 hours based on previous pilot projects.
Industrial landfill facilities are designed to contain the material and isolate it from the environment.
However, since the sediments will still have some degree of contamination even after treatment, there could
be some potential for impact on the water column should the containment system fail.

12. Potential for impact on air
quality during implementation

There is some potential for the volatilization of the material during temporary storage (if required), pre-
treatment and treatment, however, it is expected that this can be mitigated.

13. Potential for impact on air
quality following implementation

There is a low potential for impact on air quality following implementation.

14. Potential for impact on land
quality during implementation

During temporary storage (if required), pre-treatment and treatment there is some potential for impact on
land quality, however, it is expected it can be mitigated.

15. Potential for impact on land
quality following implementation

Although the use of the sediment as cover material will have a positive effect, this would occur whether or
not Randle Reef sediments were used.
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Potential Environmental Effects

16. Potential for noise or other loss
of aesthetic value during
implementation

There is some potential for loss of aesthetic value during the implementation of this removal alternative.
Since the operation will be in an existing industrial area, it is expected that it will be absorbed into the
surrounding landscape. Noise impacts are expected to be minimal. The potential impact associated with this
alternative is, in part, a function of the amount of time required to implement the alternative. It will take
approximately 6 months to 5 years to implement the alternative.

17. Potential for disruption to
recreation during implementation

Some disruption to recreation during implementation may occur, since the access to the site will need to be
restricted for the duration of the removal operation.

18. Potential for disruption to
recreation following
implementation

No disruption to recreation following implementation of this alternative is expected, since the disposed
material will not be placed in a recreational area.

19. Potential for disruption to
businesses

Short term potential for disruption to water-based businesses (i.e., limited to duration of removal activity)
due to the temporary disruption.

20. Potential for impact on ground
water

Depending on the type of biological treatment, there may be a need for temporary storage. During temporary
storage there may be potential for impact on ground water, however, mitigation measures can be developed
to minimize the risk.

21. Potential for impact on cultural
heritage resources

No impact on cultural heritage resources is expected.

22. Potential for contaminated
residual material

Minimal contaminated residual material is expected. Depending on the type of biological treatment there
may be a need for temporary storage. Any equipment used to temporarily store material will have to be
disposed of.
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SUPPORTING DOCUMENT D

Identification and Evaluation of Design
Elements and Options




ISOLATION STRUCTURE DESIGN OPTIONS
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D.1 Isolation Structure Options
D.1.1 Initial Screening

D.1.1.1 Introduction

The ECF will cover and contain contaminated sediment and dredged sediment that is
placed in the ECF. The ECF isolation structures address how this material will be
contained. The ECF will be created by constructing isolation structure(s) with the
following objectives:

provide a physically stable isolation structure;

incorporate HPA planned facility uses;

prevent contaminant transport from the ECF to Hamilton Harbour; and
be compatible with one or more options for capping, which may be
implemented when sediment placement is complete.

Based on the preliminary configuration of the site and proposed long-term use for
operations adjacent to the proposed ECF, a single isolation structure may not be
applicable for the entire facility. As shown in Figure D.1, the east side of the
containment facility will be bounded by a channel that provides access for the U.S. Steel
outfall and water intake structures. On the south side, the HPA plans to develop the
edge of the ECF for berthing access. On the north and west sides, the ECF is open to the
Harbour with limited or no navigational restrictions or future use requirements. The
structure selected for the south side (i.e., port facilities - see Section D.6) may not be the
most desirable structure for the north and west sides. Therefore, in evaluating the
isolation structures options for the project, each of these three areas is assessed
independently.

The service or design life for this component of the project is 200 years and is based on
the estimated amount of time the structure will be operational, once constructed. It is
anticipated that maintenance of the isolation structures will be necessary during the
long-term monitoring of the project.

This section provides information on the evaluation of the isolation structure options.
The key assumptions relating to the evaluation of isolation structure options are
provided in Attachment D.1.

D.1.1.2 Identification of Options
The following isolation structure options were examined for the Randle Reef project:

e Option 1 - Sheetpile Wall Systems with Sealed Interlocks;
e Option 2 - Standard Sheetpile Wall Systems;
e Option 3 - Concrete Caisson Wall;
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Figure D.1: ECF Site Plan
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Option 4 - Cellular Steel Sheetpile Wall;
Option 5 - Earthen Containment Berm;
Option 6 - Treatment Trenches/Walls; and
Option 7 - Hybrid Containment Structures.

These options are described in Table D.1. Illustrations of a standard sheetpile wall
system, concrete caisson wall, cellular steel sheetpile wall, typical earthen berm,
treatment trench and hybrid containment structures are provided following Attachment
D.1.

D.1.1.3 Evaluation Criteria
The following general criteria were used to evaluate the isolation structure options:

service criteria;
technical criteria;
environmental impacts;
cost; and

prior application.

Attachment D.2 provides a description of the specific criteria or sub-criteria used for the
evaluation of isolation structure options.

D.1.1.4 Evaluation of Isolation Structure Options

Table D.2 presents the evaluation of the isolation structure options. This evaluation was
based on the evaluation criteria noted in Section D.1.1.3.

Each isolation structure option was evaluated against the criteria and assigned a rating
of “high”, “moderate”, “low” or “unknown”. In addition, some “low to moderate” and
“moderate to high” rating ranges were used. A “high” rating was the most desirable
and a “low” rating was least desirable. An “unknown” rating reflected uncertainty.

In addition, Attachment D.3 provides the advantages and disadvantages of the isolation
structure options.

D.1.1.5 Results of Evaluation of Isolation Structure Options

All options were considered suitable for use in constructing the ECF at Randle Reef. As
results from the contaminant fate and transport analyses and site specific geotechnical
analyses become available (as part of the more detailed engineering work), refinements
to the selection of the alternatives can be made.
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Table D.1: Description of Isolation Structure Options

Option Description Construction Sequence
Option1 - Steel sheetpiles with sealed interlocks are designed to limit The construction sequence for sheetpile walls with sealant is
Sheetpile Wall | seepage through the interlocks of the piles while providing the | generally the same as general sheetpile walls described above,
with Sealed structural support of typical steel sheetpiles. There are with the exception of applying sealant to the interlocks prior to
Interlocks generally two types of systems: (1) conventional, unmodified pile driving or after pile installation depending on the selected

sheetpiles with sealant applied before sheetpile installation;
and (2) conventional sheetpiles with modified interlocks with
sealant applied following sheetpile installation.

The interlocks of conventional sheetpiles can be treated with
sealant prior to pile driving using bituminous or water-
swelling products. Applying the sealant prior to pile driving
has two disadvantages: (1) it is difficult to ensure continuously
sealed interlocks; and (2) piles treated with water-swelling
sealant (used for permanent applications) must be driven to
their design tip elevations within two hours. Advantages over
modified sheetpiles include availability and lower cost. In
addition, conventional sheetpiles can be fairly easily combined
with king piles and other structural components.

Two systems were examined for potential use at Randle Reef -
the Waterloo Barrier and the Sevenson system. The Waterloo
Barrier system uses conventional sheetpiles with modified
interlocks, which eliminate the two disadvantages mentioned
for the conventional sheetpiles with regular interlocks.
However, it may be difficult to strengthen the wall using king
piles. Combining this system with batter piles or anchors
should be possible. The modified interlocks of the Waterloo
Barrier system allow the injection of sealant starting at the
bottom of the interlocks. Once the piles are installed, the
interlocks can be jetted clean and inspected prior to injecting
the sealant. A variety of sealants are available and can be
selected based on factors such as sealant/contaminant
compatibility, the presence of unusual water chemistry,

system.

Once the sheetpile wall is in place and the interlocks are sealed,
the construction of the retaining structure and filling behind
the wall can begin.
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Option

Description

Construction Sequence

permeability characteristics, thermal expansion characteristics,
effects of freeze/thaw cycles on grout integrity, design life of
the system and cost.

The Sevenson system uses conventional sheetpiles with
conventional interlocks. However, an angle iron is welded to
the piles prior to driving, which covers the interlock and
provides a space in which sealant is applied prior to pile
installation. The sealant is covered with a “sealant release
plate”, which is removed after the sheetpile is installed.

Option 2 - Standard sheetpile walls without sealed interlocks may be Sheetpiles are installed using either impact or vibratory pile
Standard adequate to serve as isolation structures, depending on the hammers. Each sheet of steel is installed to the required design
Sheetpile Wall results of the fate and transport modeling, and can be embedment depth. Installation may require a construction
constructed using widely available, conventional pile sections. | berm to be placed prior to sheetpile installation. However, to
Seepage of contaminated water through the unsealed interlocks | avoid impact of such a berm on ECF capacity, it may be
may be influenced to a certain extent by selecting sections with | beneficial to install sheetpiles from a barge.
fairly tight interlocks such as the Larssen interlocks. Other
options include welding several sections together and driving | If cantilever piles are not feasible due to excessive deflection of
them as a unit thereby reducing the number of unsealed the wall system, additional lateral support would be required.
interlocks. Standard sheet piling may also be applicable if Additional lateral support can be achieved by a number of
sediments with lower chemical concentrations or mobility different methods.
characteristics are placed adjacent to the outer boundary, or if
an interior treatment trench/wall is considered.
Option 3 - Concrete caissons are individual concrete cribs, which are slip Concrete caisson walls have not been used extensively for port
Concrete formed and launched into the water for completion of the wall. | applications primarily because of the complex construction
Caisson Wall Generally, the individual caissons would be 30 m long and 12 process. The concrete caissons, consisting of individual

m high and 10 m wide. The cribs would be ballasted and set on
a prepared stone mattress and backfilled. A concrete parapet is
added on top along the face of the caisson. The cribs are set
end to end to form the length of the terminal and a key is
placed between caissons to seal the space between abutting
cribs.

Concrete caisson walls can be very effective in preventing or
limiting contaminant transport above their base elevation, but

concrete cribs are slip-formed on land and launched into the
water. The cribs are ballasted and set on a prepared stone
mattress and backfilled. A fair amount of dredging is required
prior to caisson installation to prepare the foundation, which
requires interim storage of the contaminated dredged
sediments.
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Option

Description

Construction Sequence

it has a fairly large footprint, which reduces the ECF capacity in
comparison to sheetpile.

Option 4 -
Cellular Steel
Pile Wall

A cellular steel sheetpile wall consists of flat web piling driven
in a circular shape with each cell interconnected by arcs of the
same piling. Preliminary sizing of the system indicates that the
cell would be 20 m in diameter with the centre-to-centre
distance between cells of 25 m. The cells are backfilled and act
as a gravity structure. The height of the structure is estimated
to be 18 m, based on preliminary soils information. A concrete
parapet on top would be necessary to provide a flush face wall
for berthing.

The cellular steel pile wall consists of a number of flat-web
sheetpiles driven into the ground in a circular shape. Each cell
would be approximately 20 m in diameter and would be
interconnected with arcs also made of flat-web sheets. The cells
are backfilled and act as gravity structures. The construction of
cellular sheetpile walls is fairly complex and requires precise
driving of the individual sheets. As a result, they are not
widely used.

Option 5 -
Earthen
Containment
Berm

The earthen containment berm alternative is a proven method
for ECF construction. There are a number of examples of ECFs
in the U.S. that have been constructed using this method.

Low-permeability core material can be used to further decrease
contaminant mobility through the berm. A small percentage of
carbon in the core material can also act to improve retention of
contaminants through adsorption.

The soft contaminated sediments are dredged before placement
of the berm material and clean, firm foundation soils are
exposed. It may be necessary or beneficial to over-excavate the
foundation soils along the toe of the slopes to provide
improved stability.

It may be necessary to construct the berm in stages, if this
option is preferred. This would be determined based on
stability analyses. Some contractors find it convenient to
construct earthen berms in vertical stages using training
terraces or dikes. For each lift, the training terraces on each
side of the berm are constructed first before filling the area in
between with structural fill. This process is repeated up to the
crest of the berm. The use of training terraces is effective at
improving the slope stability by loading the foundation soils
gradually and allowing the foundation soils to gain strength
during pore water pressure dissipation/consolidation prior to
placement of the next lift or level. This method also helps
contain and protect the core material from erosion and
sloughing.

The armouring of the slopes would consist of quarry run
material and/or rip rap for erosion resistance and to enhance
stability of the berm.
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Option

Description

Construction Sequence

Option 6 - Isolation of the upper threshold (highly contaminated)

Treatment sediments via slurry cutoff trenches and/or treatment walls

Trenches/Walls | may be needed to effectively contain contaminant migration.
This could either be within an earthen containment berm, as
trenches installed during or after berm construction, or adjacent
to sheetpile walls.

