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Foreword

Preparation of the Stage 2 Remedial Action Plan (RAP) for the St. Clair River has involved the 
dedication and expertise of many individuals, particularly volunteers, from both within and outside of 
the St. Clair River Area of Concern (AoC). Stage 2 marked the establishment of a new working 
relationship between members of the Binational Public Advisory Council (BPAC) and Government 
Agency members on the RAP team. The process, involving facilitated task teams and strategically 
timed workshops was successful in identifying goals, priorities and recommended actions to correct 
environmental problems outlined in Stage 1 of the RAP. 

Stage 2 has followed a locally prescribed "ecosystem approach" recognizing the St. Clair River and 
its watershed as an entity without regard for geo-political borders and establishing priorities based on 
environmental quality needs. This "binational" RAP has been a model of cooperation largely the result 
of a forward thinking and active BPAC who have, on several occasions, overcome international 
borders and roadblocks to maintain a productive process. BPAC and the RAP team have 
communicated successes and failures to other binational RAPs through numerous engagements 
hosted or attended by members including an IJC sponsored binational RAP roundtable. The 
participants learned from difficulties and delays encountered during the development of Stage 1 and 
have through diligence kept on time despite an ambitious schedule. In addition, there have been 
many examples of partnerships established to secure grants, private or agency funding for work 
which could have otherwise not been completed.

The following BPAC and RAP team members, invited experts, facilitators and technical writers have 
enabled the completion of a Stage 2 report which is challenging yet achievable and supported by all 
involved:

BPAC AND RAP TEAM MEMBERS
Bob Allen Peter Banks Dean Barnett 
Vern Batty Sharon Bender Malcolm Boyd
Jeff Braunscheidel Murray Brooksbank Ed Brost
Lois Burgess Don Cox Donald Craig
David Cram William Darmstaetter Ron Denning 
Tim Eder Ray Fillion Joseph Gallagher
Mike Gariepy William Gelevan Joseph Gilbert
Bob Greene Jim Greenshields Chris Greensmith 
Don Gunning Ian Harris Hugh Helferty
John Heidtke Howard Hunter Donald Isaac
John Jackson John Jackson Karen Jamison
Ora Johannsson Gary Johnson Ernie Kafcas
Peter Kauss Frederick Kemp Robert Lalonde
Kristina Lee Timothy Lozen Dale Luecht
Ken MacKenzie Don MacLennan Jim Mason
Colin McLuckie Mary Mechtenberg Jennifer Molloy
Timothy Morse Donna Schmidtmeyer Scott Munro
Al Norwood Lawrence O’Keefe Larry Osborn 
Jon Parsons Terry Plain Don Poore
Karen Ralph Darrell Randell Jarma Salmikivi 
Frank Schoonover Roy Schrameck Clair Schuerer
Kathleen Smith Geoff Smith Kenneth G. Smy 
Terry Soeder Robert Spagnoli Doug Steen 
Bill Stone Stewart Thornley John Tiedje 
John Tironi Bill Trebics Patricia Troy
C.J. (Bud) West Commissioner Don Wismer



INVITED PARTICIPANTS
James Bakun
Greg Barrows
Bryan Boyle
Pauline Brown
C.H. Chan
Bret Colman
Sandy Easton
Lea Gourlay
Al Hamill
Don Hamilton
Bruce Hawkins
Don Hector
Maureen Hein
Gloria Henry

Rein Jaagumagi
Ted Kierstead
Gary McCullough
Paul McKee
Tim Moran
Peter Nettleton
Trefor Reynoldson
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Anne Stewart
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Nada Thornton
Mike Williams

TECHNICAL WRITERS
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FACILITATORS
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Executive Summary
Introduction

The St. Clair River Stage 1 Remedial Action Plan (RAP), defining environmental problems 
("impairments to beneficial uses") affecting the St. Clair River was released in 1991. The Stage 1 
RAP identified current environmental conditions including trends through time. Impairments were 
identified, however, one of the more significant findings was the substantial improvements in 
environmental quality which had occurred over the last decade. These improvements have largely 

been the result of regulatory or voluntary initiatives on the part of 
local industries and municipalities in Ontario and Michigan and, in 
particular, petrochemical facilities located in the Sarnia/Lambton 
area. Since release of the Stage 1 report, RAP efforts have been 
focused on finding solutions to the remaining problems and 
prioritizing actions in order to restore beneficial uses. This document, 
which represents the findings from the Stage 2 RAP, presents the 
framework for restoring the environmental integrity of the St. Clair 
River and recommended remedial and preventive actions to reach 

these goals. In some cases, the remedial and preventative actions are not fully developed in this 
document. In those instances, the next steps that will be taken to develop the preferred remedial 
actions are outlined in the report.

Where conclusive information is lacking, actions listed in this document will be further evaluated for 
their linkages with identified impairments and prioritized in light of competing environmental initiatives 
and expected benefits to the St. Clair River and surrounding environment.

The next step in the RAP process will focus on:

� prioritizing actions that will clearly lead to removal of impairments;

� obtaining commitments (including funding) from those responsible and proceed withcarrying out 
the priority actions listed in this document; and

� further refining plans for those areas where the remedial actions have not yet been fully 
developed. 

RAP participants have attempted to prescribe actions for 
delisting of the St. Clair River as an Area of Concern. Some 
actions may yield greater environmental benefits and would 
receive a higher priority in committing limited resources. The 
RAP is principally concerned with restoring impairments to 
beneficial uses and, as such, will prioritize these actions 
while promoting other actions which will further improve 
environmental conditions in the area.

To more comprehensively address the environmental 
problems defined in the Stage 1 RAP, the scope of the RAP 
has been broadened to encompass the immediate drainage 
basin of the St. Clair River (Chapter 2). The eastern watershed draining from Ontario consists of 
several small tributaries encompassing an area of about 20,976 ha (51,832 acres). The Michigan 
watershed, encompassing the Black, Belle and Pine Rivers, is significantly larger at 315,900 ha 
(780,589Êacres). Consideration of the entire watershed is essential for the RAP as activities 
anywhere within the drainage basin can lead to downstream impacts.

The watershed defined does not incorporate upstream sources contributing to the head of the St. 
Clair River from Lake Huron. As Lake Huron contributes by far the greatest amount of water to the 
river, pollutant contributions from the lake can not be ignored. In particular, loadings of pesticides, 



mercury, total PCBs, phosphorus, chloride, hexachlorobenzene and suspended solids from Lake 
Huron are known to be significant. This RAP cannot directly address minimization or elimination of 
these sources, but does commit to continued monitoring of these and other inputs to the St. Clair 
River. It is also recommended that reductions of contaminants of concern within the St. Clair Area of 
Concern (AOC) be a priority for the proposed Lake Huron Lakewide Management Plan (LaMP).

Atmospheric inputs may also be contributing to 
contamination of the St. Clair River via direct deposition, its 
tributaries and Lake Huron; however, insufficient data exist 
for a full evaluation of the presence and distribution of 
atmospherically derived contaminants. This RAP strongly 
supports further investigations to ascertain the extent of the 
problem.

The Stage 2 RAP document summarizes the results of the 
Stage 1 report and addendum report which outline the 
nature and extent of environmental problems in the St. Clair 
River AOC (Chapter 2). Chapter 3 outlines the process 
undertaken to complete Stage 2, goals and objectives of the RAP and appropriate delisting criteria for 
those beneficial uses assessed as impaired. The remainder of the report provides specific 
recommended actions for implementation (Stage 3) relating to point sources (Chapter 4), non-point 
sources (Chapter 5), sediments (Chapter 6), habitat (Chapter 7), public outreach and education 
(Chapter 8), required monitoring leading to delisting and research needs to fully evaluate the status 
of certain other beneficial uses (Chapter 9), and the strategy for RAP Implementation (Chapter 10). 
The actions identified and time frame for their implementation are summarized at the end of this 
executive summary (Section 1.11).
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Executive Summary
Impairment of Beneficial Uses and Delisting Criteria

Table 1.1 lists the impairments to beneficial uses (9 of 14 beneficial uses as defined by the IJC) 
determined in the Stage 1 report and subsequent Update report. The delisting criteria, as defined by 
the RAP Team and Binational Public Advisory Committee (BPAC), for each impairment is also 
indicated.
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Executive Summary
Public Consultation Process

This Stage 2 document has been created as the result of 
extensive public consultation and input to derive a 
community-based consensus report. It is largely the product 
of four Task Teams consisting of members of the BPAC 
and RAP Team with some additional agency support. As 
such, it attempts to accurately portray the collective interests 
and will of the local community. This document has been 
reviewed on several occasions by task team members 
through facilitated workshops, meetings and individual 
review. It is the product of a joint effort involving local 
interested citizens within and outside of BPAC as well as 
Agency representatives. The implementation of 
recommended actions thus is supported by all stakeholders which will certainly enhance the success 
of the remediation and cleanup of the St. Clair River AOC.

The Stage 2 process involved a series of facilitated 
workshops and the creation of four Task Teams. Point 
sources and non-point sources of contamination were 
evaluated and assessed by the Point Source and Non-Point 
Source Task Teams, respectively. A Sediment and Habitat 
Task Team addressed issues relating to contaminated 
sediments and the loss of wildlife habitat. A Common Issues 
Task Team was struck to fill any gaps among the other 
Task Teams and address cross-cutting concerns; their 
primary focus dealt with public awareness and education.
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Executive Summary
Goals and Objectives

One of the first tasks of the Stage 2 process was the development 
of specific water use goals and objectives to direct the work of the 
Task Teams and, eventually, result in delisting of the impairments to 
beneficial uses (Table 1.1). The goals and objectives were 
developed jointly by the RAP Team and BPAC.

A series of six qualitative goals were defined as follows:

Aesthetics:

Achieve and maintain an aesthetically pleasing clean "blue water" and an appropriate balance of 
natural shoreline and human uses. There should be sufficient public access to the river for recreation, 
enjoyment and cultural activities;

Consumption of Fish and Wildlife:

Eliminate the need for restrictions on human consumption of fish and wildlife for reasons of health;

Ecosystem Health:

Attain and maintain healthy, diverse and self-sustaining 
biological communities and habitats. Ensure that there 
are no negative impacts on the health of local 
populations due to water quality. Ensure no net loss of 
fish and wildlife habitat and reclaim, rehabilitate and 
enhance habitat where possible;

Recreation and Shipping:

Ensure that the water quality is safe for body contact at all times. Eliminate adverse effects caused by 
recreational and shipping activities; 

Sources of Contamination:

Ensure that no source (point or non-point) impairs water quality. Eliminate ; and 

Water Supply:

Ensure that an adequate and affordable water supply, in quality and quantity, is available from the St. 
Clair River for users at all times.

Specific objectives for each goal have also been defined all of which have a target for achievement by 
the year 2000. Because use impairments reflect many decades of ecosystem abuse, it may take 
many years to totally restore environmental integrity, however, the delisting criteria reflect goals for 
substantial improvement within a reasonable short time frame. 

In addition to the goals and objectives and delisting criteria, the RAP Team and BPAC also developed 
an AOC-specific set of water, sediment and biota quality guidelines referred to as "yardsticks". These 
yardsticks are presented in Chapter 3. They were derived from several jurisdictions and represent 
the most stringent criteria available for each contaminant. These yardsticks are proposed as the 



values required to be achieved as a result of RAP implementation.

The St. Clair RAP is aware of the connections between human health and the environment. Many of 
the remedial activities underway or proposed will make the AOC a healthier place to live by reducing 
levels of contaminants in the water, sediment, food and air. 
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Executive Summary
Point Source

A point source was defined as "Any discrete, quantifiable 
discharge (air and/or water), e.g., outfall, pipe, conduit, lined 
ditch/channel, tunnel, which discharges directly to the St. 
Clair River or its tributaries from sources including 
industrial/municipal discharges". These discharges include: 
storm water runoff from developed areas of industrial 
sites/activities; urban storm runoff; spills; CSOs; residential 
discharges; and landfill leachate systems.

Early in the Stage 2 process, the RAP team commissioned a study to evaluate technical options for 
remediation of use impairments. This report (Beak 1993) outlined detailed, site-specific technical 
options and approximate costs for addressing source controls as well as sediment and habitat 
remediation. The Beak (1993) report has been included in its entirety as Appendix 4.3 to this Stage 2 
document. Following extensive discussions with BPAC and RAP team members, it was agreed that 
with respect to point sources, a more effective approach would be to identify performance 
expectations or a "yardstick" necessary to achieve RAP goals and objectives and to rely on individual 
sources to comply. This was felt to be the approach most likely to succeed given the complex 
technical, economic and social issues at hand for each facility. The RAP will pursue the achievement 
of these "yardsticks" through ongoing monitoring and iterative discussions with both municipal and 
industrial dischargers. 

 The Point Source Task Team developed an evaluation and ranking 
system for contaminants and sources based on scoring the impact 
to each media (based on yardstick values) from individual 
parameters. The formula for determining individual media scores is 
as follows: 

Parameter Impact Score = No. Uses Impaired 
X (100/(parameter yardstick/mercury yardstick) 
X total loading

The highest priority sources (sum of media impact scores greater than or equal to 1.9), based on this 
ranking process were determined to be:

Cole Drain Hexachlorobenzene; 
Hexachlorobutadiene; 
Pentachlorobenzene;

Octachlorostyrene; Nickel

Dow Chemical Copper; Zinc; Hexachlorobenzene

Esso Petroleum Arsenic; Phosphorus, Ethyl

Lead; Mercury; 
1,2-Dichloroethane; 
1,1-Dichloroethane; Carbon 

Tetrachloride; 
1,1,2-Trichloroethane; 



Tetrachloroethylene; 

Trichloroethylene; PAHs; Toluene

Marysville WWTP Phosphorus

Novacor Petroleum Arsenic 

Polysar Benzene; Oil & Grease; 
Phosphorus

Port Huron WWTP Cadmium; Phosphorus

Sarnia WPCP Zinc; Cadmium; Iron; Mercury 
Phosphorus; Copper; Nickel; 
Lead;

Suncor Arsenic

In addition, selected contaminants were modelled using the 
KETOX fate and effects model for sediment and water. Four 
different loading scenarios were employed to determine the 
contributions of individual sources to contaminant levels in 
the water and river sediment. Where contaminant 
concentrations exceeded yardstick values the water or 
sediment was considered impaired. Modelling scenarios 
include:

1. Contaminant levels in water from the Stage 1 RAP (1991);

2. Contaminant levels in water and sediment from the Stage 1 RAP Addendum (1993);

3. Contaminant levels in water and sediment from current information (industrial discharges 
1994); and

4. Projected contaminant levels in water and sediment.

Parameters modelled include: hexachlorobenzene; lead; mercury; tetrachloroethylene; benzene; 
carbon tetrachloride; cadmium; and zinc. The selection of these parameters was not based on the 
final ranking but on the availability of complete data. As a result of the modelling, those sources which 
were found to contribute to exceedences of yardstick values, based on the Stage 1 Update loading 
scenario, are:

Cole Drain Hexachlorobenzene
Dow Zinc, Mercury, 

Hexachlorobenzene
Polysar Benzene
St. Clair WWTP Mercury

The Cities of Sarnia WPCP, Port Huron, Marysville have submitted Pollution Control plans in order to 
abate their sewage treatment, CSO (combined sewer overflow) and stormwater problems. The cities 
of Yale, St. Clair and Marine City will complete sewer separation (sanitary and storm sewers) before 
the end of 1994. 
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Executive Summary
Non-Point Source

The general nature of this topic, non-point sources, has resulted in Chapter 5 being less complete 
than other chapters hence, non-point source generalizations make it difficult to be specific about 
recommendations and responsibilities. 

Available data indicates that non-point sources and Lake Huron 
contribute at least ten percent of the total loadings to the St. Clair 
River for the following parameters: copper, iron, lead, mercury, 
nickel, cadmium, cobalt, PAHs and PCBs. For substances such as 
mercury and PCBs, the majority enters from Lake Huron resulting 
from airborne deposition to the lake. In addition, non-point 
phosphorus and zinc contributions are close to ten percent of the 
total loadings.

The Non-Point Source Task Team identified and focused on six non-point sources of contaminants in 
the St. Clair River watershed, exclusive of Lake Huron. These sources include:

(1) urban storm runoff (excluding storm runoff from industrial sites and CSOs);

(2) rural storm runoff;

(3) waste sites without leachate and runoff collection;

(4) malfunctioning septic systems;

(5) all domestic sources not connected to municipal treatment facilities; and

(6) generation of household hazardous waste (HHW).

Evaluation of Ontario landfill and waste disposal sites identified two potential problem sites, the 
Ladney Waste Disposal Site and the Canatara Landfill (Chapter 5). In addition, it was revealed that 
there is not enough information available to make an assessment for the Dow LaSalle Road, Dupont, 
and Shell Canada waste disposal sites and the Walpole Island, Moore Township, and Sombra 
Township landfills. 

In St. Clair County, Michigan, nine inactive 307 sites (contaminated site identified for remediation 
under the Michigan Environmental Response Act and the Comprehensive Environmental Response, 
Compensation and Liability Act) along with 4 leaking underground storage tanks have been identified 
however, none of the sites are on the list 307 Highest Ranking Sites requiring immediate clean-up. 
There are no documented effects to the St. Clair River or its tributaries from these sites. 

A number of ongoing programs focusing on the reduction and eventual elimination of contaminants to 
the St. Clair River through agricultural practices are identified in Chapter 5. Several sewer 
construction projects are also described in Chapter 5. Local non-point source control activities and 
the importance of watershed assessment have accelerated as a result of the RAP (e.g. CURB 
Program). 
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Executive Summary
Sediment

Parameters of concern in St. Clair River sediment include: total Kjeldahl nitrogen, total phosphorus, 
arsenic, mercury, cadmium, copper, chromium, iron, lead, nickel, zinc, manganese, oil and grease, 
PCBs, hexachlorobenzene and total PAHs. 

The Sediment and Habitat Task Team developed a "Sediment Remediation Decision Tree" to 
determine the most suitable option for contaminated sediment remediation in the St. Clair River. 

Results from the OMOEE 1990 sediment study were used to characterize and prioritize sediment 
impact zones. Prioritization was based on the following criteria:

Priority 1 zones are characterized by Severe Effect Level (SEL) exceedences, degraded benthos and 
sediment toxicity.

Priority 2 zones are less impacted with SEL exceedences, and impaired benthos.

Priority 3 zones are identified with SEL exceedences.

As a result of this process three Priority 1, four Priority 2, and four Priority 3 sediment impact zones 
were identified. All impact zones are located in the upper St. Clair River along the Chemical Valley 
with Priority 1 zones located at and immediately downstream of Polysar Rubber Corp. and Novacor 
Chemicals (Sarnia); Suncor Inc.; and Ethyl Canada Inc., DuPont Canada and Novacor Chemicals 
(Corunna). 

Sediment characterization studies are outlined in Chapter 6 and will be conducted on the Priority 1 
zones. Results from these studies will be used to develop remedial measures for these areas.
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Executive Summary
Habitat

Loss of habitat has been identified as an impaired beneficial 
use in the St. Clair River AOC StageÊ1 RAP. The protection 
of wildlife habitat involves the application of legislation and 
regulatory programs. Federal, Provincial and State 
legislation are reviewed and procedures for habitat 
protection discussed. 

The Sediment and Habitat task team have defined a set of 
principles that are to be adhered to in all existing and 
planned remedial actions for habitat protection, restoration 
and enhancement in the St. Clair River watershed. These 
principles are as follows:

(1) no further losses of current wildlife habitat;

(2) gain in wetland and aquatic habitat wherever and whenever possible; 

(3) focus on areas of contiguous habitat, with a minimization of habitat fragmentation;

(4) make provisions for diverse habitats and communities (i.e. an ecological approach); and

(5) set a high priority for endemic species, communities and habitats.

Numerous habitat restoration and enhancement programs are 
ongoing in both Ontario and Michigan and are outlined in Chapter 7. 
The majority of these projects are focused in the St. Clair River delta 
region. Thirty-five candidate sites, located along the entire length of 
the St. Clair River and its delta, have been identified by OMNR and 
MDNR for potential habitat rehabilitation and/or enhancement. Both 
organizations are currently exploring funding mechanisms for habitat 
restoration and enhancement.

The OMNR (1994) candidate site report evaluates and prioritizes areas based on a complex scheme 
involving cost/benefits; design; partnerships and sustainability as well as a number of other critical 
factors. It also provides a comprehensive evaluation of technologies and feasibility for specific 
remedial actions at Candidate Sites. Perhaps the single most important factor lies in "opportunities" 
that present themselves either through concerted efforts to gain interest from land owners and 
potential partners or unsolicited interest. As a consequence, priorities may be altered to reflect 
"opportunities" which offer a more streamlined means to move towards RAP goals and objectives. 

Ongoing actions pertaining to habitat protection, restoration and enhancement were itemized into 
three categories: protection; rehabilitation and enhancement; and education and communication. 
Actions relating to exotic species are also outlined. 
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Executive Summary
Public Outreach and Education

The primary goals of the public outreach and education 
activities undertaken by the RAP Team and BPAC are:

� develop and implement an environmental education 
program for local schools;
� increase public awareness of the RAP, its Goals and 
Objectives;
� develop and implement educational programs for the 
general public; and
� encourage and enhance public involvement in all 
phases of RAP implementation.

Thirteen educational and public outreach programs undertaken within the St. Clair River AOC are 
described and recommendations for continued/additional programs are outlined.
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Executive Summary
Monitoring and Research

The Stage 2 RAP identifies monitoring programs required to determine 
progress toward meeting the RAP goals and objectives. Additional research 
to further evaluate those use impairments which have not been adequately 
assessed is also identified. Monitoring requirements are noted for each of 
the nine impaired uses. Many on-going agency and industry monitoring 
programs will be sufficient to meet the requirements of the RAP. However, 
some programs require adjustments to sampling locations, frequency of 
sampling, and parameters to be measured/estimated.

Twelve proposed or on-going non-point source monitoring programs are 
described. These programs include air monitoring programs, tributary 
monitoring (Sydenham and Black Rivers), CSO and urban runoff monitoring, 
nearshore bacteriological surveys and detailed watershed surveys in both 
Michigan and Ontario. Investigations are currently under way to determine 
the cost, timing and feasibility for mass balance and/or St. Clair River head 

and mouth surveys.

Current point source monitoring includes industry 
self-monitoring requirements in Ontario and 
Michigan. In addition, new monitoring requirements 
will be specified in the MISA effluent regulations 
once they are promulgated. Additional monitoring 
may be required at certain facilities to ensure 
priority contaminant loadings reflect actions 
identified by the Point Source Task Team. 
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Executive Summary
RAP Implementation

Implementation of the RAP involves the commitments on behalf of responsible parties; a 
management and co-ordination structure; tools and procedures to track implementation; evaluation of 
the success of remedial activities; appropriate funding to undertake actions; and the identification of 
additional actions, as needed.

A formal implementation structure is proposed which consists of a RAP 
Implementation Committee and a RAP Accountability Committee. The first 
consists of representatives of those agencies responsible to ensure 
implementation. Its responsibilities relate to overall co-ordination of RAP 
implementation activities, including tracking and evaluation of recommended 
actions, tracking and assessment of monitoring activities and the 
assessment of impaired use status. This committee will be responsible for 
developing detailed workplans relating to the implementation of 
recommended actions and to monitoring and research activities. The 
Accountability Committee is an arms-length committee with representation 
from each of the stakeholders groups. It will serve an auditing, review and 
reporting function which will maintain regular contact with the public.

The strategy for implementation is based on assigning responsibility 
for recommended actions and ensuring that the funding is in place. 
Written commitments regarding loading reductions have already 
been obtained and these are outlined in the report. To date 
commitments have been obtained from Dow Chemical Canada, 
DuPont Canada, Imperial Oil Chemicals Division, Imperial Oil 
Refinery Division, Novacor Chemicals (Mooretown), Polysar Rubber, 
and St. Clair Wastewater Treatment Plant (WWTP). Each facility 
and agency will be responsible for implementing assigned actions 
through consensus but when necessary employing appropriate regulations. Several of the actions, 
particularly those relating to public and business community education are to be undertaken by the 
RAP Implementation Committee. 

Targets for restoration of degraded areas and the conservation and protection of human and 
ecosystem health have been established under the Canada-Ontario Agreement (COA). The remedial 
actions outlined in this document are largely consistent with these targets and indeed some (those 
under the jurisdiction of Canada/Ontario) may benefit from priorities established as part of the 
Agreement.

In addition to the expertise and resources available through government and private sector activities, 
the RAP will where possible utilize the resources and expertise available locally through Community 
Colleges. Of particular benefit to the RAP will be those programs responsible for training students in 
the fields of resource management, environmental technology and engineering. 
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Executive Summary
Actions 

Table 1.2 summarizes the main recommended actions according to the 
agencies with primary responsibility for implementation. 
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Environmental Conditions And Problem Definition

Information presented in this chapter is taken primarily from the Stage 1 Remedial Action 
Plan (RAP) Report (OMOEE/MDNR 1991) as updated in the Stage 1 Addendum Report 
(OMOEE/MDNR 1993).

 Area of Concern Characteristics
 Impairment of Beneficial Uses
 Point Sources and Related Impacts
 Non-Point Sources and Related Impacts
 Sediments
 Habitat
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Environmental Conditions And Problem Definition
Area of Concern Characteristics 

The St. Clair River serves as a channel connecting Lake Huron with Lake St. Clair. It flows in a 
southerly direction from Lake Huron and, prior to entering Lake St. Clair, the river divides into several 
channels creating an extensive delta known as the St. Clair Delta or St. Clair Flats. The Area of 
Concern (AOC) consists primarily of the main river and its delta channels, however, for purposes of 
the RAP, the study area includes St. Clair County in Michigan and the watershed areas of several 
tributary creeks on the Ontario side. Figure 2.1 illustrates the major land uses and land cover in 
Ontario and Michigan. Figure 2.2 shows the extent of the St. Clair River watershed and the extent of 
existing and historical wetlands within the St. Clair River watershed.

In Ontario, 78% of the immediate drainage area of the St. 
Clair AOC is agricultural and in Michigan, 68% is dedicated 
to agriculture. While urban areas such as Sarnia and Port 
Huron are home to a large number of people, a significant 
portion of the population remains in rural areas. A relatively 
small portion of the land bordering the St. Clair River is 
forested. There is a concentration of industry in the upper 
portion of the river between Lake Huron and Fawn Island, 
including petroleum refineries, organic and inorganic 
chemical manufacturers, paper companies, salt producers 
and thermal electric generating facilities. The Stage 2 RAP 
identifies 40 sites of environmental contamination (23 
industrial waste sites; 4 municipal landfills; 9 Michigan waste sites; and 4 leaking underground 
storage tanks) in the watershed that require further assessment and/or clean-up. Two native Indian 
reserves are situated along the Canadian shore - the Chippewa of Sarnia Band Reserve and the 
Walpole Island First Nation Reserve. 

The St. Clair River serves as a shipping channel for a 
number of industries and the broader Great Lakes Seaway 
system. It is also a source of cooling and process water for 
industry and thermal generating stations. It serves as 
drinking water for a population of approximately 170,000. 
The wetlands and associated open waters of the lower St. 
Clair River and Lake St. Clair comprise one of the most 
important wetland areas in the Great Lakes Region (Figure 
2.2). They provide an important habitat for ducks, geese 
and swans. The AOC supports 91 fish species, 20 species 
of amphibians, 25 species of reptiles, 250 species of birds 
and 60 mammal species. Currently, commercial fishing 
within the St. Clair River is considered negligible. Sport fishing, however, is popular on the St. Clair 
River, and hunting and trapping are significant uses, particularly for the native people living on the 
River. The River also supports a number of parks and areas affording opportunities including 
swimming, boating and naturalist activities. 
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Environmental Conditions And Problem Definition
Impairment of Beneficial Uses

The St. Clair River was identified as an AOC because of exceedences of general or specific 
objectives of the Great Lakes Water Agreement, responsible for impairment of 9 of the 14 beneficial 
uses recognized under the Great Lakes Water Quality Agreement (GLWQA). These beneficial uses 
are impaired as the result of physical disruption of habitat and/or elevated contaminant levels in the 
water, sediment and biota of the St. Clair River. Table 2.1 summarizes the status of beneficial uses. 

See FIGURE 2.1 and FIGURE 2.2

Contaminants of concern which have exceeded Ontario, Michigan or GLWQA objectives/standards 
for water, sediment or biota include:

Metals Conventional Pollutants Organic Contaminants

� arsenic
� cadmium
� copper
� chromium
� iron
� lead
� manganese
� mercury
� nickel
� zinc

� oil and grease
� TKN
� total phosphorus
� bacteria
� chloride
� phenols

� octachlorostyrene
� hexachlorobenzene
� hexachlorobutadiene
� tetrachloroethylene
� carbon tetrachloride
� dieldrin
� polychlorinated biphenyls 
  (PCBs)
� polycyclic aromatic, 

hydrocarbons (PAHs)
� polychlorinated dioxins and 

furans

In addition to the contaminants of concern noted above, several additional parameters known to 
occur in the St. Clair River have been identified in Ontario’s Effluent Monitoring Priority Pollutants List 
(EMPPL) as having one or more of the following characteristics: persistence, potential to 
bioaccumulate, and potential acute and sublethal toxicity to biological organisms including humans. 
These include:

� Benzene � Pentachlorobenzene
� Toluene � Chlorophenols
� Xylene � 1,1- and 1,2-Dichloroethane
� Trichloroethylene � Hexachloroethane
� 2,4,5-Trichlorotoluene � 1,1,1- and 1,1,2-Trichloroethane

The primary sources of contaminants to the St. Clair River are industrial and municipal point sources 
and urban and rural non-point sources.
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Environmental Conditions And Problem Definition
Point Sources and Related Impacts

Municipal point sources were identified in the Stage 1 RAP Report as significant contributors of 
conventional, metal and organic contaminants to the St. Clair River. There are four municipal water 
pollution control plants (WPCP) and two lagoons which discharge within the Ontario portion of the St. 
Clair River. In Michigan, there are six municipal Waste Water Treatment Plants (WWTP) and three 
municipal wastewater stabilization lagoon systems (see Chapter 4). 

Industrial point sources were identified as a significant 
contributor of conventional and metal contaminants and as 
the primary contributor of most organic contaminants. 
Industrial sources of pollutants to the St. Clair River in 
Ontario originate primarily from the petroleum, inorganic 
chemical, and the organic chemical sectors. Ontario Hydro’s 
Lambton Thermal Generating Station is the only facility that 
does not fall into one of the three categories mentioned. In 
total, there are 27 industrial facilities in Ontario that 
discharge effluents directly or indirectly into the St. Clair 
River (see Chapter 4). Indirect discharges are to the Cole 
Drain (Cut-Off Drain), the Scott Road Drain, the Allingham 
Drain, Talfourd Creek, or Baby Creek, which in turn flow into the St. Clair River.

Table 2.2summarizes the impairment of beneficial uses according to the industrial sectors as well as 
other sources. 

There are six major industrial direct dischargers to the St. Clair River in Michigan. These include 
three thermal hydro electric stations, a salt processor, and two paper companies (see Chapter 4). 

Atmospheric deposition monitoring undertaken at Walpole 
Island and air quality monitoring within the Sarnia area 
indicate that several organic and metal contaminants, as 
well as particulates and sulphur dioxide, are contributed to 
the AOC via atmospheric pathways. Air quality standards 
have been exceeded in the Sarnia area during 1990 or 1991 
for a number of parameters including sulphur dioxide, 
ethylene, total reduced sulphur, ozone, and average annual 
particulate however, it should be noted that ethylene and 
ozone are unlikely to affect the water quality in the AOC 
(pers. comm. Dr. P.K. Misra, OMOEE Air Quality and 
Meteorology Section, Etobicoke). 

In Michigan, two total suspended particulate air monitors in St. Clair County each recorded only one 

value greater than 150 _g/m3 during 1992. A continuous sulphur dioxide monitor in Port Huron has 
indicated that there have been no sulphur dioxide exceedences since 1977. Ozone monitors in Port 
Huron and Clay Township (near Algonac) indicated no exceedences of the health-related ozone 
standard during 1992. In 1991 only two ozone exceedences were recorded at Port Huron and three 
exceedences at Algonac. 

Spills

Potential sources of spills include industrial and municipal sources, ships, vehicles crossing the Blue 
Water Bridge, railcars and petroleum pipelines which cross the river. The total number of spills to the 
St. Clair River from Ontario industries did not change substantially from 1986 to 1989 at over 100 



spills per year. Since then, the incidence and volume of spills have declined dramatically due to the 
implementation of spill prevention and contingency measures with 84 industrial spills occurring in 
1990; 65 in 1991; 37 in 1992; and 26 in 1993.

The largest group of pollutants spilled to the river from all Ontario sources are oil and gasoline 
products and organics representing a range of substances such as alcohols, benzene/toluene/ 
xylene, chlorinated hydrocarbons, ethylene glycol, and petroleum oil. Loadings of ammonia and 
ammonia-contaminated material and brine wastes are also spilled to the river each year. Raw and 
treated sewage have been discharged from municipal WPCPs as well as activated sludge from 
industry. Spills of other contaminants of concern tend to be quite low.

Spills and other environmental affronts from Michigan sources are reported to the MDNR Pollution 
Emergency Alert System (PEAS). Between November 1986 and June 1990, 187 complaints 
potentially affecting the St. Clair River or its tributaries were made through PEAS. Known to be 
released were 26,330 kg (58,047 lbs) of chemicals and 2,180,769 L (576,159 U.S. gal) of various 
other pollutants. The most commonly spilled substances from Michigan sources included oils and 
greases, sewage, and various solvents (i.e. gasoline). From January 1993 through April 1994, 14 
complaints (excluding CSOs) of spills, scums, oozes and sheens on the St. Clair River and tributaries 
were reported. Substances included diesel fuel (10 U.S. gal) (37.85 L) gasoline (50 U.S. gal) (189.25 
L), sewage from individual residences and salt pile runoff. During this period two industries, James 
River Corporation and E.B. Eddy reported spills of paper fibre (100 lbs) (45.36 kg) and process water 
(15,000ÊU.S. gal) (56,775 L) respectively. 
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Environmental Conditions And Problem Definition
Non-Point Sources and Related Impacts 

Urban Stormwater

Urban areas represent a significant non-point source of contaminant loading to the St. Clair River. 
Loadings from Ontario urban areas generally account for greater than 10% of the total contaminant 
loading. Contaminants associated with the Ontario urban areas and which may result in use 
impairments include iron, lead, zinc, oil and grease, hexachlorobenzene, total PAHs and total PCBs. 

The largest Ontario and Michigan urban areas within the St. Clair River AOC, including size and 
population, are listed below: 

Area (Ha) Population
Moore Township 31,781 10,432
Village of Point Edward 352 2,323
City of Sarnia 16,406 72,684
Sombra Township 29,932 4,053
Town of Wallaceburg 1,068 11,684
Walpole Island First 
Nation

15,891 1,658

Chippewas of Sarnia 1,315 487
Port Huron 33,670 33,694
Marysville 20,720 8,515
St. Clair 7,252 5,116
Marine City 5,568 4,556
Algonac 14,763 4,551

Contamination from urban areas can be attributed primarily to urban 
stormwater discharges, combined sewer overflows, and 
malfunctioning septic systems. Discharges from storm sewers can 
be a major source of pollutant loadings due to washoff of 
accumulated contaminants. Sources of these contaminants include 
nutrients and pesticides spread on lawns, heavy metals and exhaust 
emissions from automobiles, sediment from construction sites, 
petroleum and chemical spills in industrial areas, bacterial 
contamination from fecal droppings of domestic pets and birds, 

atmospheric deposition, and direct or indirect connections with sanitary sewers. Connections from the 
sanitary sewer systems contribute to contaminant flows not only during wet weather, but also during 
dry weather conditions.

Overflows which include sanitary and combined sewage overflows within the system, as well as 
pumping station overflows, are generally caused by larger rainfall events. The City of Sarnia is the 
only Ontario municipality within the St. Clair watershed with combined sewer overflows. Based on 
1987 monitoring, there are approximately 108 combined sewer overflows per year for the four Sarnia 
CSOs discharging directly to the St. Clair River. 

The Cities of Port Huron, Yale, and Marysville all currently have combined sewer overflows. From 
January 1993 through April 1994, Port Huron reported 8 overflows; Yale 3 overflows; and Marysville 
estimates 12 overflows per year. Yale sewer separation is scheduled to be completed by the end of 
1994, Marysville by 2001, and Port Huron’s CSO control plan has yet to be reviewed by MDNR. St. 
Clair and Marine City combined sewers have been separated and are undergoing final testing and 
certification and overflows have not been reported in 1993 and 1994. 



Septic systems release untreated contaminants into the groundwater system. The primary concern is 
the infiltration of the septic waters into the storm sewer system, groundwater and/or surface water.

Rural Runoff

Rural non-point pollution due to agricultural operations include nutrients (manure and commercial 
fertilizers), sediment from land erosion, and inputs of insecticides, herbicides and fungicides. 
Pesticides entering the tributaries are a contaminant of concern and agricultural drainage is a source 
of disruption to habitat and to wetland size and integrity. 

Agricultural operations in Ontario focus on cash cropping, beef and 
swine operations. The area’s long growing season and fertile soils 
easily support the principal cash crops of soybeans, corn, wheat, 
hay and cereals. In Michigan, agricultural operations consist 
primarily of cash cropping, dairy and beef operations. Soils on both 
sides of the river are typically fine grained (silts and clays) which 
tend to adsorb contaminants and can be transported long distances. 

Ontario tributaries have been found to contribute pesticides including atrazine, alpha-BHC, 
gamma-BHC, dieldrin, alpha-endosulphan, p,p’DDE, p,p’DDD, p,p’DDT, endrin and methoxychlor. 
Dieldrin is the only pesticide which has been found to exceed water quality guidelines in the AOC. 
The total loading of dieldrin from Ontario tributaries, based on instantaneous loadings is 0.000118 
kg/d. Contamination by dieldrin is widespread and likely includes upstream sources since it is 
detected in all tributaries. It does not degrade quickly and, thus, may be more representative of 
historical usage. In Canada dieldrin registration under the Pest Control Products Act was 
discontinued in 1990. Manufacture and importation was not permitted but existing stocks could be 
used. In practice, little has been used since the mid 1970s. Ontario announced a ban on the use of 
dieldrin in 1993.

Waste Disposal Sites

Contaminants from waste disposal sites may be transported to the St. Clair River through 
groundwater pathways and/or surface water runoff. Contaminant loads from waste sites have not 
been measured and therefore impacts on the St. Clair River are unknown. There are twenty-three 
industrial and four municipal waste sites within the Ontario portion of the AOC. There are nine known 
waste sites and four known leaking underground storage tanks in the Michigan watershed which 
require further assessment and possible cleanup. These sites have some potential for surface water 
contamination and are listed on the Priority List for EVALUATION AND INTERIM RESPONSE under 
Act 307. 
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Environmental Conditions And Problem Definition
Sediments

Bottom sediments along the Ontario shoreline of the St. Clair River have been severely contaminated 
with a variety of inorganic and organic chemicals from industrial, municipal and non-point sources. 
Severe impairment of the benthic community was found along the entire Ontario shoreline in 1968. 
Since then, the benthic communities have improved significantly such that in 1977 the zone of severe 
community impairment was only 20 km in length; in 1985, 12 km; and totalling about 6 km in 1990.

The distribution of contaminants in the sediments of the St. Clair River 
is strongly related to industrial and municipal point sources on the 
Ontario side of the River. Urban non-point sources have also been 
identified as significant contributors of metals and some organic 
contaminants. Resuspended sediment represents an in-situ source of 
contaminants to the water column which may be available to the 
biological community depending upon the physical and chemical 
conditions and species.

The zones of elevated contaminant levels are found along the Ontario shoreline from the Sarnia 
industrial area to downstream of Stag Island (Table 2.1). The distribution of individual contaminants 
through this reach of the river generally reflects the current and historical effluent characteristics of 
individual point sources. Sediments associated with the petrochemical industries have been found to 
be acutely lethal to minnows and mayflies. Although benthic communities on the Michigan side of the 
river are healthy, there are exceedences of yardsticks for certain metals in bottom sediment (Table 
2.1) near Port Huron, St. Clair and Algonac. 
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Environmental Conditions And Problem Definition
Habitat 

The loss of wetland resources and other fish and wildlife habitat is considered a major concern within 
the AOC. Wetlands have been lost by drainage of land for agricultural purposes; dredging or filling for 
navigation, marina and housing developments; and hydrologically separating the wetland from the 
main channel. Quantitative estimates of wetland loss indicate that, on the Michigan side, a 72% 
decrease in aerial extent between 1873 and 1973 occurred while in Ontario 2,630Êacres (1,064.36 
ha) were lost between 1965 and 1984 from the mouth of the Thames River to Chenal Ecarte, 
including channels of the Walpole Island Indian Reserve. Agricultural drainage accounted for 92% of 
the losses. Marine and cottage development has accounted for the remaining portion (8%) of the loss 
of wetland.

Industrial, agricultural and urban development, involving extensive 
bulkheading and infilling, have altered shoreline configurations and 
minimized spawning, rearing and feeding sites of many fish species. 
The delta area has seen increased use by waterfowl species in 
general (between 1968-1982) but a decrease in use by diving ducks 
specifically during the fall season. Spring use of the area has seen 
little change in terms of peak number of waterfowl, but a decrease of 
79% for dabbling ducks is documented as occurring between 1968 
and 1982. Peak counts of migrating waterfowl in U.S. waters of Lake 
St. Clair averaged less than 50,000 ducks with a high peak count of 51 130 in autumn of 1988 and a 
low of 32,000 in 1986. Waterfowl counts have been on the increase since 1989. Peak counts range 
from a low in 1989 of 52,630 to a high in 1991 of 209,000. Peak counts from 1989 through 1993 
averaged just under 100,000.

Reduction in waterfowl in the 1960s, 1970s and early 1980s may be attributed to drainage and the 
subsequent loss of wetlands, boat traffic, hunting and local or continental population declines of 
certain species.
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Goals Objectives and Evaluation Criteria
RAP Water Use Goals and Objectives

The goals and objectives were prepared following the release of the 
Stage 1 report in December, 1991. They were prepared in response 
to the specific environmental problems defined in the StageÊ1 
document and are consistent with the provisions of Annex 2 of the 
GLWQA. The goals and objectives were developed so as to be 
consistent with the standards, objectives, criteria, regulations and 
policies of OMOEE and MDNR. They were developed jointly 
between the Binational Public Advisory Committee (BPAC) and 
Remedial Action Plan (RAP) Team through a series of workshops. 
The first was a one day Water Use Goals workshop held in January, 1992. This was followed by a 
series of Objectives Setting workshops. Draft water use goals and specific objectives were then 
reviewed, prioritized and ratified at a combined workshop in November, 1992. These were revised 
following public review and the final water use goals and objectives were formally released on 
January 14, 1993.

The specific time frame for achieving the goals varies and 
will be determined by the work required. The goals are 
consistent with the intent of the Great Lakes Water Quality 
Agreement (GLWQA), to restore, protect and maintain 
beneficial water uses, as well as the chemical, physical and 
biological integrity of the St. Clair River and delta. In addition 
to the specific RAP goals, the St. Clair River RAP 
recognizes the obligations under the GLWQA to strive for 
virtual elimination within a philosophy of zero discharge of 
persistent toxic substances.

The water use goals and objectives defined by the RAP Team and BPAC are as follows:

Aesthetics

Achieve and maintain an aesthetically pleasing clean "blue water" and an appropriate balance of 
natural shoreline and human uses. 
There should be sufficient public access to the river for recreation, enjoyment and cultural activities.

Consumption of Fish and Wildlife

Eliminate the need for restrictions on human consumption of fish and wildlife for reasons of health. 

Objective A.

Human Consumption: By the year 2000, levels of contaminants in fish and wildlife attributable to 
sources in the AOC will not pose a health hazard to humans based on consumption guidelines.

Ecosystem Health

Attain and maintain healthy, diverse and self-sustaining biological communities and habitats. 

Ensure there are no negative impacts on the health of local populations due to water quality.

Ensure no net loss of fish and wildlife habitat and reclaim, rehabilitate and enhance habitat where 
possible.

Objective B



Wetland & Aquatic Habitats: By the year 2000, protection of existing (1992) habitat and enhancement 
and appropriate increase of sustainable, viable wetland and aquatic habitats will be achieved.

Objective C

Ecosystem Improvements: By the year 2000, we will demonstrate improvements in ecosystem health 
through:
reductions in body burdens of persistent bioaccumulative substances to a level below established 
effect levels;
enhancement of abundance and species diversity;
establishing that no exceptional incidents of tumours or deformities are evident in fish and wildlife 
populations; and 
achievement of environmental yardsticks, e.g., water and sediment.

Recreation and Shipping

Ensure that the water quality is safe for body contact at all times.

Eliminate adverse environmental effects caused by recreational and shipping activities.

Objective D

Recreation: By the year 2000, consistently acceptable water quality and access for recreational uses 
such as swimming, fishing, boating and aesthetic enjoyment will be provided.

Sources of Contaminants

Ensure that no source (point or non-point) impairs water quality.

Eliminate spills.

Objective E

Point Sources (including shipping): By the year 2000, there will be top quality river water as measured 
against ambient water quality objectives in the AOC through pollution prevention activities and 
effective control of industrial, municipal, shipping, air and water discharges.

Objective F

Non-Point Sources: By the year 2000, all urban and rural non-point sources (e.g., sources of 
herbicides/insecticides, soil, nutrients [fertilizers/animal & human waste], bacteria, and input to storm 
sewers, lawn runoff, septic systems, storm runoff) will be controlled to achieve the overall goals of the 
RAP.

Objective G

Sediments: By the year 2000, river sediments and associated contaminants will not impair identified 
beneficial uses.

Objective H

Exotic Species: By the year 2000, the introduction of 
nuisance exotic species will have been prevented and their 
expansion will have been controlled.

Water Supply
Ensure that an adequate and affordable water supply, in 
quality and quantity, is available from the St. Clair River for 
users at all times.



Objective I

Water Quality and Quantity: By the year 2000, river water meeting quality criteria for municipal, 
industrial, agricultural and residential non-drinking uses and as a drinking water source using normal 
treatment processes will be available without interruption.
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Goals Objectives and Evaluation Criteria
Delisting Criteria 

In order to guide the development of remedial and preventative 
options, implementation of the RAP and targeted monitoring 
programs, it is necessary to determine benchmark conditions which 
will result in the "delisting" of each impairment to beneficial uses. 
The RAP Team for the St. Clair River AOC has developed specific 
delisting criteria for each of the nine impairments to beneficial uses 
determined in the Stage 1 problem definition. These guidelines are 
presented in Table 3.1. They were developed by tailoring the 
delisting criteria developed by the IJC for Great Lakes AOC, to the 
specific St. Clair River impairments as defined in the Stage 1 Report 
and Addendum Report.
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Goals Objectives and Evaluation Criteria
Yardsticks

A concern echoed many times in development of the St. Clair River Remedial Action Plan is the 
anticipated difficulty during Stage 2 to adopt one set of numerical environmental objectives or 
"yardsticks" for a Binational Area of Concern involving numerous jurisdictions.

The purpose of developing these "yardsticks" is twofold. The 
development of agreed-upon quantitative open water 
"yardsticks" will assist in measuring progress towards 
achievement of our goals and objectives in the mid to long 
term. The RAP recognizes the obligations under the Great 
Lakes Water Quality Agreement (GLWQA) to strive for 
virtual elimination within a philosophy of zero discharge of 
persistent toxic substances. In the shorter term, "yardsticks" 
will assist efforts to measure potential impact from existing 
sources and assess the need for additional remediation.

Rationale for selecting numerical "yardsticks" for the St. Clair River RAP was the selection of the 
lowest, scientifically valid number from each of the five principle jurisdictions (Ontario, Michigan, 
Canadian and U.S. Federal Governments and IJC). Other jurisdictional numbers within the Great 
Lakes Basin were used in the absence of a number from any of the above five jurisdictions. These 
"yardsticks" are subject to revision, should new scientifically valid values be produced or new criteria 
be adopted by one of the relevant jurisdictions in future. The development and use of these 
"yardsticks" does not imply agency endorsement of any numbers, other than those published by that 
agency. The following table (Table 3.2) was not compiled to imply support by one government 
department of criteria/standards/objectives or other measures developed by another agency, but are 
put forth as quantitative open water RAP targets to be used to measure progress in achieving RAP 
qualitative goals and objectives.

Water quality "yardsticks" are shown in Table 3.2, sediment and biota "yardsticks" in Table 3.3 
Conditions used in the development of the "yardsticks" are listed below.

� "Yardsticks" must be measurable by agreed-upon analytical techniques for water, sediment 
and biota (ranging from standard method detection levels to non-routine ultra-trace level 
methods).

� "Yardsticks" must be established with the knowledge of lower Lake Huron levels (i.e. what is 
coming into the St. Clair River) and at or above these levels.

� With respect to water quality "yardsticks", use only "ambient" criteria and do not consider 
livestock, irrigation or other uses including drinking water. In addition, only "yardsticks" which 
were appropriate to the hardness of the St. Clair River AOC (i.e. 100 mg/L CaCO3) would be 

used.

� Do not consider numbers developed for acute protection only.

� Do not consider those which are "proposed" except in the absence of other data.
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Goals Objectives and Evaluation Criteria
Development of Yardsticks

A number of concurrent efforts have been initiated to address this binational issue through the IJC 
and Federal, Provincial and State Governments. Notably, attempts to compile and condense water 
quality criteria, guidelines, objectives, rules and standards, have been undertaken as part of the 
"Binational program to restore and protect the Lake Superior Basin" and in the "Lake Ontario Toxics 
Management Plan", as well as the U.S. EPA "Great Lakes Initiative". 

 TABLE 3.2
 TABLE 3.3

It was generally agreed that the "yardstick" values for action within 
the St. Clair AOC would be at or above lower Lake Huron levels. In 
this case, restoration targets within the Area of Concern would be to 
the lower Lake Huron level, while recommendations will be made to 
external sources to alleviate stresses on Lake Huron. 

Specific parameters for which the lower Lake Huron levels have 
been adopted as a "yardstick" include arsenic and dieldrin, in water 
and sediments, mercury in water, as well as cadmium, chromium, 

manganese, nickel and PCBs in sediments. For these parameters, the "yardstick" value below the 
lower Lake Huron level and the standard method detection limit are presented in Table 3.4. 

The St. Clair River RAP Subcommittee with expert advice, opted to utilize conservative values 

including new information on bioconcentration factors and cancer potency estimates. A 10-5 (1 in 
100,000 cancer risk) risk value was selected from the incremental risk values put forth by EPA in their 

determination. This 10-5 risk value is consistent with both Health & Welfare Canada’s risk 
assessment practices, as well as that which is proposed under the recent EPA Great Lakes Initiative. 
In a number of instances following incorporation of new information, aquatic and human health based 
standards were remarkably similar and the lowest value was retained. 

Some beneficial use impairments have direct human health implications while others are indicators of 
potential human health impairments. Although a considerable amount of information has been 
collected on levels of contaminants in the environment, still more is needed to assess human health 
implications. Simple potential risk indicators like the distance of landfill sites to human areas and 
more complex issues such as who is eating wildlife and in what quantities, need to be addressed. 
Moreover, data needs to be current to be relevant to exposure assessment. Remediating human 
exposure to contaminants includes not only source control but also personal exposure reduction 
education. 

There are six main exposure pathways through which contaminants in the environment come into 
contact with humans. These pathways include water, air, food, soil, sediments and consumer 
products. Contaminants can enter the body internally through ingestion and inhalation and externally 
through direct contact with skin.

The St. Clair RAP is aware of the connections between human health and the environment. Many of 
the remedial activities underway or proposed will make the AOC a healthier place to live by reducing 
levels of contaminants in the water, sediment, air and food.

With respect to sediment quality criteria and fish contaminant criteria, typically only one standard 
existed for each individual parameter. In instances where more than one standard existed per 
parameter, the most stringent number was selected to be the desired "yardstick". Some 
discrepancies have been noted between data and interpretation for each jurisdiction’s fish 



contaminant criteria. It was determined that where data for a particular jurisdiction is based upon fish 
fillets, direct comparison with the "yardstick" for all parameters but DDT and Mirex, could be 
undertaken.

Sediment "yardstick" values which have been selected from the OMOEE biologically based Provincial 
Sediment Quality Guidelines, are to be used as a trigger for action and serve to initiate activities 
necessary to document the degree and extent of sediment contamination.

These "yardsticks" have been developed for a short list of 
"contaminants of concern" as determined as part of Stage 1; 
however, it is incumbent on the RAP Team (and proposed 
RAP Implementation Committee) and BPAC to continually 
review data against available standards to ensure that 
potential or emerging contaminants of concern (including 
the recently released COA Tier 1 and Tier 2 substances) 
and revised objectives/guidelines/standards have not been 
overlooked. Further, implications to the yardsticks and 
subsequent remediation requirements relating to future 
improvements in water quality within the AOC and Lake 
Huron will require continual assessment as new data are 
collected and data gaps filled.

Of particular importance to the St. Clair River Area of Concern is the lack of guidelines/objectives 
designed to protect individuals consuming greater than "average" amounts of fish and game. The 
RAP will seek to have appropriate jurisdictions develop applicable guidelines/objectives for these 
"high consumers" to afford an acceptable level of protection.
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Goals Objectives and Evaluation Criteria
Remedial Action Development

The Stage 2 process for the three Ontario - Michigan binational 
Remedial Action Plans (St. Clair, St. Marys and Detroit River AOCs) 
involved the use of a task oriented focus. As part of this process, the 
St. Clair River RAP Team and BPAC established four "Task Teams" 
to undertake the assessment and evaluation of remedial options. 
Each Task Team consisted of BPAC and RAP Team members and 
several with interests and expertise relating to the task. In addition, 
local experts were also part of the task teams. Agency 
representatives on each Task Team provided technical input and 
support as required. The four Task Teams and number of working 

meetings were as follows:

� Point Source Task Team (13)

� Non-Point Source Task Team (8)

� Sediment and Habitat Task Team (12)

� Common Issues Task Team (5)

� (Sediment Subcommittee - 6)

� (Education Subcommittee - 3)

Figure 3.1 illustrates the Task Team process employed to address 
remedial options and preferred actions. The Task Teams began 
their deliberations in February 1993 following release of the goals 
and objectives and concluded their activity with the release of this 
Stage 2 document. Each of the four teams developed an "Action 
Plan" which is used to define the steps or processes required for the 
identification of remedial options and selected recommended 
actions. Each Action Plan identified key milestones, 
individuals/groups/agencies responsible for completion of each task, 
and a timetable for completion. The Sediments and Habitat Task Team developed separate Action 
Plans for each of the sediment and habitat issues. The five Action Plans are provided in full in 
AppendixÊ3.2 and each is briefly summarized at the beginning of subsequent chapters which detail 
the results of the Task Team deliberations (Chapters 4 through 8).

 Stage 2 RAP Report Index



Point Source

The Point Source Task Team formally defined ’Point 
Source’ as follows:

Any discrete, quantifiable discharge (air and/or water), e.g., 
outfall, pipe, conduit, lined ditch/channel, tunnel, which 
discharges directly to the St. Clair River or its tributaries 
from industrial/municipal discharges including:

� storm water runoff from developed areas of industrial 
sites/activities;
� urban storm runoff;
� spills;
� CSOs;
� residential discharges;
� landfill leachate systems.

 Work Plan

 Regulatory Programs

 Actions in Progress Related to Use Impairments

 Prioritization and Modelling of Sources for Remediation

 Actions
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Point Source
Work Plan

The Point Source Work Plan was developed to respond to the Water 
Use Goals and Objectives outlined in Section 3.1. This work plan 
represents actions undertaken by the Point Source Task Team for the 
development of the Stage 2 RAP. The complete Work Plan is 
provided in Appendix 3.2. Work carried out by the Point Source Task 
Team is summarized below and does not represent recommended 
actions resulting from task team deliberations. Recommendations 
(actions) are summarized at the end of this chapter. Work Plan 
components include:

� Prepare a prioritized list of point sources based on impairment of beneficial use; 

� Develop a list of performance goals, action and a time-line for commitment and implementation;

� Identify environmental "yardsticks" or standards for water quality, sediment and biota; 

� Run models under various scenarios (Section 4.3.3);

� Identify and prioritize gaps between projected water quality and yardstick/impairments; 

� Rank each gap and identify point sources;

� Define and recommend performance levels required to remove point source from high rank list; 
and

� negotiate additional performance commitments.

Based on available data, industrial and municipal point sources have been found to contribute the 
largest loadings of most identified contaminants within the St. Clair River AOC. From a remediation 
strategy, these sources thus offer an opportunity to achieve significant reductions in total loadings for 
a number of parameters. Indeed, since the first river contaminant surveys were conducted during the 
mid 1960’s, significant reductions in numerous chemicals have already occurred. The locations of 
point source dischargers to the St. Clair River are shown in Figure 4.1.

Eight of the nine beneficial use impairments are directly related to contaminants which, based on data 
available at the time, are or were contributed to the AOC primarily from industrial or municipal point 
sources (including CSOs). The impairment and associated chemicals are as follows: 

� restrictions on fish consumption (mercury, PCB’s, dioxins and furans); 

� chironomid mouth part anomalies (related to water and/or sediment contamination); 

� degradation of benthos (through sediments contaminated with copper, mercury, nickel, zinc, oil 
and grease, total organic carbon, total phosphorus, benzene, ethylbenzene, styrene, total 
PAHs and HCB); 

� restrictions on dredging (copper, cadmium, chromium, lead, mercury, zinc, oil and grease, 
HCB, total PAHs); 

� drinking water supply (chemical spills); 

� degradation of aesthetics (scums, spills, oil and grease); 

� cost to agriculture or industry (spills, contaminated sediments); and

� beach closings (bacteria).



In addition to these use impairments, ambient water, sediment and biota quality guideline 
exceedences have been reported for chemicals or metals associated with current and/or historical 
point source discharges. 

Early in the Stage 2 process, the RAP team commissioned a study to evaluate technical options for 
remediation of use impairments. This report (Beak 1993) outlined detailed, site-specific technical 
options and approximate costs for addressing source controls as well as sediment and habitat 
remediation. The Beak (1993) report has been reproduced in its entirety as Appendix 4.3 to this 
Stage 2 document. Following extensive discussions with BPAC and RAP team members, it was 
agreed that with respect to point sources, a more effective approach would be to identify performance 
expectations or a "yardstick" necessary to achieve RAP goals and objectives and to rely on individual 
sources to comply. This was felt to be the approach most likely to succeed given the complex 
technical, economic and social issues at hand for each facility. The RAP will pursue the achievement 
of these "yardsticks" through ongoing monitoring and iterative discussions with both municipal and 
industrial dischargers.
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Point Source
Regulatory Programs - Ontario and Canada

Regulatory programs and policies applicable to industrial and municipal discharges are provided in 
detail in Appendix 4.1. These regulations and policies are summarized below.

The Ontario Water Resources Act (OWRA) and the Environmental Protection Act (EPA) are directly 
applicable to industrial and municipal direct dischargers. Generic effluent objectives have been 
developed for several parameters and Policy 3 of the OMOEE Water Management Goals, Policies, 
Objectives and Implementation Procedures dictates that effluent limits will be established based on 
the waste receiving capacity of a water body and the Provincial Water Quality Objectives. Part 10 of 
the EPA, referred to as the "Spills Bill", establishes notification requirements, responsibilities (for 
notification, response, and liabilities), compensation mechanisms, and offenses for prosecution.

Ontario has established a regulatory based program to control toxic contaminants in municipal and 
industrial effluents. The Municipal-Industrial Strategy for Abatement (MISA) Program, allows the 
Province to enforce technology-based effluent limits with minimum pollution control requirements 
related to the implementation of Best Available Technology Economically Achievable (BATEA). 

The MISA Municipal Sector has recently proposed a sewer 
use regulation and model sewer use by-law. This regulation 
would be complimented by voluntary pollution prevention 
initiatives by industry and public education initiatives with 
householders to significantly reduce the discharge of toxic 
substances to municipal sewers. Details of this regulation 
are provided in Appendix 4.1.

Air quality in Ontario is regulated under Regulation 346 of 
the Environmental Protection Act. Under this regulation, 
OMOEE may prepare an "Air Pollution Index" to express 
relative levels of air pollution. As an index level is 
approached or exceeded, the OMOEE, in consultation with the Ministry of Health, may order 
curtailment of the operation of sources of air pollution. The Regulation also identifies the maximum 
contaminant concentration at a point of impingement from a source. 

The Fisheries Act and Canadian Environmental Protection Act (CEPA) are 
the most significant federal legislation pertaining to point source regulations. 
The habitat protection provisions of the Fisheries Act provide comprehensive 
powers to protect fish, fish habitat and human use of fish by prohibiting the 
discharge of deleterious substances causing an impact on fish or fish 
habitat. Under this act, federal effluent regulations affecting this AOC have 
been promulgated for the petroleum refining and metal finishing sectors. The 
federal Petroleum Refinery Liquid Effluent Regulations apply to one facility 
within the St. Clair watershed. These regulations limit (based on production 
rates) discharges of oil and grease, phenols, sulphide, ammonia-nitrogen, 
and total suspended matter as well as controlling acute toxicity and pH. 
Although the regulations do not technically apply to the other three petroleum 
refineries (because they existed prior to the regulation coming into force), 
they are subject to provincial guidelines which are based on the federal 

regulations. The Canadian Environmental Protection Act identifies specific chemicals subject to 
regulation. CEPA can be used to regulate any toxic substance which is released into the air and 
which creates, or may reasonably be anticipated to create, air pollution in any other country. 
Regulations are currently in place for vinyl chloride from polyvinyl chloride plants within the AOC.
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Point Source
Regulatory Programs - Michigan and United States

Effluent requirements for wastewater discharged to Michigan surface waters are established in 
National Pollutant Discharge Elimination System (NPDES) permits. NPDES permits are required for 
all municipal and industrial point source discharges and are issued under the U.S. Clean Water Act 
and the Michigan Water Resources Commission Act. Effluent limits are required to be as stringent as 
the national effluent guidelines.

In November 1990, based on 1987 amendments to the Clean Water Act, the 
U.S. EPA passed new regulations requiring certain commercial and 
industrial facilities to apply for NPDES permits for storm water discharges 
from point sources. Municipalities with populations over 100,000 and served 
by separate storm sewers were also required to apply for an NPDES permit.

Several state and federal regulations are all used to address spill prevention 
and response. The Michigan Water Resources Act has been the most 
significant regulation used to reduce the impact, number and severity of 
spills. This act regulates storage and shipping for all "polluting materials" and 
acts as a mechanism for the establishment of spill prevention, notification 
and clean-up procedures.

Non-domestic users which discharge to municipal WWTPs, come under the 
Industrial Pretreatment Program (IPP) of the NPDES permitting program. The IPP contains details as 
to how the industrial wastewater will be treated prior to discharge to the municipal collection system, 
establishes local limits, and outlines monitoring, compliance and enforcement requirements.

Air pollution control is addressed through a permitting process similar to the NPDES process, under 
the authority of the federal Clean Air Act and the Michigan Air Pollution Act. The Clean Air Act also 
includes specific provisions for the protection of the Great Lakes from toxic air pollutants.
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Point Source
Actions in Progress Related to Use Impairments

Remediation and Prevention Approaches

In general, measures available for any point source may involve one or more of the following five 
major categories:

� change in process resulting in an elimination or reduction in the use of or production of 
chemicals of concern;

� change in process to closed system whereby no discharge to ambient environment occurs;

� elimination of process entirely; 

� improved and/or optimized water collection and treatment technology; and/or

� institution of best management practices relating to storage, handling, containment, training, 
and so on.

Given the wide range of industrial and municipal sources, 
including stormwater and CSOs, and the large number of 
facilities discharging to the St. Clair River AOC, it is not 
possible in the context of this document to review all 
remediation approaches available. Many of these have been 
described in the Beak (1993, Part B - Appendix 4.3) report 
on industrial and municipal sources. Rather than 
recommend specific technologies for each point source in 
the AOC, the Task Team has focused on the determination 
of required loadings to meet yardsticks (KETOX model, 
Section 4.3.3) and a quantitative ranking of individual 
sources of specific contaminants. Required reductions at 
each facility will be evaluated by responsible agencies against their planned and ongoing remedial 
programs and, if further reductions are required to meet ambient yardstick values, then these will be 
negotiated by responsible agencies with each facility affected.

Ontario industrial and municipal facilities have provided current and projected contaminant loadings 
to the St. Clair River for modelling. These projections are presented in AppendixÊ4.2 and all facilities 
are striving to meet these projections by the year 2000. 
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Point Source
Actions in Progress Related to Use Impairments

Ongoing Programs

Ontario Municipal

Corunna WPCP: This WPCP is operated by the Ontario Clean 
Water Agency and is an extended aeration secondary treatment 
facility with continuous phosphorus removal and chlorination. There 
have not been any upgrades since 1990 and none are anticipated. 
The option identified for this plant is optimization to improve the 
removal efficiency of pollutants.

Courtright WPCP: This WPCP is also operated by the Ontario 
Clean Water Agency. It is an extended aeration secondary treatment 
facility with continuous phosphorus removal and chlorination. It 
underwent a major study in 1992 and 1993 to optimize plant performance. Improvements have been 
realized as a result of this study. No additional improvements are planned.

Point Edward Water Pollution Control Plant (WPCP): This plant is operated by the municipality. It 
was upgraded to secondary treatment and ultraviolet disinfection in October 1992. This has resulted 
in major improvements to effluent quality. The only technical option identified for this plant is process 
optimization to ensure maximum efficiency. Optimization of the new secondary treatment facility is 
presently being undertaken. 