Option 7 - Based on the project objectives, it is possible that some

Hybrid combination of the systems described above would provide the

Containment most implementable and cost-effective alternative. Additional

Structures hybrid containment structure systems could be identified based

on the results of the fate and transport analyses. The following
hybrid systems were considered feasible for the Randle Reef
project:

e earthen containment berm with treatment trench
incorporated in core of berm;

e earthen containment berm with steel or plastic sheetpiles
(sealed or standard) through core;

e earthen containment berm with low-permeability core
consisting of geotextile tubes or pre-fabricated bins; and

e funnel and gate (or permeable reactive barrier) technology
which utilizes nonpermeable barriers, such as cement
bentonite cutoff walls, to force contaminant transport into a
remediation gate; the gate is filled with a permeable
reactive media to treat the contaminated pore water as it
passes through.
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Table D.2: Evaluation of Isolation Structure Options

Alternative
Criteria /Sub- Option 1 - Sheetpile Option 2 - Standard Option 3 - Concrete Option 4 - Cellular Option 5 - Earthen Option 6 - Option 7 -
criteria Wall with Sealed Sheetpile Wall Caisson Wall Steel Sheetpile Wall | Containment Berm Treatment Hybrid
Interlocks Trenches/Walls Containment
Service - Required | e high e moderate high e moderate to high e moderate high e moderate to
Effectiveness e low permeability of | e sheets are there are no e while leakage ¢ low permeability permeable high
the sealed sheetpile permeable and pathways for could potentially materials in the trench/wall ¢ depends on
wall limits leakage leakage of sediment leakage through the occur through the core of the berm would be used configuration
of sediment pore pore water through wall interlocks, the reduce with other less
water sheetpile is likely sediment pore individual cells can contaminant permeable
water pathway be backfilled with transport through structures
exists below wall low permeability the structure pore water
material constituents are
treated prior to
surface water
exposure
Service - high (if no high (if no moderate o low ¢ low - south and high e moderate to
Optimization of construction berm is construction berm the preliminary e the preliminary east sides little or no effect high
the Containment required) is required) width of the wall is footprint of the e moderate - north on volume e depends on
Volume 10 m structure is 20 m and west sides configuration
wide e footprint of berm
could take as
much as 50 m?2 per
m length of the
ECF
¢ boundaries on
south and east
sides are fixed,
whereas the
boundaries of the
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Alternative

Criteria /Sub- Option 1 - Sheetpile Option 2 - Standard Option 3 - Concrete Option 4 - Cellular Option 5 - Earthen Option 6 - Option 7 -
criteria Wall with Sealed Sheetpile Wall Caisson Wall Steel Sheetpile Wall | Containment Berm Treatment Hybrid
Interlocks Trenches/Walls Containment
ECF on the north
and west sides are
more flexible
Service - high high high e high e low moderate moderate to
Compeatibility with could impact high
HPA Facility structural design depends on
Requirements of port facilities if configuration
used adjacent to
sheetpile bulkhead
Technical - low moderate low e low e moderate moderate moderate
Constructability sealed sheets fairly complex e circular shaped construction of depends on
require precise construction cells require treatment trenches configuration
driving technique precise driving of would need to
requires dredging flat web sheets occur either within
prior to installation an earthen berm or
built between two
sheetpile walls
Technical - high - south and high - south and high - south and ¢ high - south and ¢ high - south and moderate high
Compatibility east sides east sides east sides east sides east sides works well with would be
low - north and low - north and low - north and e low - north and e low - north and other containment designed to be
west sides west sides west sides west sides west sides structures compatible and
(sheetpile walls cost-effective
and earthen
berms)

would not work as
a stand alone
structure
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Alternative

Criteria /Sub- Option 1 - Sheetpile Option 2 - Standard Option 3 - Concrete Option 4 - Cellular Option 5 - Earthen Option 6 - Option 7 -
criteria Wall with Sealed Sheetpile Wall Caisson Wall Steel Sheetpile Wall | Containment Berm Treatment Hybrid
Interlocks Trenches/Walls Containment
Environmental o low e low o low e low e moderate none low to
Impacts e minor disruption of | e minor disruption of | e some pre- e minor disruption e turbidity and trench/wall moderate
surface sediments surface sediments installation of surface disruption of would not be dependent on
during pile driving during pile driving dredging required sediments during surface sediments installed through configuration
to prepare pile driving during placement the water column
foundation of earthen
materials
Cost e high e moderate e high e moderate to high e low moderate unknown
e requires specialized likely moderate
steel sheets and/or to high
use of specialty
contractor
Prior Application | ¢ moderate e high e not widely used e limited use in the e moderate moderate unknown
e used at the new e also used at the e last commercial Great Lakes region | e used in several no prior
Bedford Harbour New Bedford wharf built using e last large-scale sediment applications with
project in Harbour project in this technique was structure was remediation sediments
Massachusetts to Massachusetts to Goderich in 1986 constructed at projects in Puget used extensively
contain soil with contain PCBs Long Point in 1987 Sound, for upland
4,000 to 200,000 e used extensively for Washington remediation of
ppm PCBs standard bulkheads groundwater
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The following options were considered the most advantageous at this point in the
engineering process and were carried forward for further evaluation:

e Standard Sheetpile Wall for the eastern side of the ECF;
¢ Standard Sheetpile Wall for the southern side of the ECF; and
e Earthen Containment Berm for the northern and western sides of the ECF.

The standard sheetpile wall was selected based on the following main advantages:

e compatibility with the HPA facility requirements as well as with the outfall
structure and water intake structure along the U.S. Steel property;

¢ the small footprint of the structure is compatible with space requirements
associated with the ship channel and maximum capacity of the ECF;

¢ standard sheetpile walls have been used extensively for port facilities and
there is a fair amount of engineering and construction experience available;
and

e sheetpile interlocks can be sealed, if necessary, to achieve a highly
impermeable barrier.

While the sheetpile option is appropriate for the eastern and southern sides of the ECF,
an earthen containment berm is better suited for the seaward edges of the ECF because
of its more natural appearance in this environment. Other advantages of the earthen
berm include:

e it can be designed to be very effective in containing contaminants and
sediment pore water;

e it is likely less expensive than sheetpile walls; and
e if necessary, a berm can be combined with several other alternatives such as
geotextile tubes, sheetpiles (can be plastic and with sealed interlocks),

treatment trench, etc. to form a highly effective barrier.

The main disadvantage of the berm option is that its relatively large cross section
reduces the capacity of the ECF.
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The remaining options were eliminated from further consideration based on the

following:

Option
Option 1 - Sheetpile Wall
with Sealed Interlocks

Option 6 - Treatment
Trenches/Walls

Reasons for Elimination
while more impermeable than a standard sheetpile wall, it
is more costly for both the procurement of the materials and
the installation of the sheets
it is also more difficult to install than standard sheetpiles
due to the interlocking feature
it has not been demonstrated at this stage that the added
expense of this alternative is warranted
if the risk posed by migration of contaminants through the
walls is deemed unacceptable, this alternative would be re-
assessed
not suitable as a stand alone option for the ECF
could be used either in conjunction with a sheetpile wall or
earthen containment berm to increase the effectiveness of
the overall isolation structure or within the interior of the
ECF to contain specific dredge material contaminants
the applicability of this option may be re-considered based
on the results of the future modeling of contaminant fate
and transport
at this time, the need for a treatment system has not been
determined

It was concluded that further consideration of hybrid containment structures was not
warranted. Both the sheetpile wall and the earthen berm can be combined with special
elements such as treatment trenches to form hybrid containment structures.

The following strategy was developed to finalize the isolation structure selection:

e perform fate and transport modeling based on the options recommended at
the initial screening stage (i.e., assume that conventional techniques consisting
of earthen containment berms and standard sheetpile walls are viable); if
contaminant transport cannot be controlled using conventional techniques
based on future fate and transport modeling, consider other techniques,
including sheetpiles with sealed interlocks, treatment trenches, and hybrid

structures;

e perform preliminary design and analyses of isolation structures including
slope stability analyses of the earthen berm and structural design and analysis
of the sheetpile alternative; other alternatives may have to be analyzed based
on the results of the future fate and transport modeling; and
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e re-assess feasibility of options and finalize design as part of the more detailed
engineering for the project.

D.1.2 Detailed Evaluation — 30 Percent Design

D.1.2.1 Introduction

Several studies were completed to further development of the 30 percent design of the
isolation structures. The ECF isolation structures design work required information
from an analysis of the strength and compressibility of the sediment and a geotechnical
evaluation of the ECF (see Section 4.1.7; Basis of Design Report (Arcadis BBL, 2006);
(Technical Memorandum - Task 2.1.1 - Geotechnical Design Analysis, Arcadis BBL,
2008). In addition, a bench scale treatability/fate and transport testing/model (see
SUPPORTING DOCUMENT E) was undertaken. A review of the total PAH and metals
and mass containment relative to the isolation structures was also incorporated.

The evaluation of the isolation structures also included analyzing the compatibility of
the proposed option with the other design elements (e.g., sediment management,
dredging, U.S. Steel Intake/Outfall accommodation designs, etc.).

In order to limit contaminant transport to Hamilton Harbour, and based on fate and
transport modeling of the sediment contaminants, the ECF isolation structure will
require containment using an impermeable barrier 2. ECF isolation structures generally
refer to the environmental containment structure, with the exception of the port facility
walls which are a separate design element (see Section D.6). The two walls (i.e., double
sheetpile wall) both serve an environmental containment function, as well as a structural
function. The primary function of the interior wall is environmental containment. The
primary function of the exterior wall is structural.

D.1.2.2 Identification of Options

As the results from the contaminant fate and transport modeling and site specific
geotechnical analyses became available, refinements to the isolation structure options
were made. This resulted in two isolation structure options being eliminated from
further consideration for the 30 percent design (see Section D.1.2.4).

The options that were assessed at the detailed 30 percent design level were:

e adouble steel sheetpile wall;

e astandard steel sheetpile wall;

e a cellular steel sheetpile wall;

e an earthen (sand and gravel) containment berm;

A structure that does not allow fluids to pass through. For the purposes of the
engineering design, this translates to a hydraulic conductivity of <1.0 x 108 cm/s.
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e an earthen (sand and gravel) containment berm with sealed steel sheetpile
through centre; and

e an earthen (sand and gravel) containment berm with reinforced high-density
polyethylene (HDPE) liner on side face.

Certain options were considered to be more applicable for specific sides of the ECF.
Table D.3 outlines the design options considered for the north, east and west sides of the
ECF. Isolation structures for the south side of the primary ECF are noted as part of the
port facilities design element due to differences in wall type/size for accommodating
port design standards and requirements (see Section D.6).

D.1.2.3 Evaluation Criteria

The following general criteria were used to evaluate the isolation structure options at the
30 percent design level:

o effectiveness;
e implementability; and
e cost.

Attachment D.4 provides a description of the specific criteria or sub-criteria used for the
evaluation of isolation structure options.

D.1.2.4 Evaluation of Options

The results of the fate and transport modeling led to the conclusion that the ECF
isolation structure must provide an effective seal around the contained dredged
sediment to prevent migration of dissolved contaminants via groundwater, including
sealable interlocks for interior sheetpile walls. Based on this, the isolation structure
options were re-examined.

It was concluded that the standard (single) steel sheetpile wall with tension anchors
should be eliminated from further consideration for the following reasons:

e the point of compliance for the Ontario PWQOs (and/or CWQGs) is
immediately adjacent to the sealed interlock and, therefore, the risk of
unacceptable impacts associated with the release of dissolved constituents
due to damaged interlocks or sealant is much greater than with the double
steel sheetpile wall which has sealed interlocks along the interior wall;

e the mitigation of lost containment is less feasible than with the double steel
sheetpile wall or containment berm options (an injection grouting
remediation between double steel sheetpile wall or providing additional
cutoff within the containment berm is more feasible than with the standard
sheetpile wall);
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Table D.3: Description of Isolation Structure Design Options

Isolation Structure Option

Isolation
Structure
Side

Description

Double Steel Sheetpile and Sealed
Steel Sheetpile Wall

(see illustrations following
Attachment D.1)

North,
South? , East
and West

in this design option, the exterior wall
comprises the structural component

the interior wall comprises a sealable
interlock sheetpile wall

the interior wall will be driven 3 m (10 ft) into
clay

the area between the double sheetpile walls
has internal bracing and gravel backfill (i.e.,
“gabion stone”) for structural stability

Standard Steel Sheetpile Wall

(see illustrations following
Attachment D.1)

may be adequate to serve as isolation
structures, depending on the results of the
fate and transport modeling, and can be
constructed using widely available,
conventional pile sections

seepage of contaminated water through the
unsealed interlocks may be influenced to a
certain extent by selecting sections with fairly
tight interlocks such as the Larsen interlocks
standard sheet piling may also be applicable
if sediments with lower chemical
concentrations or mobility characteristics are
placed adjacent to the outer boundary, or if
an interior treatment trench/wall is
considered

Cellular Steel Sheetpile Wall

(see illustrations following
Attachment D.1)

North,
South, East
and West

the space between the sheetpiles is backfilled
using a suitable granular material
cofferdams also act as sheetpile/gravity wall
hybrid systems

Earthen (sand and gravel)
Containment Berm

(see illustrations following
Attachment D.1)

North and
West

this design option is comprised of a sand and
gravel berm placed by clamshell dredge or
other equipment

the aggregate is skillfully and precisely
placed by qualified personnel with minimal
disturbance of the water column

the berm can be constructed using riprap
stepped terraces, approximately 2 m in
height, with filling occurring between
terraces

3

environmental containment function.