Sarnia WPCP: The Sarnia WPCP is operated by the municipality. It is currently a primary treatment 
facility with continuous phosphorus removal and seasonal effluent chlorination. The City of Sarnia is 
in the final stages of a consultant selection process for an Environmental Study Report and Design 
for upgrading the plant to secondary treatment. This upgrade has a projected cost of $30 million and 
is expected to result in loading reductions of 50% for total suspended solids, 70% for BOD, 100% for 
fecal coliforms and 0% for total phosphorus. The secondary treatment upgrade is expected to be 
completed and operating by 1997. This upgrade is part of the recommendations identified in a 
Pollution Control Plan which was completed for the municipality in March 1993 by UMA Engineering 
Ltd. The preparation of the Pollution Control Plan was cost shared by the municipality, OMOEE and 
Environment Canada’s Great Lakes Cleanup Fund. Funding for the Pollution Control Plan was 
prompted in large part because Sarnia is situated within the St. Clair River AOC.

The proposed upgrade design for the Sarnia WPCP will also increase plant capacity and significantly 
reduce combined sewer overflows while providing primary treatment and disinfection (likely ultraviolet 
method) to any which occur. The Pollution Control Plan has been formally adopted as City Policy and 
includes the installation of CSO storage tanks and a treatment pond system for the storm sewers that 
are contaminated with CSOs. The total cost of CSO controls is projected at $12.7 million. Installation 
of off-line storage tanks has begun and completion dates are as follows: Devine St. (the largest) will 
be 85% complete by March 1996 and cost approximately $5.4 million; Cromwell St. - 1997 ($4 
million); Exmouth St. - 1999 ($2.5 million); Wellington St. - 2001 ($0.8 million); and the retention pond 
system will be completed in 2003 ($6.7 million). Upon completion of the CSO project, only 3 to 5 CSO 
events per year are expected however, these CSO events will be disinfected before discharge using 
the ultraviolet method. The CSO control project is being funded by the federal/provincial infrastructure 
program. 

The City of Sarnia instituted a program over the past several years to install water meters in homes 
which were previously not metered. This action, in addition to an environmental surtax based on 
water consumption, has had the effect of lowering water consumption and establishing a fund to 
defray infrastructure costs. 



There are no ongoing or planned upgrades/studies for either the Sombra or Port Lambton Lagoons. 
The use of physical-chemical treatment and an aerated and/or facultative lagoon and a multi-cell 
intermittent sand filter has been suggested for upgrading these lagoons.

Ontario Industrial

AKZO Chemicals Ltd. (Sarnia): This facility has been shut down since 1992 and decommissioning 
programs are nearing completion. Decommissioning programs include: removal of equipment; 
removal and appropriate disposal of wastes such as organic amines, ammonia, methyl chloride and 
hydrogenated tallow fatty acids; removal and remediation of historic ethyl benzene contaminated soil; 
and soil and groundwater surveys. 

AMOCO Canada Resources Ltd. (Sarnia): A waste audit study was undertaken in 1993 to identify 
contaminant sources for evaluating various treatment options available. A leak abatement program is 
also underway to minimize contamination of surface runoff by leaking process stream valves.

BASF Canada Inc. (Sarnia): Recently completed and ongoing remedial measures at this facility 
include: new primary treatment facility for removal of rubber from process effluent; further treatment 
of effluent at Polysar’s biological treatment plant; water conservation programs have reduced 
consumption by about 50% since 1990 and further reductions are planned; process related 
improvements to non-contact cooling water to reduce acrylonitrile concentrations; installation of new 
vertical condenser (1992) to pressurize cooling water above that of process water.

Cabot Canada Ltd. (Sarnia): Cabot has examined using treated effluent in the process to achieve 
zero discharge, however, this was determined not to be feasible. The company may re-evaluate this 
option.

Chinook Chemicals Company (Sombra): Process and storm sewer effluents are treated for odour 
(peroxide treatment) in a holding pond then spray irrigated during summer and discharged to the river 
during winter. Recently completed and ongoing remedial measures at Chinook Chemicals include: 
improved aeration of collected rainfall water holding pond; toxicity source investigation/evaluation; 
ultraviolet/ ozone treatment for organics removal; groundwater and soil surveys; revision of the 
dimethylformamide process to reduce contaminants in final discharge; implementation of new 
methylamine production technology.

Cole Drain (Cut-Off Drain): Although not an industrial facility, this drain contributes significant 
loadings of contaminants from both point sources (industrial site runoff and landfill leachate) and 
non-point sources (urban and rural runoff). The Cole Drain is an open ditch system servicing an area 
south of Sarnia’s residential and business core. It also receives inputs from the Scott Road Ditch prior 
to entering the St. Clair River. 

Four waste disposal sites located on Scott Road include the Fiberglas and Dow waste sites and 
Polysar and Esso Petroleum landfills. The Fiberglas and Dow sites are closed. Leachate from both 
sites pass through activated carbon beds however only leachate from Fiberglas is treated off site. 
Leachate from Dow is released to the Cole Drain. The Esso Petroleum and Polysar landfills on Scott 
Road are still in operation. Both have berms to contain surface runoff and only the Esso Landfill has 
leachate collection and off site treatment. Both sites however, have runoff and leachate entering the 
Cole Drain. Polysar is currently developing a long range strategy and remedial action plan for the site. 

Dow Chemical Canada Inc. (Sarnia): All chlorine chemistry operations at Dow Chemical in Sarnia 
have been shut down since mid 1993. As a result, the plant no longer produces chlorine, sodium 
hydroxide, ethylene dichloride, vinyl chloride, propylene oxide, nor styrene/butadiene latex. Dow is 
currently implementing a multi-million dollar River Separation Project which will ultimately remove the 
plant from direct contact with the St. Clair River - key components include: separation of non-contact 
cooling water from storm water collected inside the battery limits of each processing unit (to allow 
process unit drainage to be captured and tested before release); piping of non-contact cooling water 



to combined sewer collecting storm water outside of process area; assessment of spill risk from 
water cooled heat exchanger; reduction of process wastewater by recycling and reuse.

Dow Chemical formerly operated a waste disposal site (Scott Road) with a leachate collection 
system. Leachate is passed through carbon filters prior to discharge. The adequacy of the existing 
collection system has not been proven and there is a potential for some leachate to pass through the 
existing sheet pile wall and discharge to the river via the Cole Drain. Surveys are currently underway 
to determine the extent of hydrocarbon contamination at this waste site.

Dow Chemical operates a non-hazardous waste site on LaSalle Road. Stormwater runoff is collected 
in a pond where it is tested for contamination. If treatment is not required, stormwater is released to 
Talfourd Creek. If treatment is required, stormwater is sent to Dow’s biox treatment plant. 

DuPont Canada Ltd. (Corunna): Recently completed and 
ongoing remedial measures at this facility include: internal 
water recycling; high frequency testing and on-line analyzers 
for detection of leaks; studies to determine sources of dioxin 
and suspended solids; in-place spill response plan; dyking 
of all hydrocarbon storage areas; staff training.

Ethyl Canada Inc. (Corunna): As of May, 1993 the ethyl 
chloride production unit shut down and as of April 1994, all 
tetraethyl lead and tetramethyl lead production was halted. 
Continuing production at the plant consists only of mixing, 
blending and repackaging of industrial chemicals and the 
Diesel ignition improvers (DII) manufacturing. The rail tankcar/refinery cleaning and sludge recycling 
operations will also continue. As a result of these production shut downs, major sources of lead, 
ethylene dibromide, ethylene dichloride, and ethyl chloride will be removed from wastewater 
discharges. The DII wastewater stream will continue and the rail tankcar/refinery washings as well as 
out-of-spec stormwater will continue to be treated by the wastewater treatment plant to ensure the 
plant meets its outfall criteria. 

Fiberglas Canada Inc. (Sarnia): This facility ceased production in 1992. Decommissioning 
procedures included: removal and off site disposal of contaminated stormwater and stored process 
water; removal and cleaning of process equipment, tanks and pipes; constructed new PCB waste 
storage site and properly stored all PCB capacitors; removed wastewater settling lagoon and 
surrounding contaminated soil; and demolished maintenance garage, #4 warehouse, waste water 
treatment building, furnace hall and batch silos. Where possible all metals, steel, wood and concrete 
have been recycled. 

Fiberglas formerly operated a waste disposal site on Scott Road. The site was closed and capped in 
1983. Leachate is collected, passed through activated carbon beds and treated off site.

ICI Canada Inc. (Courtright): ICI operates a stormwater collection system, which can be discharged 
through its outfall. A covered gypsum stack pondwater treatment system is also operated by ICI.

Imperial Oil Chemicals Division (Sarnia): Recently completed and ongoing remediation measures 
at this facility include: recycling of river water through three operating unit cooling systems; increased 
reliability of the wastewater treatment plant; improvements to wastewater treatment plant early 
detection systems; spill contingency plan including response team, containment measures and 
investigations; staff training; provision of training manuals and formal program.



Imperial Oil Limited (Sarnia) Refinery: Recently 
completed and ongoing remediation activities at this facility 
include: increasing steam condensate collection; reduction 
of cooling water usage; segregation of once-through cooling 
water from process streams; change to organic chemicals 
from metals to reduce toxicity of cooling water tower 
blowdown; on-line analyzers installed on once-through 
cooling water discharges; dechlorination of cooling water; 
reduction of contaminants from activated sludge plant; staff 
training; and development of a spill reduction strategy 
including a spill source control program and on-site spill 
response team.

Lambton Thermal Generating Station (Courtright): Recently completed an ongoing remediation 
measures at this facility include: retrofitting of flue gas desulphurization technology designed to 
minimize water use and to produce a marketable by-product; dyking of storage tanks; improvement of 
coal and ash drainage area; construction of oil/water separators in new buildings; staff training; 
emergency response team trained in spill response; and a spill response plan. Other measures 
include a spill risk assessment, plans for installation of outfall channel booms and oil detection 
equipment, and studies of on-site wetlands.

Liquid Carbonic Inc. (Courtright): Recent initiatives undertaken at this facility include: installation of 
a berm at the outfall; 40% reduction in water use since 1989; installation of high/low alarms on the oil 
recovery drum.

Novacor Chemicals (Canada) Ltd. (Corunna): Recently 
completed and ongoing remediation activities include: 
reduction of cooling tower blow down; water conservation 
studies; elimination of metals as cooling water treatment 
chemicals; removal of zinc contaminated sludges and 
installation of easy-to-clean membranes in ponds; improved 
pilot plant performance (filtration and BIOX); sewer 
segregation; baseline benthic studies; staff training; 
wastewater plant operating targets and dedicated 
laboratory; spill response equipment.

Novacor Chemicals (Canada) Ltd. (Mooretown): Recently completed and ongoing remedial 
measures at Novacor Chemical’s Mooretown facility include: installation of a geomembrane of fibre 
webbing and gravel in the process wastewater pond and retention ponds; regular testing of sumps 
within process units prior to entering wastewater treatment system - if too highly contaminated, it is 
removed and disposed by a private contractor; computer program to systemize the maintenance 
program and equipment; spill control measures; staff training and procedural documentation. The 
facility is currently undertaking a total survey of its waste water streams and systems by an outside 
consultant. Recommendations for improvement to the waste water management system are 
expected toward the end of 1994.



Novacor Chemicals (Canada) Ltd. (Sarnia): Recently 
completed and ongoing remedial measures at Novacor 
Chemical’s Styrene II facility include: conversion of closed 
Styrene I ditch to use as a storm or spill retention system; 
evaluation of treatment technology relating to oil removal, 
filtration and carbon adsorption; new process technology 
which significantly reduces/eliminates process wastewater; 
spill prevention strategy.

Partek Insulations Ltd. (Sarnia): The non-contact cooling water effluent is scheduled to be 
eliminated with the installation of a cooling tower and complete recycling of cooling water. This will 
virtually eliminate emissions from Partek.

Polysar Rubber Corporation (Sarnia): Recently completed and ongoing remedial measures at this 
facility include: spill prevention strategy; installation of a closed-loop cooling system on one major unit 
in 1993 with a second unit scheduled for 1994, to eliminate possible discharges of contaminated 
cooling water to the river; containment and testing of storm water and fire water; re-routing of two 
effluent streams through the BIOX plant; installation of dechlorination facilities; partial replacement of 
benzene with cyclohexane; staff training; equalization basin to stabilize flows to BIOX plant being 
considered; engineering studies relating to optimization of the BIOX plant, sludge dewatering and unit 
containment.

Polysar also operates a landfill and flyash lagoon (Scott Road) with a surface water collection system. 
The collected surface water is pumped via pipeline to the Polysar BIOX Plant where it is treated prior 
to discharge to the river. Leachate springs have been observed on the east berm and the 
containment of surface runoff on the eastern portion of the landfill may be inadequate. Contaminants 
within the Polysar perimeter drain as well as any which may reach the Scott Road Drain will 
eventually discharge to the St. Clair River via the Cole Drain. Polysar is currently developing a long 
range strategy and remedial action plan for the site.

Praxair Canada Inc. (Moore Township and Sarnia):  The following practices are in-place at both 
these facilities to reduce opportunity for discharge of toxic compounds: floor drains are covered; spill 
response plans; chemical storage areas are dyked; and residual chlorine and bromine have been 
reduced in the cooling water. The Sarnia plant also has oil/water separators on all floor drains. In 
addition, a study has been undertaken to determine feasibility of substituting chlorine and bromine 
with ozone for cooling water treatment.

Shell Canada Products Ltd. (Sarnia): Recently completed and ongoing remedial measures at this 
facility include: installation of a third clarifier for improved TSS removal; installation of an oil/water 
separator to treat cooling water having potential of contamination; sewer separation program; water 
use reduction programs; process control of the BIOX unit; on-line leak detection; elimination of zinc 
and chromate from cooling tower; dechlorination of cooling water; staff training; on-site spill response 
equipment; spill containment measures; wastewater treatment plant optimization studies.



Suncor Inc. (Sarnia): Recently completed and ongoing 
remedial measures include: ongoing program to reduce 
water use; sour water recover system to reduce intake 
requirements; collection of steam condensate for re-use; 
pressurization of once-through cooling water to prevent 
contamination with hydrocarbons; treatment of recirculated 
cooling water; on-line sensor on influent of API separator to 
detect oil emissions to once-through cooling water; on-site 
spill response equipment; staff training. Suncor has also 
installed an in-stream GC analyzer to monitor river water 
intake, once-through cooling water discharge, and process 
water discharges for benzene, toluene, xylenes, ethyl 
benzene, and other chemicals in trace quantities.

Terra International Canada Inc. (Courtright - formerly ICI Nitrogen Products):  Recently 
completed and ongoing remedial measures at Terra include: spill prevention programs including 
collection and recycling of process waters; elimination of chromium and chlorine in cooling tower 
water treatment; staff training; reduced once-through cooling water use; upgrade of air scrubber in 
urea granulation process. Upgrades to process equipment nitrogen solutions have resulted in a 
recycling of previously discharged product.

Welland Chemical Ltd. (Sarnia): Recently completed remedial measures at this facility include: new 
wastewater treatment system (1992) and changes in lagoon operations have significantly reduced 
phenols, cadmium, aluminum, trace metals, sulphide and chlorinated organics; conversion of water 
cooled compressors with air cooled compressors has greatly reduced water consumption and toxicity 
related to residual chlorine in intake water.

Michigan Municipal

In 1989 the MDNR implemented a CSO Control Program, to be implemented through the NPDES 
permit system, to eliminate or adequately treat all CSOs in Michigan. In the interim, all facilities are 
also required to notify the MDNR, the MDPH and the local daily newspaper whenever there is an 
overflow. Progress on the CSO Control Program (as of March, 1994) and other Waste Water 
Treatment Plant (WWTP) remedial measures undertaken or planned since 1990 are documented 
below.

Capac Waste Water Sludge Lagoons (WWSL):  Capac has a three lagoon treatment system which 
discharges to the Belle River via Lemon Drain. The city has completed separation of combined 
sewers and is conducting the final flow tests for certification.

St. Clair River Sewer Authority (East China Township WWTP):  The WWTP has secondary 
treatment with phosphorus removal. There are no CSOs associated with this facility. 

Marine City WWTP: This facility was converted to an activated sludge process in 1993. Grit and 
sludge handling, chemical addition and the feedback system were improved. Also, two final clarifiers 
and a new laboratory/office were added. 

The process of sanitary and storm sewer separation will be completed in 1994. 

Marysville WWTP: Marysville WWTP is a trickling filter secondary plant with chemical phosphorus 
removal and effluent chlorination. 

One CSO has been discontinued and two remain with approximately 12 discharges to the river per 
year. The City of Marysville has recently completed a program to separate all storm and sanitary lines 
comprising one CSO. The second outfall must be separated by 2001, based on a long range plan 
approved by the MDNR. In addition, to separation, the City has installed monitoring stations on each 
outfall to the river which record volume of flow and sample discharges for certain water quality 



parameters. 

Port Huron WWTP: The Port Huron WWTP is an activated sludge secondary treatment plant with 
chemical phosphorus removal and effluent chlorination. A new outfall structure has recently been 
constructed for the Port Huron WWTP and the diffuser was raised from the bottom of the river to 
eliminate impacts to benthic fauna.

The WWTP submitted a CSO abatement plan to MDNR in December, 1992 and is awaiting approval. 
The plan includes a combination of sewer separation and containment basins to eliminate 20 CSO 
points including 10 on the Black River and 10 on the St. Clair River. The plan is to be implemented 
over the next 30 years.

St. Clair WWTP: This facility is a trickling filter secondary treatment plant with chemical phosphorus 
removal and effluent chlorination. Sewer separation was completed in 1994. Two lift stations have 
been replaced with newer units having increased capacity and an additional lift station has been 
added. The remaining older unit was replaced in 1994. One additional lift station is relatively new and 
will require only modifications to the flow monitoring equipment. 

St. Clair - Algonac WWTP: The St. Clair County - Algonac WWTP is a rotating biological contactors 
secondary treatment plant with chemical phosphorus removal and effluent chlorination. A 480,000 
gallon (1.817 millionÊL) sludge storage facility was constructed at the plant. In addition, new sludge 
valves were installed in the primary tanks and one rotating biological contactor was replaced.

There are no CSOs associated with this facility.

Memphis Waste Water Sludge Lagoons (WWSL): The City has a two lagoon treatment system, 
which discharges to the Belle River. In 1994, to increase treatment capacity, the City removed 20 
years of sludge that had accumulated in the lagoons. 

Yale WWSL: This facility discharges to the Black River via Mill Creek. The City constructed a third 
stabilization lagoon in 1993. The two original lagoons were desludged in 1994. Separation of 
combined sewers was also completed in 1994.

Michigan Industrial

AKZO Salt (St. Clair): This facility has developed a PIPP and pollution control manual. Spill 
prevention includes containment measures, daily inspections, pressure sensors to detect leaks, and 
best management practices relating to storage and handling of chemicals. Planned remedial 
measures include an additional storage tank for the wastewater treatment system to reduce the 
number of process wastewater overflows of brine to near zero.

Detroit Edison Company (Belle River, St. Clair and Marysville):  Facility specific PIPP and 
Emergency Control Plans have been developed detailing spill notification and response procedures. 
The plans incorporate the requirements of the federal Spill Prevention, Control, and Countermeasure 
Plan, the hazardous waste (RCRA and Act 64) Contingency Plan, the Toxic Substances Control Act  
and the Superfund Amendments and Reauthorization Act. Spill containment measures have also 
been constructed.

E B Eddy Paper (Port Huron): This facility has a PIPP which includes spill notification and response 
procedures. Materials stored and the containment provided are nearly identical to that at James River 
(see below). This facility added an equalization tank to the wastewater treatment system in 1992.



James River Corporation (Port Huron): Remedial 
measures undertaken since 1990 include: isolation of 
process chemicals from waste streams; installation of alarm 
systems to warn of potential problems; reduction in amount 
of chemical handling reducing opportunity for spills and 
reduction in solid waste; new lamella settler to be installed in 
1994 to reduce TSS content of process wastewater 
discharge; development of a Pollution Incident Prevention 
Plan (PIPP) relating to spill prevention, notifications and 
response and including the construction of containment 
measures.

Mueller Brass: This facility is currently discharging all dry weather flows from the property to the City 
of Port Huron sanitary sewer system. The company is in the process of constructing a storm water 
collection system. All wet weather flow will be contained, treated and used as process cooling water. 
All surface water discharges will be eliminated by the end of 1994. It has developed a PIPP relating to 
spill notification and response. 
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Point Source
Prioritization and Modelling of Sources for Remediation

Sources of Fecal Coliform (E. coli) Bacteria for Remediation

Generally, the Ontario side of the river experiences bacterial counts than the Michigan side. The 
highest bacteriological count found in the river was at the CNR Ferry Dock sampling point 
downstream of Sarnia Bay. 

There are five areas on the river that have CSOs and storm sewer outfalls. These are: Sarnia Bay 
and south Sarnia upstream of the WPCP; Port Huron; Marysville; St. Clair; and Marine City. At least 
three of these areas contribute significantly to localized areas of high coliform count. In Sarnia there is 
a highly contaminated area between the CNR Ferry Dock and Talfourd Creek. Chrysler Beach, in 
Marysville, is likely affected by the CSOs in Port Huron and Marysville. 

The high coliform counts appear to be localized within the main river channel; by the time the water 
reaches the South Channel in the delta, the bacterial water quality is significantly improved.

Loadings of coliform bacteria to the St. Clair River from a variety of point (and non-point sources) 
have resulted in an impairment to the beneficial use of swimming (beach closings). This impairment 
needs to be addressed by point source remediation relating primarily to CSOs, sewage treatment 
plant effluents, storm sewer discharges and nonpoint sources. 
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Point Source
Prioritization and Modelling of Sources for Remediation

Ranking of Sources for Prioritization of Remediation

Generally the best available information on sources and loadings of contaminants relates to municipal 
and industrial outfalls. Information on CSO contributions is less well known for the St. Clair AOC. 
Although ambient air quality data are available, there is as yet incomplete air emission data and 
determination of loadings to the river from atmospheric deposition have not been attempted. Other 
data gaps relate to bilge water quality and amount contributed from shipping; contributions from 
contaminated sediments; and to the determination of specific causes and sources of contaminants 
which contribute to chironomid mouthpart anomalies.

In identifying remedial measures for the St. Clair RAP, the 
Point Source Task Team first developed a ranking system 
to determine priorities based on contaminant loadings from 
individual sources. Contaminant modelling based on various 
loading scenarios was undertaken for a limited number of 
contaminants to estimate downstream distributions in 
sediment and water. The results of the various model runs 
were then compared to the "yardsticks" and priority ranking 
to confirm remediation requirements.

In developing an evaluation methodology for ranking of 
sources, the primary goal was to provide a method or 
approach which would yield an objective evaluation. The methodology was modified from the Beak 
(1993; Chapter 4 in Appendix 4.3) approach by converting all contaminant yardsticks to a relative 
scale in which mercury is assigned a value of 100. Impact scores are then calculated by multiplying 
loadings by the relative yardstick. The assigned yardstick values are also weighted by multiplying by 
the number of impairments affected. This ranking was considered as the "base case" which was 
subjected to a sensitivity analysis involving three other models for priority ranking, referred to as 
"trials". The trial cases were compared to the base case model to determine the relative sensitivity of 
various factors to the final ranking. The base case rankings were relatively insensitive to the 
variations represented by the three trials which provided support for the methodology employed. 

The following illustrates the ranking methodology employed: 
Parameter Impact Score = No. Uses Impaired 
X (100/(parameter yardstick/mercury yardstick) 
X total loading

Impact scores were calculated for each parameter for each medium (water, sediment, biota). These 
scores were then used to rank each parameter (highest score = lowest rank) resulting in a 
media-contaminant priority. Individual source rankings were then computed by multiplying the 
contaminant priority by the fractional contribution of each source to the total for that contaminant (for 
each medium). 

The individual media scores were then summed to obtain a ’Total Quality Ranking’ for each 
parameter by source presents this ranking according to facility. The issue of missing loadings data is 
not addressed with the ranking. This exercise only ranks identified loadings and does not differentiate 
between analyzed ’non-detects’ and the absence of information.

See TABLE 4.1
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Point Source
Prioritization and Modelling of Sources for Remediation

Modelling and Use of KETOX to Evaluate Remedial Options

The OMOEE’s KETOX model for the St. Clair River estimates contaminant concentrations in the 
water column and bed sediment downstream of single or multiple sources. The KETOX model output 
can be displayed visually as a map using Geographic Information System (GIS) technology.

KETOX has been utilized for 8 parameters chosen to represent 
general classes of contaminants for which both ambient and effluent 
data were available. Output was utilized to estimate downstream 
ambient water and sediment quality concentrations related to 
various specified loadings scenarios. These concentrations were 
then compared to the appropriate yardsticks.

The parameters of concern for input to the model were:

� benzene

� carbon tetrachloride

� cadmium

� hexachlorobenzene

� lead

� mercury

� tetrachloroethylene

� zinc

The loadings data utilized for the model runs include: (1) RAP Stage 1 data (mostly 1986-1989 data); 
(2) RAP Stage 1 addendum data (mostly 1989/1990 data); (3) ’current’ loadings determined from the 
latest monitoring data generated from each facility (mostly 1991 through 1993 data); and (4) 
’projected’ loadings based on ongoing and planned facility remedial measures (as of June 1994). The 
actual loadings employed for each of the four scenarios are provided in Appendix 4.2. 

A description of the model, calibration techniques and results of its application for the four scenarios 
is provided in Nettleton (1994). The reliability of predicted exposure concentrations in water using the 
KETOX model depend mainly on the river flow variability, the loadings variability, and the calibration 
errors in the model. Generally river flow variability is the least important source of error and loading 
variability is not a factor as input loadings are set based on defined targets. In the case of sediments, 
the hexachlorobenzene and mercury concentrations in the sediment measured during the 1990 
benthic survey were much larger than those predicted by the model. As a qualitative observation, the 
measured concentrations do not appear much lower than those measured during the previous (1985) 
survey. This may indicate that a long time may be required for levels of these contaminants to 
approach the steady-state values predicted by the model for either current or projected loadings 
scenarios (P. Nettleton, OMOEE, pers. comm.). In fact a portion of the sediment-adsorbed chemicals 
might be permanently retained.

In combination with the associated source ranking, the model was used to assess the need for 
remediation. Where the model indicates that priority sources may not have sufficient reductions 
planned to ensure ambient water quality at or below the yardstick values, then additional performance 
commitments would need to be negotiated with those facilities.



The output maps from each model run showing downstream 
concentrations in water and sediment are provided as Appendix 4.4; 
an example of the water model output for benzene is provided in 
Figure 4.2. and Figure 4.2b.Table 4.2 lists the estimated maximum 
downstream water and sediment concentration for each of the eight 
parameters according to the four scenarios indicates where these 

predicted peak concentrations either exceed (+), approximate (≈), or 
are below (-) the appropriate yardstick value for each of three 
scenarios (Stage 1 addendum, current, and projected loads). 

Exceeding a yardstick (or not) is based on model predictions of the current peak contribution of each 
source. Individual parameters in sediment and biota may exceed yardstick values due to historical 
contamination but appear in sections notes as "not exceeding yardsticks" and thus are not related to 
source control but to remediation needs for sediment and biota.indicates that three of the priority 
sources (as identified in Table 4.1) contribute directly to water quality yardstick exceedences based 
on the Stage 1 update loadings. This declines to two priority sources based on ’current’ loadings and 
only one priority source according to the ’projected’ loadings (hexachlorobenzene at Dow). For 
sediments, exceedences are related to a total of four priority sources using both the Stage 1 update 
loadings and the ’projected’ loadings. Based on these estimates, loadings of zinc, lead and 
hexachlorobenzene will continue to contribute to impairments of beneficial uses in the St. Clair River 
sediments beyond implementation of all planned or ongoing remedial actions. Further reductions of 
these parameters will be required.

In comparing the results of Table 4.3with the priority rankings outlined in 
Table 4.1, it is apparent that, based on the Stage 1 update data, four of the 
top priority sources have demonstrated significant loading reductions since 
the Stage 1 report was released (i.e., not contributing to exceedences - 
mercury at Ethyl, cadmium at Port Huron WWTP, benzene at Polysar, and 
cadmium and lead at Sarnia WPCP). If all planned and ongoing remedial 
measures are fully instituted, then an additional two priority sources will no 
longer contribute to water or sediment exceedences (hexachlorobenzene at 
Cole Drain, and lead at Dow).

The U.S.ACOE’s RECOVERY model is a decision support model for 
screening the fate of in-place contaminated sediments in aquatic 
environments. It predicts the concentration of a contaminant in the 
water, the mixed sediment layer and in the deep sediments over 
time. The flux of the contaminant from the sediments into the water 
is also predicted. The total number of years for which the model is 
run is determined by approximating the time required for the toxic 
concentration in the water to decrease to 10% of the maximum value 
achieved, up to a maximum of 100 years (Sturgis et all. 1993). The 

RECOVERY model will be used in order to identify remedial options for in-situ contaminated sediment 
in the St. Clair River.
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Point Source
Actions

The following actions are to be completed in accordance with the principles and priorities as outlined 
in the implementation strategy described in Section 10.2

Persistent and Bioaccumulative Substances, Exceeding 

Yardstick:(*) 

All sources reduce discharges to meet yardstick (or better) at the 
end of the pipe no later than year 2000. Virtually eliminate 
contaminant from discharge by 2004. It shall be the responsibility of 
jurisdictional agencies to conduct regular open water quality 
monitoring and sediment and biological monitoring to assess the 
extent to which these substances are accumulating in the 
environment. Continue monitoring discharges at the source (discharge data provided by facility and/or 
regular or intermittent data provided by compliance sampling, etc.). Continue to strive for zero 
discharge.

Priority Sources:

� Cole Drain - hexachlorobenzene

� Corunna WPCP - cadmium, hexachlorobenzene

� Dow - mercury, hexachlorobenzene

� Sarnia WPCP - mercury

� St. Clair WWTP - mercury

Persistent and Bioaccumulative Substances, Not Exceeding 

Yardstick:(*) 

All sources virtually eliminate contaminant from discharge by 2004. 
It shall be the responsibility of jurisdictional agencies to conduct 
regular open water quality monitoring and sediment and biological 
monitoring to ensure that these substances are not accumulating in 
the environment. Continue monitoring discharges at the source 
(discharge data provided by facility and/or regular or intermittent 
data provided by compliance sampling, etc.). Continue to strive for zero discharge.

Priority Sources: 

� Ethyl - mercury

� Port Huron WWTP (USA) - cadmium

� Sarnia WPCP - cadmium



Persistent and Bioaccumulative Substances, Not Modelled:(*) 

By analogy (to modelled parameters), or by modelling where sufficient 
data area available, determine if parameters that have not yet been 
modelled meet or exceed the yardstick. It shall be the responsibility of 
the jurisdictional agencies to ensure that persistent bioaccumulative 
substances from all sources are assigned to either category (exceeding 
or not exceeding yardstick) by December 1995. In the interim, continue 
with monitoring, as above, and operate under the assumption of virtual 
elimination by 2004. Continue to strive toward zero discharge.

Priority Sources:

� Cole Drain - hexachlorobutadiene; pentachlorobenzene; octachlorostyrene;

� Ethyl - PAHs

(*) Contingent on emerging information and RAP priorities.

Persistent Parameters of Concern (Potentially Bioaccumulative), Exceeding Yardstick:(*) 

All sources meet yardstick (or better) at the end of the pipe no later than 2000 (based on 
bioaccumulative fraction - require speciated analysis in effluent and receiving water). Continue 
monitoring discharges at the source (discharge data provided by facility and/or data provided by 
compliance sampling, etc.). Jurisdictional agencies shall conduct regular open water quality 
monitoring. Continue to strive for zero discharge.

Priority Sources: 

� Corunna WPCP - lead

� Dow - zinc

� Ethyl - lead

� Sarnia WPCP - zinc

� Shell Canada - zinc

Persistent Parameters of Concern (Potentially Bioaccumulative), Not 

Exceeding Yardstick:(*) 

All sources continue monitoring discharges at the end of pipe 
(based on bioaccumulative fraction - require speciated analysis in 
effluent and receiving water). Discharge data provided by facility 
and/or data provided by compliance sampling, etc. Jurisdictional 
agencies shall conduct regular open water quality monitoring. 
Continue to strive for zero discharge.

Priority Sources:

� Ethyl - carbon tetrachloride

� Sarnia WPCP - lead

Persistent Parameters of Concern (Potentially Bioaccumulative), Not Modelled:(*) 



By analogy (to modelled parameters), or by modelling where sufficient data are available, determine if 
parameters that have not yet been modelled meet or exceed the yardstick at the end of pipe (based 
on bioaccumulative fraction - require speciated analysis in effluent and receiving water). It shall be the 
responsibility of the jurisdictional agencies to ensure that substances from each source be assigned 
to either category (exceeding or not exceeding yardstick) by December 1995. In the interim, continue 
with monitoring, as above, and operate under the assumption of achieving the yardstick at the end of 
the pipe (or better) by 2000. Continue to strive for zero discharge.

Priority Sources:

� Dow - copper

� Esso Petroleum - arsenic

� Novacor Petroleum - arsenic

� Sarnia WPCP - copper

� Suncor - arsenic

(*) Contingent on emerging information and RAP priorities.

Persistent Parameters of Concern (Not Bioaccumulative):(*) 

All sources reduce discharges to the yardstick (or better) at the edge 
of the mixing zone no later than 2000, with no acute toxicity in 
mixing zone. Continue monitoring discharges at the source 
(discharge data provided by facility and/or data provided by 
compliance sampling, etc.). Jurisdictional agencies shall conduct 
regular open water quality monitoring. Continue to strive for zero 
discharge.

Priority Sources:

� Sarnia WPCP - nickel

Non-Persistent, Non-Bioaccumulative 

Parameters of Concern (Potentially Toxic): (*) 

Achieve yardstick (or better) at the edge of the 
mixing zone by 2000. No acute toxicity in 
mixing zone. If monitoring suggests that some 
parameters are persistent in sediments then 
may require that yardstick be achieved at the 
end of pipe. Continue to strive for zero 
discharge.

Priority Sources:

� Ethyl - 1,2-dichlorethane; 1,1-dichlorethane; 1,1,2-trichlorethane;tetrachloroethylene; 
trichloroethylene; toluene



� Polysar - benzene; oil and grease

Non-Persistent, Non-Bioaccumulative Parameters of Concern (Not Toxic): (*) Achieve yardstick (or 
better) at edge of mixing zone by 2000. 

Priority Sources:

� Esso Pet. - phosphorus 

� Marysville WWTP (USA) - phosphorus 

� Polysar - phosphorus

� Port Huron WWTP (USA) - phosphorus

� Sarnia WPCP - iron; phosphorus 

Actions for Point Source Discharges of Bacteria: 

1. CSO control programs under the Michigan NPDES program will be fully implemented. 
Similarly, the remedial measures planned for the Sarnia WPCP will be fully implemented. The 
volume of non-treated overflows to the river will be reduced by 50% by 2000 and completely 
eliminated by 2005.

2. All sewage treatment plant effluents will be disinfected or treated using comparable methods in 
order to ensure a maximum of 200 counts E. coli/100 mL at the end of the pipe by 2000.

3. Segregated storm sewers will be monitored and control mechanisms put into place if bacteria 
levels exceed 200 counts E. coli/100 mL at the outfall. 

 (*) Contingent on emerging information and RAP priorities.

Actions for Point Source Discharges to Air:
1. Probable sources within the AOC to supply an inventory of 

atmospheric releases for all substances on the St. Clair 
River yardsticks list during 1994/1995, showing amount 
released regardless of the regulatory reporting criteria, so 
that contribution of air pollutants can be assessed.

2. Identify a means for determining the impact of air emissions 
on the St. Clair River by end of 1996.

3. On the basis of data reported or model results, the RAP 
Team will attempt to determine whether local atmospheric discharges are impacting the St. 
Clair River and its watershed and if further action falls within the mandate of the RAP. 
Regardless, the RAP Team will recommend that the appropriate bodies pursue the issue of 
the control of atmospheric discharges and deposition.

General Actions:

1. All point sources (industrial, municipal, CSOs, treatment bypasses, stormwater) to eliminate 
spills to the river by 2000 through implementation of pollution prevention, process alteration, 
and installation of appropriate containment and treatment systems as well as through 
appropriate training in sound operating practices.

2. All facilities should implement process changes and/or modifications to achieve the targets 
they have planned and/or committed (see Chapter 10). The RAP will detail these plans: 
anticipated means, level of commitment and time frame for achieving projected loads. All 



sources of contaminants on the list of concern not expected to achieve yardsticks should 
develop a pollution prevention/toxics use reduction plan by December 1995. This plan should 
include timetables for reductions. All facilities should report annually on the progress of 
implementation. The RAP will prepare annual reports on changes in releases.

3. Where yardsticks do not exist for current contaminants of concern, all experts within and 
outside the AOC should be involved in the determination of a suitable means for setting a 
yardstick.

4. OMOEE and MDNR develop discharge permits on the basis of other discharges already 
approved or under application and assess total mass loadings to the river.

5. OMOEE and MDNR institute whole facility permitting systems to ensure that toxics are not 
shifted from one medium to another.

6. OMOEE and MDNR not permit any increases in the total loadings of the substances of 
concern to the St. Clair River or its tributaries.

7. When alternative processes, etc. are implemented, there should always be a net overall 
reduction to all media.

8. Responsible facilities eliminate all priority contaminants from leachate and other discharges to 
the Cole Drain (including Scott Road drain) by 2004. 

9. Initiate sampling of Cole Drain in order to monitor loadings and effluent quality entering the St. 
Clair River.

10. Government agencies monitor changes in standards in each jurisdiction and revise yardsticks 
accordingly. If yardsticks are revised, repeat exercise of ranking sources and assessment of 
plans for lowering discharges. Make recommendations for lowering discharges further if 
necessary to meet yardsticks.

11. Federal, provincial, state and municipal governments educate small businesses and other 
toxics users and producers on how to conduct a comprehensive pollution prevention/toxics 
use reduction plan.

12. Pollution prevention/waste reduction or elimination/recycling are always the preferred options, 
all other things being equal.

13. Storm water impacts to be assessed as soon as the Ontario storm water control studies 
(required by the MISA limits regulations) are completed (3 to 5 years) and as soon as the 
Michigan storm water permitting reporting system is adequately operational (1 to 2 years).

14. Zero discharge will continue to be regarded as the ultimate goal.
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Non-Point Source
Overview

Contaminants from non-point sources may have contributed to 5 of 9 beneficial use impairments. The 
impairments and associated contaminants are as follows:

� restrictions on fish consumption (mercury, PCB);

� chironomid mouthpart anomalies (through water and 
sediment contamination);

� degradation of benthos (through sediment 
contaminated with copper, iron, lead, mercury, nickel, 
cadmium, zinc, total phosphorus and PCBs);

� restrictions on dredging (copper, iron, lead, mercury, 
nickel, cadmium, zinc, total phosphorus, PAHs and 
PCBs); and

� beach closings (bacteria from urban and rural runoff, domestic sanitary sources).

Based on available data, non-point sources including Lake Huron contribute at least ten percent of 
the total loadings to the St. Clair River for the following parameters: copper, iron, lead, mercury, 
nickel, cadmium, cobalt, PAHs and PCBs. In addition, non-point phosphorus and zinc contributions 
are close to ten percent of the total loadings. Additional parameters of concern are also suspected to 
be associated with non-point source loadings, but require additional investigation.

Six major non-point sources of contaminants in the watershed were identified and include:

� urban storm runoff (point source task team responsible for storm runoff from industrial sites);

� rural storm runoff;

� waste sites without leachate and runoff collection (waste sites with leachate collections 
systems addressed by point source task team);

� malfunctioning septic systems;

� all domestic sources not connected to municipal treatment facilities; and

� generation and disposal of household hazardous waste (HHW).

A complete Non-Point Source Work Plan is provided in Appendix 
3.2. This work plan represents actions taken by the Non-Point 
Source Task Team for the development of the Stage 2 RAP. It is 
comprised of four components which are summarized below. These 
tasks do not represent recommended actions resulting from task 
team deliberations. Recommendations (actions) are summarized at 
the end of this chapter. Work Plan components include:

Urban and Rural Storm Runoff
� Identify and monitor sources contributing to storm runoff;

� Assess types and causes of "controllable" pollutants (chemicals, nutrients, bacteria, 
sediments, road salt);

� Identify measures to control urban and rural storm runoff;

� Implement control measures; and 

� Evaluate the environmental effectiveness of prevention measures.



Waste Disposal Sites
� Compile and evaluate waste site information;

� Recommend action where an identified concern exists; 

� Ongoing monitoring of all sites;

� Implement control measures; and

� Evaluate the environmental effectiveness of prevention measures.

Domestic Sanitary Sources
� Identify and document conditions in the St. Clair River, its tributaries and beaches; 

� Identify problem areas;

� Document municipal initiatives;

� Mandate ongoing maintenance of private sewage disposal systems; 

� Develop and implement remedial actions; and

� Evaluate the environmental effectiveness of prevention measures.

Household Hazardous Waste
� Promote public education and awareness to minimize waste production and to encourage 

proper disposal and handling.
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Non-Point Source
Regulatory Programs - Ontario and Canada

There are limited controls for urban and rural/agricultural runoff 
under the Ontario Water Resources Act and the Environmental 
Protection Act. Additional programs relating to the control of runoff 
include: the Soil and Water Environmental Enhancement Program 
(SWEEP) used to educate farmers about new technologies, benefits 
of crop rotation, and other soil conservation practices; Land 
Stewardship II Program provides incentives for conservation of 
agricultural lands; manure handling practices are identified by the 
Farm Pollution Advisory Committee (FPAC). 

Interim Stormwater Quality Guidelines have been developed jointly by OMOEE and OMNR to 
address the need for stormwater quality management in development areas in Ontario. These 
guidelines apply only to new developments. Stormwater drainage plans and management practices 
are encouraged through the Ontario Drainage Management Program (ODMP) and funds for 
municipal stormwater abatement are provided through OMOEE’s Pollution Control Planning Program 
(PCP). 

Ministry approved industrial waste disposal sites including all activities associated with hazardous 
waste (i.e. handling, shipping, disposal, site management) are regulated under the Environmental 
Protection Act Waste Management-General Regulations and related policies.

The provincial Pesticides Act (1980) prohibits the improper use and storage of pesticides. The 
Ontario Ministry of Agriculture and Food’s Food System 2002 is a comprehensive program to assist 
growers to cut their use of pesticides in half by the year 2002 through research and development, 
education and changes in field delivery. 

Installation and operation of private sewage treatment systems is controlled under Regulation 358 
under the Ontario Environmental Protection Act (EPA). Several recommendations regarding the 
installation and operation of private septic systems have been proposed by the Sewell Commission.
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Non-Point Source
Regulatory Programs - Michigan and the United States

Urban stormwater and/or snow melt induced runoff is controlled 
through the Non-point Source Control Program (NPS) and the 
Stormwater Control Program (SCP). The NPS program address 
both urban and rural/agricultural non-discreet runoff sources and 
provides funds for the design and implementation of control 
measures. The SCP program addresses runoff associated with 
discreet point sources such as storm sewers. It regulates runoff 
from construction sites that disturb five acres (2 ha) or more of land 
and have a point source discharge of storm water into a municipal separate storm sewer or waters of 
the state. Small and large industrial sites are mostly regulated through general storm water permits, 
with some requiring individual permits. Municipalities with a population of 100,000 or more that 
discharge to a municipal separate storm sewer system require a municipal storm water permit.

Agricultural runoff is principally addressed through the U.S. Department of Agriculture (USDA) 
Natural Resource Conservation Service - NRCS (formerly Soil Conservation Service - SCS) and the 
Cooperative Extension Services (CES). Both agencies provide education and expertise to farmers 
regarding soil erosion and management practices as well as animal waste control and use of 
pesticides. The USDA, Natural Resource Conservation Service (Soil Conservation Service) has also 
implemented several agricultural programs in portions of the St. Clair watershed that are used to 
apply conservation practices to highly erodible land. The Integrated Crop Management Program 
ensures that nutrients and pesticides are applied to cropland in an efficient and environmentally 
sound manner. 

The Michigan Hazardous Waste Management Act, Act 64, Public Acts of 1979, as amended, 
regulates the generation, use, transport, storage, and disposal of hazardous wastes within Michigan. 
The Michigan Environmental Response Act, Public Act 307 of 1982, as amended (MERA), and its 
administrative rules, provide for the identification, risk assessment, evaluation and clean up of sites of 
environmental contamination in the State.

Pesticide use in Michigan is regulated by the Pesticide Control Act, Michigan Act 171 of 1976 as 
amended. The Michigan Department of Agriculture "Clean Sweep" program allows farmers and 
chemical distributors to turn in out of date chemicals for proper disposal.

Installation and operation of septic tank/tile field disposal facilities are regulated through a cooperative 
program involving the MDNR and the local County Health Department under the provisions of Act 
245, Public Acts of 1929, as amended.
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Non-Point Source
Remedial and Prevention Measures and Actions in Progress

Remediation and Prevention Approaches

Non-point source problems will be addressed through 
comprehensive watershed management planning. Remedial 
and preventative measures for each non-point source are 
summarized as follows:

Urban Runoff

Schroeter and Associates (1992) conducted an Ontario, 
Great Lakes basin wide study which provided estimates of 
annual loadings for 26 toxic contaminants in urban 
stormwater runoff, combined sewer overflows and sewage 
treatment plant effluents. Results, in terms of total solids 
loadings, showed that surface runoff generated 49 to 96% of the total; overflows and combined 
sewers accounted for 1.5 to 20%; and sewage treatment plant effluents contributed 4 to 39% of the 
total (Schroeter and Associates 1992).

There are three general remediation approaches:

� pollution prevention;

� pollution control; and

� land use policy/planning.

Rural Areas

Tributaries subject to rural runoff have been identified as a contaminant source in the St. Clair River 
watershed; remedial options include:

� control soil loss;

� proper storage and handling procedures for manure; and

� reduction in, and proper use of, pesticides.

Waste Disposal Sites

Options related to problems encountered with industrial and municipal landfill sites include: 

� landfill design;

� construct leachate collection and treatment systems;

� regular monitoring programs for problem detection;

� alternative treatments such as removal or solidification of liquid waste; 

� decrease the quantity of waste sent to landfills, reduce, reuse and recycle;

� retrofitting existing landfills to meet current standards; and

� mitigation and remediation of contaminated shallow groundwater.

Waste disposal sites and landfills are potential sources of groundwater and surface water 
contamination. The non-point source task team was responsible for evaluating waste disposal sites 
without leachate and runoff collections systems. Waste disposal sites with leachate and surface 



water collections systems are the responsibility of the Point Source Task Team. 

The non-point source task team used the Stage 1 document and Technical Options report (Beak 
1993; Part A, Section 3.5 in Appendix 4.3) in order to identify all sites not having leachate and 
collection treatment systems. The Ontario site list was submitted to the OMOEE Senior 
Environmental Officer at the OMOEE district office who provided the non-point source task team with 
the most recent available information. These data were used to evaluate each site 

See Table 5.1 and Figure 5.1. 

Results for Ontario sites revealed that there is not enough information available to make an 
assessment for three waste disposal sites and three landfill sites Two potential problem sites were 
identified, the Ladney Waste Disposal Site and the Canatara Landfill. 

The Ladney Waste Disposal Site operated in the late 1950s and early 1960s receiving a variety of 
industrial wastes both as bulk waste and in drums. Upon closure, actions to cover exposed tar and 
open pits was unsatisfactory. In 1979 OMOEE issued a Control Order to solidify and cap two lagoons 
containing styrene tar. Work required by this order was completed in 1981. In the spring of 1990 an 
oil like substance was observed seeping from the Ladney site into a drainage ditch that eventually 
drains into Baby and Talfourd Creeks. During the summer of 1990 an attempt was made by the 
owner to stop the flow of liquid waste and clean up the accumulated material in the ditch. This work 
was completed, however oil/tar has since been observed moving up through the lagoon clay caps to 
the surface. Remedial actions are pending.

The Ladney Waste Disposal Site was inspected on February 22, 1994. During this inspection 177 
electrical capacitors were found. Subsequent tests confirmed that each capacitor contained 5 to 10 
litres (1.32 to 2.64 U.S. gal) of almost pure PCBs. The capacitors and some PCB contaminated soil 
have been secured in 45 gallon (54 U.S. gal) drums which in turn have been put in a locked 
container, approved for PCB storage, that remains on the site. An investigation is ongoing to 
determine the source of the capacitors. In June, 1994 Golder and Associates commenced a 
hydrogeologic investigation and assessment of only the PCB contaminated area on the Ladney site. 
Study objectives include:

(1) Determine if additional capacitors are buried in the vicinity of those already found at the site; 

(2) Determine the lateral and vertical extent of PCB contamination in the soil; and 

(3) Determine the most appropriate clean up measures for the contaminated soil.

The Canatara Landfill Site is a closed and covered landfill site that is part of Canatara Park in Point 
Edward. During the 1930s and 1940s chemicals and other wastes were disposed of at the site. A 
pollution survey in 1992 revealed that the site was generating hazardous levels of methane gas at its 
perimeter. Floating oil products were observed in surface water at several locations, and 
benzo(a)pyrene was detected in the shallow groundwater zone, however impacts on the St. Clair 
River have not been documented. The report identifies several areas where follow up investigations 
should be done in order to determine the area, extent and intensity of contaminants. A follow up study 
will be used to determine remedial options for the site. 

Studies will be conducted in order to properly assess the waste disposal sites and landfills for which 
there is limited or no information 

Michigan waste disposal site information was provided by MDNR to the non-point source task team. 
Since the 1991 Stage I RAP was published many additional contaminated sites have been identified 
in Michigan and cleanup procedures have been initiated for some. Currently identified are 153 
contaminated waste sites (307 sites) and Leaking Underground Storage Tank (LUST) sites in St. 
Clair County. Assessment and cleanup responses have been initiated for 140 of these sites. Of the 
remaining 13 sites, 9 are designated 307 sites, the other 4 are sites with leaking underground storage 
tanks.



Currently, none of the sites in St. Clair County are on the list 307 Highest Ranking Sites requiring 
immediate clean-up. There are no documented effects to the St. Clair River or its tributaries from 
these sites. 

Migration of contaminants from deep injection wells to the freshwater aquifer, and subsequently to the 
St. Clair River may be the result of several factors that promote potential contamination. These 
include: (1) numerous bore holes, drilled for oil and gas exploration, if improperly closed will act as 
channels through bedrock to the aquifer, especially if the lower formations are under excessive 
pressure; (2) poorly constructed injection wells may allow waste to leak through casings; (3) 
pressurized waste may travel along faults in the bedrock; and/or (4) pressurized waste may migrate 
through permeable limestone and shale to the freshwater aquifer. Figure 5.2 shows the location of 
waste disposal wells in Ontario and Michigan. 

Because deep well injection is no longer used for the disposal of industrial wastes, technical options 
are limited to:

� proper closing of bore holes and existing injection wells;

� regular monitoring of groundwater; and

� mitigation and remediation of contaminated groundwater.

See TABLE 5.2

Domestic Sanitary Sources

Sanitary waste disposal practices of individual households and recreational boats in the St. Clair 
River watershed contribute to water quality problems; control options include:

� maintain septic systems;

� correct direct discharges of untreated sewage; and

� prevent pollution from pleasure boats.

Non-domestic Discharges to Sanitary Systems

Non-domestic sanitary sources contribute to loadings discharged by way of the water pollution control 
plants/wastewater treatment plants; control options include:

� pollution prevention initiatives; and

� treatment of non-domestic waste prior to discharge to the sanitary system

Household Hazardous Waste

Persistent toxic chemicals are contained in such common household products as: household 
cleaners, pool chemicals, paint, solvents, pesticides and herbicides, fertilizers, wood preservatives, 
metal and furniture polishes, some medications, chemicals in pet collars and insect sprays/powders, 
photographic chemicals, antifreeze, batteries and used motor oil. Control of household hazardous 
waste is best achieved through public education and awareness to minimize waste production and 
encourage proper handling and disposal.

Beak (1993; Part A, Section 3.1 in Appendix 4.3) identified technical/remedial options for each 
category through a review of relevant literature, discussions with experts and questionnaires 
distributed to the general public and interest groups. 
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Non-Point Source
Remedial and Prevention Measures and Actions in Progress

Ongoing Programs

Ontario Rural Runoff

There are a number of programs in place in the St. Clair River watershed, 
available to those concerned with ongoing and potential contamination of the 
river and its tributaries as a result of rural practices. The local Ontario 
Ministry of Agriculture and Food and Rural Affairs (OMAFRA) District Office 
in Lambton, Agriculture and Agri-Food Canada, the St. Clair Conservation 
Authority, and the Soil and Crop Improvement Association (OSCIA) have 
been active in devising and implementing farm conservation practices. Each 
program is geared toward the ultimate goal of preserving farmland over the 
long-term and initiating practices that promote conservation tillage and 
address pollution at the source. These programs are summarized below and 
information is provided in more detail in Beak (1993; Part A, Section 3.4 in 
Appendix 4.3) and in Appendix 5.1.

Clean Up Rural Beaches (CURB) Program: CURB is a 
province wide program with a mandate to identify 
agricultural sources of contamination of rural beaches. It is 
administered through local conservation authorities. 
Cooperative work involving OMOEE, Lambton Health Unit 
and St. Clair Region Conservation Authority has permitted 
an evaluation of water quality at beaches and tributary 
outflows to the St. Clair River. As a result of studies 
undertaken in 1993 and at the urging of BPAC, CURB 
funding has been approved for Clay Creek and Baby Creek 
watersheds. 

Permanent Cover II Program: The Permanent Cover II program is a federal initiative started in 
September, 1992. The focus of the program is the permanent retirement, protection and maintenance 
of fragile agricultural land on a farm in exchange for 15 years rent from Agriculture Canada. Benefits 
of this program result in reduced erosion on lands adjacent to water courses and reduced risks to 
farmers.

High Crop Residue Program: This is a federal initiative targeted at taking erodible slopes out of 
production and reducing the amount of sedimentation in nearby water courses by utilizing high crop 
residue management. The program allocates per acre grants (up to $10,000) to farmers willing to 
leave more residue from previous crops on their fields than traditionally practised. 

Federal Activities Under the Canada-Ontario Agriculture Green Plan

This plan was developed to conduct projects relating to eight priority issues facing the Canadian 
agriculture-food sector. In Ontario four issues are being investigated and include: soil quality; water 
quality; wildlife/wetlands/woodlands management; and waste management. Program duration is from 
September 21, 1992 to March 31, 1997. Resultant Federal programs are outlined below.



Environmental Farm Plans: This program allows each farm to develop its own proactive 
environmental agenda. The program is administered by the Ontario Soil and Crop Improvement 
Association (OSCIA) under contract to the Ontario Federation of Agriculture. Farm plans are 
developed and submitted for funding consideration. 

Rural Conservation Clubs: This program is a federal (Agriculture and Agri-Food Canada) initiative 
linked to Canada’s Green Plan and provides up to 50% financial support for innovative research and 
demonstration projects. Project categories include manure utilization, cover crops, conservation 
cropping, tillage systems, and wetland, woodland or wildlife habitat. As of September 29, 1993, 
approximately 42 projects have been approved. 

Wetlands/Woodlands/Wildlife: Activities include ten projects for study plus a best management 
practices (BMP) manual, technology transfer and administration components by the Canadian 
Wildlife Service. 

Technology Transfer/BMP Manuals/Information Centre:  A series of five BMP manuals have been 
published to date with three more expected to be available by March, 1994. 

Research: Activities include Soil and water research related to on-farm, monitoring and evaluation, 
nutrient management and "closed loop". Administered by Agriculture Canada’s London Research 
Centre. 

Administration/Evaluation/Communication: Administration of the Federal programs including 
salaries, capital, evaluation of the program and communications activities are included. 

Ontario Domestic and Sanitary Sources

The Ontario Clean Water Agency: In February, 1993 the provincial government announced the 
creation of "The Ontario Clean Water Agency". The Agency will assist municipalities to plan and 
develop sewage systems and act as a source of technical information. 

Corunna/Mooretown (Moore Township): Construction of new sewers up to the St. Clair Parkway 
(Lots 42 to 48 and 8th Line). Project commenced in 1993.

Sombra Township (8th Concession): Construction of a gravity sewer, forcemain, a new pumping 
station and related works. All sewage will be treated and diverted from the St. Clair River. Project 
commenced in 1993.

Sombra Township (13th and 14th Concessions): Construction of gravity sewers, forcemains, a 
new pumping station and related works. All sewage will be treated and diverted from the St. Clair 
River. Project commenced in 1993.

Sombra Township (9th and 10th Concessions): Construction of gravity sewers, forcemains, a new 
pumping station and related works. All sewage will be treated and diverted from the St. Clair River. 
Project commenced in 1993.

Great Lakes Pollution Prevention Community Assistance Project



The Great Lakes Pollution Prevention Community Assistance Project is an 18 month long project, 
initiated by WRITAR (Waste Reduction Institute for Training and Research), to develop and 
demonstrate a detailed planning and early implementation process for pollution prevention, yielding 
source reduction activities which address specific priority pollutants. The project is supported by the 
Great Lakes Protection Fund (GLPF) and utilizes the RAP public participation process for advancing 
pollution prevention in the communities.

This project focuses on pollution prevention, community groups, and technical assistance to industry 
in two AOCs, one of which is the St. Clair River. This Community Assistance Project aims to integrate 
all these types of targeted activities in a community-wide, community-initiated process that is 
self-sustaining over time. Activities to date include participation by two fabricated metal products 
manufacturers discharging to the Sarnia sewage treatment plant. Pollution prevention opportunities 
will be explored to identify ways to reduce loadings to the sanitary sewage system, and communicate 
these findings to other local manufacturers within the same industrial group. A proposed workplan for 
WRITAR’s activities in the St. Clair River watershed is provided in Appendix 5.1. 

Michigan Runoff

Urban stormwater and/or snow melt induced runoff is controlled 
through the Non-point Source Control Program (NPS) and the 
Stormwater Control Program (SCP). These programs are 
administered by the Michigan Department of Natural Resources 
(MDNR). The NPS program addresses both urban and 
rural/agricultural runoff from non-discreet sources such as overland 
sheet flow and groundwater seepage. The program provides grants 
for locally sponsored projects for design and implementation of 
non-point source control measures based on Best Management 
Practices (BMPs) that have been developed through the NPS program. The program is primarily 
voluntary rather than being permit/enforcement oriented. Programs that are part of the NPS include: 

Clean Sweep Program allows farmers and chemical distributors to turn in out of date chemicals for 
proper disposal. Several, one day collection sites were set up over a one week period in 1993 for St. 
Clair County. Another is planned for 1994; 

Clean Stream Program which samples rivers and educates landowners specifically for pesticides 
and nutrients in rivers and streams; and 

Animal Waste Control Program assists and educates livestock owners with less than 400 animals 
in waste management practices. 

Agricultural runoff is principally addressed through the 
Natural Resource Conservation Service (Soil Conservation 
Service) and the Cooperative Extension Services (CES). 
Michigan Cooperative Extension Services are institutions 
that facilitate outreach and education/informational 
exchange between researchers at land grant universities 
and the growers. The United States Department of 
Agriculture (USDA) Natural Resource Conservation Service 
(Soil Conservation Service) provides technical expertise to 
farmers on soil management. The Farm Service Agency - 
FSA (Agricultural Stabilization and Conservation Service - 
ASCS) of the USDA provides direct federal payments to 
growers/farmers who participate in programs administered by SCS under the 1985 and 1990 "Farm 



Bills". 

The USDA Natural Resource Conservation Service (Soil Conservation Service) has also 
implemented several agricultural programs in portions of the St. Clair watershed. SCS has set forth 
policy on "Highly Erodible Land" where approved conservation techniques must be applied to all 
highly erodible land used to produce an agricultural commodity. In St. Clair County 3,500 acres (1,416 
ha) have been designated as highly erodible and are practising approved conservation techniques. 

The Agricultural Cost Share Program uses a variety of approved practices that can be 
implemented on cropland; such as no-till, tree planting, permanent hay cover, grass waterways, 
animal waste systems, etc. The Soil and Water Conservation Service in St. Clair, Lapeer and Sanilac 
counties cost shares with each landowner for up to 3 years. Seventy-five to eighty percent of 
landowners who have been involved in the cost share program continue to maintain conservation 
practices used in the program. 

The Integrated Crop Management Program is a new program to St. Clair County which ensures 
that nutrients and pesticides are applied to cropland in an efficient and environmentally sound 
manner. 

Commencing October 1994, the U.S. Department of Agriculture through the Soil and Water 
Conservation Districts will prepare a Southeast Michigan River Basin Study and Environmental 
Action Plan. This study includes St. Clair County and will follow through with county resource plans 
by 1996. This project will culminate in the development of a plan addressing non-point source issues. 
Several federal state and local agencies, organizations and other interested parties will participate in 
the project. 
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Non-Point Source
Actions

The following actions are to be completed in accordance with the principles and priorities as outlined 
in the implementation strategy described in Section 10.2.

Watershed action:

1. Preparation of Watershed/Subwatershed Management Plans. Draft watershed management 
plans focusing, in part, on contaminant reduction measures will be developed within existing 
regulations, policies and programs by 1997

Urban storm runoff actions include:

1. For areas under development, attempt to maintain the 
pre-development hydrography through maintenance of natural 
infiltration pathways for stormwater and hence minimize surface 
runoff and peak flows during storm events by 2000

2. All new developments will be designed in order to maximize 
(protect, enhance and/or restore) existing natural features 1995 
and ongoing

3. Construct on site controls to remove pollutants at existing sites by 
2000

4. Bylaws/subdivision agreements will be enforced to ensure developments incorporate on-site 
pollution control 1994 and ongoing

5. Educate the development industry and municipalities 1995 and ongoing

6. Monitor to quantify the effectiveness of various treatments 1993 and ongoing

7. Urban and rural stormwater management should be linked through common watershed 
management plans 1994 and ongoing

8. Reduce the use of road salt, and explore the use of alternative de-icing products 1994 and 
ongoing

9. Reduce excessive use and application of fertilizers and pesticides for lawn care maintenance 
and, wherever possible, employ the use of alternative  products and different lawn care 
methods 1994 and ongoing 

Rural storm runoff actions include:

(1) Agricultural practices



� Promote the utilization of current programs, i.e. land stewardship 
ongoing since 1993

� Promote the uptake of new technology and management practices 
i.e. minimum till, no till, manure injection, etc. ongoing since 1993

� Monitor test results (i.e. sampling of milk house wastes, sediment 
loading) 1994 and ongoing

� Reduction in the use of pesticides and fertilizers 1994 and ongoing

(2) Land Use Management

� Promote maintenance of existing wetlands and forest 1993 and ongoing

� Incorporate stormwater management and  watershed or subwatershed planning  into the 
Official Plans for individual municipalities Check status and promote 1995 and ongoing 

� Implement remedial and preventative measures, as appropriate, for Clay Creek and Baby 
Creek watersheds under approved funding from the "Clean Up Rural Beaches" (CURB) 
Program in Ontario 1993 and ongoing

Waste site remedial actions identified by the non-point source task team include:

1. Create incentives and increased opportunities for proper disposal of wastes Phase-in 5 years

2. Improve accountability of waste disposal practices by 1995

3. All new waste disposal sites and landfills to use only best available technology (BAT) 1994 and 
ongoing

4. Determine the extent of contamination with existing sites and implement plans to deal with the 
problem (i.e. collect and treat) 1995 and ongoing

5. Properly cap closed sites in order to minimize leachate by 1995

6. Keep an up-to-date inventory of sites and site condition 1994 and ongoing

7. Use only licensed/insured/bonded haulers 1994 and ongoing

8. Sites will only accept waste they were designed to handle 1993 and ongoing

9. Implement pollution prevention measures in order to minimize wastes Phase-in 5 years

10. Secure monies (bond) to avoid abandonments 993 and ongoing

11. Monitor site conditions and shallow groundwater zone to assess improvements 1995 and 
ongoing

12. Ensure proper closing of all bore holes and wells 1993 and ongoing

13. Mitigate and remediate contaminated groundwater.

Ongoing domestic sanitary sources actions include:

1. Identify problem areas.



2. Enable County Health departments to identify public health risks and 
report related diseases such that actions can be enforced.

3. Require home owners to either repair the existing system, construct a 
new system or require the municipality to investigate long-term solutions 
such as connection to the municipal sewer system.

4. Check and maintain septic tank systems.

5. Correct direct discharges of untreated sewage and "grey water".

6. Adopt and implement recommended changes to Ontario’s Planning Act (December 1993) 
based on Sewell Commission recommendations (Appendix 5.2).

Household Hazardous Waste

Ongoing household Hazardous waste educational actions include:

1. Use less of the products.

2. Use reusable products such as rechargeable batteries.

3. Use substitute products that contain fewer or no toxic chemicals.

4. Proper use and disposal of household toxic waste.

5. Proper disposal of non-toxic wastes.

6. Reuse non-biodegradable products.

7. Educate the public on the use and disposal of household hazardous materials and the use of 
alternative products.

Other Initiatives

1. Compost household organic wastes.

2. Control pets (feces).

3. Reduce atmospheric emissions (i.e. automobiles). 
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Sediment

Contaminants in bottom sediments are derived from point and non-point 
sources. In turn, elevated contaminant levels in bottom sediment act as 
a contaminant source through dissolution, resuspension and 
bioaccumulation. Parameters of concern in St. Clair River sediment are: 
total Kjeldahl nitrogen, total phosphorus, arsenic, mercury, cadmium, 
copper, chromium, iron, lead, nickel, zinc, manganese, oil and grease, 
PCBs, hexachlorobenzene and total PAHs

 Overview
 Regulatory Programs

Remedial and Prevention Measures and Actions in Progress

 Remediation Approaches
 Ongoing Programs
 Ongoing RAP Activities
 Actions
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Sediment
Overview

Contaminated sediment may have contributed to 5 of 9 beneficial use impairments as follows:

� restrictions on fish consumption (mercury, PCB, dioxins, furans);

� chironomid mouthpart anomalies (through water and sediment contamination);

� degradation of benthos (through sediment contaminated with arsenic, mercury, cadmium, 
copper, chromium, iron, lead, nickel, zinc, oil and grease, PCBs, hexachlorobenzene and 
total PAHs);

� restrictions on dredging (total Kjeldahl nitrogen, total phosphorus, arsenic, mercury, 
cadmium, copper, chromium, iron, lead, nickel, zinc, manganese, oil and grease, PCBs, 
hexachlorobenzene and total PAHs); and

� added cost to agriculture or industry.