The south wall is included here and with the cellular steel sheetpile wall option due to its
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Isolation Structure Option Isolation Description
Structure
Side
other than the sorption capacity of the
earthen materials, no cut-off of migrating
contaminants would be provided for in this
option
Earthen (sand and gravel) North and in this design option, sand and gravel fill is
Containment Berm with Sealed West preferred to provide sorption capacity for
Steel Sheetpile through Centre migrating contaminants, which would
eventually encounter the sealed interlock
(see illustrations following sheetpile wall, which is intended to be driven
Attachment D.1) about 3 m (10 ft) into the clay bottom
sand and gravel side slopes are envisioned at
about 2H:1V (horizontal to vertical) and the
exterior slope would be armoured against
storm waves with 1 tonne riprap
Earthen (sand and gravel) North and in this design option, the interior face of the
Containment Berm with West containment berm is lined with a specialty

Reinforced HDPE Liner on Side
Face

(see illustrations following
Attachment D.1)

liner identified for this project based on
experience with similar marine-related
construction

the product is unlike typical HDPE (high
density polyethylene), which floats on water;
it is heavier than water due to a reinforcing
component in the liner, permitting
submerged construction

dredging to clay at the toe of the interior side
of the containment berm creates an effective
seal due to the close contact between the liner
and low permeability clay

further, an anchor trench in the top of the
containment berm is constructed to support
the liner from above

sand and gravel fill is placed on top of the
liner for stability during ECF filling

o the structural steel for the single wall is thicker, which could result in increased
material costs and may limit availability from vendors that could provide
acceptable sealable products; and

e the long-term reliability for the 200 year design life is considerably lower than
with the double steel sheetpile wall.

The requirement to limit the transport of contaminants to the surrounding surface water
or groundwater also eliminated the cellular steel sheetpile wall option from further
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consideration since the straight sheetpiles are in tension at the interlocks and a sealing
product is not currently available (to the knowledge of the engineering design team).

As a result of the fate and transport modeling, it was determined that a reactive core
would be required within an earthen containment berm, in order to prevent the
migration of contaminants. Therefore, an earthen berm without a reactive core was
eliminated from further consideration.

Reactive cores are materials which are placed within the berms to passively
treat/attenuate contaminants migrating through the berms. A reactive core could be
achieved by placing a sealed steel sheetpile through the centre of reinforced HDPE liner
on the side face in order to adequately limit the transport of contaminants to the
surrounding surface water or groundwater. Both design options could be milled locally
with adequate structural capacity.

With the elimination of the standard steel sheetpile wall, the cellular steel sheetpile wall
and the earthen containment berm without a reactive core, the following options
remained for further consideration at the 30 percent design level:

¢ a double steel sheetpile wall;

¢ an earthen containment berm with sealed steel sheetpile through centre; and

¢ an earthen containment berm with reinforced high-density HDPE liner on side
face.

Table D.4 presents the evaluation of these options. Each option was assigned a score by
criteria, reflecting a ranking of +1 for preferred, 0 for neutral or -1 for not preferred or
not meeting criteria. Where all options were assigned a “0” for a particular criterion,
this indicated that there were no differences among the options for that criterion. The
ranking by criteria were then summed with the highest score assigned to the most
preferred option. The criteria were weighted equally.

In addition, Attachment D.5 provides the advantages and disadvantages of these
options.

D.1.2.5 Results of Evaluation of Options

Based on the evaluation of the options, the options were ranked from most preferred to
least preferred, as follows:

e double steel sheetpile with sealed interlocks (score = 8);

e earthen (sand and gravel) containment berm with sealed steel sheetpile through
centre (score = -3); and

e earthen (sand and gravel) containment berm with reinforced HDPE liner on side
face (score = -7).
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Table D.4: Evaluation of Isolation Structures Options — 30 Percent Design Level

Criteria / Sub-criteria

Double Wall
(SSP and
Sealed SSP
Walls)

Containment
Berm with
Sealed SSP

Wall through

Centre

Containment
Berm with
Reinforced
HDPE Liner

Effectiveness

Overall Protectiveness — Risk of
Exposure to Public or Environment
(short term)

Overall Protectiveness — Risk of
Exposure to Public or Environment
(long term)

Compliance with Design Standards
and Other Requirements

Long-term Effectiveness and
Performance - Risk Presented by
Residuals and Contained Sediment

Long-term Effectiveness and
Performance - Reliability of Technical
Components / Controls

Short-term Effectiveness - Protection
of Workers, Community During
Construction

Short-term Effectiveness — Protection
of the Environment During
Construction

1

1

Short-term Effectiveness - Scheduled
Duration of Design Elements/Time to
Execute Design Option

Reduction of Mass/VVolume, Toxicity,
and Mobility of Contaminants -
Degree of Dissolved Chemical and/or
NAPL Mobility Control and
Magnitude of Contaminant Mass
Reduction

Reduction of Mass/VVolume, Toxicity,
and Mobility of Contaminants —
Magnitude of Contaminant Mass
Reduction

Implementability

Technical Feasibility - Ease of
Construction and Operating the
Option in a Cost-Effective Manner

Technical Feasibility - Reliability of
Design Option

Technical Feasibility - Compatibility
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Criteria / Sub-criteria

Double Wall
(SSP and
Sealed SSP
Walls)

Containment
Berm with
Sealed SSP

Wall through

Centre

Containment
Berm with
Reinforced
HDPE Liner

with other Design Options

Technical Feasibility - Technical
Complexity of Design Option

Technical Feasibility - Facilitation of
Future Actions for Remediation or
Repairs

Administrative Feasibility — Facilitates
Coordination with
Local/Provincial/Federal Government
Agencies to Both Identify and Comply
with Jurisdictional Regulations

Administrative Feasibility - Ease of
Obtaining Permits Waivers,
Easements, Other Releases to Facilitate
Implementation of Design
Components Comprising Option

Administrative Feasibility -
Acceptance by Stakeholders

Availability - Availability of
Equipment, Materials, Services, etc. to
Implement, Verify and Monitor
Effectiveness of Design Option

Local/Provincial/Federal Government
Standards and Stakeholder Input-
Relative Probability of Design Option
to Generate Issues or Concerns

Local/Provincial/Federal Government
Standards and Community Input-
Incorporation of Input from the
Community Based on Perceived Issues
or Concerns, Relative Risk of
Heightened Public Concern

Cost

Cost - Capital and Periodic Costs

Cost - Financial Risk
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Based on the detailed evaluation at a 30 percent design level, it was decided that all three options
were feasible and should be retained for further consideration at the 100 percent design level.

It was decided that a greater level of detail (i.e., 100 percent design) was required before a final
decision could be made on a preferred option.

D.1.3 Detailed Evaluation — 100 Percent Design

The development of the 100 percent design for the isolation structures was largely addressed in
conjunction with the 100 percent design development for the port facilities, as well as through the
development of the fate and transport studies work done to support sediment management
studies, capping, groundwater and stormwater management. Sections D.2.3 (dredging) and D.6.3
(port facilities) should be referred to for information pertaining to the design for the isolation
structures.
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Attachment D.1: Isolation Structure Options: Initial Screening Assumptions

ltem

Assumptions

Subsurface Geotechnical
Conditions

Based on preliminary assessment of the geotechnical data for the proposed footprint of the ECF, the
foundation soils generally consist of firm (medium stiff), cohesive material. Very stiff to hard cohesive
soils were encountered at depth. It is likely that surficial sediments will require dredging prior to
construction of an earthen berm structure to expose higher strength foundation material. While the
construction of an earthen berm should generally be feasible, it may be necessary to build the berm in
stages to allow for consolidation of the foundation soils. This will likely be a matter of construction
sequencing and should not affect the overall construction schedule significantly. Slope stability
analyses will be performed at a later stage to assess overall berm stability and requirements for staged
construction. Based on the geotechnical and port facilities design work, the construction of bulkhead
walls including sheetpile solutions was considered generally feasible.

A preliminary evaluation of the area of the known slag deposit indicates that the deposit is unlikely to
adversely impact the constructability of any of the isolation structure alternatives. For example, driving
steel sheetpile through the deposit is feasible. However, potential implications of the deposit on the
effectiveness of the isolation structures to retain contaminants will be reviewed after the structures are
selected and as fate and transport modeling progresses.

Availability of Construction
Materials

Sealable steel sheetpile is available through Canadian Metal Rolling Mills (CMRM) in Cambridge,
Ontario. CMRM manufactures the Waterloo Barrier® system under license and also distributes the
Hoesch Interlock Sealing System ®, which is manufactured in Germany.

Conventional sheetpiles with sealable interlocks are manufactured by Arbed in Europe and distributed
by SkyLine Steel of Parsippany, New Jersey. Another patented system is installed by Sevenson of
Niagara Falls, New York, and uses modified conventional sheetpiles.

Sealable polyethylene and fiber-reinforced plastic sheetpiles are also available from Skyline Steel of
Parsippany, New Jersey, U.S.A. and from Crane Materials International (CMI) in Atlanta, Georgia.

Standard Sheetpile is available through a number of distributors. For example, standard steel sheetpile
(e.g., Arbed products) is distributed in Canada by Skyline Steel of Parsippany, New Jersey, U.S.A.

Hoesch sections are available through Salzgitter International.

Earthen berm materials are readily available from regional quarries and are likely to include a

Randle Reef Sediment Remediation Project October 30 2012

Comprehensive Study Report

Page D-22




Item

Assumptions

combination of sand, gravel, quarry spalls and rip rap materials.

The use of slag may be feasible, however, environmental impacts would have to be evaluated.

Fate and Transport Analysis

It was assumed that the results of fate and transport studies are comparable to other contaminated
dredge projects with sediments containing elevated levels of metals, PAHs and PCBs (e.g., the Eagle
Harbor Superfund Project and the Commencement Bay Nearshore/Tideflats Superfund Project). At
these projects, the fate and transport modeling predicted that contaminant transport through the
isolation structure can be effectively controlled or minimized using conventional techniques, such as
earthen containment berms and sheetpile walls. It was assumed that conventional techniques would be
adequate to control contaminant transport.

Multi-year, Multi-stage
Construction Life Cycle

It was assumed that construction of the isolation structure may take place in stages, over a period of
years. For example, the first containment cell may require the use of temporary construction techniques
due to the need for pre-construction containment structure footprint capacity. Additionally, the logical
construction sequence may require an open water cell to correspond to certain dredging locations
and/or methods, and a closed cell with treatment plant infrastructure for other dredge materials.
Another factor affecting the construction life cycle is the rate at which material can be dredged and
transported to the site, and the rate of processing for the return water, if necessary.

Site Use is a Combination of
Port Facilities and Natural Area

It was assumed that the final land/sea transition structures for the ECF would include a combination of
port facilities on the southern edge of the site and a natural area on the northern and western edges of
the site in accordance with the conceptual design (see Section 6.0).

In addition, while the boundaries of the ECF on the southern and eastern edges of the site are fixed to
provide channel access, the northern and western edges of the site could be optimized depending on
analysis of the capacity requirements of the site. On the eastern edge of the site, U.S. Steel operates an
outfall and water intake structure. The property owners in this area have indicated that a channel
access corridor needs to be maintained and that extending and burying the piping system for the
structures to the northern edge of the ECF is not an option at this time.

Randle Reef Sediment Remediation Project October 30 2012

Comprehensive Study Report

Page D-23




Initial Screening - lllustrations
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Isolation Structures Evaluation - Typical Earthen Berm
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Treatment Trench and Hybrid Structure Alternatives
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Attachment D.2: Isolation Structure Options: Description of Initial Screening Evaluation Criteria or Sub-criteria

Criteria

Sub-criteria

Criteria or Sub-criteria Description

Service Criteria

Required Effectiveness

This refers to the required effectiveness of the isolation structure to
confine and limit movement of contaminants within the ECF. The
performance requirements will be based on the mobility of the
contaminants, which is determined from laboratory leachability tests.
Based on the testing results there will be at least two possible
scenarios, as follows:

e the contaminants in the dredge sediment are highly mobile; the
performance criteria in this case would be full containment of the
sediment and associated porewater following construction; and

e the contaminants in the dredge sediment are less mobile and tend
to naturally attenuate as they pass through the ECF and the
isolation structure to the adjacent surface waters; the performance
criteria in this case would be to limit the hydraulic conductivity
and movement of the porewater from the ECF to the adjacent
surface waters.

Optimization of the Containment
Volume

The ECF structures would be optimized not only with respect to
placement of contaminated sediments based on relative contamination,
but also in terms of the use of the various containment structure design
components. A primary goal of the facility is to provide excess
capacity for contaminated sediments to limit the potential for
exceeding the capacity of the containment site, thereby requiring an
alternative containment location.