Contaminants in bottom sediments are derived from point and non-point sources. In turn, elevated 
contaminant levels in bottom sediment act as a contaminant source through dissolution, 
resuspension and bioaccumulation. Parameters of concern in St. Clair River sediment are: total 
Kjeldahl nitrogen, total phosphorus, arsenic, mercury, cadmium, copper, chromium, iron, lead, nickel, 
zinc, manganese, oil and grease, PCBs, hexachlorobenzene and total PAHs. 

Results of bottom sediment surveys in the St. Clair River reveal the most heavily contaminated 
portion of the river, as identified by: most frequent exceedences of dredged material disposal 
guidelines; exceedences of the lowest effect level of the Provincial Sediment Quality Guidelines; and 
by sediment toxicity. This area is within 100 metres of the Ontario shore from the Cole Drain to 
downstream of Suncor. 

The Sediment and Habitat Task Team developed a Sediment Work Plan that outlines actions 
undertaken by the Sediment and Habitat Task Team for the development of the Stage 2 RAP. A 
complete Sediment Work Plan is provided in Appendix 3.2 and is summarized below. This work plan 
does not represent recommended actions resulting from task team deliberations. Recommendations 
(actions) are summarized at the end of this chapter. Work Plan components include:

� Agree to a uniform approach where international sampling protocols, sediment quality 
standards, sediment quality management, long and short term goals and decision making 
processes are defined;

� Identify impacted areas and characterize impact zones;

� Explore remedial technologies and compile information;

� Develop a sediment model and verify in the field;

� Prioritize areas for remediation;

� Implement remediation steps; and 

� Develop monitoring and reporting systems.
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Sediment
Regulatory Programs - Ontario 

In Ontario there is no single specific policy for the management of contaminated sediments in 
circumstances other than those where dredging is proposed. 

Sediment quality was initially assessed against contaminant concentrations established in the 1978 
Revised Guidelines for Open Water Disposal of Dredged Spoils. Biologically based, Provincial 
Sediment Quality Guidelines (PSQG) have since been established for the protection of aquatic life. 
These guidelines address the significance of contaminants in in-situ sediment. 

In Michigan there are no federal or state sediment quality standards, or guidelines for the 
identification of sediments that may be detrimental to aquatic life or to assess the severity of the 
effect. Regulations and guidelines are currently being formulated by the U.S. EPA and details are 
provided in Appendix 4.1.
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Sediment
Remedial and Prevention Measures and Actions in Progress 

Remediation Approaches 

A management strategy is being prepared to address the following items:

� identification and control of contaminant sources;

� delineation of type and extent of contamination (both 
concentration and total volume);

� evaluation of the potential for natural restoration;

� costs, funding and issuance of permits (for both removal and 
disposal);

� physical (i.e., depth, current, sediment types) and chemical 
(organics, metals) conditions of cleanup area relative to remediation options available; and

� pre- and post-cleanup monitoring for evaluation of effectiveness.

Each of these components is critical to the selection and successful implementation of a remedial 
action plan. However, of these, the identification and subsequent control of source loading is of most 
importance. Many of the remedial options available for contaminated sediments are very costly, and 
to undertake a cleanup program without the elimination or significant reduction at the source may 
prove to be a poor allocation of resources, as the sediments would only become contaminated again.

Having identified and put in place measures to control the sources of contaminants to the sediments, 
remediation may still be desirable for specific locations. There are a number of available remediation 
options/technologies which may be implemented through the establishment of a sediment 
management plan (Section 6.3). 

Sediment remediation options/technologies include:
1. Natural Remediation (No Action): This option uses only time for natural processes to reduce 
environmental effects through decay, biological decomposition of contaminants or burial through 
normal sedimentation. This option requires monitoring in order to determine remediation rates and 
effectiveness. According to Wardlaw (1992) the "No Action" alternative must be evaluated at each 
site in order to provide a baseline for comparison to other options. 

2. Contain Sediment In Place (Capping): The basic principle of capping is to place cleaner 
sediments over moderately polluted sediments. This method prevents contaminated sediment from 
interacting with aquatic organisms and the water column and prevents erosion of contaminated 
sediment particles. 

Capping generally receives much opposition due to the disruption of the benthic environment and its 
ineffectiveness in severely polluted areas because gas production from the breakdown of organics 
under the cap can cause it to be lifted. In addition a cap is also subject to damage from ice flows and 
difficulty can be encountered during placement under high flow conditions. 

3. In-situ Treatment: This treatment injects chemicals into contaminated sediment. The injection of 
nutrients can be used to stimulate the biodegradation of organics; chemicals can be added that 
convert contaminants to a less toxic form; or solidification/stabilization agents can be injected to 
reduce sediment and contaminant mobility. 

This treatment is still considered unproven in that introduced chemicals to the sediment may have 
undetermined negative impacts. 



4. Sediment Removal (Dredging). Dredging of sediments is undertaken for two purposes: 
maintenance for navigation, and removal of contaminated sediments. Three conventional dredging 
techniques (Bewtra et al., 1992) are available for sediment removal:
1. mechanical dredges remove sediments through the direct application of mechanical force to 
capture and remove;
2. hydraulic dredges use centrifugal pumps to remove sediments in a liquid slurry form; and
3. pneumatic or suction dredging is a subcategory of hydraulic dredges that uses entrained air or 
water instead of centrifugal force to remove sediments.

Dredged contaminated sediment can either be disposed of by placing it in a specially constructed 
"Confined Disposal Facility" (CDF) or by applying some sort of ex-situ treatment. Treatment means 
that some physical, chemical or biological process is applied to the sediment in order to reduce its’ 
toxicity or to reduce disposal costs. "Pre-treatment" is normally a physical process which de-waters, 
size separates, density separates or magnetically separates the sediment. The purpose of 
pre-treatment is to make the sediment easier to handle or to reduce the volume requiring treatment. 

Many jurisdictions have placed restrictions on the quality of material that can be placed in confined 
disposal facilities (CDFs) and other disposal facilities. This means that those responsible for dredging 
operations may have no means of disposing of the sediment. Recognizing this problem, several 
treatment options have been developed by Canada, the United States and Europe. Most sediment 
treatment options are described, evaluated and compared in the Beak (1993) "St. Clair River AOC 
Technical Options Study Report" (Part C, Section 3.8 in Appendix 4.3).

Advantages and disadvantages of removal and ex-situ treatment are outlined by Wardlaw (1992). 

Advantages include:

� contaminants are removed permanently from the ecosystem and in some cases destroyed;

� necessary dredging can be performed that previously was prevented due to lack of disposal 
options;

� useful products may be recovered from the contaminated material; and 

� public acceptance of this option has been excellent. 

Disadvantages include:

� costs of this option are higher than most options although there is a wide variation in costs 
within this group of technologies;

� sediment removal may cause habitat destruction and resuspension of contaminated 
sediment in the water column; 

� sediment removal technologies available at this time only remove up to 95% of the target 
material; 

� treatment technologies may not be able to treat the material to a level clean enough for 
unrestricted disposal; and

� removal technologies are not proven to be useful in high flow situations like the St. Clair River.
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Sediment
Remedial and Prevention Measures and Actions in Progress 

Ongoing Programs 

Although contaminated sediment remediation projects have 
not been undertaken in the St. Clair River, concentrations of 
contaminants in sediments have generally been decreasing 
over the past 20 to 30 years (OMOE and MDNR 1991; and 
OMOEE and MDNR 1993). This decrease may be attributed 
to in-place initiatives by industrial dischargers. Significant 
reductions have been noted in concentrations of mercury, 
lead, oil and grease, and total PCBs generally as a result of 
changes in industrial processes, additional effluent 
treatment, improved housekeeping operations and spill 
prevention initiatives. 

Dredging has taken place in the lower reaches of the St. Clair River 
in order to maintain the navigational channel and in Sarnia Harbour. 
Based on the Provincial Sediment Quality Guidelines (PSQG) which 
replaced the Open Water Disposal Guidelines in Ontario and the 
United States Environmental Association Dredge Disposal 
Guidelines in Michigan, most of the river’s sediments are unsuitable 
for open water disposal and are placed in confined disposal facilities 
(CDFs). In Ontario a CDF is located on Seaway Island and operated 
by Transport Canada. In Michigan, contaminated sediments are 
disposed of in CDFs located on Dickinson Island. Although dredging 
occurred periodically in the St. Clair River AOC it should be noted that this activity was undertaken 
not as a remedial measure for RAP implementation but for navigational purposes. Heavily 
contaminated sediments are usually found within 100 metres of shoreline waters, not in open water 
channels. 
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Sediment
Ongoing RAP Activities

The St. Clair River Sediment Task Team and Sediment Subcommittee has developed a "Sediment 
Remediation Decision Tree" 

See Figure 6.1.

This "Decision Tree" will be used to determine the most suitable option for contaminated sediment 
remediation in the St. Clair River. 

Characterize Impact Zones

Results from the 1990 OMOEE sediment quality-benthic macroinvertebrate 
community assessment showed that, overall, sediment habitat conditions in 
the nearshore river environment had improved substantially since the 
previous surveys of 1985 and 1977. Nevertheless, in 1990 a number of 
areas of impaired sediment quality and benthic macroinvertebrate 
community structure were still present in the upper river, near the Ontario 
shore adjacent to the industrial facilities in and south of Sarnia to south of 
Stag Island. Sediments in these areas exceeded the Provincial Aquatic 
Sediment Quality ’Severe Effect Level’ Guideline (PSQG) for one or more 
contaminants and in some cases there was also evidence of benthic 
community degradation. These findings were also corroborated with 
laboratory sediment toxicity data for selected stations. 

The Sediment Subcommittee used the 1990 OMOEE study 
results to characterize and prioritize the sediment impact 
zones. The process for determining these zones is as 
follows:

1. Review sediment chemistry to determine values in 
excess of PSQG lowest effect level (LEL) and/or severe 
effect level (SEL); 

2. Correlate sediment chemistry data with statistical 
assessment of benthic community health; and

3. Establish priority areas 1 through 3 based on the following criteria:

� Priority 1 zones are characterized by SEL exceedences, degraded benthos and sediment 
toxicity.

� Priority 2 zones are less impacted with SEL exceedences, and impaired benthos.

� Priority 3 zones are identified with SEL exceedences.

As a result of this process three Priority 1, four Priority 2, and four Priority 3 sediment impact zones 
were identified 



See (Figure 6.2).

All impact zones are located in the upper St. Clair River nearshore to the industrial complexes in and 
south of Sarnia to south of Stag Island.

Characterize Priority 1 Impact Zones

In order that responsible and effective environmental management decisions can be made, the 
Priority 1 Impact zones must be adequately characterized with the view to assessing remedial 
options. A comprehensive zone characterization program was conducted by LIS and OMOEE during 
1994/95. The objectives of this program included:

� Define the extent and severity of sediment contamination (inorganic and organic) in the 
Priority 1 Zone adjacent to Polysar and Dow in the upper St. Clair River (OMOEE lead), as 
well as in the two additional Priority 1 Zones (adjacent to Suncor and to Dupont/Novacor - LIS 
lead) and correlate with the degree of benthic macroinvertebrate community impairment;

� Determine the toxicity of contaminated sediments to indigenous sediment-dwelling biota and 
to laboratory test organisms, and determine if sediment quality is still a limiting factor to 
improvement of the benthic macroinvertebrate community in the Priority 1 zone; and

� Determine if the sediment associated contaminants are available for accumulation by aquatic 
organisms in the field and in the laboratory. 

Results from these studies will be used to assist the RAP 
Implementation Committee in developing remedial 
measures for these contaminated sediments. In addition, 
survey results will be utilized by the Implementation 
Committee as a basis for remedial measure options for 
sediment and point source controls. 

Due to resource limitations only one Priority 1 site was 
intensively studied during 1994/95 by OMOEE. LIS funded 
studies in all three Priority 1 Zones. At each site, samples 
were collected for both OMOEE and LIS analysis. A 
description of the OMOEE 1994/95 Sediment Impact Zone 
Characterization study is provided in Appendix 6.1. 

Follow-up characterization programs will identify the following:

� conduct a resistivity seismic profile and evaluation of the priority impact zones in order to 
assess the physical character of the sediments; 

� define differences in sediment quality within and between degraded zones;

� assess temporal changes within and between zones;

� analysis of non-routine parameters (eg. polychlorinated styrenes, naphthalenes and Diphenyl 
Ethers) in order to understand sediment chemistry kinetics; and

� conduct bench scale activities to assess the suitability of in-situ treatment options for 
chlorinated organic contaminants associated with St. Clair River AOC sediments. 

See FIGURE 6.1 and FIGURE 6.2

St. Clair Delta

Because of high levels of fish and wildlife consumption by First Nation residents, sediment on both 
the Ontario and Michigan sides of the St. Clair Delta needs to be assessed with respect to potential 
contamination and remediation.
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Sediment
Actions 

The following actions are to be completed in accordance with the principles 
and priorities as outlined in the implementation strategy described in 
Section 10.2. With respect to sediment remediation, it is premature at this 
time to recommend specific clean-up actions until completion of the 
ongoing sediment characterization studies. This comprehensive study was 
initiated in 1994 and it is hoped that within 2 to 3 years a detailed clean-up 
plan will be developed involving the RAP Team, BPAC as well as 
responsible parties.

Actions for the remediation of contaminated sediment are as follows:

1. Ensure source controls are implemented.

2. Ensure the completion of the following programs:

� 1994/95 OMOEE/LIS sediment characterization study;

� 1995 Priority 1 Zones follow-on sediment characterization studies; and

� 1995 review study of sediment transport mechanisms.

3. Undertake a complete assessment and evaluation of results from the 
above studies and projects including the rate of natural cleansing and the 
do-nothing option.
4. Based on assessment results from the sediment studies, develop pilot 
scale sediment remediation projects utilizing in situ sediment treatment 
and/or sediment removal and disposal. These projects should commence in 
1996.
5. Evaluate the effectiveness of the remedial sediment pilot projects and 
develop a final sediment remediation strategy for the affected areas. 

 Stage 2 RAP Report Index



Habitat

The Stage 1 RAP has identified "Loss of Habitat" as an impaired beneficial use in the St. Clair River 
AOC. Habitat loss is one of the most serious of the use impairments because it is the most difficult to 
reverse.

 Overview
 Habitat Protection
 Remedial and Prevention Measures and 
Actions in Progress
 Actions
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Habitat
Overview

The Stage 1 RAP has identified "Loss of Habitat" as an impaired beneficial use in the St. Clair River 
AOC. Habitat loss is one of the most serious of the use impairments because it is the most difficult to 
reverse. Habitat loss and wetland degradation and loss, also affects four other use impairments 
which include:

� degradation of fish and wildlife populations; 

� restrictions on fish and wildlife consumption;

� bird or animal deformities or reproductive problems; and

� degradation of benthos.

Fish populations have dramatically changed from earlier times but they are presently diverse and 
appear relatively stable and healthy; the populations are probably impaired to the degree that 
preferred littoral and wetland habitat continues to be lost and fish community goals, once available will 
be used to re-evaluate impairment status. 

The Sediment and Habitat Task Team developed a Habitat Work Plan that outlines actions 
undertaken by the Sediment and Habitat Task Team for the development of the Stage 2 RAP. A 
complete Habitat Work Plan is provided in Appendix 3.2 and is summarized below. This work plan 
does not represent recommended actions resulting from task team deliberations. Recommendations 
(actions) are summarized at the end of this chapter. Work Plan components include:

� Establish baseline information, including:

� compilation of historic and current wetland information into a GIS database for the St. Clair 
River AOC;

� review and compile all land use information including zoning status;

� review restoration techniques; and

� review regulations;

� Develop specific long term goals and delisting criteria; and

� Protect, enhance and restore habitat.
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Habitat
Habitat Protection

Ontario and Canada

Ontario and Canada

Regulations and their applicability to habitat protection are summarized below:

� Fisheries Act: protects aquatic and semi-aquatic habitats through a 
"no net loss" of fish habitat approach. Although a variety of 
guidelines have been prepared for the review and application of the 
Federal Fisheries Act in Ontario, a Great Lakes Guidance Document 
would provide further direction on review processes along 
connecting waters and Great Lakes shoreline areas. A variety of 
client groups have been requesting a clearer direction with respect 
to the development of shoreline areas and clearer direction on 
activities such as types of mitigation, and best management 
techniques.

� Public Lands Act: restricts activities on or adjacent to crown land and permits are reviewed by 
OMNR, OMOEE, Conservation Authorities, and Transport Canada. While good inter-agency 
cooperation/communication processes are being developed on an informal basis, these 
reviews could be improved through a more coordinated approach.

� Endangered Species Act: does not allow for the destruction or interference of an endangered 
species habitat in Ontario. However, due to limited endangered species habitats in the St. 
Clair River AOC, this legislation has limited application at the present time.

� Ontario Wetland Policy: only relates to planning matters under the Planning Act. This policy 
does not provide protection for properties in or adjacent to provincially significant wetlands 
which already have all the prior planning approvals. Unless some other legislation - Federal 
Fisheries Act, Public Lands Act, or Endangered Species Act can be invoked, there are some 
cases where wetlands will not be protected.

� Provincial Shorelands Management Policy: will be available in draft form at the end of 1994. 
All agencies involved in future and existing 

developments along shorelines will be required to 
manage shoreline related hazards (flooding, 
erosion, dynamic beaches) and all activities must 
demonstrate an understanding of their potential 
impacts on the shoreline environment or ecosystem 
and the mandates and objectives of other resource 
management programs (i.e.Êfisheries, wetlands 
wildlife). 

� Federal Policy on Wetland Conservation: applies to the management of wetlands on Federal 
Lands such as Walpole Island, and is essentially a guide for wetland managers. 

� Navigable Waters Protection Act: Although not designed to protect habitat, this act can be 
used to trigger the federal environmental assessment process which could result in changing 
proposed developments in order to protect fisheries habitat.

� Beds of Navigable Waters Act: Can be used to restrict alterations in water courses.

� Conservation Authorities Act: Flood and fill regulations promulgated under this act are used by 



Conservation Authorities to control or restrict development in the channel and flood plain. 
This act can be used as a powerful tool for the protection of existing wetlands and shoreline 
habitat.
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Habitat
Habitat Protection

Michigan and the United States

� Section 404, Clean Water Act: requires a permit for the 
discharge of dredged or fill material to waters of the United 
States, including wetlands. Federal reviews are conducted 
for the following: major discharges of dredged or fill 
material; discharges into critical areas established under 
state or federal law (natural areas, wildlife refuges, historic 
sites); placement of fill which may impact the waters of 
another state; placement of fill material which contains 
known or suspected toxic pollutants or hazardous 
substances.

� Michigan’s Goemaere-Anderson Wetland Protection Act: establishes regulations to 
preserve, manage, and protect wetland resources in the light of extensive historic losses and 
ongoing impacts due to human use and development. The MDNR may not issue a permit 
authorizing a loss of wetland unless certain stringent tests are met. The proposed project 
must be found to be in the public interest; must not unacceptably disrupt the state’s aquatic 
resources; and impacts to wetlands must be unavoidable. The Wetland Protection Act 
applies to all wetlands in Michigan except for non-contiguous wetlands less than five acres (2 
ha) in size, unless the MDNR determines that the particular wetland is essential to the 
preservation of the natural resources of the state. Although this act provides comprehensive 
protection of wetlands, most normal agricultural and silvicultural activities are exempted from 
permit requirements.

� Michigan’s Inland Lakes and Streams Act: regulates construction activities below the 
Ordinary High Water Mark of inland lakes and streams. This act is used in combination with 
the Wetland Protection Act to regulate activities in wetlands. 

� Michigan’s Great Lakes Submerged Lands Act: provides for the protection of coastal 
wetlands below the ordinary high water mark of the Great Lakes. Activities impacting on the 
remaining coastal wetlands are not allowed. Projects proposed in or near coastal wetlands 
are usually denied a permit unless the activity is necessary to exercise a riparian right of 
access, such as an open pile dock.

� Michigan’s Shoreland Protection and Management Act: provides for the designation of 
Environmental Areas (EAs), defined as shoreland areas necessary for the preservation and 
maintenance of fish and wildlife. 

� Water Quality Standards for Wetlands : are in draft form. Through the promulgation of 
wetland-specific water quality standards, wetlands will be included in the definition of "waters 
of the state". By this process, the quality and functions of wetlands will receive additional 
protection. 

� Michigan’s Comprehensive Wetland Conservation Plan: is currently under development 
and expected to be complete by the end of 1994. This plan will provide a mechanism for 
multi-agency involvement and input into wetlands management and protection. 

� Habitat Acquisition Programs: Wetlands are purchased by MDNR through funds from the 
Michigan Natural Resources Trust Fund. MDNR also purchases development rights on lands 
identified as unique or critical to habitat preservation. Wetlands are sometimes also acquired 
through tax reversion. 

 Stage 2 RAP Report Index



Habitat
Remedial and Prevention Measures and Actions in Progress

Remediation Approaches 

Habitat degradation and loss has resulted from a multitude of human activities in the St. Clair River 
watershed. Remediation principals related to habitat protection, restoration and enhancement include: 

� no further losses of current wildlife habitat; 

� gain in wetland and aquatic habitat wherever and whenever 
possible; 

� focus on areas of contiguous habitat, with a minimization of 
habitat fragmentation;

� provisions for diverse habitats and communities (i.e. an 
ecological approach); and

� high priority for endemic species, communities and habitats. 
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Habitat
Remedial and Prevention Measures and Actions in Progress

Habitat Restoration and Enhancement

Binational

In all habitat rehabilitation projects, an evaluation of impacts on 
water levels in the St. Clair River and elsewhere must be conducted. 
Under the Canada-U.S. Boundary Waters Treaty, Article III, 
activities which may impact the "natural level or flow of boundary 
waters on the other side of the line" shall not be carried out without 
appropriate federal approval. RAP habitat enhancement activities 
involving the placement of fills, rock groins and breakwaters, 
artificial islands or other obstructions are subject to this approval. In 
this regard, ongoing discussions involving federal, provincial and 
state agencies are being conducted to assess the potential for problems before activities outlined on 
the following pages are carried out. 

Habitat protection measures for waterfowl arising from the Detroit River RAP are evolving into a 
comprehensive habitat management plan for the entire St. Clair River - Lake St. Clair - Detroit River 
corridor. Developers of this plan include U.S. National Biological Survey, Ontario Ministry of Natural 
Resources, Michigan Department of Natural Resources and several other environmental groups and 
government agencies.

The Michigan Department of Natural Resources (MDNR) Land and 
Water Management Division has created a GIS database for Michigan’s 
coastal townships showing the location of all current wetlands, historic or 
presettlement wetlands, and land use/land cover information. A similar 
GIS database is being compiled by Geomatics International for the 
Ontario St. Clair River watershed. During data evaluation and restoration 
planning, current and presettlement wetlands will be compared for the 
entire watershed in an attempt to identify areas feasible for restoration.

Under the auspices of the North American Waterfowl Management Plan, 
the Eastern Habitat joint venture was formed to protect and enhance 
waterfowl habitat in the Great Lakes watershed. Organizations active in 
habitat protection, restoration and securement in the St. Clair River 
watershed include: OMNR, MDNR; Canadian Wildlife Service, Nature 
Conservancy of Canada Waterfowl USA, Michigan Duck Hunters 
Association and Ducks Unlimited. 

Ducks Unlimited also work with private land owners in water management practices in order to 
preserve wetland habitat. In some instances, wetland habitat is acquired or agreements secured with 
land owners. 

Ontario and Canada

The Chatham Ministry of Natural Resources office has prepared a document entitled Survey of 
Candidate Sites on the St. Clair and Detroit Rivers for Potential Habitat Rehabilitation / Enhancement 

See FIGURE 7.1.



This candidate site report (OMNR 1994) evaluates and 
prioritizes areas based on a complex scheme involving 
cost/benefits; design; partnerships and sustainability as well 
as a number of other critical factors. It also provides a 
comprehensive evaluation of technologies and feasibility for 
specific remedial actions at Candidate Sites. Perhaps the 
single most important factor lies in "opportunities" that 
present themselves either through concerted efforts to gain 
interest from land owners and potential partners or 
unsolicited interest. As a consequence, priorities may be 
altered to reflect "opportunities" which offer a more 
streamlined means to move towards RAP goals and 
objectives. 

See FIGURE 7.1

Habitat enhancement and rehabilitation projects on candidate sites on the St. Clair River and Chenal 
Ecarté that could potentially be completed by OMNR by the year 2000 include: 

� Chenal Ecarté Wetland Creation (155 ha) (384 acres)

� Stag Island (80 ha) (198 acres)

� Darcy McKeough Floodway (445 ha) (1100 acres)

Walpole Island

The Ontario Ministry of Natural Resources Chatham office and the 
Walpole Island Heritage Centre are planning discussions with regard to 
cooperative ventures relating to the identification of candidate 
rehabilitation sites on Walpole Island. Habitat restoration in the Walpole 
Island First Nation Territory is not as immediate a need as elsewhere in 
the AOC as much of its wildlife habitat has been maintained.

Stag Island Habitat Restoration Project

A proposal for habitat creation and rehabilitation on Stag Island has been submitted to the Great 
Lakes Cleanup Fund (GLCUF). Because of its location in the highly industrialized, upper reach of the 
St. Clair River, Stag Island is the only location in this part of the river where a significant wetland can 
be created. Historically, Stag Island supported a large vegetated wetland that was infilled with 
dredged material hence eliminating fish spawning and nursery as well as wetland habitat. 

The objectives of the rehabilitation plan are: (1) Enhance existing wetland for fish and wildlife 
production; and (2) re-create as much wetland as possible by creating calm water areas within the 
shallow waters of the west side of the island. Work will be conducted over a three year period. 

First year funding requested from GLCUF totals $180,000.00. Additional sources of funding are 
currently being investigated.



Centre By The Bay Point Lands Development

The objective of this project is to create experimental wetlands and forests together with educational 
facilities on a spit located adjacent to the marina in Sarnia Bay. Proposed habitats would include 
wetlands, carolinian and boreal forest zones, and prairie wild flower habitat. An education centre, 
emphasizing the importance of the great lakes ecosystem and the role of the St. Clair River RAP 
would also be established. 

This development is being promoted by the Futures Committee of Centre By The Bay, a local 
organization that promotes environmental awareness and entertainment. They have hired a 
landscape architect to design the development. The Futures Committee have acquired approval from 
the Sarnia City Council and St. Clair Parkway Commission to use (not own) the land and have 
received approval for their proposal from Sarnia City Council. Implementation is now partially 
underway and sources of funding are being sought. Provincial agencies, through the RAP process, 
will provide technical assistance for forestry and wetland development. 

Chenal Ecarté Wetland Creation

A proposal for wetland creation along the Chenal Ecarté area in Dover and Sombra Townships has 
received start-up funding support from the Great Lakes Clean-Up Fund in 1993 and is expected to 
receive additional funding in the coming year. This project will create marsh habitats at selected sites 
along this 29 kilometre channel. One of the main habitat impacts identified in the StageÊ1 report was 
loss of habitat due to drainage for agriculture and urbanization. Dyke breaching and the creation of 
marsh areas through both water level control and natural lake level fluctuations will be the primary 
habitat creation focus in this proposal.

Darcy McKeough Floodway

A floodway channel designed and constructed in the late 1970s to serve as a flood diversion channel 
for the Sydenham River is being investigated for possible opportunities for habitat improvements. 
Small scale wetland areas native grass plantings, and pond excavations are some of the potential 
habitat ideas being reviewed. These will have to be closely examined in regards to original design 
specifications of the diversion channel and potential impacts of hydraulic function.

See  FIGURE 7.1

Big Point Habitat Restoration Project

The Big Point wetland complex is located on the east shore of Lake St. Clair immediately south of 
Mitchell's Bay. This wetland complex, recognized as one of the most productive fish and wildlife 
habitat areas in southern Ontario, was not included in the St. Clair River AOC. Because the Chatham 
Ministry of Natural Resources has proposed work within the AOC in Mitchell's Bay, which is 
considered part of the Big Point wetland complex, habitat rehabilitation to the remainder of the 
complex south of Big Point will contribute to the overall health of the ecosystem. 

High water levels in the 1970s and 1980s drowned most of the emergent vegetation. Landward 
agricultural dykes prevented natural marsh recolonization on higher ground during high water periods. 
Water levels have since decreased however, most of the marsh biota has been destroyed. The 
Canadian Wildlife Service, Ontario Region obtained funding from the Great Lakes Cleanup Fund 



(GLCUF) for proposal and project development, partner identification, and concept development. 
They have since established a partnership with Ducks Unlimited and have done some field work i.e. 
collecting information on sediment composition, vegetation, wave action, sediment disruption and 
shore hardening. This information was subsequently used to develop site specific rehabilitation plans. 

A follow-up proposal has been submitted to GLCUF for conducting experimental revegetation in 
selected test areas within the Big Point marsh complex. If funding is approved work will commence 
during the 1994 field season. Additional sources of funding are also being investigated. Structural 
replacement or partial re-establishment of the barrier that once protected the Big Point marsh 
complex has been proposed to be investigated in 1995/96. Options for the prevention of future high 
water levels have yet to be identified.

Agriculture Green Plan

In Ontario, ten wildlife habitat sites have been selected for detailed study. The project is administered 
by the Canadian Wildlife Service. Although none of the ten sites are located within the St. Clair River 
watershed, study results will be applicable to management of the watershed’s wildlife habitat. 

Land Stewardship

The land stewardship program was initiated by the Natural Heritage League (NHL) for the protection 
of carolinian forest areas in southwest Ontario. Land stewardship is now practised by OMNR for the 
protection of wetland habitat. Areas that need to be protected are first identified. Landowners are 
contacted and verbal agreements are made between the land owner and OMNR or NHL for the 
protection of habitat and or the watershed. If environmental problems are found to be present, 
agencies will financially assist the land owner in remediation through a variety of funding programs 
(i.e. CURB). 

St. Clair/Sydenham River Regional Habitat Management Plan

The St. Clair/Sydenham River Regional Habitat Management Plan is a multi-year fish and wildlife 
habitat creation/enhancement strategy designed to increase populations and expand upon the 
internationally significant habitat that exists in the area. This plan recognizes the importance of 
agriculture, wetlands, woodlands and grasslands and the intrinsic role each plays in wildlife habitat 
management. A landscape approach has been adopted for the plan that will lead to the linkage of 
small habitat parcels thereby enhancing the ecosystem. Proposed projects will manage wetland, 
upland and riparian habitats, as well as outline environmentally friendly alternatives to current 
agricultural practices. This plan is a multi-year initiative and submissions to funding partners will be 
ongoing. 

Michigan and the United States

STATE LAND:

Algonac State Park

A management plan for Algonac State Park and lakeplain prairie restoration is being undertaken by 
the Natural Heritage Program in MDNR’s Wildlife Division, with funding assistance from the Coastal 
Management Program (to be completed by December 31, 1994).

St. Clair Flats Wildlife Area

The islands, marshes, bays and channels at the mouth of the St. Clair River are collectively known as 
St. Clair Flats. Much of Dickinson Island, Harsens Island, St. Johns Marsh, the adjacent marshes and 
bays are in public ownership. State managed wildlife areas are located on Harsens Island and at St. 
Johns Marsh.

A portion of a U.S. Fish and Wildlife Service grant, administered by the MDNR Land and Water 
Management Division, has been set aside for wetlands restoration in the Flats area. The estimated 
cost for removal of old seawalls and dilapidated structures is $20,000 (U.S) for two lots that have 
reverted back to state ownership.



In April 1981, Michigan’s Natural Resources Commission approved the St. Clair Flats Management 
Plan developed by the MDNR. This plan covers the platted lots south and west of the main portion of 
Harsens Island and recommends that MDNR acquire submerged, undeveloped leased lots whenever 
possible through reversion to State for non-payment of taxes or by offering of the lot as a gift to the 
State. Approximately 25 residential lots have reverted back to the state in the last several years. 

Seawall installation, dredging, filling and other construction permit applications are reviewed carefully 
to minimize adverse impacts to wetlands, bottom lands, open water areas etc. The Plan also 
indicates that the State shall not lease or deed existing unleased State owned property as most of 
these parcels are submerged or are undeveloped marsh. When a deed is issued for a parcel, only 
the existing "upland" area of the lot is included in the legal description. The balance of the lot that is 
generally submerged and/or marsh is retained by the State. 

Dickinson Island

Dickinson Island, at the heart of the St. Clair Flats Wildlife Area, represents a major portion of the 
remaining coastal wetland habitat in the U.S. Lake St. Clair. This area remains as one of the largest 
natural undeveloped and functioning wetland complexes along Lake St. Clair, and is an important 
biological study area. Wildlife management practices are limited to periodic controlled burns and 
placement of nesting structures. Special concern, rare and endangered species and habitats have 
been identified. A Great Blue Heron rookery is located on the island.

Harsens Island

An updated management plan for Harsens Island is being drafted. Some minor work is being done on 
existing state land; habitat changes proposed at Harsens Island include enhancing 73 acres (30 ha) 
for waterfowl nesting and brood rearing by construction of small ponds and nesting islands. 
Agricultural units and U.S. Army Corps disposal sites have been converted to wet meadows and 
emergent marsh habitat. Future work includes development of small ponds, meadows and nesting 
islands. Improved access is also proposed by elimination of some dike pullovers and level ditching to 
allow hunters to float their boats to hunting areas. This will also improve fish access to critical habitat.

New land acquisition (approximately 400 acres (162 ha)) has been proposed; much of the site is 
wetland and is being offered to the state following permit denial for a very large marina development. 
This parcel has been nominated for funding through the Land Trust Fund. There is a question of who 
will manage the site as there are several buildings that were used as dorms. The suggested use is for 
an environmental education centre.

St. Johns Marsh Wildlife Area

Currently, the area encompasses approximately 2,300 acres (931 ha), and is being managed to 
increase biodiversity. Because of the areas size and diversity of habitat, wildlife development and 
maintenance activity is directed towards preserving, protecting and enhancing existing marsh and 
upland habitats to meet the needs of breeding and migratory waterfowl, and other wildlife species. 
Practices for managed areas include: dyking for water level management, establishment of waterfowl 
production areas (including creation of approximately 15 acres (6 ha) of wetlands), controlled burns, 
mechanical and chemical control of purple loosestrife and brush, artificial nest structure placement, 
and maintenance and preservation of prairie habitat. Michigan Department of Transportation 
mitigation site will add to existing habitat; the plan has not been finalized. A management plan for St. 
Johns Marsh is in draft form and the interested parties are working out a plan that will increase 
wetland area while avoiding flooding of existing lakeplain prairie, a rare natural habitat.

FEDERAL PROGRAMS FOR PRIVATE LAND:

Agricultural landowners interested in participating in the conservation reserve program may contact 
the U.S. Natural Resource Conservation Service (Soil Conservation Service). An SCS representative 
may then conduct a site visit to determine, with the property owner, the most appropriate 
conservation scheme for the property. A management plan is subsequently developed for the 



property in order to achieve the goals of the landowner. Wetland restoration projects are turned over 
to the U.S. Fish and Wildlife Service.

The conservation reserve program, administered by SCS, takes agricultural land out of production for 
10 years. The landowner is paid an amount/acre each year. These lands provide habitat for many 
species. Over 300,000 acres (121,410 ha) have been enroled in this program state wide. At the 
present time, 1,780 acres (720 ha) have been enroled in the program in St. Clair County. Most of the 
enrolment took place in 1992 and 1993, with 10-year agreements. At this time, the renewal of the 
program is in question, as it is considered a subsidy subject to budget cuts.

The agricultural conservation program takes agricultural land out of production on an annual basis.

A wetland reserve program has been proposed. If approved, wetlands on agricultural land would be 
taken out of production to be restored. The U.S. Fish and Wildlife Service, Ducks Unlimited, or other 
groups, could pay for restoration. The landowner would enter into a perpetual easement to maintain 
the wetlands in restored condition.

FEDERAL PROGRAMS FOR PUBLIC OR PRIVATE LAND:

The North American Waterfowl Management Plan encourages partnerships between agencies. The 
St. Clair River and delta are part of a priority area for the Plan.

PRIVATE PROGRAMS:

The Michigan Wildlife Habitat Foundation (MWHF) has an aggressive wetland restoration program. 
This group has applied for funding through the North American Waterfowl Management Plan. If 
received, this grant will allow the MWHF to substantially increase their efforts state wide. This group 
has worked with State agencies in the past to restore wetlands.

The Nature Conservancy has studied the St. Clair Flats area extensively and continues to work to 
formulate conservation easements, management plans, and agreements with property owners and 
land managers for restoring and protecting significant natural communities. The Nature 
Conservancy’s Great Lakes Office in Chicago, Illinois, has worked with The Nature Conservancy of 
Canada towards the protection and restoration of natural communities in the Great Lakes basin. 
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Habitat
Actions

Sources of Funding

State Policy in Michigan places emphasis on wetland 
protection and acquisition in Lake St. Clair and Lake Erie. 
The Michigan Department of Natural Resources (MDNR) 
Wildlife Division is developing a catalogue of funding 
sources for wetland restoration work. The OMNR Chatham 
office is currently exploring funding mechanisms for 
restoration of habitat in Ontario; possible funding sources 
which have been identified include the GLCUF and the 
North American Waterfowl Management Plan (NAWMP). 
Land owner cooperative programs are also being 
investigated. 

Ongoing Actions

Ongoing actions pertaining to habitat protection, restoration and enhancement are itemized into three 
categories: 

� Protection;

� Rehabilitation and Enhancement; and 

� Education and Communication.

The following actions are to be completed in accordance with the principles and priorities outlined in 
the implementation strategy described in Section 10.2.

Education and Communication Actions:

1. Develop and implement a strong comprehensive education and 
communications program to deal with habitat issues (e.g. draft "St. 
Clair RAP Communication of Protection and Enhancement 
Measures for Wildlife Habitat"). Responsible party: RAP 
Implementation Committee.

2. Develop detailed habitat/aquatic guidelines outlining regulatory 
requirements, review procedures, and best management techniques 
to assist landowners, developers, consultants and municipalities. 
Educate municipal, county and township officials on regulations 
affecting habitat (e.g. workshops). Develop mechanism of 
coordination of agencies responsible for disseminating information 
and enforcing regulations. MDNR Land & Water Management 
Division programs may serve as a model for RAP programs. 
Responsible party: St. Clair River RAP Implementation Committee.

3. Public education programs will include information programs (i.e. Sea Grant, Great Lakes 
Fisheries Commission) which attempt to prevent further spread of exotic species.

Actions for Habitat Protection:



1. Strengthen wetland protection regulations in Ontario, to provide 
specific regulatory authority for protection of all types of wetlands, and 
provide penalties for violators. Strengthen wetland protection in 
Michigan through application of voluntary and regulatory programs 
that address silvicultural and agricultural activities currently exempted 
from wetland permitting requirements. Responsible parties: Ontario 
and Michigan legislative bodies (with lobbying by many parties).

2. Reduce ship wakes and surges. Responsible parties: U.S. Coast Guard and Canadian Coast 
Guard.

3. Minimize shoreline and benthic habitat damage attributable to winter shipping. Responsible 
parties: MDNR, U.S. Corps of Engineers, U.S. Coast Guard, U.S. Fish and Wildlife Service, 
Canadian Coast Guard.

4. Control shoreline erosion to improve benthic habitat. Responsible parties: MDNR Surface 
Water Quality Division Non-point Source Program; USDA Natural Resource Conservation 
Service (Soil Conservation Service).

5. Contact landowners for "candidate sites" and other sites 
about proposed habitat protection and enhancement 
activities. Responsible parties: OMNR, Lambton Wildlife, 
The Nature Conservancy. 

6. Work with the Walpole Island Heritage Centre and First 
Nation peoples to identify candidate sites on the St. Clair 
Delta. Responsible party: OMNR

7. Integrate shoreline erosion, shoreline development (or 
redevelopment) projects with environmentally friendly habitat approaches (like buffer strips 
and spawning channels) that take hydraulic impacts into account. Improved inter-agency 
communications and the need to be proactive and opportunistic is key to this approach. 
Responsible parties: all agencies.

8. Recognize the St. Clair AOC as a priority area within each agency to increase enforcement 
focus. This could be a combination of increased funding, focused training for aquatic habitat 
protection, or a shift in enforcement focus (geographically). Responsible parties: OMOEE, 
OMNR, MDNR.

9. Encourage conservation easements as a mechanism for habitat protection. 

10. Impose strict regulations on use of small watercraft i.e. wave runners etc. within shallow water 
marshes of the St. Clair River Delta for habitat protection. 

11. Complete a GAP Analysis in order to determine the difference between habitat that is 
currently protected and habitat that needs to be protected in order to maintain wildlife 
diversity and integrity.

Actions for Habitat Rehabilitation and Enhancement:



1. Pursue Stag Island restoration. Responsible party: Ontario 
Ministry of Natural Resources.

2. Maximize fish use of wetland areas in the Delta; provide fish 
access to wetlands. Responsible party: Michigan Department 
of Natural Resources Fisheries Division.

3. Develop compatible mapping data base between U.S. and 
Canada areas of concern. Responsible parties: Michigan 
Department of Natural Resources, Ontario Ministry of 
Environment and Energy.

4. Encourage maintenance or restoration of riparian vegetated zones. However, where this 
vegetation has already been removed, and cannot be restored, use rip-rap instead of 
seawalls, or a combination of rip-rap and seawalls to mitigate the effects of ship wakes, 
enhance fish habitat, and increase shore stabilization. Where seawalls are already installed, 
place rip-rap at the base of the walls. Replace old seawalls with rip-rap. Responsible parties: 
MDNR Land and Water Management Division, Fisheries Division; OMNR; RAP Team 
education programs.

5. Implement projects identified in OMNR Candidate Sites Report as opportunities arise. 
Responsible party: Ontario Ministry of Natural Resources.

6. Integrate concepts and techniques of 1994 MNR Candidate 
Sites Report where possible in other areas of the St. Clair 
AOC which were not specifically identified in this report. 

7. Expand candidate sites inland in Ontario. Develop a 
"candidate sites" list for wetland and aquatic habitat 
restoration projects in the Michigan portion of the AOC, 
similar to that developed for Ontario. Responsible parties: 
OMNR, MDNR, U.S.FWS, U.S. National Biological Survey, 
Nature Conservancy Great Lakes Program.

8. Acquire proposed Harsens Island Land. Responsible party: MDNR.

9. Explore opportunities for joint projects between all of the agencies within the AOC, for 
restoration of wetland and aquatic habitat. Compare lists of special status species for the 
AOC, and set priorities for habitat restoration based on those species that: 1) have binational 
special status, 2) historically occur or potentially could occur in the AOC, 3) depend on 
aquatic and/or wetland habitat, and 4) have decreased populations due to habitat destruction 
or degradation. Responsible parties: RAP Implementation Committee, MDNR, OMNR, 
OMOEE.

10. Include invertebrates, plants, unique plant communities and other special features in addition 
to mammals, birds, fish, reptiles and amphibians in the "special status species" lists. Special 
features would include, but is not limited to: Great Lakes Marsh, Lake Plain Prairies, 
Southern Swamp, Great Blue Heron Rookery. Responsible party: RAP Implementation 
Committee. 

11. A long-term habitat management plan for both Michigan and Ontario, including an 
assessment of needs relating to wildlife diversity and integrity will be completed. Responsible 
Parties: MDNR, OMNR, USFWS, NBS, Environment Canada. 

Actions Related to Exotic Species:



1. Where habitat is being restored, enhanced, or in any way 
altered, care will be taken to avoid the creation of 
"incidental" habitat favourable to exotic species.

2. Control mechanisms for exotics in the AOC will take into 
consideration water quality objectives. For example, 
physical or biological controls for zebra mussels may be 
preferable to chlorination of intakes, or dechlorination must 
occur before discharge, since chlorine is a contaminant of 
concern. 

3. The RAP will consider future local endorsement and implementation of control measures for 
exotics if and when they become feasible.

 Stage 2 RAP Report Index



Public Outreach And Education 

Public involvement and education activities during Stage 2 have been undertaken through the 
Common Issues Task Team and the Communication Subcommittee of BPAC. Activities undertaken 
include:
� develop and implement an environmental education 

program for local schools;

� increase public awareness of the RAP, its Goals 
and Objectives;

� develop and implement educational programs for 
the general public; and

� encourage and enhance public involvement in all 
phases of RAP implementation.

You can get additional information by selecting one of the following topics:

 Summary of Recent and Ongoing Outreach Programs
 Actions
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Public Outreach And Education 
Summary of Recent and Ongoing Outreach Programs 

Youth involvement in the RAP has been obtained through working with 
various local youth groups. The St. Clair River RAP environmental education 
program was designed to transfer up-to-date RAP information to teachers 
and students and provide a basis for understanding the local environment, 
each person’s responsibilities, and actions to improve the river’s quality. It 
was also designed to help instill an environmental ethic. The program was 
developed involving grades 7 and 8 students in Wallaceburg and Port 
Huron. The intent is to prepare formal "Units of Study" to compliment 
existing curriculum with ready-to-use activities and materials for all grade 
levels and all subject areas.

Eco-friends is a pen pal program established between U.S. and Canadian schools throughout the St. 
Clair River communities. One school twinning project is currently underway and others are planned. It 
is hoped that communications between twinned schools can be established using modems.

Bus tours involving BPAC and RAP Team volunteers to discuss the St. Clair River and provide tours 
of local facilities have been established. The program is referred to as the Student International Tour 
for the Environment (SITE). Two tours were held in 1993 involving four different schools in the U.S. 
and Canada. Students included elementary and high school levels representing both public and 
catholic school boards.

The Interactive Learning Centre (ILC) is a computer program which requires a participant to interact 
with a series of questions on the St. Clair River. The program features "Professor Trout", has general 
and advanced levels of questions from three subject categories: living things, water quality, and 
physical properties. The ILC has been positively received by a variety of users at community events 
and schools. Teachers claim that it is a highly effective way to teach students. The ILC includes the 
computer software and hardware housed within a self-contained unit. It is currently touring local 
schools in Canada and the U.S.

The BPAC created "St. Clair River Week" in 1992 which has been growing in 
popularity each year since. The purpose of the event is to draw public 
attention to river water quality, the work of RAP, and individual 
responsibilities in environmental protection and cleanup. A variety of events 
including theatrical workshops, folk music festivals, underwater dive 
demonstrations, plant tours, art displays, and much more have proved very 
successful. In 1994, the River Week event will be combined with the annual 
Envirofest which is based on community partnerships. 



A photo contest to help celebrate the St. Clair River has 
been held annually since 1992. Prizes totalling $4,000 to 
$5,000 ($Can) are awarded. Between 350 and 400 photos 
are received from amateur photographers and each is 
displayed for public viewing. The public votes for its 
favourite photos. The contest has proven valuable in its 
ability to inform people about the RAP. 

Local Girl Guides participated in Trout Unlimited’s Storm 
Drain Marking Program (SDMP) in Canada during the 1993 
River Week. Girl Scouts and students in Port Huron 
participated in a separate SDMP held later in the same year. 
Girl Guides will again be conducting the Storm Drain Marking Program during St. Clair River week, 
1994. 

During 1994, the Girl Guides will participate in a habitat enhancing project through the MNR on Stag 
Island. The project will include construction and placement of duck boxes, swan platforms, and 
swallow nests. A return visit will be made by the girls in the following year to count the hatch. Plans 
include expanding the youth involvement to Boy Scouts, schools and other youth groups.

Beginning in 1993, the BPAC developed a special award referred to as the 
Environmental Achievement Recognition Program. The award is designed to 
recognize and encourage activities to improve the local environment. In 
1993, 14 nominations were put forward and a total of 6 awards presented to 
a mix of individuals, groups and facilities. Nine nominations were made in 
1994 with three awards being presented.

A 1994 St. Clair River Week logo contest has recently been 
completed. The contest was held among high school and 
college art design and marketing students in the St. Clair 
River area. The winning logo, chosen from among 35 
entries, is being used on promotional materials for St. Clair 
River Week. 

The Waste Reduction Institute for Training and Applications 
Research (WRITAR) is working with the Great Lakes 
Pollution Prevention Centre and OMOEE to assist metal 
fabricators in implementing pollution prevention options. 
Two metal fabricating facilities are currently participating in 
the project and will assist in holding an educational workshop designed to encourage similar facilities 
to implement pollution prevention measures. The goal of the project is to educate small and medium 
sized businesses and reduce metal loadings to the Sarnia WPCP.
A wide variety of other events have been conducted in support of outreach and education. These 
include river cruises hosted by BPAC and RAP Team members, media briefings and releases, 
development of posters and calendars, preparation of newsletters and three videos and several 
speaking engagements. Planned programs include: continuing to expand existing programs 
(i.e.ÊRiver Week gets bigger every year and more students become involved in the education 
program at schools and through youth groups), community workshops exploring RAP, and the Point 
Lands Development Project. 



The Ontario Public Advisory Council and the Michigan State-wide 
Public Advisory Council will be participating in a special conference 
to be held in the Sarnia/Port Huron area during September 1994. 
This conference will be hosted by the St. Clair River BPAC. Specific 
workshops and other events will be organized to allow 
representatives the opportunity to meet and discuss shared 
concerns and issues. Various RAP coordinators are also expected 
to attend.

BPAC has also been involved in additional activities which include: participation at the Centre by the 
Bay’s beach clean up since 1992; attendance at community events such as Envirofest since 1988 
and Festival by the Bay since 1990; development of the pamphlet and activity book with MDNR which 
will soon be released; writing of news articles that are published in local papers from Sarnia to 
Wallaceburg; and preparation of a display booth that tours local communities throughout the year. 
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Public Outreach And Education 
Actions

1. Develop and implement a public involvement program specific to 
the implementation of the St. Clair Remedial Action Plan. This 
program should both inform and involve the public regarding 
progress in achieving Water Use Goals and Objectives as well as 
delisting of beneficial use impairments.

2. Fully develop and implement all necessary public information and 
education activities to facilitate RAP implementation as identified by 
the various task teams, including:
� providing information on progress toward loadings reductions and 

implementation of other programs to reduce/eliminate pollution from 
point sources;

� assisting governments to educate small businesses and other toxics 
users and producers on pollution prevention/reduction;

� developing information/education programs in co-operation with other 
RAPs and existing agency programs regarding measures to 
reduce/eliminate contamination of urban and rural runoff;

� developing information/education programs in co-operation with local municipalities to 
reduce/eliminate use and improper disposal of household hazardous wastes;

� providing information on results of sediment characterization studies and encourage public 
involvement/interest in pilot-scale sediment remediation activities;

� developing and implementing a strong comprehensive education and communications 
program to deal with habitat issues 

� developing programs to educate landowners, developers, consultants and municipalities 
(including county and township officials) on regulations affecting habitat

� encouraging coordination among agencies responsible for disseminating information and 
enforcing regulations regarding habitat.

3. Continue and further enhance the various public outreach projects already initiated throughout the 
implementation stage of the RAP.
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Monitoring And Research 

 Determination of Monitoring and Research Needs
 Monitoring Programs For Impairments to Beneficial 

Use Categories
 Research Needs for Beneficial Uses Requiring Further 

Assessment

 Non-Point Sources
 Point Sources
 Actions
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Monitoring And Research 
Determination of Monitoring and Research Needs

Monitoring to determine progress towards meeting the RAP goals and objectives 
as well as research to further evaluate those use impairments which have not 
been adequately assessed (Table 2.1) are essential components to the 
implementation of the RAP. Many on-going monitoring programs are being 
undertaken by government agencies and by industry. In some cases existing 
programs will be sufficient to meet the requirements of the RAP, whereas, some 
programs may require adjustments to sampling locations, frequency of sampling, 
and parameters to be measured/estimated. Twenty two of the existing 
monitoring programs were described in the St. Clair River Stage 1 Addendum 
Report and will not be repeated in this document. 

In addition to the expertise and resources available through government and private sector 
monitoring and research activities, the RAP will where possible utilize the resources and expertise 
available locally through Community Colleges. Of particular benefit to the RAP will be those programs 
responsible for training students in the fields of resource management, environmental technology and 
engineering. 

Monitoring and research issues were also discussed at a one day workshop held in March 1994. It 
was attended by RAP Team and BPAC members as well as several monitoring experts from federal, 
provincial, and state governments and from industry. The workshop allowed for consideration of the 
following in the development of detailed monitoring and research workplans:

� determine which monitoring and research needs can be met simultaneously with 
comprehensive studies, and how;

� determine who is best suited to conduct certain studies either independently or cooperatively;

� ensure that redundancy is eliminated and gaps are filled;

� set priorities with the recognition that resources are limited; and

� determine how we can design studies so that they will fulfil our needs, but may also serve as a 
useful basis for applications elsewhere.

Several monitoring and assessment programs are being carried out or planned in the St. Clair River 
AOC to evaluate the effectiveness of ongoing remedial actions. These monitoring studies will provide 
the primary evidence to determine if and when an impaired use can be delisted or if further remedial 
action is required. 
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Monitoring And Research 
Monitoring Programs For Impairments to Beneficial Use 
Categories

Existing and planned monitoring programs within the St. Clair River AOC are described below as they 
relate to each of the beneficial uses assessed as impaired. In some cases, the workshop participants 
have recommended specific sampling frequency to allow the monitoring to respond to the time frame 
required in several of the RAP objectives (i.e., year 2000). Table 3.1 relates the RAP goals and 
objectives with specific delisting requirements for each impaired use. 

Restrictions on Fish and Wildlife Consumption

A Limited Fish Study conducted by the Michigan Department of Natural 
Resources are examining contaminants in caged channel catfish over a 3-5 
year time frame.

The Sportfish Monitoring Program is conducted by OMOEE and OMNR. The 
RAP team will request that collections be made on the St. Clair River during 
1997 and 2000, in addition to the collection planned for 1994. 
Recommendations will also be made for designing a statistical sampling 
method; relate results to ecological biomonitoring programs i.e. 
contaminants in spottail shiners, in an attempt to determine if contaminant 
levels spottail shiners can be used to indirectly determine levels in larger 
fish; and identify indicator species for more detailed sampling. 

MDNR will also be conducting fish contaminant monitoring in the St. Clair 
River and Lake St. Clair during 1994.

The EAGLE Project (Effects on Aboriginals from the Great Lakes Environment) is a community 
based approach to environmental epidemiological study of the effects of environmental contaminants 
on the health of native people in the Great Lakes Basin. It is based on the presumption that native 
people, because of their high consumption of fish and wildlife, are frequently more exposed to 
contaminants in the environment than the general population. The project is ongoing until 1997 and is 
conducted by Health Canada, the Assembly of First Nations, and Ecosystem Consulting Inc. 

Bird or Animal Deformities or Reproductive Problems

Chironomid mouth part (Ligula) anomalies were the basis for impairment. The RAP is currently 
seeking funds in order to assess the results of a chironomid study conducted in 1992. Samples were 
collected at the same sites as the 1986 study and at point source and upstream sites. Additional 
studies are needed to determine the link between genetic and environmental factors causing these 
mouth part anomalies. One or two additional sampling surveys are planned between 1994 and 2000.

A 1992 bird colony study has yet to be evaluated. Results of this study will determine subsequent 
investigations.

Degradation of Benthos

Dynamics of Benthic Populations/Communities



OMOEE, whole river, benthic community studies are 
targeted for the years 1995 and 2000. A 1994, OMOEE 
benthic community and sediment study will be conducted 
with the objective of characterizing priority 1 impact zones in 
order to develop remedial options. 

Benthic sediment toxicity and chemistry studies are to be 
conducted annually by the Lambton Industrial Society (LIS). 
Twenty stations per year will be sampled with most sited 
within the degraded zone and upstream/downstream control 
locations. Sampling methods and times will be coordinated 
with OMOEE and MDNR studies. 

Body Burdens In Benthic Organisms

The effects of organic and inorganic chemicals on benthic organisms is not known. Research is being 
done at a Great Lakes basin level by the Surface Water Group, OMOEE. Projects and proposals 
include:

� investigation of the relationship between contaminant levels in chironomids and mayflies and 
sediments;

� benthic sediment toxicity testing within priority 1 impaired zones in 1994;

� proposed 1994/95 research in collaboration with universities including the identification of 
biomarkers and reproductive capabilities; and

� a long term monitoring program is being set up by OMOEE. Two sites will be in the St. Clair 
River and three in Lake St. Clair. Sampling will be seasonal and will include sediment quality; 
benthic community structure, zebra mussel information and water quality. 

Restrictions on Dredging Activities

This impairment is very specific to areas where dredging takes place 
in support of navigation and other marine construction purposes. 
OMOEE whole river bottom sediment sampling surveys are targeted 
for the years 1995 and 2000. 

The U.S.ACE sample dredged sediment from the navigational 
channels in order to determine disposal requirements i.e. open 
water disposal or place in a confined disposal facility.

Restrictions on Drinking Water Consumption or Taste and Odour Problems

The taste and odour aesthetic objective for ethylbenzene was exceeded on one occasion. LIS 
conducts a continuous monitoring of volatiles (including ethylbenzene) in order to detect spills that 
may result in the closure of a water treatment plant. 

OMOEE and the Spills Action Centre (SAC) track spill events and closures and determine the cause 
for each closure. Likewise, the Michigan Pollution Emergency Alert System (PEAS) can be used to 
track reported spill events. 

Monitoring for community spills and ship related spills is not planned. 

Beach Closings



The Public Health Unit/OMOEE conducts weekly monitoring (5 grab samples 1 day per week) of E. 
coli during the swimming season. The St. Clair County Health Department measures fecal coliform 
using a geometric mean of 5 samples in a 30 day period during the swimming season (June 1st to 
Labour day). 

Degradation of Aesthetics

Aesthetic degradation is essentially monitored by the public. Aesthetic degradation resulting from a 
spill would be recorded by SAC (Ontario) and PEAS (Michigan).

Added Cost to Agriculture or Industry

The impairment and monitoring relates to the detection of spills 

Loss of Fish and Wildlife Habitat

Baseline studies are currently being conducted by OMNR in order to inventory and evaluate existing 
habitat that requires protection. Part of the Stage 2 Process is to identify areas for rehabilitation and 
protection. This process will involve using a Geographic Information System (GIS) and satellite 
remotely sensed data. Both changes in forested lands and wetlands can be monitored on an annual 
basis using these tools. 

MDNR, Land and Water Management Division is investigating funding sources for new aerial photos 
of the state in order to update the Michigan Resources Information System (MRIS) which is MDNR’s 
GIS land use mapping system. The Southeast Michigan Council of Governments will be taking aerial 
photos of southeast Michigan during 1995, as part of their five-year update.
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Monitoring And Research 
Research Needs for Beneficial Uses Requiring Further 
Assessment

This section identifies research requirements for those beneficial uses assessed as requiring further 
assessment (Table 2.1), including on a site specific basis and on a Great Lakes Basin basis.

Restrictions on Fish and Wildlife Consumption

Wildlife Consumption

Restrictions on the consumption of wildlife is a local and a 
Great Lakes basin wide issue. Currently there are no guidelines 
with respect to wildlife consumption however, there is evidence 
of contaminants in wildlife.

Effects related to the consumption of wildlife are being 
investigated by the EAGLE Project conducted by Health and 
Welfare Canada, the Assembly of First Nations, and 
Ecosystem Consulting Inc. The project is ongoing until 1997.

Health and Welfare Canada are developing wildlife 
consumption guidelines.

Contaminants in wildlife, in particular mink, are being investigated by the Maple Research Centre, 
OMNR.

Tainting of Fish and Wildlife Flavour

Official tasting methods and procedures have been established in 
the USA. A controlled study involving a professional taste panel is 
currently planned by OMOEE and OMNR for 1994.

Discolouration and tainting of muskrat meat from the St. Clair Delta 
and east side of Lake St. Clair has been reported by the Native 
community. A controlled study is required.

Degradation of Fish and Wildlife Populations

Body Burdens in Fish

The EROD project, conducted by OMOEE measures enzymes in fish liver. Fish are taken from a 
number of areas and results are being compared to contaminant levels in fish. Project duration is 
1994/95.

Dynamics of Wildlife Populations

The Canadian Wildlife Service (CWS) has several ongoing, annual wildlife community and population 
studies in progress. These studies include:

� waterfowl monitoring on a seasonal basis;

� Forest Bird Monitoring Program to be undertaken within small woodlots. To commence in 
1994 and be ongoing on an annual basis;

� Marsh Bird Monitoring Program started 1993 and continuing on an annual basis; and



� colonial nesting bird and herring gull egg studies are conducted on an annual basis.

Herpetofaunal Survey, an index program for reptiles and amphibians, was started in 1984 and 
continues on an annual basis. An Ontario Herpetofaunal Atlas is being prepared. 

The Atlas of the Breeding Birds of Ontario, resulting from systematic surveys in 1981 to 1985, has 
provided baseline data and identified 58 rare, endangered or threatened species. As a follow up to 
the Atlas, the Ontario Rare Breeding Bird Program (ORBBP) was initiated in 1989. 1994 field 
programs include the Henslow’s Sparrow Survey, Loggerhead Shrike and Red-Shouldered Hawk 
Surveys. 

An Atlas of Mammals of Ontario is being prepared and is sponsored by the Federation of Ontario 
Naturalists and the Ontario Federation of Anglers and Hunters with financial support from OMNR and 
the Environmental Youth Corps. This Atlas will detail the current and historical distribution of 
mammals in the province. 

A Mammal Atlas is currently being prepared by the U.S. Fish and Wildlife Service. 
MDNR conducts annual waterfowl surveys on Harsens Island. These surveys include both harvesting 
and flyover counts. 

Body Burdens of Wildlife

The effects of contaminants on wildlife is not known. Ongoing projects are listed as follows:

� EROD liver enzyme analysis is conducted by OMOEE;

� piscivorous wildlife guidelines are being developed by New York State;

� federal Guidelines for the protection of piscivorous wildlife are being developed by OMOEE 
and Environment Canada;

� contaminants in Waterfowl are monitored by the University of Windsor; and 

� contaminants in Juvenile fish are monitored on an annual basis by OMOEE. 

Fish Tumours and Other Deformities

Cause and incidences of tumours or other deformities occurring in fish 
in the St. Clair River AOC have not been scientifically determined. 
Anecdotal information from anglers in the St. Clair River Delta indicate 
that deformities in fish may be more common than they were 20 years 
ago. However, index netting or fish surveys have not been conducted. 
External tumours are largely attributed to naturally occurring viral 
infections.

A liver tumour survey was conducted by OMOEE as part of sportfish 
collections during 1994.

Two further studies were planned for 1994. One survey, conducted by 
OMNR and MDNR will investigate internal and external tumours with 
sampling sites throughout the St. Clair River with a river headwater site 
as control. A program investigating contaminants in fish at impact sites 
has been proposed by MDNR. 

Degradation of Benthos



Body Burdens In Benthic Organisms

The effects of organic and inorganic substances on benthic organisms continues to be studied. 
Research is being done at a Great Lakes basin level by the Surface Water Group, OMOEE. Projects 
and proposals include:
� Investigation of the relationship between contaminant levels in 

chironomids and mayflies and sediments;

� Benthic sediment toxicity testing within priority 1 impaired zones in 1994;

� Proposed 1994/95 research in collaboration with universities includes the 
identification of biomarkers and reproductive capabilities; and

� A long term program monitoring program is being set up by OMOEE. 
Two sites will be in the St. Clair River and three in Lake St. Clair. Sampling will be seasonal 
and items monitored will include sediment quality; benthic community dynamics, zebra 
mussel information and water quality. 
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Monitoring And Research 
Point and Non-Point Source Research and Monitoring 
Programs

Non-Point Sources

Several non-point source monitoring programs are ongoing or proposed and include:

Current/Ongoing:

1. Environment Canada is conducting a basin wide study which measures contamination from the 
atmosphere through precipitation. Sampling stations have been set up at the St. Clair Wildlife Station 
(Lake St. Clair), Manitoulin Island, Pelee Island and Burlington. Precipitation is sampled biweekly. 
2. The Environmental Protection Agency has been monitoring airborne pollutants as a result of the 
start up of the Detroit Incinerator. Sampling stations have been set up on Walpole Island, Windsor 
and Detroit. 
3. The Lambton Industrial Society conducts ambient air sampling on a daily basis in the Sarnia Valley. 
Approximately 45 parameters are monitored including sulphur dioxide. 
4. GLNPO’s research vessel, the R/V Lake Guardian, does annual open water monitoring throughout 
the Great Lakes. Air monitoring is done via the Integrated Atmospheric Deposition Network (IADN).
5. OMOEE, Surface Water Quality Branch, has been measuring contaminants from the Sydenham 
River on an annual basis. Results are entered into a GIS and information such as phosphorus 
loadings vs. land use are calculated. 
6. Water quality at the head (Pt. Edward) and mouth (Port Lambton) of the St. Clair River is being 
sampled biweekly by Environment Canada. This program commenced in 1988 and is still ongoing. 
Waters are tested for a variety of herbicides and pesticides, HCB and OCS.
7. The nearshore bacti monitoring program initiated in 1993 by OMOEE, Lambton Health Unit and St. 
Clair Region Conservation Authority will be repeated on an annual basis.
8. Commencing October 1994, the U.S. Department of Agriculture through the Soil and Water 
Conservation Districts will prepare a Southeast Michigan River Basin Study and Environmental Action 
Plan. This study includes St. Clair County and will follow through with county resource plans by 1996. 
This project will culminate in the development of a plan addressing non-point source issues. Several 
federal state and local agencies, organizations and other interested parties will participate in the 
project. 

Proposed:

1. Detailed watershed investigations are required in both Michigan and Ontario to determine sources 
and pathways of contaminants derived from rural non-point sources. The investigations should 
identify opportunities for remedial/preventative measures.
2. OMOEE is developing models for airborne chemicals and loadings to the St. Clair River AOC.
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Monitoring And Research 
Point and Non-Point Source Research and Monitoring 
Programs

Point Sources

OMOEE already has industrial self-monitoring in place. New 
monitoring requirements will be specified in the MISA effluent 
regulations once they are promulgated. Ongoing compliance 
monitoring for the MISA program is conducted by OMOEE.