Compatibility with HPA Facility
Requirements

Requirements for ship berthing and associated loading conditions will
be developed during ongoing coordination with HPA.

Technical Criteria

Constructability The constructability or feasibility of implementation of the isolation
structure is based on the complexity of the structure itself, the
availability of materials and the existing site conditions.

Compatibility The compatibility of the isolation structure with other components of

the project, as well as the long-term site use, is based on the following:
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Criteria

Sub-criteria

Criteria or Sub-criteria Description

e estimated dredged material volumes;

e dewatering requirements particular to the dredged material;

e expected physical and chemical characteristics of the specific
dredged material volumes;

e site conditions and constraints; and

e compatibility of the environmental remedy with long-term site use.

Compatibility with HPA requirements is a requirement for the
southern edge of the site; the eastern edge must be compatible with the
U.S. Steel outfall and water intake structures. On the northern and
western boundaries of the ECF, the selected alternative should be
compatible with the natural environment, to the extent practical.

Environmental Impacts

The primary environmental concern for the project involves impacts to
water quality in Hamilton Harbour. Both short-term impacts from
construction and long-term impacts of the ECF were evaluated
through contaminant fate and transport modeling. Evaluation

of the long-term impacts includes modeling to evaluate the flux of
naphthalene and other PAH compounds through the ECF isolation
structures to determine the appropriate containment structure
requirements. The use of slurry walls, reactive treatment walls
(including various carbon sources for sorption of residual aqueous
phase PAHs) and specialized sheetpile walls were reassessed based on
fate and transport modeling results. This includes modeling
groundwater flow within the containment structure to determine the
flow pattern through the ECF and potentially modeling the transient
exchange of the ECF water with the Harbour given seasonal and other
cyclical water level variations, prevailing currents and other factors.

Cost

The primary costs associated with the isolation structures will be the
short-term capital costs for the procurement of materials, delivery to
the site, and equipment and labor costs for the installation and
construction. Long-term monitoring of the ECF and periodic
restoration will result in maintenance costs over the service life of the
facility.

Prior Application

Considerable experience and project examples for the isolation
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Criteria

Sub-criteria

Criteria or Sub-criteria Description

structure options are reflected in the literature. The most applicable of
these previous project examples, in terms of site conditions and
functions, was considered for the evaluation.
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Attachment D.3;

Advantages and Disadvantages of Isolation Structure Options — Initial Screening

Alternative Advantages Disadvantages
Option 1 - the most effective at containing contaminants and sediment the least compatible alternative for the seaward edges of the
Sheetpile Wall pore water; however, unless all sides of the ECF are ECF in that they form a vertical bulkhead, which is
with Sealed constructed using sealed sheetpile walls, the pore water unnatural in this environment
Interlocks generated during sediment consolidation would tend to
migrate toward the most permeable isolation structure costly to procure and installation takes longer than standard
steel sheetpile to ensure interlocking of the sheets
the small footprint of the structure provides increased
capacity for the ECF without increasing the perimeter of the
site (size of footprint depends on construction method)
can be constructed to be compatible with the HPA facility
requirements
the most applicable structure for the eastern edge of the ECF
along the U.S. Steel property; the sheetpile wall would be
constructed to provide an appropriate offset from the outfall
structure and the water intake structure
Option 2 - small footprint of the structure provides increased capacity less effective at containing contaminants and sediment pore
Standard for the ECF without increasing the perimeter of the site water than the sealed sheetpiles, but still provides a low
Sheetpile Wall level of permeability through the sheets as fine-grained
can be constructed to be compatible with the HPA facility sediments wedge themselves in the spaces between sheets;
requirements alternatively, a filtration fabric could be placed along the
interior of the wall to reduce piping through the sheet
the most applicable structure for the eastern edge of the ECF interlocks; carbon impregnated filtration fabrics are
along the U.S. Steel property; the sheetpile wall would be manufactured which could be employed
constructed to provide an appropriate offset from the outfall
structure and the water intake structure the least compatible alternative for the seaward edges of the
ECF in that they form a vertical bulkhead, which is
less costly than sheets with sealed interlocks, but are likely unnatural in this environment
more expensive than locally available earthen materials
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Alternative Advantages Disadvantages
¢ installation of sheetpile walls is common practice and
should be relatively quick compared to the other
alternatives
Option 3 - e sediment pore water pathway exists below wall the larger footprint of the structure reduces the capacity for
Concrete the ECF; the footprint of the ECF cannot be adjusted along
Caisson Wall e can be constructed to be compatible with the HPA facility the south and east edge of the ECF because of space
requirements limitations associated with the ship channel and the U.S.
Steel property
least compatible alternative for the seaward edges of the
ECF in that they form a vertical bulkhead, which is
unnatural in this environment
likely the most expensive isolation structure and there will
likely be a limited number of bidders that have the
experience to install this system
Option 4 - e very effective at containing contaminants and sediment pore the larger footprint of the structure reduces the capacity for
Cellular Steel water the ECF; the footprint of the ECF cannot be adjusted along
Pile Wall the south and east edge of the ECF to compensate for the
e can be constructed to be compatible with the HPA facility lost capacity because of space limitations associated with the
requirements ship channel and the U.S. Steel property
the least compatible alternative for the seaward edges of the
ECF in that they form a vertical bulkhead, which is
unnatural in this environment
may be moderately expensive compared to standard
sheetpile and concrete caisson walls
not widely used and there will likely be a limited number of
bidders that have the experience to install this system
Option 5 - e can be as effective in containing contaminants and sediment not compatible with the HPA facility requirements due to
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Alternative

Advantages

Disadvantages

Earthen
Containment
Berm

pore water as sealed sheetpiles depending on the
permeability of the core materials; however, more
permeable core materials (coarser grained) can still be
effective depending on the pore water concentrations in the
dredged sediments

the larger footprint of the earthen structure reduces the
capacity of the ECF unless the footprint of the site is
modified; based on the assumption that the northern and
western boundaries of the site are flexible, the earthen berm
alternative would still allow for adequate site capacity

the most compatible alternative for the seaward edges of the
ECF in that it provides a relatively natural slope as opposed

to a vertical bulkhead; the outboard slope of the berm would
require armouring against wave forces

earthen materials for construction of the berm are likely less
expensive than steel sheetpiles and are readily available
from local sources; in addition, there is a potential that local
slag could be used to construct the containment berm,
further reducing cost

the vertical bulkhead requirement for construction of the
wharf facility

not compatible with the U.S. Steel property outfall and
water intake structures as the slopes necessary for the berm
would impact the access channel and potentially the
structures themselves

Option 6 -
Treatment
Trenches/Walls

highly effective in containing/ treating contaminants and
sediment pore water as treatment trenches/walls are
commonly used for groundwater remediation projects

the footprint of the treatment wall would have minimal
impact on the capacity of the ECF; if used within the
containment berm or adjacent to a sheetpile wall, the
footprint would be minimal

will have little effect on a sheetpile wall constructed adjacent
to the U.S. Steel property outfall and water intake structures

the treatment trench/wall could have an impact on the
design of a sheetpile wall to meet the HPA facility
requirements since it impacts both the earth pressure
distribution adjacent to the wall and the ability for direct
loading above the treatment trench/wall

treatment trenches/walls must be used in conjunction with
another isolation structure alternative; they may be used
independently within the interior of the ECF, but the outer
boundaries require additional structural support
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Alternative Advantages Disadvantages

e moderate level of cost associated with procurement of
treatment materials and installation of the trench/wall

Option 7 - This alternative, if developed, would be a combination of the other alternatives presented. Advantages and disadvantages of
Hybrid hybrid containment structure alternatives would be evaluated and presented at that time.

Containment

Structures
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30 Percent Design - lllustrations
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Double Steel Sheetpile and Sealed Steel Sheetpile Wall
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Double Steel Sheetpile and Sealed Steel Sheetpile Wall
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Double Steel Sheetpile and Sealed Steel Sheetpile Wall
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Standard Steel Sheetpile Wall

Please see Options 1, 2 and 3 — Port Facility Design Options
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Cellular Steel Sheetpile Wall
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Earthen (sand and gravel) Containment Berm
Isolation Structures Evaluation - Typical Earthen Berm
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Earthen (sand and gravel) Containment Berm with Sealed Steel Sheetpile through Centre
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Earthen (sand and gravel) Containment Berm with Reinforced HDPE Liner on Side Face
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Attachment D.4: Isolation Structure Options: Description of 30 Percent Design Evaluation Criteria or Sub-criteria

Criteria

Sub-criteria

Criteria or Sub-criteria Description

Effectiveness

Overall Protectiveness

This refers to the required effectiveness of the isolation structure to
prevent the risk of exposure to public or the environment both in the
short term and the long-term.

This addresses long-term operations and maintenance associated with
the isolation structure and the 200 year design life.

Compliance with Design Standards and
Other Requirements

The ECF isolation structures would have to meet the requirement of
providing an impermeable barrier, based on fate and transport
requirements, to prevent the movement of contaminants to the
surrounding surface and groundwater.

The isolation structures would also have to be compatible with the
other facility components. For the east side of the facility, this
necessitates compatibility with the design standards and requirements
to accommodate the U.S. Steel Intake/Outfall and other U.S. Steel
requirements for maintaining hydraulic flow, water quality, etc. The
isolation structures also needed to be compatible with port facility
requirements. This was a particular requirement for the south side of
the ECF.

Long-term Effectiveness and
Performance

This criteria considers whether the option minimizes the risk presented
by residuals (contamination left following the construction project) and
the contaminants contained within the ECF.

Short-term Effectiveness

The ability of the design option to: protect worker health and safety
and the adjacent community; protect the environment during
construction; meet the appropriate schedule duration/timing of the
construction project; and harmonize the schedule with the other design
elements.

Reduction of Mass/Volume, Toxicity
and Mobility of Contaminants

The ability of the design element to optimize the PAH and metals mass
captured and to reduce the impacts of volume, toxicity and mobility of
contaminants during and post-construction. For example, because of
the spatial requirements associated with berms, less available storage
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Criteria

Sub-criteria

Criteria or Sub-criteria Description

capacity for contaminated dredged material may be realized versus
sheetpile wall structures, which require less surface area when used as
part of the containment.

Implementability

Technical Feasibility

This criteria included a consideration of: the ease of constructing and
operating the option in a cost-effective manner; the reliability of the
option; the technical complexity of the option; compatibility with other
design options; and the ease of future actions for remediation and
repairs.

Administrative Feasibility

The design option must be compatible with the legislative, policy and
program requirements of the local, provincial and federal government
agencies. This criteria also refers to the ease of obtaining permits and

other approvals, and acceptance by stakeholders.

Availability

This criteria refers to the availability of equipment, materials, services,
etc. to implement, verify and monitor the effectiveness of the design
alternative.

Local/Provincial / Federal Government
Standards and Stakeholder Input

This criteria includes a consideration of the relative probability of a
design alternative to generate issues or concerns from participating
government agencies due to one or more design elements.

Cost

The design option was evaluated relative to capital and periodic costs
and financial risk.
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Attachment D.5;

Advantages and Disadvantages of Detailed 30 Percent Isolation Structure Options

Alternative Advantages Disadvantages
Double Steel o less impact likely related to short-term water quality issues | ¢ construction of this option is complex
Sheetpile Wall since sheetpile wall would be driven prior to dredging in-
(SSP) with between the walls e hard shoreline option for north and west sides of the facility
Sealed rather than a naturalized, aesthetically pleasing shoreline
Interlocks e complies with design standards

¢ long term protectiveness is expected to be greater for
options with a sealed SSP wall

e ability of the SSP wall to provide long-term isolation
depends on quality and long-term reliability of an interlock
seal

e SSP can withstand effects of corrosion with appropriate
maintenance, as well as occasional hard berthing that may
impart loads on the port facility walls

e the most applicable structure for the eastern edge of the ECF

along the U.S. Steel property; the sheetpile wall would be

constructed to provide an appropriate offset from the outfall

structure and the water intake structure

o installation of sheetpile walls is common practice and
should be relatively quick compared to the other
alternatives

o least costly at $11.8 M
Note: An evaluation (including a consideration of availability)

of the various vendor products for sealed sheetpile walls with
interlocks was undertaken. The Waterloo Barrier™, Hoesch™,
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Alternative Advantages Disadvantages
Sevenson'’s Seal Wall system™ products were evaluated. The
Waterloo Barrier was preferred because of the controlled
installation of the sealant and associated high reliability of the
seal. Sevenson may still be considered if a cost effective sealant
system is identified.
Earthen e complies with design standards e more likely to result in short term water quality impacts
Containment associated with initial dredging below the footprint
Berm with e generally less complex than SSP with interlocks
Sealed SSP wall e most expensive of the three design options at approximately
through Centre | ® materials available locally $16.9 Million
e larger footprint and, therefore, reduced containment
capacity
Earthen e complies with design standards e more likely to result in short term water quality impacts
Containment associated with initial dredging below the footprint
Berm with e generally less complex than SSP with interlocks
Reinforced e dissolved contaminant migration below the reinforced liner
HDPE liner e materials available locally at the point of contact between liner and clay is considered a
greater risk
e technically complex relative to constructability
e risk that the reinforced liner would be less effective at
cutting off flow of dissolved constituents because of the clay
compared to the embedment into the clay of the SSP wall
e larger footprint and, therefore, reduced containment
capacity
e mid-range costs at approximately $14.8 Million
e stakeholders may perceive this design option as having the
highest risk
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DREDGING DESIGN OPTIONS
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D.2 Dredging Design Options

D.2.1 Initial Screening

D.2.1.1 Introduction

The Randle Reef Sediment Remediation Project involves environmental dredging to remove
contaminated sediments (see Section 1.8) to be immediately placed and contained in the
ECF. The following three major components related to dredging were evaluated:
environmental dredging equipment; suspended sediment control; and transportation of
dredged material. Within each of these three components, a range of options that may
be applicable for use for the Randle Reef project were identified and evaluated.

This section provides information on the evaluation of the environmental dredging
components. The key assumptions relating to the evaluation of the environmental
dredging components are provided in Attachment D.6.

D.2.1.2 Identification of Options and Alternatives
Introduction

As noted above, the following three major components of environmental
dredging were evaluated:

e environmental dredging equipment;
e suspended sediment control; and
e transportation of dredged material.

Within each of these three components, there exist numerous technologies or options
that may be applicable for use for the Randle Reef project. The universe of available
options within each component of the environmental dredging process was identified
and evaluated to identify potentially viable options for use on the Randle Reef project.
Component options with obvious deficiencies or limitations (e.g., not available in
Canada or size limitations) were eliminated from further consideration in this initial
screening.

Subsequent to their evaluation, individual options from each dredging component were
combined to form environmental dredging alternatives. These alternatives were then
evaluated and, based on the results of this evaluation, a decision was made regarding
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which alternatives would be carried forward for more detailed examination in the
subsequent engineering work (see Section D.2.2 and D.2.3).

Figure D.2 illustrates the relationship between the dredging components, options and
alternatives considered.

Options

Environmental dredging equipment can generally be classified as mechanical,
hydraulic, or pneumatic, depending on the basic method of removing the dredged
material from the site. Additionally, numerous specialty dredge technologies have been
developed, which combine particular features of the basic dredge methods. Within each
of these general categories, numerous technologies are available, some of which are
proven and have been used extensively throughout the world, while other technologies
have recently been developed or improved, but are not yet proven on a full scale project.
Table D.5 describes mechanical, hydraulic and pneumatic or specialty dredges.

The options that were considered for each of these three dredging equipment types are
provided in Figure D.2. A description of each of these options is provided in
Attachment D.7. In addition, photographs for some of these options are provided
following Attachment D.7.

Release of suspended sediments during dredging, which results in turbidity, is a side
effect of nearly all dredging technologies. However, the degree of turbidity generated
during dredging varies considerably among the various dredge types, sediment
properties and site conditions. Turbidity associated with contaminated sediment
dredging can significantly impact the successful implementation of the remedial action,
if not controlled. The following turbidity control technologies were identified for
potential use for the Randle Reef Sediment Remediation Project:

textile barriers (i.e. “silt screens” and “silt curtains”);
sheetpiles;

moon pools;

air (bubble) curtains; and

modifications to dredging rates and equipment.

A description of each of these options is provided in Attachment D.7.
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Figure D.2: Dredging Components, Options and Alternatives
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Table D.5: Description of Mechanical, Hydraulic and Pneumatic or Specialty Dredges

Dredge Type

Description

Mechanical

Mechanical dredges remove bottom sediment through the direct application of a
bucket, scraper, or scoop to dislodge and remove, or dredge, the material near
in-situ density (i.e., with limited added water). Dredged material is then
typically placed in a hopper or scow for transport to a containment or
transloading facility. Mechanical dredges typically re-suspend more sediment
into the water column as a result of dredging than do hydraulic dredges. Re-
suspension rates (i.e., percent of total mass re-suspended) for mechanical
dredges are estimated to range from 1 to 7%, depending on numerous variables
including the sediment characteristics, type and size of the bucket, cycle time,
depth of cut, presence of debris and operator control.

Hydraulic

Hydraulic dredges remove and transport sediments in the form of a slurry. Key
components of a hydraulic dredge include the dredgehead, the hydraulic

pump and the pipeline that carries the sediment slurry. Hydraulic dredges
typically create lower levels of suspended sediments (estimated at 0.5 to 2%)
than do mechanical dredges for two principal reasons: (1) sediments dredged by
mechanical means are exposed to the water column for a longer period, creating
more opportunity for sediment losses and re-suspension; and (2) hydraulic
dredges rely on suction, which means that sediments released at the point of
dredging are more likely to be suctioned back into the dredging system;
sediments released during mechanical dredging are not recovered. However,
hydraulic dredges add 4 to 20 times to the total volume of material moved as a
result of the water slurrying process.

Hydraulic dredges employ a dredge pump to create suction in a hose or pipe,
which is extended from the floating vessel to the mudline. The suction pipe is
typically supported by a “ladder”, which is used to raise/lower and position the
dredge head (except in the case of the plain suction dredge where a flexible hose
can be controlled by a diver). Most hydraulic dredges utilize some type of
agitation device at the dredgehead (i.e., water jets, cutterhead, augers, etc.) to
loosen the sediment prior to removal.

An important consideration in the design of hydraulic dredges is the
configuration of the dredge pump relative to the water surface and dredge head.
Previous designs focused on positioning of the dredge pump at the lowest point
within the hull of the vessel to minimize the head differential between the pump
and the dredge head. However, recent developments include the positioning of
a submersible pump on the ladder near the dredge head. The use of the
submersible pump reduces the chance of pump cavitation and allows for greater
dredging depths with smaller pumps.

Pneumatic or Specialty
Dredges

A pneumatic dredge typically consists of a cylinder or a series of cylinders and a
piston-type pump to produce a vacuum by changing the air pressure inside the
cylinder(s), thereby causing high density sediment slurry to be sucked through
the suction inlet by water pressure and atmospheric pressure.

Specialty dredges include various types of innovative technologies, which are
often improvements of more commonly used technologies, including
combinations of features from more than one dredge.
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After being removed from its location, dredged sediments may be transported either
directly to the containment site or to an interim treatment/processing facility. In
mechanical dredging, sediments are typically placed into scows or barges at the point of
dredging and then transported directly to the containment site. However, when barge
transport directly to the containment facility is not feasible, dredged sediments may be
transported by barge to a shore-based transloading facility and transferred to another
means of land-based transport. Hydraulic dredging typically utilizes direct pipeline
transport from the dredge area to the containment site. The following methods for
transporting contaminated sediments were identified for potential use for the Randle Reef
Sediment Remediation Project:

e barge or scow;
e pipeline;

e conveyor; and
e truck.

A description of each of these options is provided in Attachment D.7.

Alternatives

As noted above, based on the evaluation of the options, individual options were
combined to form environmental dredging alternatives. The four alternatives that were

developed were:

e Alternative 1 - Closed Clamshell Dredge/Controlled Operations/Barge
Transport;

e Alternative 2 - Closed Clamshell Dredge/Silt Curtain/Barge Transport;

e Alternative 3 - Pneuma Dredge/Controlled Operations/Pipeline Transport;
and

e Alternative 4 - Cutter Suction Dredge/Controlled Operations/Pipeline
Transport.

Table D.6 provides a description of these alternatives.
Controlled operations could include reduced bucket ascent and descent velocity,

ensuring complete closure of bucket prior to ascent, and/or rinsing of the bucket before
each descent.
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Table D.6: Description of Dredging Alternatives

Dredging Alternative

Description of Dredging Alternative

Alternative 1 - Closed Clamshell Dredge
[Mechanical]/ Controlled Operations/Barge
Transport

This alternative would consist of a closed (environmental) clamshell bucket dredge to remove
sediment at near in-situ density. The dredged sediment would be placed into barges or scows
and transported to the ECF for placement.

Assuming that earthen berms were used to construct the containment structures forming the
ECF, a barge access channel could be maintained to allow offloading within the ECF by
bottom dumping or side casting, so that re-handling over the containment structure is not
necessary as long as minimum water quality criteria is maintained. At some point during
placement of the dredged material, either the dredged fill elevation in the ECF or water
quality impacts may necessitate closure of the barge access. In this case, continued placement
in the ECF would require “double-handling” of dredged sediment over the completed
containment structures.

In addition to requirements at the ECF, minimum water quality criteria would need to be
maintained at the dredge location. This would be achieved through controlled equipment
operations, such as reduced bucket ascent and descent velocity, ensuring complete closure of
bucket prior to ascent, and/ or rinsing of the bucket before each descent.

Alternative 2 - Closed Clamshell Dredge
[Mechanical]/Silt Curtain/Barge Transport

Similar to Alternative 1, this alternative would consist of a closed (environmental) clamshell
bucket dredge to remove sediment with transport to the ECF in barges or scows. A similar
scenario with a barge access channel would apply to this alternative. However, additional
physical suspended sediment controls (i.e., silt curtains) would be employed across the barge
access channel to limit the release of turbid effluent water from the ECF.

In contrast to Alternative 1, a silt curtain would be deployed around the dredge area during
removal to physically contain the suspended sediment and to ensure compliance with water
quality criteria. Alternative suspended sediment control configurations could include
multiple tiers of silt curtains or a “moon pool” approach, where only the actual bucket is
surrounded by a silt curtain, creating a small excavation cell (10 m by 10 m) that would be
moved with the equipment.
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Dredging Alternative

Description of Dredging Alternative

Alternative 3 - Pneuma Dredge/Controlled
Operations/Pipeline Transport

This alternative would consist of a pneuma dredge to remove contaminated sediments from
the Randle Reef site. The dredged sediments would be transported via hydraulic pipeline to
the ECF, where a system of overflow weirs would be used to decant the effluent from the
enclosed containment facility. In the event that effluent treatment is necessary prior to
discharge from the ECF, a treatment system could be installed at the over flow weir(s).

Considering the relatively low re-suspension potential of this type of environmental dredging
equipment, water quality at the dredge location would be maintained through controlled
equipment operation. However, due to the nature of the industrial operations on the adjacent
upland properties, it is expected that the Randle Reef site contains a significant amount of
debris on or below the mud line, potentially having a significant adverse effects on the
Pneuma dredge (increased re-suspension and potential breakdown due to clogging).

Alternative 4 - Cutter Suction Dredge
[Hydraulic]/ Controlled Operations/Pipeline
Transport

This alternative would consist of a hydraulic cutter-suction dredge to remove contaminated
sediments from the Randle Reef site. The dredged sediments would be transported via
hydraulic pipeline to the ECF where a system of overflow weirs would be used to decant
effluent from the enclosed containment facility. In the event that effluent treatment is
necessary prior to discharge from the ECF, a treatment system could be installed at the over
flow weir(s).

Similar to Alternative 3, there would be a volume of water associated with this type of
environmental dredging equipment. Therefore, if effluent treatment were necessary this
alternative would require additional evaluation. Considering the relatively low re-suspension
potential of this type of environmental dredging equipment, water quality at the dredge
location would be maintained through controlled equipment operation. Although not as
sensitive to the presence of debris as the pneuma dredge, large amounts of debris may have
adverse effects on the cutter suction dredge, causing increased re-suspension.

Randle Reef Sediment Remediation Project
Comprehensive Study Report

October 30 2012
Page D-55




D.2.1.3 Evaluation Criteria

The following general criteria were used to evaluate the environmental dredging
options and alternatives:

service criteria (i.e., effectiveness);
technical criteria (i.e., implementability);
regulatory criteria;

environmental impacts;

cost; and

prior application.

Attachment D.8 provides a description of the specific criteria or sub-criteria used for the
evaluation of environmental dredging options and alternatives.

D.2.14 Evaluation of Dredging Options and Alternatives

Options

Attachment D.9 outlines the advantages and disadvantages of the dredging options.
Suspended sediment control options and transportation options are fundamentally
related to the type of dredging equipment being used. For example,

hydraulic dredging typically involves pipeline transport of the material, whereas
mechanical dredging typically necessitates transportation of the dredgeate using a barge
or a scow. Sediment control options are selected in relation to the type of dredging and
the amount of suspended sediment potentially generated with each type of equipment,
and the ability of the selected control to minimize the impact for generating suspended
sediments with the selected equipment.

Given the close linkage to the selected dredging equipment, suspended sediment control
options and transportation options were evaluated in combination with the dredge
equipment options.

The evaluation of advantages and disadvantages was used to develop dredging
alternatives that could achieve the project objectives. Since a combination of the options
were required for the Randle Reef project, individual options from each dredging
component were combined to form environmental dredging alternatives (see below).