MDNR requires all facilities to conduct effluent monitoring and report 
results monthly through the NPDES Permit system. MDNR conducts 
compliance sampling inspections at all permitted facilities.

 
Additional monitoring may be required at certain facilities to ensure priority sources/parameters are 
according to the actions identified by the Point Source Task Team. 

Contaminants in Combined Sewer Overflows are event based and monitored by MDNR through 
NPDES Permit regulations. 

Urban runoff during storm events at industrial sites in Michigan are monitored by MDNR through 
NPDES Permit regulations.
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Monitoring And Research 
Actions

1. Based on the research and monitoring needs determined in the previous sections, develop detailed 
workplans which specify the following:

� responsible agency and funding mechanism;

� study design, including locations, frequencies, target media, 
and analytical techniques;

� target contaminants; and 

� respective "yardstick" values

2. In developing the workplans, the following should be considered:

� which monitoring and research needs can be met simultaneously with comprehensive studies, 
and how;

� who is best suited to conduct certain studies either independently or cooperatively;

� redundancy is eliminated and gaps are filled;

� recognition that resources are limited; and

� design studies so that they will fulfil our needs, as well as serve other applications where 
feasible.

3. A spatial data base should be developed for tracking and 
assessing monitoring results. This data base would utilize the spatial 
GIS framework being developed as part of the RAP process. Such a 
data base would enhance the analytical and interpretive capabilities 
of those responsible for implementation by allowing analytical 
comparisons and summaries, relative ease of use of the KETOX 
model (for yardstick comparison), rapid, clear visualization of the 
results. Such a data base must include results from previous studies 
including actual sample-site data.

Modelling Requirements based on recommendations from Nettleton (1994):

1. Build a more comprehensive river background database in order to improve model accuracy.

2. Attempt to quantify localized atmospheric deposition of the contaminants modeled.

3. Analyze the dynamic changes in chemical levels in the bed sediment by using both modelling 
and field data analysis. 

4. Conduct a stochastic modelling analysis in order to derive effluent loading limits.
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RAP Implementation

Where conclusive information is lacking, actions listed in this document will be further evaluated for 
their linkages with identified impairments and prioritized in light of competing environmental initiatives 
and expected benefits to the St. Clair River and surrounding environment.

The next step in the RAP process will focus on:

� prioritizing actions that will clearly lead to removal of impairments;

� obtaining commitments (including funding) from those responsible and proceed with carrying 
out the priority actions listed in this document; and

� further refining plans for those areas where the remedial actions have not yet been fully 
developed. 

RAP participants have attempted to prescribe actions for delisting of the St. Clair River as an Area of 
Concern. Some actions may yield greater environmental benefits and would receive a higher priority 
in committing limited resources. The RAP is principally concerned with restoring impairments to 
beneficial uses and, as such, will prioritize these actions while promoting other actions which will 
further improve environmental conditions in the area.
Implementation of the RAP will involve four components: (1) the establishment of the responsible 
entities and management structure; (2) tools and procedures to track implementation; (3) evaluation 
of the success of remedial activities; (3) appropriate funding to undertake actions; and (4) propose 
additional actions, as needed. 

For more information, select one of the following topics:

 Management Structure

 Implementation Strategies

 Implementation Strategies Tracking and Evaluation Mechanisms

 Public Role and Responsibilities

 Actions



RAP Implementation
Management Structure 

The overall strategy for implementation of the St. Clair River RAP is 
to have the recommended actions of this Report carried out directly 
by the agencies, facilities, other organizations involved in the 
development of the RAP and/or committed to specific actions, and 
the general public. To do this, coordinating and accountability bodies 
are required.
Two working committees are required: (1) a RAP Implementation 
Committee; and (2) a Public Accountability Committee. The two 
committees must operate independently of each other to ensure 
accountability. Current members of BPAC should have the flexibility to join either of the two 
implementation bodies or their subcommittees, or leave the formal process and work on RAP 
implementation directly through their own organizations.

(1) RAP Implementation Committee (RIC)

The purposes of this committee are to:

a) coordinate implementation activities;

b) update problem definitions and restoration of impaired uses;

c) initiate and respond to monitoring and research results/activities;

d) undertake data assessment and make remedial decisions/recommendations;

e) track progress and schedules relating to remedial actions;

f) undertake educational activities;

g) produce short biennial reports, including update of problems, progress of remedial actions, 
further recommendations, progress towards goals and objectives;

h) review and track agency programmes, activities, regulations, and lobby, accordingly;

i) coordinate activities with all parties responsible for remediation, agencies and other 
stakeholders; and

j) provide meeting minutes, data, updates, etc. to the accountability committee regularly and upon 
request.

This committee should be kept small (approximately 12 to 15 members). It should consist of 
representatives of all sectors responsible for implementation of the RAP, such as industrial, 
municipal, OMOEE, OMNR, MDNR representatives. A representative of the Friends of the St. Clair 
River should be on the Implementation Committee to ensure coordination with their educational 
projects.

The RAP Implementation Committee should set up ad hoc working groups, as necessary, to carry out 
specific functions, for example, to develop a contaminated sediments workplan. Membership on the 
subcommittees should be based on specific interests and expertise and be open to individuals 
beyond those already sitting on the RAP Implementation Committee.

(2) RAP Public Accountability Committee

The purposes of this committee are to:

(a) audit the implementation of the RAP;



(b) evaluate progress towards goals, objectives and delisting;

(c) review the environmental monitoring results;

(d) provide advice on priorities and directions to the RAP Implementation Committee and its 
subcommittees; and

(e) issue an annual report to the public which assesses progress on the RAP.

This committee should include representatives from each of the sectors. A special effort should be 
made to include a representative from the First Nations. The people sitting on the Public 
Accountability Committee should not sit on the RAP Implementation Committee in order to fulfil the 
auditing role without a conflict of interest. 
Regular meetings of this committee should be relatively infrequent. Comments should be supplied to 
the RAP Implementation Committee twice yearly. The RAP Accountability Committee should also 
issue an annual audit directly to the public. Committee members should receive the minutes and 
correspondence relating to the other committees on a regular basis. Special meetings of this 
committee could be called at the discretion of some minimum number of members if any issues of 
concern arise. 
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RAP Implementation
Implementation Strategies

As described in the Stage 1 Report, Stage 1 Addendum Report, and 
herein, completed and ongoing actions in the Area of Concern have 
resulted in substantial improvements to environmental conditions. 
Further actions are necessary to delist the St. Clair River as an Area 
of Concern and it is these actions which must be implemented or 
initiated before the end of the decade.
Because of the progress which has been made, further 
improvements will be more difficult to predict and measure. In some 
instances, the RAP is dealing with the last 10 percent of a problem 
with upwards of 90 percent reductions in industrial point source discharges of contaminants to the 
river already achieved. In this regard, the RAP will need to focus on establishing a linkage between 
sources and impact in the environment. To this point, some source actions can be definitively linked 
to restoring impairments of beneficial uses while others cannot. Priority in the short term will be given 
to implementing the former, while further evaluation of these latter actions will be necessary in order 
that their priority for action and commitments can be determined. It is important to acknowledge, 
however, that the state of environmental science cannot definitively establish in all cases a strong 
cause-effect linkage. The RAP, through consultation with experts and stakeholders has and will 
through lines of evidence, promote actions which although not directly linked to an impairment are 
expected to yield environmental benefits tin the St. Clair River and watershed. These actions will be 
prioritized against other actions where either strong or no cause-effect linkages can be established.
Implementation strategies relate specifically to funding and commitments to action. The RAP Team 
and BPAC have involved local industry in determining current and projected loadings. In addition, the 
facilities have been asked to provide written commitments as to their projected loadings of priority 
parameters. The funding to meet these projected loadings will be borne by each facility. 
Funding in support of the administration of RAP implementation will be borne by the responsible 
agencies (OMOEE, MDNR, Environment Canada, U.S. EPA). 
Targets for restoration of degraded areas and the conservation and protection of human and 
ecosystem health have been established under the Canada-Ontario Agreement (COA). The remedial 
actions outlined in this document are largely consistent with these targets and indeed some (those 
under the jurisdiction of Canada/Ontario) may benefit from priorities established as part of the 
Agreement.
Funding in support of the required monitoring program will vary greatly from year to year. Most of the 
monitoring information will be provided through existing agency, facility, and LIS monitoring programs. 
It is expected that the responsible agencies will continue to fund these programs. In addition, there 
may be opportunities to undertake joint agency-industry monitoring such as the recent initiative 
between LIS and OMOEE regarding sediment characterization studies.
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RAP Implementation
Implementation Strategies Tracking and Evaluation 
Mechanisms

The first section of this chapter outlined the committee structure to 
implement and monitor the RAP. This section focuses on the 
mechanisms by which progress will be evaluated and the results of 
monitoring tracked. The RAP Implementation Committee will develop 
a detailed implementation 
workplan which utilizes a matrix or spreadsheet approach. The 
information required for tracking success of implementation will 
consist of the following: 

� the RAP goals and objectives as related to delisting criteria; 

� specific remedial actions proposed to delist use impairments; 

� identification of responsible agencies, facilities, organizations, etc.;

� time frame/target dates for implementation/completion of actions;

� funding sources, resource allocations and disbursements (government and industry);

� actual parameter loadings as compared to projected and required loadings;

� monitoring and research data evaluation (whether or not conducted and key results); 

� public outreach and education activities; and

� an assessment of whether targets are being met and, if not, mechanisms to respond.

Table 10.1 summarizes the remedial and preventative measures presented in Chapters 4 through 10 
according to responsible agency(ies) and completion date. This table also provides the basis for 
developing a detailed workplan matrix as noted above. The evaluation of success will be based on 
the progress towards meeting the goals of objectives within the time frames stated. 
Table 10.2 provides a first approximation of funding required on behalf of public agencies in order to 
implement specific actions identified in Table 10.1. The costs range from fairly specific, in the case of 
municipal infrastructure requirements, to ’ball park’ in value. They are not intended to cover all public 
funding required to implement the RAP as, for example, there is no consideration of actions identified 
under Section 8 (Public Outreach and Consultation) or Section 9 (Monitoring and Research). 
These funding requirements along with other non-costed actions will need to be determined by the 
RIC as noted above.
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RAP Implementation
Public Role and Responsibilities

The success of implementation of the St. Clair River RAP will 
depend in large part on active participation by the public. In 
particular, actions have been defined relating to household 
hazardous waste reduction/elimination, contributions to rural and 
urban runoff, protection and enhancement of habitat (wetlands and 
upland habitats), and broader waste reduction/elimination programs 
on behalf of householders and commercial enterprises. To be 
successful, these actions must be implemented with the full 
co-operation and endorsement by the local public. 
The public must also assume a greater responsibility for implementation of all remedial actions to 
ensure accountability on behalf of agencies, facilities and the RAP Implementation Committee. This 
will be particularly important to assure that environmental integrity within the St. Clair River and its 
watershed is maintained long after the formal RAP Process is complete. 
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RAP Implementation
Actions

1. Constitute RAP Implementation and RAP Accountability Committees.

2. Establish detailed workplan/matrix (as defined in Section 10.3) to 
implement and track success of remedial actions.

3. A GIS data base currently being developed as part of the RAP 
process. This database will be enhanced with respect to site specific 
contaminant and habitat data (see Section 9.5). These data, in 
combination with those already incorporated into the spatial data base 
(1993 Landsat scene, present and historical wetlands, KETOX model input capability, and land use), 
will be a powerful tool to assist in tracking and evaluation functions. In addition, the data will be in an 
accessible form to assist the RAP Accountability Committee in confirming the success of 
implementation and in preparing clear, concise reports. 

4. A funding sources database will be developed to facilitate and expedite research and monitoring 
and aid implementation of public education and other preventive and remedial activities. 
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Glossary

ABSORPTION Penetration of one substance into the body of 
another.

ACCLIMATION Physiological and behaviourial adjustments of an 
organism in response to a change in environment. 
See also Adaptation.

ACCUMULATION Storage of a chemical or substance in tissue. May 
also apply to the storage and concentration of a 
chemical in aquatic sediments to levels above those 
that are present in the water column. 

ACUTE Involving a brief exposure to a stimulus. In toxicity 
tests, a duration of 96 hours is typically considered 
acute.

ACUTE TOXICITY Mortality or other toxic effects that are produced 
within a short period of time, usually 24 to 96 hours.

ADAPTATION Change, often genetically based, in the structure, 
forms or behaviour of an organism to accommodate 
changing environmental conditions. See also 
Acclimation.

ADIPOSE Of, like, or containing animal fat: Fat in the 
connective tissue of an animal’s body.

ADSORPTION The taking up of one substance onto the surface of 
another.

AEROBIC The condition associated with the presence of free 
oxygen in the environment.

ALGA (E) Simple one-celled or many-celled micro-organisms, 
usually free-floating, capable of carrying on 
photosynthesis in aquatic ecosystems; a form of 
aquatic plant.

ALGICIDE A specific chemical, highly toxic to algae. Algicides 
are often applied to water to control nuisance algal 
blooms and may contain harmful contaminants such 
as heavy metals.

ALKALINITY A measurement of acid neutralization of buffering 
capability of a solution (see pH).

ALKYLATED LEAD A contaminant in the environment, resulting mainly 
from burning leaded gasoline, but also found in some 
industrial emissions. Lead concentrates in the 
skeleton, causing cumulative poisoning, especially in 
young children.

AMBIENT An encompassing surrounding.

AMBIENT STANDARDS The concentration of a toxic substance in the water, 
which based on available data, will not result in 
significant risks of adverse effects to biota or human 
health.

AMBIENT WATER The water column or surface water (lake, river, etc.) 



as opposed to groundwaters or sediment pore water.

ANADROMOUS Species which migrate from salt water to freshwater 
to breed.

ANAEROBE An organism for whose life processes a complete or 
nearly complete absence of oxygen is essential.

ANOXIA The absence of oxygen. In aquatic ecosystems this 
refers to the absence of dissolved oxygen in water, a 
situation which cannot be tolerated by most aquatic 
organisms.

ANTAGONISM Reduction of the effect of one substance because of 
the introduction or presence of another substance; 
e.g. one substance may hinder, or counteract, the 
toxic influence of another. See also Synergism.

ANTHROPOGENIC Origin a consequence of human-related activities.

AQUATIC Living in water.

ASSIMILATION The absorption, incorporation and metabolism of 
substances. For example nutrients can be absorbed 
and processed, or assimilated, by an organism or 
ecosystem.

ASSIMILATIVE CAPACITY The ability of a waterbody to transform and/or 
incorporate substances (e.g. nutrients) by the 
ecosystem, such that the water quality does not 
degrade.

ATMOSPHERIC 
DEPOSITION

Pollution from the atmosphere associated with dry 
deposition in the form of dust, wet deposition in the 
form of rain and snow, or as a result of vapour 
exchanges.

BENTHIC Of or living on or in the bottom of a water body; 
benthic region, benthos.

BENTHOS Bottom dwelling organisms, the benthos comprise: 1) 
stationary animals such as sponges, some worm 
species and attached algae; 2)creeping forms such 
as snails and flatworms; and 3)burrowing forms 
which include most clams, worms, freshwater 
shrimp, mayflies and midges and other insect larvae.

BENZO(A)PYRENE A PAH (polycyclic aromatic hydrocarbon) which is a 
suspected carcinogen found in cigarette smoke. It is 
a byproduct of combustion and is released to the 
aquatic environment from industrial processes such 
as steel and aluminum making.

BIOACCUMULATION Uptake and retention of substances, including 
nutrients and contaminants, by an organism from 
both its environment (i.e. directly from the water) and 
its food.

BIOASSAY A biological assessment of water or sediment 
designed to evaluate toxicity of to an organism.

BIOAVAILABILITY The portion of the total chemical(s) in the 
surrounding environs, i.e. water, sediment, which is 



available for uptake by organisms (plant, animal). 
The biologically reactive amount of a substance in 
the environment.

BIOCHEMICAL The amount of dissolved oxygen required for the 
bacterial decomposition

OXYGEN DEMAND of organic waste in water.

BIOCONCENTRATION The ability of an organism to concentrate substances 
within its body at concentrations greater than in its 
surrounding environment or food.

BIOCONCENTRATION 
FACTOR

The ratio of the measured residue within an organism 
compared to the residue of the substance in the 
ambient air, water or soil environment of the 
organism.

BIODEGRADATION The chemical breakdown/decomposition of a 
compound by bacteria/micro-organisms.

BIOMAGNIFICATION The increasing concentrations of a chemical in biota, 
moving up the food chain. Trace organic 
contaminants tend to be at greater concentrations in 
top predators than in lower levels of the food web.

BIOMASS Total weight of all or specific organisms usually 
expressed for a given area or volume of water or 
sediment.

BIOMONITORING The use of organisms to test the toxic effects of 
substances in effluent discharges or the surrounding 
environment as well as the chronic toxicity of 
low-level pollutants in the aquatic environment.

BIOTA Plants and animals.

BIOTRANSFORMATION Enzymatic conversion of a compound to another 
compound within a living organism. Can result in less 
toxic or in more toxic substances.

BIOTURBATION Biological mixing of sediment by benthic organisms 
which results in physical, chemical and/or biological 
changes in sediment to a depth generally not greater 
than 10 cm. Can result in the transport of 
contaminants from sediment into the water column.

CARCINOGEN Cancer-causing chemical or substance.

CHIRONOMID Any of a family of midges that lack piercing mouth 
parts as adults. Larval forms are sediment dwelling 
burrowing invertebrates that are an important food 
source for bottom feeding species such as fish.

CHRONIC Duration of exposure to an environmental stress that 
is prolonged.

CHRONIC TOXICITY Toxicity observed following a long duration of 
exposure, that produces an adverse effect on 
organisms. The end result of chronic toxicity can be 
death although the usual effects are sublethal; e.g. 
reproduction or growth inhibition. These effects can 
be reflected by change in the productivity and 



structure of the population and community. See also 
Acute Toxicity.

COMMUNITY Group of populations of plants and animals 
interacting in given place; ecological unit used in a 
broad sense to include groups of various sizes and 
degrees of integration.

CONGENER A member of the same taxonomic genus as another 
plant or animal: Also, a different configuration or 
mixture of a specific chemical usually having different 
toxicological properties.

CONSUMPTIVE USE Permanent removal of water from a water body. 
Consumptive use may be due to evaporation, 
agricultural use, or incorporation of water into a 
manufactured product.

CONTAMINANT A substance foreign to a natural system or present at 
unnatural concentrations in air, water, soil or food, 
causing use of those things to be limited. A naturally 
occurring substance may be found to exceed 
government guidelines, or objectives and be called a 
contaminant, e.g. metals.

CONTAMINATION The introduction of pathogenic or undesirable 
micro-organisms, toxic and other deleterious 
substances which can render water, air soils or biota 
unfit for use or unhealthy.

CONTROL ORDER Enforceable orders in Ontario, often applied to 
industrial facilities.

CONVENTIONAL A term used to describe substances which consume 
oxygen upon

POLLUTANT decomposition, materials which produce an oily 
sludge deposit, and bacteria. Conventional pollutants 
include phosphorus, nitrogen, chemical oxygen 
demand, biochemical oxygen demand, oil and 
grease, volatile solids, and total and fecal coliform, 
chlorides, etc.

CRITERIA Numerical limits of pollutants typically established to 
protect the aquatic ecosystem and human use of the 
ecosystem.

CRITERIA, WATER 
QUALITY

Designated concentrations water quality constituents 
based on scientific evidence and judgement, that, 
when not exceeded will protect an organism, a 
community of organisms, or a prescribed water use 
with an adequate degree of assurance.

CUMULATIVE Brought about or increased in strength by successive 
additions, i.e. effects produced by simultaneous dose 
of two or more chemicals, or repetitive dose effects 
of more than one chemical may occur in three ways:

additive effects - sum of the individual effects;

antagonistic effects - effect of one chemical is 
reduced by the present of another chemical(s);



synergistic effects - presence of one or more 
chemicals produces effects greater than the sum of 
individual effects.

CUMULATIVE ACTION Increasingly severe effects due to either storage or 
concentration of a substance within the organism.

DENSITY Number of individuals in a given space.

DETRITUS Organic residue of plant and animal origin that has 
undergone decomposition.

DIATOM Any of a class of minute planktonic unicellular or 
colonial algae with skeletons of high silica content.

DIELDRIN A chlorinated pesticide that is persistent and 
bioaccumulates in all living organisms; causes 
reproductive disorders in wildlife and is a known 
carcinogen.

DIOXIN A group of approximately 75 chemicals of the 
chlorinated dibenzodioxin family, including 2.3.7.8 - 
tetrachlorodiobenzo-para- dioxin (2,3,7,8 - TCDD) 
which is generally considered the most toxic form. 
Can be formed when naturally occurring organic 
molecules come in contact with chlorine introduced 
into the environment.

DIFFUSE SOURCE A source of pollution that is not distinct and is widely 
distributed, such as atmospheric deposition and 
agricultural or urban runoff.

DISSOLVED OXYGEN The amount of oxygen dissolved in water.

DRAINAGE BASIN A body of water and the land area drained into it.

DREDGE SPOILS The material removed from the river, lake or harbour 
bottom during dredging operations.

DREDGING GUIDELINES Numerical guidelines with primary emphasis on the 
concentrations of toxic materials in sediment to be 
dredged, with directions designed to minimize the 
adverse effects of sediment disposal.

DYNAMIC EQUILIBRIUM The result of fluctuations of the biological, chemical 
and physical components of the ecosystem within 
well defined bounds.

ECOSYSTEM The interacting complex of living organisms and their 
non-living environment; the biotic community and its 
abiotic environment.

EFFLUENT Waters discharged from facilities to either 
wastewater sewers or to surface waters.

EPHEMEROPTERA Invertebrates (e.g. mayflies) that live as adults only a 
very short time, but can dwell for several years as 
nymphs in sediment. Some species are indicative of 
relatively clean environmental conditions.

EPILIMNION The warm, upper layer of water in a lake that occurs 
during summer stratification, or layering of the open 
waters.



EROSION The wearing away and transportation of soils, rocks 
and dissolved minerals from the land surface 
shorelines or river bottom by rainfall, running water, 
wave or current action.

EUTROPHICATION The process of nutrient enrichment that causes high 
productivity and biomass in an aquatic ecosystem. 
Eutrophication can be a natural process or it can be a 
cultural process accelerated by an increase of 
nutrient loading to a waterbody by human activity.

EXOTIC SPECIES Species that are not native to the Great Lakes and 
have been intentionally or inadvertently introduced 
into the system, such as zebra mussel and purple 
loosestrife.

FATE As in the fate of a contaminant: the result of material 
deposition via transport, bioaccumulation, 
transformation and degradation, i.e. sediment, water 
column, air or biota.

FOOD CHAIN The organization of biota in which organisms in 
higher trophic levels gain energy by consuming 
organisms at lower trophic levels; the dependence for 
food of organisms upon others in a series, beginning 
with bacteria and plants and ending with carnivores.

GOAL An ideal, aim or objective towards which to strive; it 
may represent an ideal condition that is difficult, if not 
impossible to attain technically, sociologically, 
environmentally, or economically.

GREAT LAKES BASIN 
COSYSTEM

The interacting components of air, land, water and 
living organisms, including humans, within the 
drainage basin of the St. Lawrence River at or 
upstream from the point at which this river becomes 
the international boundary between Canada and the 
United States (from Article 1 of the 1978 GLWQA).

GREAT LAKES WATER 
QUALITY AGREEMENT 
(GLWQA)

A joint agreement between Canada and the United 
States which commits the two countries to restore 
and maintain the chemical, physical and biological 
integrity of the waters of the Great Lakes Basin 
Ecosystem (from Article 2 of the 1978 GLWQA). 
Originally signed in 1972 the Agreement was 
amended in 1978 and 1987.

GROUNDWATER Water entrained and flowing below the surface which 
may supply water to wells and springs.

GUIDELINES Any suggestion or rule that guides or directs; i.e. 
suggested criteria for programs or effluent limitations.

HALF-LIFE The period of time in which a substance loses half of 
its active characteristics (used specifically in 
radiological work); the amount of time required for 
the concentration of a pollutant to decrease to half of 
the original value through natural decay or 
decomposition.

HAZARDOUS 
SUBSTANCES

Chemicals considered to be a threat to humans in 
the environment, including substances which 



(individually or in combination with other substances) 
can cause death, disease (including cancer), 
behaviourial abnormalities, genetic mutations, 
physiological malfunctions or physical deformities.

HEPATIC Of the liver.

HEXACHLOROBENZENE A by-product of the chemical industry, created during 
the production of solvents and some pesticides. It is 
a persistent carcinogen.

HYDROLOGIC CYCLE The natural cycle of water on earth, including 
precipitation as rain and snow, runoff from land, 
storage in groundwaters, lakes, streams, and 
oceans, and evaporation and transpiration (from 
plants) into the atmosphere.

HYPOLIMNION The cold, dense, lower layer of water in a lake that 
occurs during summer layering or stratification.

INSECTICIDE Substances or a mixture of substances intended to 
destroy or repel insects.

IN SITU In place; occurring in nature.

INTERSTITIAL Of, forming, or occurring in interstices or pores 
between sediment particles; situated between the 
cellular components of an organ or structure.

INSTANTANEOUS 
LOADING

A loading value calculated using either a single or a 
mean of concentration values multiplied by a single 
flow measurement (instantaneous flow). There is no 
attempt to calculate the total or mean loading which 
would require both concentration and flow 
measurements representing a full range of flow 
regimes.

LACUSTRINE Formed in, or growing in lakes.

LEACHATE Materials that percolated through solids, soils, solid 
wastes and rock layers, that can enter the water 
column.

LETHAL Causing death.

LIPOPHILIC Having a chemical affinity for fats, oils or other lipids, 
such as many trace organic contaminants.

LITTORAL ZONE Productive shallow-water zone of lakes with light 
usually penetrating to the bottom; often occupied by 
rooted aquatic plants.

LOADINGS Total mass of a substance added to a water body 
over a specified time; e.g. kilograms per year of 
phosphorus.

MACROPHYTE Macroscopic plant life, larger than algae, found in 
bodies of water.

MACROZOO-BENTHOS Visible bottom dwelling animals, invertebrates. The 
distribution of macrozoobenthos in an aquatic 
ecosystem is often used as an index of the impacts 
of contamination on the system.



MASS BALANCE An approach to evaluating the sources, transport and 
fate of contaminants entering a water system, as well 
as their effects on water quality. In a mass balance 
budget, the amounts of a substance entering the 
system less the quantity stored, transformed or 
degraded must equal the amount leaving the system. 
If inputs exceed outputs, substances, often 
pollutants, are accumulating and contaminant levels 
can rise. Once a mass balance budget has been 
established for a pollutant of concern, the long-term 
effects on water quality can be simulated by 
mathematical modelling and priorities can be set for 
research and remedial action.

MERCURY Recognized as a dangerous substance for many 
years because it bioaccumulates and biomagnifies 
through the food chain, and can affect the central 
nervous system. It has entered the Great Lakes from 
a variety of industrial processes and natural sources.

METABOLITES Biodegraded chemical end products - the product of 
a bio-transformation process. Pollutants or natural 
substance produced from metabolic activity.

MIREX A pesticide which has been found in significant 
quantities in Lake Ontario. It accumulates in the food 
chain, causes reproductive problems and cancer.

MIXING ZONE An area of water contiguous to a point source, where 
exceptions to water quality objectives and conditions 
otherwise applicable to the receiving water may be 
granted (OMOE 1984).

For the purpose of point source recommendations: 
For non-persistent, non-bioaccumulative substances, 
the lesser of: 75 meters downstream from the 
discharge, or the distance to the nearest downstream 
intake or point source discharge. For persistent, 
bioaccumulative substances, zero (0) distance from 
the discharge.

MODELLING Mathematical simulation of actual conditions often 
used to predict the fate of nutrients, bacteria, or other 
chemicals in the ecosystem.

MUTAGEN Any substance or effect which alters genetic 
characteristics or produces an inheritable change in 
the genetic material.

MUTAGENICITY The ability of a substance to induce a change in 
genetic material which can be transmitted to progeny, 
or from one cell generation to another within an 
individual.

NON-POINT SOURCE Source of pollution in which pollutants are discharged 
over a widespread area or from a number of small 
inputs rather than from distinct, identifiable sources. 
See also diffuse source.

NONPOLAR/ 
HYDROPHOBIC

Having an affinity for lipids rather than water. Having 
extremely low solubility in water, such as oil, grease, 



and many trace organic substances.

NUTRIENT A chemical that is essential for the growth and 
development of organisms.

ORGANOCHLORINE Chlorinated hydrocarbons.

OXIC-ANOXIC Oxic - oxygen present

Anoxic - no oxygen present

PATHOGEN A disease - causing agent such as bacteria, viruses, 
and parasites.

PERIPHYTON Plants that live attached to underwater surfaces.

PERSISTENT TOXIC Any toxic substance with a long half-life in water or 
sediment. Can be

SUBSTANCE defined as persisting for more than eight weeks.

PESTICIDE Any substance used to kill plants, insects, fungi or 
other organisms; include herbicides, insecticides, 
algicides, fungicides.

PHENOLICS Any of a number of compounds with the basic 
structure of phenol. Phenolics are produced during 
the coking of coal, the distillation of wood, the 
operation of gas works and oil refineries, from human 
and animal wastes, and the microbiological 
decomposition of organic matter. Phenols can cause 
tainting in fish.

PHOTOSYNTHESIS A process occurring in the cells of green plants and 
some micro-organisms in which solar energy is 
transformed into stored chemical energy.

PHYTOPLANKTON Minute, microscopic aquatic vegetative life; plant 
portion of the plankton (free floating aquatic plants); 
the plant community in marine and freshwater 
situations which floats free in the water and contains 
many species of algae and diatoms.

POINT SOURCE A source of pollution that is distinct and identifiable, 
such as an outfall pipe from an industrial plant.

POLAR/HYDROPHILIC Having an affinity for aqueous environment. Soluble 
in water.

POLLUTION (WATER) Anything causing or inducing objectionable conditions 
in any watercourse and adversely affecting the 
environment and use or uses to which the water 
thereof may be put.

POLLUTION PREVENTION The use of processes, practices or products that 
reduce or eliminate the generation of pollutants and 
waste at the source, including those that protect 
natural resources through conservation or more 
efficient utilization.

POLYCYCLIC Organic compound having three (3) or more ring 
structures may be the same or different; e.g. 
anthracene, naphthalene.

POTABLE WATER Water suitable, on the basis of both health and 



aesthetic considerations, for drinking or cooking 
purposes.

PRIMARY TREATMENT Mechanical removal of floating or settleable solids 
from wastewater.

PUBLIC Any person, group, or organization.

RADIONUCLIDE A radioactive substances.

RAW WATER Surface or groundwater that is available as a source 
of drinking water, but has not received any treatment.

RESUSPENSION (of sediment) The remixing of sediment particles and 
pollutants back into the water by storms, currents, 
organisms and human activities such as dredging 
and shipping.

RISK ASSESSMENT Process for estimating the likelihood that toxic 
response could take place if people or animals were 
exposed to certain concentrations of toxic 
chemical(s) over a given period of time.

SECONDARY TREATMENT Bacterial action on the waste remaining from primary 
treatment of sewage to decompose organic 
components of the waste.

SEDIMENT The fines or soils on the bottom of the river or lake.

SEICHE An oscillation in water level from one end of a lake to 
another due to winds or atmospheric pressure. Most 
dramatic after an intense but local weather 
disturbance passes over one end of a large lake.

SESSILE An animal that is attached to an object or is fixed in 
place (e.g. barnacles).

SEWER, SANITARY A municipal sewer for the collection and transmission 
of domestic, commercial and industrial wastes to 
treatment plants; not including land drainage or storm 
water runoff.

SEWER, STORM A municipal sewer for the collection and transmission 
of storm water runoff, land surface water and water 
from soil drainage not including any industrial wastes 
other than unpolluted cooling waters.

SLUDGE Solids produced by wastewater (sewage) treatment 
facilities and some industrial processes.

SOLUBILITY Degree to which a substance can be dissolved.

STABILITY Absence of or predictable fluctuations in populations; 
ability to withstand perturbations without large 
changes in community composition or function.

STANDARD (Water Quality) Regulatory limits concerning the 
concentration of chemical(s)/substance(s) permitted 
in effluent discharges and/or waterway(s). Standards 
are generally dependant on designated use(s).

STEADY STATE State in which rates of uptake and elimination of 
chemical/substance are equal - bioconcentration 
factors can be measured at steady state.



STRATIFICATION (or layering) The tendency in deep lakes for distinct 
layers of water to form as a result of vertical change 
in temperature and therefore, in the density of water.

SUBACUTE Involving a stimulus whose duration is between acute 
and chronic.

SUB-LETHAL Involving a response to a stimulus below the level 
that causes death.

SUSPENDED SEDIMENT Particulate matter suspended in water.

SYNERGISM The joint action of two or more substances, which is 
greater that the sum of the action of each of the 
individual substances. See also Antagonism.

SYNERGISTIC Interactions of two or more substances or organisms 
producing a result such that the total effect is greater 
than the sum of the individual effects.

SYNTHESIS The production of a substance by the union of 
elements or simpler compounds.

TAXA A group of similar organisms.