Alternatives

Table D.7 presents the evaluation of the dredging alternatives. This evaluation is based
on the evaluation criteria noted in Section D.2.1.3. Each criterion was weighted from one
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Table D.7: Evaluation of Dredging Alternatives

Environmental Dredging Service Criteria Technical Criteria Regulatory Cost Criteria Prior Application Total
Alternative (Effectiveness) (Implementability) Criteria/Environmental
Impacts

Weighting Factor (1 -3) 3 2 1 2 3
Alternative 1 - Closed Equipment is highly Relatively low Equipment is locally Controlled operation and In 1992, Cable Arm Inc. 42
Clamshell compatible with site and complexity. Alternative available in Ontario and slower production rate demonstrated in Toronto
Dredged/Controlled suitable for placement in is compatible with ECF has been used for similar will increase cost. Harbour a specially
Operations/Barge ECF. Short barge containment and project. Re-suspension designed environmental
Transport distance to ECF potential sediment or with closed clamshell bucket to meet

will limit number of effluent treatment will meet regulatory demonstration

barges required. techniques. Production water quality criteria. requirements of the

High solids content rate will be slower than Potential barge leakage Remedial Technologies

achieved by clamshell is Alternative 2, due to could impact Program (RTP) of

compatible with limited controlled environment. Environment Canada's

ECF capacity. operations. Great Lakes 2000

Controlled Cleanup Fund. Other

operations may be manufacturers used

effective at controlling extensively in U.S.

turbidity. Clamshell

dredge is suitable for

handling debris, if

present.
Alternative 2 - Closed Equipment is highly Moderate complexity. Equipment is locally Installation and In 1992, Cable Arm Inc. 44
Clamshell Dredged/Silt compatible with site and Installation of silt available in Ontario and maintenance of silt demonstrated in Toronto
Curtain/Barge Transport suitable for placement in curtains adds complexity has been used for similar curtain will increase Harbour a specially

ECF. Short barge and will likely reduce project. Re-suspension costs, but production rate designed environmental

distance to ECF production rate. with closed clamshell will increase, driving bucket to meet

will limit number of Alternative is compatible will likely meet costs down. demonstration

barges required. High with ECF containment regulatory water quality requirements of the RTP

solids content achieved and potential sediment criteria. Use of silt of Environment Canada's

by clamshell is or effluent treatment curtain will greatly Great Lakes 2000

compatible with limited techniques. improve water quality. Cleanup Fund. Other

ECF capacity. Water Potential barge leakage manufacturers used

current velocities are could impact extensively in U.S.
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Environmental Dredging Service Criteria Technical Criteria Regulatory Cost Criteria Prior Application Total
Alternative (Effectiveness) (Implementability) Criteria/Environmental
Impacts

Weighting Factor (1 - 3) 3 2 1 2 3

sufficiently low for use environment.

of silt curtains, which are

effective at controlling

turbidity. Clamshell

dredge is suitable for

handling debris, if

present.
Alternative 3 - Pneuma Pneuma Dredge will be Moderate to high Potential pipeline Downtime due to Used on Collingwood 29
Dredge/Controlled compatible with site complexity compared to leakage could adversely clogging from debris will Harbour project.
Operations/ Pipeline conditions given wide mechanical dredging. impact environment. increase costs
Transport range of operating Assuming that effluent Presence of debris can significantly. Production

depths. Lower water treatment is not cause clogging and lead rate is less than for other

solids content than required, alternative to water quality impacts. alternatives.

Alternatives 1 and 2. is compatible with ECF. Use of hydraulic dredge

Dredge will be impacted Production rate may be may require additional

by presence of debris. decreased by presence permitting above and

Pipeline transport will be of debris. beyond that for

effective over relatively mechanical dredging.

short distance to ECF Air emissions may be

from dredging site. less than mechanical

dredging.

Alternative 4 - Cutter Cutter suction will be Moderate complexity Potential pipeline Downtime due to Used extensively in U.S. 40
Suction compatible with site compared to mechanical leakage could clogging from debris and Canada.
Dredge/Controlled conditions given wide dredging. Assuming adversely impact could increase costs.
Operations/ Pipeline range of operating that effluent water environment. Use
Transport depths. Lower solids treatment is not of hydraulic dredge may

content than Alternatives required, alternative is require additional

1 and 2. Pipeline compatible with ECF. permitting above and

transport will be Potential clogging with beyond that for

effective over relatively debris, but less than with mechanical dredging.

short distance to ECF Pneuma Dredge. Air emissions may be

from dredging site. less than mechanical
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Environmental Dredging Service Criteria Technical Criteria Regulatory Cost Criteria Prior Application Total
Alternative (Effectiveness) (Implementability) Criteria/Environmental
Impacts
Weighting Factor (1 - 3) 3 2 1 2 3
| | | dredged. | |

Notes: 1= Poor
5 = Excellent

Selection of recommended alternative was based on total score. Judgment was used where multiple alternatives scored within 1 to 2 points of each other.
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to three. Each alternative was then assigned a score from one to five, with five being
very effective for the Randle Reef project. The total score was the sum of the individual
products of effectiveness and weighting factor. Since this was a subjective method of
scoring, the results were viewed as a general ranking of the alternatives.

D.2.1.5 Results of Evaluation of Dredging Alternatives

Based on the evaluation of alternatives presented in the previous section, the following
environmental dredging alternatives were retained for further detailed engineering
evaluation:

e Alternative 2 - Closed (environmental) clamshell bucket dredge to remove
contaminated sediment with transport of those sediments to the ECF by
barge or scow for placement in the ECF. It is recommended that silt curtains
be employed to control suspended sediments both at the dredge location and
at the containment facility (assuming a barge access channel is used). Silt
curtains could be configured to encompass the entire site or small excavation
cells (i.e., moon pools); and

e Alternative 4 - Cutter suction dredge to remove contaminated sediment with
transport of the dredged sediment to the ECF via hydraulic pipeline. It is
recommended that silt curtains be employed to control suspended sediments
both at the dredge location and at the containment facility. Silt curtains could
be configured to encompass the entire site or small excavation cells.

D.2.2 Detailed Evaluation — 30 Percent Design

D.2.2.1 Introduction

Hydraulic and mechanical dredges and high solids pumps were considered for the 30
percent design. The evaluation for the 30 percent design largely related to the different
stages of dredging (i.e., initial dredging, production dredging, and finish/final
dredging). Initial dredging involves dredging in the footprint of the ECF between the
double walls. Production dredging refers to the removal of sediment outside the ECF
perimeter and away from sensitive structures such as the U.S. Steel dock wall. Final
dredging involves dredging near structures or in areas where access is difficult. In
addition, this includes the final dredging required to fill the ECF to the contaminated
sediment final grade, which will preferably place sediments with a high solids content to
facilitate a more rapid transition to cap construction.

In general, the dredges can all be used for production dredging. The evaluation at the 30
percent largely related to production dredging. Additional measures may be necessary
for mechanical dredges for maintaining short-term water quality and air emission
control. Initial dredging in limited access areas (e.g., between the double steel sheetpile
walls) may require the use of a clamshell bucket dredge or a crane-operated high solids

pump.
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D.2.2.2 Identification of Options
The following hydraulic dredges were considered:

e a40cm (16 inch) cutterhead;
e a35cm (14 inch) cutterhead (with modifications and/or customization); and
¢ ahigh solids pump.

The dredge size is in reference to the diameter of the discharge pipe.

The mechanical dredge considered was an enclosed clamshell level-cut bucket. Based
on the recent experience of the design consultant on other projects with a high solids
pump, and as a result of communications with suppliers, the option for a high solids
pump was re-introduced at the 30 percent design stage as being technically feasible.
Other reasons for re-introducing this option included the potential for a contractor to
customize a hydraulic dredge to meet specific project needs.

The type of sediment re-suspension controls considered with the dredge equipment
were:

e controlled operations;
e hood or shroud; and
e silt curtain.

Due to the large volume of sediment to be dredged and the associated sediment
contaminant concentrations, more complex re-suspension controls were not considered
during the 30 percent design. The hood or shroud was not evaluated during the initial
screening, but was added as a dredging option at the 30 percent design level to enhance
short-term water quality. Silt curtains may be required to maintain control of disturbed
NAPL and sediment re-suspension.

The design options for transportation which were considered with the dredge
equipment included:

e pipeline transport with submerged discharge;
e split-hull scow with bottom dump; and
e hopper/scow with mechanical dredge removal.

The split-hull scow and hopper/scow are associated with mechanical dredge types. The
split-hull scow may require an access channel if the ECF walls are constructed before the
dredging occurs. The hopper/scow may be required during initial and final dredging if
a barge cannot access the ECF for disposal using the split-hull scow, or if a land-based
method cannot be used.
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No additional evaluation for sediment re-suspension controls or transport design
options was performed for the 30 percent design. Both will be a function of the type of
dredge used.

Controlled operations and pipeline transport with submerged discharge are most
compatible with hydraulic dredging, since that type of dredging is usually associated
with low sediment re-suspension. A hood or shroud may be not be required but may be
used to further reduce re-suspension effects. Silt curtains are recommended to be used
in conjunction with mechanical dredging to minimize sediment re-suspension.
Hopper/scows are typically used with mechanical dredging with split-hull scows being
preferable to others since the costs are lower, production rates tend to be higher and
there is less double handling of the dredged sediments.

Further design standards were derived from studies conducted during the 30 percent
design, as well as the requirements established during the development of the dredge
plan. The development of the dredge plan will influence the selection of the dredge type
since it imposes the following constraints related to dredging:

e large area to dredge (approximately 61 ha (150 acres));

e majority of the dredge area will require a dredge that is capable of making
shallow cuts (0.5 m to 1.0 m);

e is cost-effective in terms of being mobilized during the various construction
sequences and phases;

e applicable to the different types of dredging required at the different stages
of the project (initial, production, finish/final dredging); and

e addresses potential air emissions concerns.

D.2.2.3 Evaluation Criteria

The following general criteria were used to evaluate the dredging design options at the
30 percent design level:

e effectiveness;
¢ implementability; and
e cost.

Attachment D.10 provides a description of the specific criteria or sub-criteria used for
the evaluation of dredging design options.

D.2.2.4 Evaluation of Options

Table D.8 presents the evaluation of the dredging design options. Each option was
assigned a score by criteria, reflecting a ranking of +1 for preferred, O for neutral or -1 for
not preferred or not meeting criteria. Where all options were assigned a “0” for
particular criteria, this indicated that there were no differences among the options for
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Table D.8: Evaluation of Dredging Design Options — 30 Percent Design Level

Criteria/Sub-criteria

16 Inch
Hydraulic
Cutterhead
Dredge w/

Pipeline

14 Inch
Hydraulic
Cutterhead
Dredge w/

Pipeline

Enclosed
Clamshell Level
Cut Bucket,
Large Footprint/
Thin Thickness
Removal

High Solids
Pump

Effectiveness

Overall Protectiveness — Risk
of Exposure to Public or
Environment (short term)

Compliance with Design
Standards and Other
Requirements

Long-term Effectiveness and
Performance - Risk Presented
by Residuals and Contained
Sediment

-1

Short-term Effectiveness -
Protection of Workers,
Community During
Construction

Short-term Effectiveness -
Protection of the Environment
During Construction

Short-term Effectiveness -
Scheduled Duration of Design
Elements/Time to Execute
Design Option

1

Reduction of Mass/VVolume,
Toxicity, and Mobility of
Contaminants — Magnitude of
Contaminant Mass Reduction

Implementability

Technical Feasibility - Ease of
Construction and Operating
the Option in a Cost-Effective
Manner

Technical Feasibility -
Compatibility with other
Design Options

Technical Feasibility -
Technical Complexity of
Design Option

Administrative Feasibility -
Ease of Obtaining Permits
Waivers, Easements, Other
Releases to Facilitate
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16 Inch 14 Inch Enclosed High Solids
Criteria/Sub-criteria Hydraulic Hydraulic Clamshell Level Pump
Cutterhead Cutterhead Cut Bucket,
Dredge w/ Dredge w/ Large Footprint/
Pipeline Pipeline Thin Thickness
Removal
Implementation of Design
Components Comprising
Option
Administrative Feasibility - 1 1 0 1
Acceptance by Stakeholders
Availability - Availability of
Equipment, Materials, -1 0 1 -1
Services, etc. to Implement,
Verify and Monitor
Effectiveness of Design Option
Local/Provincial/Federal
Government Standards and
Stakeholder Input- Relative 0 0 -1 0
Probability of Design Option
to Generate Issues or Concerns
Cost
Cost - Capital and Periodic 0 0 0 -1
Costs
Legend:
+1 - Preferred 0- Neutral -1 - Not preferred or not meeting criteria
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the criteria. The ranking by criteria were then summed with the highest score assigned to the most
preferred option. The criteria were weighted equally.

D.2.2.5 Results of Evaluation of Options

Based on the evaluation and the identification of potential re-suspension and transport controls, a
combination that included the 35 cm (14 inch) cutterhead hydraulic dredge with modifications,
controlled operations and pipeline transport was preferred. During the later stages of design (i.e.,
100 percent design), other dredge types and sizes were considered in light of responses from
regional contractors and other considerations such as various customizations, improved methods
and value engineering that may be applied to the tender documents. The 100 percent design stage
emphasized performance criteria rather than limiting the design to a particular dredge type.

The following summarizes the rankings and scores of the various dredges (from most preferred to
least preferred):

35 cm (14 inch) cutterhead hydraulic dredge (score = 6);
40 cm (16 inch) cutterhead hydraulic dredge (score = 3);
enclosed clamshell level-cut bucket (score = 2); and
high solids pumps (crane-operated) (score=-2).

Based on other evaluations (Herbich, 2000), a 40 cm (16 inch) hydraulic dredge is most compatible
with the dredging depths for the Randle Reef project, as well as the pipeline distance. However,
discussions with marine contractors in the Hamilton area suggest that a 35 cm (14 inch) cutterhead
may also work if the required precision can be attained, and a booster pump may address the
pipeline distance required. These will be assessed at the 100 percent design stage.

High solids pumps may be suitable for initial dredging between double sheetpile walls while a
larger hydraulic dredge may be required within the ECF footprint. Mechanical dredging may be
necessary for some aspects of construction, along with engineering controls for air emissions and
sediment re-suspension. This may be required for initial dredging between the sheetpile walls,
and final/finish dredging, and will be developed during later stages of design.

D.2.3 Detailed Evaluation — 100 Percent Design

D.2.3.1 Introduction

The 100 percent design carried forward the equipment options from the 30 percent dredging
design. Based on a comparison of the dredging techniques in the 30 percent design and an
evaluation of the clay surface, the following actions were recommended to be completed for the
100 percent design to confirm the feasibility of the 30 percent options:

e re-evaluate the dredge surface to support the objective of dredging to the clay surface in
Priority 1 and 2 subareas;
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e perform more detailed design work to refine and optimize the dredge plan with the
available data; and

e re-evaluate the overdredge allowance, given the importance of maximizing
containment of the contaminants in the ECF.

D.2.3.2 Identification of Options
The preferred design alternative uses two types of dredges - mechanical and hydraulic.

Initial dredging, which is the dredging of Priority 1 sediment between the two double walls will be
completed using a combination of a high solids pump and a mechanical dredge.

Production dredging of Priority 1, 2 and potentially Priority 3 sediments will be conducted using a
cutter suction hydraulic dredge (cutterhead dredge) approximately 35 cm (14 inch) in size or an
equivalent customized hydraulic dredge, as ECF capacity allows.

Final finish dredging may be accomplished using mechanical dredging, which will bring the ECF
to grade. Mechanical dredging has the potential to reduce effluent treatment and increase solids

content of sediment immediately below the cap. Drawbacks include considerable re-handling of

sediment in a difficult access situation and concerns for worker health and safety.

D.2.3.3 Review of Objectives and Studies

Further design was completed by:

e evaluating the dredging options against various objectives;

e assessing the options against different requirements; and

e comparing the options with the recommendations from other studies related to the
dredge design.

Issues which may arise during dredging were identified and the design option was reviewed for
its ability to address the issue assessed.

The dredging objectives for the project were identified for optimizing the removal of contaminated
sediment from the most to the least effective, and for optimizing the mass removed. Section 4.1.8
provides details on the development of the priority dredging subareas.

The sediment physical characteristics influence the dredging method, sediment transport method
and consolidation behaviour. The gradation and plasticity of the sediment are especially relevant
to the change in density and volume as the material consolidates in the primary ECF. The initial
storage of the sediment will be impacted by the degree of volume bulking that occurs. This is in
large part related to sand content (coarse-grained material), where the greater the sand content, the
less volume bulking and the better the engineering behaviour of the dredged material during
consolidation. The content can range from 1 to 56% in site sediments, with the most frequent
range between 15 to 30%, as illustrated in Figure D.3. Plasticity of the fine grained sediment is
important relative to the engineering behaviour of the sediment. The recently deposited soft
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Figure D.3: Surface Sediment Physical Properties
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sediments generally consist of silt or elastic silt of low plasticity. In most areas of the site, a layer of
firm to stiff silty clay is beneath the recent sediment layer. This firm to stiff silty clay is described
as the clay layer or upper clay layer and is the target for the dredging depth in Priority 1 and 2
areas. A review of the clay surface elevation was completed as part of the dredge plan design
work.

Dredging objectives related to both dredging operations and filling of the ECF were identified and
the proposed dredging option was reviewed for its ability to meet these objectives. These included
the following sediment removal and ECF dredging/filling objectives:

e the post-dredge surface should have PAH concentrations < 100 mg/kg in the upper 10
cm (4 inches);

e Priority 1 and 2 areas should be fully contained/capped within the ECF, while
sediment from Priority 3 and 4 should be contained as space allows;

e dredging design requires tight tolerances to minimize overdredge of uncontaminated
material and will need to meet an overdredge allowance - this means advanced
positioning capabilities for both horizontal and vertical positioning;

e dredging design is compatible with transport and disposal options, although numerous
movements and equipment relocations are necessary for Priority 2 subareas;

e dredging is coordinated and compatible with other design elements such as sediment
management;

e dredging design reduces sediment re-suspension, reduces transport of suspended
sediments around the dredge head and reduces sediment exposure to air;

e dredging design limits residual contamination, either through the selection of the
dredge technique or through the dredging process (incorporating second-pass
dredging) - the specifications will need to identify that second-pass dredging
equipment can achieve less than .5 m (1.7 ft) of removal; and

e placement of dredged material in the ECF should be managed to facilitate gravity
settling of coarser sediments within the port facility area of the ECF footprint.

Some of these objectives translated into certain design standards or performance criteria which the
dredging will need to meet, including;:

e 0.15m (0.5 ft) overdredge allowance;
e limitations on turbidity resulting from dredging; and

e meeting chemical criteria for residual contamination.

Further criteria and specifications will be developed when tender drawings and specifications are
completed.

D.2.3.4 Evaluation of Options

For initial dredging, the combined mechanical dredging and high solids pumps were reviewed
against the proposed design requirements criteria to determine if they were met.
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For production dredging, the cutterhead hydraulic dredge was evaluated against the design
objectives. A number of issues were reviewed to determine if the equipment option could address
the following potential issues:

e variability in subsurface conditions;

¢ wind conditions and water column currents;

e presence and abundance of debris;

e wave conditions;

e dredging near HPA piers and U.S. Steel’s dock wall;
e dredging near the ECF double sheetpile walls; and
e dredging slopes.

The impact of the above on dredging rates was evaluated for each subarea. Each factor was rated
as having a high, medium or low impact, relative to the potential for concern in a given subarea.
The ratings were combined to estimate an overall dredging efficiency for each subarea and to
derive a production rate. A production rate range of 85 to 299 m3/hr was calculated based on a
range of efficiency factors from 41 to 95%. These rates will be evaluated with sediment
management design criteria (see Table D.9). The evaluation of certain factors also led to
recommendations for the design drawing and specifications to implement the 100 percent design.

D.2.3.5 Results of Evaluation of Options and Recommendations

For initial dredging, it was determined that dredging between the double walls could be
performed consistent with design objectives using one of two (mechanical or high solids pump) or
both approaches. Final dredging may be accomplished by mechanical dredging and will be
reviewed during the final stages of design.

For production dredging, the hydraulic cutterhead was evaluated to determine whether the
equipment was suitable for the various site conditions. A number of constraints and limitations
were identified for consideration in the development of construction specifications, as follows:

implement re-suspension controls during dredging;

e include provisions that describe the presence of a hard bottom as a site condition;

e provide dredge pump arrangements that minimize cavitation (cavities at the sediment
interface);

e pumps should be able to pass some occasional coarse material and slag to avoid down-
time and slower production rates;

¢ include methods for moving the cutterhead dredge to optimize production efficiency
and manoeuvrability;

e structure the tender to address the ability to expand availability of the dredge
equipment components;

e meet production rates that allow for sediment management and supernatant treatment

designs;
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Table D.9: Estimated Dredging Production Rates by Subarea

Wind Conditiong | Dredging near
Priority Priority Subsurface |and Water-column | HPA Piers and | Dredging near Credging Long Overdredge Overall Production
Area Subarea Conditions Currents SDW ECF Slopes Discharge Line Concerns Efficiency Rate lm"}'hr]

Medium Low High High Low Low Low 58% 121

Medium Mediurn High High Medium Low Lo 41% 26

Medium Low High Low Low Low Low E0% 104

Medium Low High Low Lo Low Lo 59% 123

Medium Medium High High Medium Low Low 41% &6
2 9 Medium Low High Low Medium Low Lo 47% 99
2 10 Medium Low High Low Medum High Low 43% 24
2 11 Medium Mediurn High Low Medium Low Lo 45% G4
2 12 Medium Medium Liow Low High Low Low 48% a7
2 13 Medium Medium Liow Low High Medium Lo 41% 85
2 14 Medium Medium Low Low High Low Low 43% a0
2 15 Medium Low High Low Medium High Lo 52% 105
3 16 Lowe Low High Low Liow High Medium T3% 153
3 17 Low Lo Low Low Low Medium Wedium 90% 190
3 18 Low Medium Low Low Low Low Medium S90% 190
3 19 Low Low Low Low Low Medium Medium S90% 120
3 20 Low Low Low Low Low Low Medium 95% 200
4 2 Low Low High Low Low Low Medium 81% 170
4 22 Lo Low High Low Lo High Medium T3% 153
4 23 Lowe Low Liow Low Low High Medium BB 180
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e specifications to require the contractor to submit a construction work plan
describing the survey method, method of debris removal and method of
verifying that the debris has been removed prior to hydraulic dredging;

e dredging near the HPA piers and U.S. Steel dock wall will require an offset
and will be sloped; the specifications will explicitly state that the contractor
will be responsible for damages to the structures resulting from dredging
operations;

e construction windows for fish and winter shut-down periods are in effect -
associated constraints with the effluent treatment system;

¢ noise, light and nuisance ordinances are applicable to the site;

e tenant operations may need to be accommodated;

e coordination with navigation requirements must be addressed; and

e meet water quality requirements during construction activities.

Dredging, transport and filling options will be further developed during the
development of drawings and specifications. Construction monitoring, verification
sampling and sustainability opportunities will be developed under separate design
elements (e.g., sediment management, port facilities) or during further design
development within the drawings and specifications. The 100 percent design
recommends the use of the cutter suction hydraulic dredge or specialized /customized
hydraulic dredge.
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Attachment D.6: Environmental Dredging - Initial Screening Assumptions

ltem

Assumptions

Volume

Sediments within Randle Reef having concentrations greater than 200 ppm TPAH will be dredged, an
approximate area of 275,600 m2 with a volume of 310,00 m3. If the dredge line is expanded to dredge
sediments contaminated with greater than 50 ppm TPAH, the dredge area will be increased to 440,000
m? and have a volume of 476,000 m3. It is also anticipated that sediments with free phase coal tar will
be encountered. Estimates indicate that an area of 122,300 m? and a volume of 160,000 m3 will have free
phase coal tar present. It was assumed that the ECF may be created by encircling the most highly
contaminated sediments at the site within a series of interconnected containment structures (i.e., earthen
berms or sheetpile walls).

Current Velocities

The Randle Reef site covers approximately 350,000 m? (35 ha) with water depths ranging from
approximately 4 to more than 10 m. Based on the review of the previously completed modeling, current
velocities at the Randle Reef site are predicted to be low (less than 10 cm per second for the modeled
conditions). Therefore, silt curtains, screens or sheetpile walls may be used for suspended sediment
control.

Dredged Material
Characteristics

The need to dredge is principally driven by the presence of polycyclic aromatic hydrocarbons (PAHs) in
the sediments. Other contaminants include various metals and polychlorinated biphenyls. Even the
most concentrated PAH (naphthalene) was found in relatively low concentrations, as compared to bulk
chemical content. The presence of these contaminants does not affect the basic physical function of
dredge equipment, that is, the removal of sediments from the bottom and transferal to appropriate
transportation equipment. However, some small portions of these contaminants may be released to the
water column and to the air during dredging. In particular, there may be a need to control air emissions
of PAHSs during dredging.

The area to be dredged at the Randle Reef site is covered by a layer of unconsolidated soft sediments
ranging in thickness from 0.8 to 3.4 m. Across most of the site, the soft sediment is underlain by a layer
of clay that ranges in consistency from very soft to very stiff, with undrained shear strengths as high as
115 kilopascals.

Containment and Treatment

For the purposes of evaluating the various environmental dredging component options, it is assumed
that dredged sediments could be placed directly into the ECF and that effluent would require treatment.

If costly effluent treatment is required, economic considerations may favour a dredging method that
results in higher solids content.
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Attachment D.7: Description of Environmental Dredging Options

A. Environmental Dredging Equipment Options

Mechanical Dredges

Equipment Option

Description

Barge Mounted
Backhoe

The barge-mounted backhoe dredge is a land-based hydraulic backhoe excavator mounted on any suitable pontoon or barge.
Operational water depth is limited only by the draft of the barge. Bucket sizes range from approximately 15 to 20 cm. The
sediment re-suspension of backhoe dredges is estimated to be comparable to typical open-top clamshell or grab dredges.
Production rates may range from 15 to over 120 m3/hr depending on the size of the bucket and the operational procedures.

Open Clamshell
Bucket

A bucket dredge is a mechanical device that utilizes a bucket to excavate sediment at or near in-situ densities (i.e., without
entraining excessive free water). Buckets range in capacity from %2 to 20 m? or more and are often referred to as “clamshell
buckets” due to their shape and closure method. The bucket is typically suspended from a crane. The dredge operates by
lowering the bucket through the water column in the open position until it penetrates the bottom. The bucket is then closed
by the crane operator through the use of wire cables, shearing the bottom sediments. The bucket is then raised to the surface
and once in position above the dump scow or hopper barge, the bucket is opened and the sediment is released.

Clamshell buckets typically excavate a heaped bucket of sediment, which tends to overflow the edges of the open top bucket
as it is raised to the surface and subsequently swung open to the receiving vessel. This spillage creates turbidity in the water
surrounding the dredge operation and contributes to the loss of material. However, “watertight” or “closed” clamshell
dredges have been designed to limit the release of materials.

Closed Clamshell
Bucket

The closed clamshell bucket is a modification of the typical open clamshell in which the top of the closed bucket is covered by
steel plates and the sides of the bucket form a tight seal by overlapping or using rubber gaskets to prevent leaking. Typically,
the top covering is equipped with vents to allow water to pass through during the descent phase of the bucket dredge. These
modifications do not significantly adversely impact the performance of the closed clamshell as compared to the open
clamshell.

Visor Grab

The shape of the visor grab is similar to a shovel with a sliding cover (visor flap) that is closed by two hydraulic cylinders.
The shuttered grab is handled in the usual way by a mechanical excavator (i.e., backhoe). When the grab has been filled, the
visor is closed before being raised to empty its contents into a transport barge. The visor grab’s closing system avoids the bed
material becoming compressed, which can make emptying the grab difficult. A rubber strip along the edge of the visor is
intended to provide a watertight closure.

Hydraulic Dredges

Equipment Option

Description

Cutter Suction

Cutter suction dredges operate under the same principles as conventional suction dredges with a rotating cutterhead. Several
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Equipment Option

Description

types of cutterheads may be employed depending on the type of material to be dredged. Sediments are broken down and
drawn into a centrifugal or sludge (modified axial) dredge pump where they are transported through pipelines to a treatment
and/or containment location. The dredge “walks” using a combination of winches and spuds or it can be self-propelled. Use
of a ladder pump can increase the concentration of dredged slurry in the pipeline and dredge in deeper water depths. The
production rate is dependent on the pump power and the size (diameter) of the intake pipe, which are typically 30 cm or
smaller for remedial dredging.

Dustpan

The dustpan dredge uses a widely flared dredge head (similar to a large vacuum cleaner) with high pressure water jets
positioned along its length. The water jets loosen the bed sediments which are then captured within the dredge head as it is
winched into the excavation. Dustpan dredges are used primarily for dredging sandy sediments on inland rivers where the
dredged sediment is pumped a relatively short distance (typically less than 300 m) and discharged in nearby open waters
outside of the navigation channel.

Matchbox Suction

The matchbox suction dredge was designed to replace the cutterhead dredge. A plate over the top of the suction head
prevents escape of gas bubbles. The angle between the suction head and the ladder is adjustable to optimize the position of
the dredge head independent of the dredge depth.

| Pneumatic and Specialty Dredges

Equipment Option

Description

Amphibious
Excavator

Amphibious excavators are typically small, versatile, pontoon-mounted, multipurpose dredges equipped with both
mechanical and hydraulic capabilities. Many of these amphibious excavators are portable (i.e., transportable on public roads)
and capable of loading/unloading and launching themselves without additional equipment.

Furthermore, most are self-propelled on land and in water but can be adapted to use land anchors and winches for
positioning in water. Most amphibious excavators are equipped with interchangeable mechanical backhoe excavators and
hydraulic cutterhead suction dredge attachments. Additionally, other attachments are available for sludge pumping, raking,
cutting and debris removal.

Bonacavor

The bonacavor is a hybrid dredge (mechanical excavation/hydraulic transport). Sediments are dredged with a mechanical
barge-mounted backhoe excavator and transported hydraulically using a Slurry Processing Unit (SPU). Excavated sediments
are placed on a screen over the SPU hopper bin. Large debris are separated out and transported via containment barge to the
treatment site. The desired slurry density and/or velocity of the slurry is controlled by the SPU which automatically injects
the necessary amount of water to maintain the pre-defined slurry density and velocity.

Oozer Pump

The Oozer Pump is a pneumatic dredge designed to produce a vacuum inside the pump by changing the air pressure inside a
system of cylinders, thereby causing high density sediment slurry to be sucked through the suction inlet by water and
atmospheric pressure. The sediment in the pump is then discharged by compressed air. The Oozer pump operates on a
similar principal to the pneuma pump, except that two cylinders are used rather than three. The two cylinders alternately
suck in and discharge sediment, continuously performing high density sediment dredging. A centrifugal vacuum is also
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Equipment Option

Description

applied to increase the efficiency of the system. The Oozer Pump makes if possible to dredge thin layer, high density bottom
sediment.

Pneuma Dredge

The pneuma is a hydraulic (pneumatic) dredge plant with a piston-type pump. It uses a combination of hydrostatic heads to
create a vacuum and compressed air as a piston to move material into and out of a cylinder, similar to the oozer dredge. The
pistons operate in sequence, providing continuous output at up to 60% solids concentration depending on sediment
conditions and type. The system is effective in deep and very shallow waters with numerous assembly options and methods
of use including pontoons, barges, in-tow or using a "dipping" method. When used in-tow, various intake configurations
(e.g., plows) are available to adjust to conditions. The absence of rotating cutters provides for excellent environmental results
and very low maintenance requirements.

High Solids The TOYO pump is a combination of an excavator and a pump that includes a built in agitator attached directly to the pump
Submersible Pump shaft. The pump digs itself into position just below the mud line and as the inward curved agitator blades rotate, the

(i.e., the TOYO surrounding material is mixed with fluid into a highly concentrated slurry which is then fed to the impeller and transported
Submersible Agitator | to the containment facility. The system can be outfitted with GPS and other equipment to accurately place and monitor the
Pump) position of the pump and ultimately improve accuracy.

B. Suspended Sediment Control Options

Release of suspended sediments during dredging, which results in turbidity, occurs with nearly all dredging technologies. However, the degree
of turbidity generated during dredging varies considerably by dredge type, sediment properties and site conditions. Turbidity associated with
contaminated sediment dredging can impact the successful implementation of the remedial action, if not controlled.

Suspended Sediment
Control Options

Description

Textile Barriers (i.e.,
silt screens and silt
curtains)

Textile barriers are used to reduce sedimentation caused by water flow and other activities such as dredging. Textile barriers,
such as silt screens and silt curtains, are made from natural or man-made woven fabric designed to prevent sediment from
passing from the dredge site to the remaining water body. Silt curtains are designed to contain or deflect suspended
sediments or turbidity in the water column. Consequently, silt curtains are considered an integral and necessary part of the
regulatory strategy for many dredging projects. Silt curtains are commonly used to protect specific areas (e.g., sensitive
habitats, water intakes or recreational areas) from suspended sediment and particle-associated contamination as they can be
installed and maintained in a manner that avoids the entry of equipment into the water body.

Sheetpiles Sheetpile walls can be made out of steel, vinyl, fibreglass or plastic sheeting, which is driven into the ground to create a
barrier to restrict water flow or to create an enclosure to isolate work activities. Steel sheetpiling consists of a series of rolled
trough sections with interlocking grooves along each edge of the section. Each steel pile is secured groove to groove, and
driven into the ground to as close to the same depth as possible to form a continuous, impervious barrier. Steel sheetpile
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Suspended Sediment
Control Options

Description

walls are often used for in-water works due to their strength and durability.

Moon Pools

A moon pool is an enclosed “pool-like” area where only the bucket is surrounded by silt curtains, creating a small excavation
cell that isolates the dredging machinery and moves with the machinery to each area to be dredged.

Air (Bubble) Curtains

Air bubble curtains are created by using pneumatic pumps to create compressed air flow though a submerged perforated
pipe which is placed along the bottom surface. The air escapes through special nozzles on the pipe and rise to the surface
forming a vertical current in the water column. At the water surface, the vertical current is transformed into a horizontal

current which acts as a barrier.

Modifications to
Dredging Rates and
Equipment

Changing the rate at which sediment is removed and modifying the dredging equipment can minimize the re-suspension of
contaminated sediment while maximizing the solids content of the dredgeate. Changing the rate could include a reduction in
the bucket ascent and descent velocity, ensuring complete closure of the bucket prior to ascent, and/or rinsing of the bucket
before each descent. Modifying equipment such as removing the auger head shroud or adjusting engine speed can impact on
sediment re-suspension and on dredge productivity.

C. Transportation of Dredged Material Options

After the sediment has been excavated, it is transported from the dredging site to the placement site or disposal area. This transport operation, in
many cases, is accomplished by the dredge itself or by using additional equipment such as barges, scows and pipelines with booster pumps.

Transportation of
Dredged Material
Options

Description

Barge or Scow

Barges and scows are often used in conjunction with mechanical dredges and have been one of the most widely used methods
of transporting large quantities of dredged material over long distances as these vessels are either self propelled or can be
placed on board larger vessels. The use of barges or scows is common when conducting offshore or near shore dredging.

Pipeline

Pipeline transport is the method most compatible with hydraulic dredging (i.e., cutterhead, dustpan and other hydraulic
dredges) where a flexible hose is used to transport the dredged material from the dredge site to a disposal area on shore (such
as the ECF). Pipelines can be lengthy to allow for longer distances between the dredge and the designated disposal site but
may require the use of booster pumps to provide greater suction of the material through the pipeline.

Conveyor

A conveyor provides the means to transport dredged material from one location (i.e., the area in which dredge material has
been collected/stored) to a dedicated sediment processing area. Conveyors can be used to transport sediment over land (not
water) where trucks may be impractical due to the short distance between the dredge collection/storage area and the
processing site.
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Transportation of
Dredged Material
Options

Description

Truck

When barge transport directly to a containment facility is not feasible, dredged sediments may be transported to a shore-
based transloading facility where the sediment is then loaded into large dump trucks and transported over land to the

appropriate facility for treatment.
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| Photographs

A. Dredging Equipment

| Mechanical Dredges

Barge Mounted Backhoe

The barge-mounted backhoe dredge is a land-based hydraulic backhoe excavator mounted on any suitable
pontoon or barge. It is ideal for working along shorelines and in other aquatic environments that traditional

excavation equipment cannot access.

Visor Grab

A visor grab contains a sliding cover (visor flap) that hydraulically close to contain the sediment within the
bucket. A rubber strip along the edge of the visor creates a watertight closure.

Photo: Environment Canada
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Open Clamshell Bucket

The open clamshell bucket is lowered into the water until it sinks into the bottom surface. The raising of the
bucket closes the jaws of the bucket. The sides of this clamshell are open thereby allowing excess sediment to
spill from the bucket as it is raised through the water column causing turbidity in the water surrounding the
dredge activity.

Army Engineer Research and Development Center
U.S. http:/ /el.erdc.usace.army.mil /resbrief / drbucket/bkt-type.html
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Closed Clamshell Bucket

Unlike the open clamshell, the closed clamshell bucket is enclosed as the top is covered by steel plates and
the sides either overlap or have rubber gaskets to create a tight seal. Re-suspension of sediment is
significantly less with the closed clamshell bucket making it preferable for performing environmentally
sensitive dredging operations than the open clamshell.

Army Engineer Research and Development Center
U.S. http:/ /el.erdc.usace.army.mil /resbrief / drbucket/bkt-type.html
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Hydraulic Dredges

Cutter Suction Dredge

Cutter suction dredges operate under the same principles as conventional suction dredges. The dredge
includes a rotating cutterhead with teeth that churns up the surface. The sediment and water is then
suctioned up a long tube and transferred to a containment site.

DredgeBrokers © 2005

Dustpan Dredge

The dustpan dredge uses a widely flared dredge head (similar to a large vacuum cleaner) with high pressure
water jets positioned along its length. The high velocity water jets loosen the bed sediments which are then
captured within the dredge head and drawn up by pump through the dredge pipe and into a floating
pipeline where the material is transported to the treatment site, containment site or to a transfer location.
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Pneumatic and Specialty Dredges

High Solids Pump (TOYO Submersible Agitator Pump)

The TOYO pump is a combination of an excavator and a pump. The pump includes a built in agitator
attached directly to the pump shaft. The pump digs itself into position just below the mud line and as the in-
ward curved agitator blades rotate, the surrounding material is mixed with fluid into a highly concentrated
slurry. The pump can