TAXONOMY The process of identifying an organism by its 
structure.

TERATOGEN A substance that increases the incidence of birth 
defects.

TERATOGENICITY The ability of a substance to produce irreversible 
birth defects, or anatomical or functional disorders as 
a result of an effect on the developing embryo.

THERMOCLINE A layer of water in lakes separating cool hypolimnion 
(lower layer) from the epilimnion (surface layer).

THRESHOLD The chemical concentration or dose that must be 
reached before a given reaction occurs.

TOXAPHENE An insecticide which was banned in 1983. It has been 
shown to be a carcinogen.

TOXIC SUBSTANCE As defined in the Great Lakes Agreement, any 
substance that can cause death, disease, 
behaviourial abnormalities cancer, genetic mutations, 
physiological or reproductive malfunction or physical 
deformities in any organism or its off-spring, or which 
can become poisonous after concentration in the 
food chain or in combination with other substances.

TOXICANT Substance capable of producing adverse effect(s) in 
the ecosystem, resulting in injury, disfunction or even 
death.

TOXICITY The quality of being toxic or poisonous.

TROPHIC ACCUMULATION Passing of a substance through a food chain such 
that each organisms retain all or a portion of the 
amount in its food and eventually acquires a higher 
concentration in its flesh than in its food. See also 
Biomagnification.

TROPHIC LEVEL Functional classification of organisms in a community 



according to feeding relationships; the first trophic 
level includes green plants, the second level includes 
herbivores; etc.

TROPHIC STATUS A measure of the biological productivity in a body of 
water. Aquatic ecosystems are characterized as 
oligotrophic (low productivity), mesotrophic (medium 
productivity) or eutrophic (high productivity).

TUBIFICID An aquatic oligochaete or sludge worm which is 
tolerant to organically enriched sediment and low 
oxygen concentration.

TURBIDITY A measure of clarity in water.

UBIQUITOUS Present, or seeming to be present, everywhere at the 
same time.

UPTAKE The transfer of a substance into an organism.

VIRTUAL ELIMINATION Cannot be measured (net loading) and does not have 
any bioaccumulative effect. For persistent, 
bioaccumulative toxics, no mixing zone will be 
recognized. No cross-media transfer is acceptable.

WATER QUALITY 
OBJECTIVES

Under the Great Lakes Water Quality Agreement, 
goals set by the Governments of Canada and the 
United States for protection of the uses of the Great 
Lakes.

WATER QUALITY 
STANDARD

A criterion or objective for a specific water use that is 
incorporated into enforceable regulations.

XENOBIOTIC Chemical not normally found in nature; i.e. 
manufactured chemical.

ZERO DISCHARGE Total elimination of the parameter from the discharge 
(net loading).



Acronyms

AOC Area of Concern

ASCS Agricultural Stabilization and Conservation Service

BAT Best Available Technology/Treatment

BATEA Best Available Technology/Treatment Economically Available

BMP Best Management Practices

BPAC Binational Public Advisory Committee (tentatively used for 
RAP Accountability Committee as well)

BTX/BTEX Benzene, toluene, ethylbenzene, xylene

CEPA Canadian Environmental Protection Act

COA Canada-Ontario Agreement Respecting Water Quality in the 
Great Lakes

CDF Confined Disposal Facility

CES Cooperative Extension Services

CSO Combined Sewer Overflow; combined storm and sanitary 
sewers

CURB Clean Up Rural Beaches

CWA Clean Water Act

CWS Canadian Wildlife Service

EA Environmental Area

EMPPL Environmental Ontario Effluent Monitoring Priority Pollutants 
List

EPA (United States) Environmental Protection Agency

Environmental Protection Act (Ontario)

EROD Ethoxyresorufin-o-deethylase (Enzyme determination in fish)

FPAC Farm Pollution Advisory Committee

FSAFarm Service Agency

GLPF Great Lakes Protection Fund

GLCUF Great Lakes Clean Up Fund

GLNPO Great Lakes National Programs Office (EPA Region V)

GLWQA Great Lakes Water Quality Agreement

HCB Hexachlorobenzene

HHW Household Hazardous Waste

IJC International Joint Commission

ILC Interactive Learning Centre

IADN Integrated Atmospheric Deposition Network

IPP Industrial Pretreatment Program



KETOX A model consisting of a hydrodynamic and dispersion 
subprogram and a contaminant mass transport and fate 
subprogram

LEL Lowest Effect Level

LIS Lambton Industrial Society

LUST Leaking Underground Storage Tank

MDNR Michigan Department of Natural Resources

MDPH Michigan Department of Public Health

MERA Michigan Environmental Response Act

MRIS Michigan Resources Information System

MWHF Michigan Wildlife Habitat Foundation

MDA Michigan Department of Agriculture

MISA Municipal-Industrial Strategy for Abatement

MDL Minimum Detection Limit

NPDES National Pollutant Discharge Elimination System

NHL Natural Heritage League

NAWMP North American Waterfowl Management Plan

NPS Non Point Source Control Program

NRCS Natural Resource Conservation Service

OMOEE Ontario Ministry of the Environment and Energy

OMNR Ontario Ministry of Natural Resources

ODMP Ontario Drainage Management Program

OMAF Ontario Ministry of Agriculture and Food

OMAFRA Ontario Ministry of Agriculture and Food and Rural Affairs

OSCIA Ontario Soil and Crop Improvement Program

OWRA Ontario Water Resources Act

ORBBP Ontario Rare Bird Breeding Program

OCS Octachlorostyrene

PAH Polycyclic Aromatic Hydrocarbons

PCB Polychlorinated biphenyls

PCE Perchloroethylene, tetrachloroethylene

PERC Tetrachloroethylene

PSQG Provincial Sediment Quality Guidelines

PIPP Spill Notification Response Program

PCP Pollution Control Planning Program

ppb parts per billion

ppm parts per million

ppt parts per trillion



ppq parts per quadrillion

PEAS Pollution Emergency Alert System

RAP Remedial Action Plan

RIC RAP Implementation Committee

SEL Severe Effect Level

SCS Soil Conservation Service

SCP Stormwater Control Program

SDMP Storm Drain Marking Program

SAC Spills Action Centre

TKN Total Kjeldahl Nitrogen

TSS Total Suspended Solids

TCE Trichloroethylene

TEQ Toxic Equivalents

U.S. EPA United States Environmental Protection Agency

USDA United States Department of Agriculture

USACOE United States Army Corps of Engineers

USFWS United States Fish and Wildlife Service

WPCP Water Pollution Control Plant

WWTP Waste Water Treatment Plant

WWSL Waste Water Sludge Lagoon

WRITAR Waste Reduction Institute for Training and Research
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TABLE 1.2
Summary of actions and responsible agencies or facilities 
for implementation of the St. Clair RAP.

Agencies/facilities noted are those with primary responsibility and are not meant to be all inclusive 
with regard to funding sources.

Agency and or 
Facility 

Action

Industry
Cole Drain
Dow
Ethyl
Esso Petroleum
Novacor Petroleum
Shell Canada
Suncor
Polysar

POINT SOURCE 

� Determine whether yardstick is met or exceeded at end of pipe 
for persistent and bioaccumulative substances and persistent, 
potentially bioaccumulative substances. 

� Meet yardstick at end of pipe for persistent and bioaccumulative 
substances and persistent, potentially bioaccumulative 
substances. 

� Meet yardstick at edge of mixing zone for persistent 
(non-bioaccumulative) and non-persistent, 
non-bioaccumulative substances. 

� Virtually eliminate all persistent and bioaccumulative 
contaminants from discharge.

Municipal
Corunna WPCP
Port Huron WWTP
Sarnia WPCP
St. Clair WWTP
Marysville WWTP

� Determine whether yardstick is met or exceeded at end of pipe 
for persistent and bioaccumulative substances and persistent, 
potentially bioaccumulative substances. 

� Meet yardstick at end of pipe for persistent and bioaccumulative 
substances and persistent, potentially bioaccumulative 
substances. 

� Meet yardstick at edge of mixing zone for persistent 
(non-bioaccumulative) and non-persistent, 
non-bioaccumulative substances. 

� Virtually eliminate all persistent and bioaccumulative 
contaminants from discharge.

Municipalities with 
Storm Sewers and 
CSOs

� All effluents will be disinfected or otherwise treated in order to 
eliminate coliform bacteria. 

All Point Sources, 
Industrial and 
Municipal

� Eliminate spills
� Inventory atmospheric discharges for all yardstick substances.
� All point sources not meeting yardsticks will develop a pollution 

prevention/toxics release plan.
� Strive to attain zero discharge of contaminants.
� Relevant point sources will eliminate all contaminated 

discharges/leachate to the Cole Drain (once-through cooling 
water excepted).

� Assess storm water impacts
OMOEE & MDNR � Adjust existing yardsticks as required and set new yardsticks.

� Develop discharge permits on the basis of discharges already 
approved or under application and assess total mass loadings 
to the river.

� Develop a "whole plant" permitting system.
� Conduct toxic reduction education for small business. 

MDNR � Assess storm water impacts.
EPA � Develop a means to define the impacts of point source 



discharges to the atmosphere.
� Assess storm water impacts.

Environment Canada � Conduct toxic reduction education for small business. 
RAP Implementation 

Committee
� Develop a means to define the impacts of point source 

discharges to the atmosphere.

Agency and or 
Facility 

Action

OMOEE, 
Conservation 
Authorities & MDNR

NON-POINT SOURCE 
� Develop watershed/subwatershed management plans. 
� Reduce the use of road salt and seek alternatives. 
� Protect existing natural areas and undertake remedial 

measures (i.e. CURB program). 
� Improve waste site planning and management by: 
developing incentives; implementing pollution prevention 
measures; ensuring proper disposal; ensure proper closing 
and capping of bore holes, wells, waste disposal sites and 
landfills; use BAT for new waste sites; improve accountability; 
monitor and remediate contaminated groundwater. 
� Correct direct discharges of untreated greywater.

Conservation 
Authorities

� Develop watershed/subwatershed management plans. 
� Protect existing natural areas and undertake remedial 

measures (i.e. CURB program). 
Municipalities and/or 
Local Governments

� Enforce urban runoff pollution control bylaws at existing 
developments.

� Maintain pre-development hydrography for new 
developments and maintain natural areas.

� Construct on-site pollution controls for urban runoff in 
existing areas.

� Link urban/rural stormwater control through subwatershed 
plans.

� Reduce the use of lawn fertilizers and pesticides.
� Improve waste site planning and management by: 

developing incentives; implementing pollution prevention 
measures; ensuring proper disposal; ensure proper 
closing and capping of bore holes, wells, waste disposal 
sites and landfills; use BAT for new waste sites; improve 
accountability; monitor and remediate contaminated 
groundwater. 

� Identify problems relating to domestic sanitary sources and 
ensure proper maintenance/repair.

� Correct direct discharges of untreated greywater.
� Ensure proper use and disposal of household hazardous 

wastes and product substitution through programs and 
education. 

� Reduce use of road salt and/or seek alternatives.
Developers � Ensure proper urban runoff pollution control measures are 

operating according to bylaws at existing developments.
� Maintain pre-development hydrography for new 

developments and maintain natural areas.
� Construct on-site pollution controls for urban runoff in 

existing areas.



Conservation 
Authorities

� Link urban/rural stormwater control through subwatershed 
plans.

Transport Agencies � Reduce the use of road salt and seek alternatives.

USDA/SCS � Develop watershed/subwatershed management plans.
� Promote agricultural programs and technology to reduce 

contamination of rural runoff.
MDNR, OMAF, 
Agriculture Canada 
and MDA

� Promote agricultural programs and technology to reduce 
contamination of rural runoff.

EPA and 
Environment Canada

� Develop watershed/subwatershed management plans.

Residents � Reduce the use of lawn fertilizers and pesticides.
� Identify problems relating to domestic sanitary sources and 

ensure proper maintenance/repair.
� Ensure proper use and disposal of household hazardous 

wastes and product substitution through programs and 
education. 

Public Health 
Authorities

� Identify problems relating to domestic sanitary sources and 
ensure proper maintenance/repair.

U.S. & Canadian 
Coast Guards

� Correct direct discharges of untreated greywater.

RAP Implementation 
Committee

� Develop a means to define the impacts of non-point source 
discharges to the atmosphere.

Agency and or 
Facility 

Action

OMOEE SEDIMENT 
� Complete sediment characterization study and Priority 1 

Zone characterization.
� Review a study on sediment transport mechanisms for 

sediment characterization.
� Undertake in-situ pilot scale remediation studies.
� Develop final remediation strategy.

LIS � Complete sediment characterization study.



Agency and or 
Facility 

Action

OMNR and MDNR HABITAT 
� Ensure protection of shorelines from erosion and 

protect/enhance/restore other natural habitats in the 
watershed.

� Control/eradicate exotic species.
� Undertake identified habitat restoration and enhancement 

projects; expand candidate sites; maximize fish use of 
delta habitats; encourage maintenance/enhancement of 
riparian vegetation; improve co-ordination amongst 
conservation/protection agencies; expand list of special 
status species.

� Develop a long-term habitat management plan.
� Assess the requirements needed to maintain wildlife 

diversity and integrity (GAP analysis).
Ontario and 
Michigan 
Legislatures

� Strengthen wetland protection measures.

MDNR, U.S. & 
Canadian Coast 
Guards, USACOE, 
USFWS

� Reduce ship wakes and surges and minimize impacts from 
winter shipping.

Conservation 
Agencies

� Ensure protection of shorelines from erosion and 
protect/enhance/restore other natural habitats in the 
watershed.

� Undertake identified habitat restoration and enhancement 
projects; expand candidate sites; maximize fish use of 
delta habitats; encourage maintenance/enhancement of 
riparian vegetation; improve co-ordination amongst 
conservation/protection agencies; expand list of special 
status species.

� Develop a long-term habitat management plan.
� Assess the requirements needed to maintain wildlife 

diversity and integrity (GAP analysis).
Environment Canada � Strengthen wetland protection measures.

� Undertake identified habitat restoration and enhancement 
projects; expand candidate sites; maximize fish use of 
delta habitats; encourage maintenance/enhancement of 
riparian vegetation; improve co-ordination amongst 
conservation/protection agencies; expand list of special 
status species.

� Develop a long-term habitat management plan.
� Assess the requirements needed to maintain wildlife 

diversity and integrity (GAP analysis).
EPA, USACOE, � Strengthen wetland protection measures.



USFWS, SCS � Undertake identified habitat restoration and enhancement 
projects; expand candidate sites; maximize fish use of 
delta habitats; encourage maintenance/enhancement of 
riparian vegetation; improve co-ordination amongst 
conservation/protection agencies; expand list of special 
status species.

� Develop a long-term habitat management plan.
� Assess the requirements needed to maintain wildlife 

diversity and integrity (GAP analysis).
� Develop and implement communications/education 

programs and appropriate landowner guidelines.
USDA/SCS and 
Landowners

� Ensure protection of shorelines from erosion and 
protect/enhance/restore other natural habitats in the 
watershed.

RAP Implementation 
Committee

� Develop and implement communications/education 
programs and appropriate landowner guidelines.

� Undertake identified habitat restoration and enhancement 
projects; expand candidate sites; maximize fish use of 
delta habitats; encourage maintenance/enhancement of 
riparian vegetation; improve co-ordination amongst 
conservation/protection agencies; expand list of special 
status species.

BPAC � Develop and implement communications/education 
programs and appropriate landowner guidelines.

Agency and or 
Facility 

Action

RAP Implementation 
Committee and BPAC

PUBLIC EDUCATION AND OUTREACH
� Develop and implement a public involvement program.
� Develop and implement public outreach and education 

programs.

Agency and or 
Facility 

Action

RAP Implementation 
Committee

MONITORING AND RESEARCH
� Develop detailed monitoring workplans.
� Complete GIS analytical spatial database.
� Implement monitoring programs and update GIS database.

BPAC � Develop detailed monitoring workplans.

LIS � Implement monitoring programs and update GIS database.

OMOEE and MDNR � Acquire additional information to improve modelling accuracy.

All Agencies � Implement monitoring programs and update GIS database.



Agency and or 
Facility 

Action

RAP Team, BPAC, 
OMOEE, OMNR, 
MDNR, 
Environment 
Canada, EPA 

RAP IMPLEMENTATION
� Establish RAP Implementation (RIC) and Public 

Accountability Committees.

RAP Implementation 
Committee

� Complete implementation workplan.



TABLE 2.1
Summary of impairments to Great Lakes Water Quality 
Agreement beneficial uses within the St. Clair River AOC.  

Impairment status is defined as impaired (I), not impaired (NI) or requires further assessment on a site specific basis1 (A) or on a Great Lakes 
Basin basis2 (B) and is based on data collected over the period 1983 through 1992 (from OMOEE/MDNR 1993).

GLWQA Impairment of Beneficial Use Status of 
Impairment

Conditions in the St. Clair River

RESTRICTIONS ON FISH AND 
WILDLIFE CONSUMPTION
Restrictions on Fish Consumption

I Fish consumption advisories currently in effect are:
Ontario
- mercury: walleye, white sucker, freshwater drum and yellow perch
- PCBs: carp and gizzard shad
- dioxins and furans (2,3,7,8-TCDD[TEQ]): carp
Mich.
- mercury: freshwater drum 
- PCBs: gizzard shad and carp

Consumption of Wildlife
B There are currently no guidelines directly applicable to the St. Clair River 

AOC regarding human consumption of wildlife.  However, concentrations of 
PCBs in snapping turtles as well as octachlorostyrene, hexachlorobenzene 
and PCBs in mallards and redheads, which are utilized by human consumers 
such as residents of the Walpole Island First Nations Band, highlight the 
need for these guidelines.  The Ontario Ministry of Natural Resources has 
issued a warning for people to use prudence with respect to the regular 
consumption of turtle meat from some areas including Walpole Island due to 
PCBs.

TAINTING OF FISH AND WILDLIFE 
FLAVOUR A There have been anecdotal reports of tainting.
DEGRADATION OF FISH AND 
WILDLIFE POPULATIONS
Dynamics of Fish Populations

NI The fish fauna of the St. Clair River are considered diverse and 
well-balanced.  RAP will assess quantitative fish community goals being 
prepared by OMNR to determine the potential for further improvements in the 
fishery.  The impairment status will be re-evaluated in light of this new 
information.



Body burdens of fish
B Several contaminants including mercury, PCBs, hexachlorobenzene and 

octachlorostyrene have been found in adult and juvenile fish on the Ontario 
side of the river and in the St. Clair Delta.  Effects of these chemicals on fish 
are not known.  Research on body burdens and associated effects in fish is 
required for the entire Great Lakes ecosystem.

Dynamics of Wildlife Populations
A The use of the wetlands of the St. Clair Delta by true marsh-dwelling 

waterfowl species declined by 79 percent (spring) and 41 percent (autumn) 
between 1968 and 1982 due to the loss of wetlands. Peak counts of 
migrating ducks in U.S. waters of Lake St. Clair averaged less than 50,000 
from 1982 through 1988.  Peak counts from 1989 through 1993 averaged 
less than 100,000.  Continent wide wetland loss is a factor to migrating bird 
survival, but this has not been assessed for wetland species in the AOC.  
Guidelines for the protection of fish-eating wildlife have been exceeded in 
shiners, gizzard shad, carp and walleye for PCBs and in shiners for 
octachlorostyrene.  The effects of these exceedences, if any, on wildlife 
populations which consume these fish are not known.

Body burdens of Wildlife
B Contaminants such as pentachlorobenzene, hexachlorobenzene, 

octachlorostyrene, PCBs and DDT have been found in snapping turtles, 
muskrats and ducks in the St. Clair Delta.  The effects of these chemicals on 
wildlife are not fully understood.  Research on body burdens and associated 
effects in wildlife is required for the entire Great Lakes ecosystem.

FISH TUMOURS AND OTHER 
DEFORMITIES A There is a growing consensus that there is sufficient evidence to suggest liver 

tumours are caused by chemical factors.  For this reason additional studies 
are required.  Studies are planned for 1994.  

BIRD OR ANIMAL DEFORMITIES OR 
REPRODUCTIVE PROBLEMS I Mouth part anomalies occur in some chironomid species but no evidence of 

bird or other animal deformities or reproductive problems has been reported.  
DEGRADATION OF BENTHOS
Dynamics of Benthic 
Populations/Communities I Benthic community health is good on the Michigan side of the river but, as of 

1990, was "degraded" or "impaired" in a series of seven short segments 
along the Ontario shore for a total distance of about 6 km, or about half the 
distance identified from the 1985 survey.  The "severely degraded" zone was 
not found in the 1990 survey.

Body Burdens of Benthic Organisms
B Several types of benthic organisms, including native clams, mayflies, aquatic 

worms (Oligochaetes) have been found to bioaccumulate various organic and 
inorganic chemicals.  The effects of these chemicals on benthic organisms is 



not known.  Research on body burdens and associated effects in benthic 
organisms is required for the entire Great Lakes ecosystem.  

RESTRICTIONS ON DREDGING 
ACTIVITIES I Concentrations of arsenic, copper, cadmium, chromium, iron, lead, mercury, 

nickel, zinc, total PCBs, total PAHs, hexachlorobenzene, total organic carbon, 
TKN, total phosphorus and oil and grease along the Ontario shoreline exceed 
PSQG and/or U.S. EPA interim guidelines for the Disposal of Great Lakes 
Harbour Sediments.  Most exceedences occur along the Sarnia industrial 
waterfront, as far downstream as the Lambton Generating Station, and the 
mouths of Talfourd Creek, Baby Creek and the Murphy Drain.  Confined 
disposal has been required in some instances due to the presence of HCB.  
Concentrations of total Kjeldahl nitrogen, oil and grease, arsenic, copper, 
chromium, iron, lead and manganese from the Michigan shore are 
considered moderately or heavily polluted by U.S. EPA guidelines and 
exceed OMOEE disposal guidelines or PSQG.  

EUTROPHICATION OR UNDESIRABLE 
ALGAE NI The waters of the St. Clair River are mesotrophic and algae do not occur at 

nuisance levels.
RESTRICTIONS ON DRINKING WATER 
CONSUMPTION OR TASTE AND 
ODOUR PROBLEMS
Consumption

I Periodic closing of Water Filtration/Treatment Plants occur in both Michigan 
and Ontario as a result of chemical spills at upstream locations.

Taste and Odour Problems
I The Health and Welfare Canada taste and odour aesthetic objective for 

ethylbenzene was exceeded at the Wallaceburg Water Treatment Plant 
during start-up following a spill in October 1990.  Closures of the Wallaceburg 
WTP intakes based on level II responses are based on factors including taste 
and odour concerns. 

BEACH CLOSINGS
I No beach closings occurred in Michigan in 1992 and 1993, however there 

were several in 1994.  All areas downstream of Michigan CSOs are identified 
as impaired areas due to the periodic discharge of inadequately treated 
sewage.  In Ontario, five beaches were closed in the summer of 1990 for up 
to two months duration due to coliform bacteria levels which exceeded both 
Ontario and Michigan standards.  Caution signs, warning against high 
bacterial levels after a rainfall, have been  posted on all Ontario beaches 
since 1991.  Routine sampling for bacteria levels in Ontario waters has 
recommenced in 1994.  

DEGRADATION OF AESTHETICS
I Floating scums, oil slicks, spills and odours have been periodically reported.



ADDED COST TO AGRICULTURE OR 
INDUSTRY I Food processing industries in Ontario and a salt processing facility in 

Michigan have had to temporarily shut down their intakes due to upstream 
spills.  Costs have also been incurred for proper disposal of contaminated 
sediment removed from the river for construction or other purposes.

DEGRADATION OF PHYTOPLANKTON 
AND ZOOPLANKTON POPULATIONS NI Phytoplankton and zooplankton species in the river are typical of those in 

southern Lake Huron.
LOSS OF FISH AND WILDLIFE HABITAT

I Habitat has been lost due to filling, draining, dredging and bulkheading for 
industrial, urban, agricultural and navigational uses.  Significant losses of 
wetlands have occurred particularly in the delta region of the AOC. 

1 The Impairment Status ‘ requires assessment’ in the St. Clair River AOC.
2 The Impairment Status ‘ requires assessment’ on a Great Lakes Basin basis.



TABLE 2.2
Use Impairments and Contaminants Associated with Sources 
in the St. Clair River watershed (modified from Beak 1993).

 Use Impairments Associated 
Contaminants 

Associated Source

Restrictions on fish 
and wildlife 
consumption

PCBs, mercury, 
hexachlorobenzene, 
dioxins and furans

discharges from inorganic/ 
organic chemicals, stormwater, 
WWTPs, WPCPs

Bird or animal 
deformities or 
reproductive problems

further assessment 
required

data gap

Degradation of benthos heavy metals, chlorinated 
organics, benzene, oil and 
grease, ethylbenzene, 
styrene, PAHs

discharges from organic and 
inorganic chemicals, WPCPs, 
WWTPs, petroleum refining, 
CSOs, stormwater

Restrictions on 
Dredging Activities

PCBs, mercury, 
chromium, copper, iron, 
nickel, PAHs 
phosphorous, arsenic, 
cadmium, lead, zinc, oil 
and grease, chlorinated 
organics, zinc, TKN

discharges from 
organic/inorganic chemicals, 
WPCPs, WWTPs, petroleum 
refining

Restrictions on 
drinking water 
consumption or taste 
and odour problems

chemical spills discharges from organic and 
inorganic chemicals, petroleum 
refining, indirect discharges

Degradation of 
Aesthetics

scums, oil and grease, 
spills

point sources, CSOs 

Added Cost to 
Agriculture or Industry

spills point sources

Loss of Fish and 
Wildlife Habitat

filling, draining and 
dredging activities; loss of 
wetlands

industrial, municipal, 
agricultural, and navigational

Beach Closings bacteria WPCPs, CSOs, rural runoff, 
domestic sanitary sources, 
wildlife, pleasure craft



TABLE 3.1
St. Clair River AOC Delisting Criteria For Each Impaired Use and 
Relationship to RAP Goals and Objectives.

Use Impairment Delisting Guideline RAP Goals and Objectives

Restrictions on fish and 
wildlife consumption

When contaminant levels in fish and wildlife populations do not exceed 
current standards, objectives or guidelines and no public health advisories 
are in effect for human consumption of fish and wildlife. 

Consumption of fish and wildlife (A)
Recreation and Shipping (D)
Ecosystem Health (C)

Bird or animal 
deformities or 
reproductive problems

When chironomid mouthpart anomalies occur at rates similar to incidences 
in "control" populations.

Ecosystem Health (C)

Degradation of benthos When invertebrate community structure can be documented as unimpaired 
or intermediate as defined by recent OMOEE benthic investigations.

Ecosystem Health (C)
Sources of Contaminants (E,F,G)

Restrictions on dredging 
activities

No limitations on disposal of dredging spoils. Sources of Contaminants (E,F,G)
Ecosystem Health (C)

Restrictions on drinking 
water consumption or 
taste and odour 
problems 

No treatment plant shutdowns due to exceedences of drinking water 
guidelines over a two year period.

Water Supply (I)
Sources of Contaminants (E)

Beach Closings Zero beach closings based on standards regulating beach closings over a 
two year period.

Recreation and Shipping (D)
Sources of Contaminants (F)
Ecosystem Health (C)

Degradation of 
aesthetics

When over a two year period there are no objectionable deposits, unnatural 
colour or turbidity, unnatural odour or unnatural scum/floating materials.

Aesthetics
Sources of Contaminants (E)

Added costs to 
agriculture or industry

No plant shutdowns attributable to water quality over a two year period.
No added costs for the disposal of contaminated sediments.

Water Supply (I)

Loss of fish and wildlife 
habitat

Protection:
1. Regulations - Ensure that sufficient enforceable mechanisms are in place 
to protect existing aquatic and wetland habitat from cultural destruction or 
degradation, including filling, dredging, adversely affecting the hydrology, 
cutting or removing vegetation required for habitat, and allowing pollutants 
such as sediment, excess nutrients or toxic substances to enter aquatic or 
wetland habitat.
2. Acquisition - Acquire into public ownership an additional 800 acres (324 
ha) of wetland habitat in Michigan by the year 2000.

Ecosystem Health (B,C)
Sources of Contaminants (H)



3. Protect existing habitat in Ontario.
Restoration and Enhancement:
1. Of the 5200 ha (12,844 acres) identified as "Candidate Sites" in Ontario, 
complete the following habitat rehabilitation projects by the year 2000:
  ·  Chenal Ecarté Wetland Creation (155 ha) (384 acres)
  ·  Stag Island (80 ha) (198 acres)
  ·  Darcy McKeough Floodway (445 ha) (1100 acres)
2. Reclaim and restore 200 acres (81 ha) of Michigan state-owned public 
bottomlands currently in private use by the year 2000.
3. Restore an additional 150 acres (61 ha) of wet prairie/meadow habitat in 
Michigan by the year 2000.
4. Enhance 2000 acres (809 ha) of wildlife habitat in Michigan by the year 
2000.
5. A long-term habitat management plan for both Michigan and Ontario, 
including an assessment of needs (GAP Analysis) relating to wildlife 
diversity and integrity, will be completed to ensure continued habitat 
restoration and protection beyond RAP delisting. 



TABLE 3.2
Draft environmental water quality "yardsticks" for the St. Clair River RAP, 
November 22, 1993 (see Appendix 3.1 for explanation of abbreviations 
and references for data/values).

SUBSTANCE LOWER
L.HURON

ug/l
(ppb)

DETECT.LIMIT
ug/l

(ppb)
RANGE

"YARD
STICK"

ug/l (ppb)
  

PRESENT
LEVEL IN RIVER

max (ppb)

PROTECT
USE(S)

AGENCIES

METALS

ARSENIC 0.21 1.0 1.0 HH

CADMIUM 0.025 0.5 0.5 AH ON/IJC

CHROMIUM VI 0.3 5 5 3.5 (1991) AH MI

COPPER 0.4 5 5 4 (1990) AH CCME

IRON 70 20 300 2433 (1989) AH (6)

LEAD 0.10 0.5 2.9 AH MI

MANGANESE 1.4 0.5 50 AES EPA/ON

MERCURY 0.011 0.005 0.011 0.03 (1990) AH

NICKEL 0.61 2 25 AH IJC/ON

ZINC 0.56 2 30 14.5 (1991) mean AH/AES IJC/ON/
CCME

CONVENTIONALS

BACTERIA 0 N.A. 33/100mls 8017 (1990) HH EPA

CHLORIDE 610 2(ppm) 50000 ALL MI

OIL & GREASE 1(ppm) NARRATIVE

TOT.PHOS. 8.4 20 20 36 (1991) AES ON

ORGANICS

BENZENE <0.05 0.5 6.6 HH

CARBON 
TETRACHLORIDE

<1 1.3 4 HH

CHLOROPHENOLS 0.1-1 7 AH ON



1,1-DICHLOROETHANE 0.8 50 HH NYS

1,2-DICHLOROETHANE 0.5 9.4 HH

DIELDRIN 0.0003 0.00005-0.02 0.0003

HEXACHLOROBENZENE <0.00004 0.00004-.01 0.001 HH EPA

HEXACHLOROBUTADIENE <0.001 0.01 0.1 AH CCME

HEXACHLOROETHANE 0.0008 0.01 13 HH MI

PAHs (B(a)p) 0.01-.5 0.1 AH IJC

PCBs <0.0008 0.0008-.2 0.001 0.0024(1989)mean

PENTACHLOROBENZENE<0.00004 0.00004-.01 0.03 AH ON/CCME

TETRACHLOROETHYLENE <1 0.5 8 HH

1,1,1-TRICHLOROETHANE <0.02 0.2 120 AH MI

1,1,2-TRICHLOROETHANE 0.5 6 HH

TRICHLOROETHYLENE 1 27 HH

2,4,5-TRICHLOROTOLUENE<0.001 50

TOLUENE <0.05 0.5 110 AH MI

XYLENE-m <0.1 0.5-1 2 AH ON

XYLENE <0.1 59 AH MI

Notes:
AH Aquatic Health MI Michigan Department of Natural Resources
HH Human Health EPA United States Environmental Protection Agency
AES Aesthetics CCME Canadian Council of Ministers of the Environment
MN Minnesota ON Ontario Ministry of the Environment and Energy
IJC International Joint 

Commission
NY No Yardstick

PA Pennsylvania NYS New York
WI State of Wisconsin 

Department of Natural 
Resources



TABLE 3.3
Draft environmental sediment and biota "yardsticks" for the St. Clair River 
RAP, November 22, 1993 

SUBSTANCE LOWER
L.HURON
LEVELS

ng/g (ppb)

SEDIMENT
YDSTCK

ng/g (ppb)

PRESENT 
LEVEL IN

RIVER
max (ppb)

PROTECT
USE

AGENCY BIOTA
YDSTCK

ng/g
(ppb)

PRESENT
LEVEL IN

RIVER
max (ppb)

PROTECT
 USE

AGENCY HIGH
CONS

YDSTCK
(ppb)

PROTECT
USE

AGENCY

METALS

ARSENIC 4200 4200 9100 (1989)
mean

AH 0.097 HH EPA

CADMIUM 1100 1100 1400 (1990) AH 690 (1991)

CHROMIUM VI 31000 31000 36800
(1989) mean

AH

COPPER 25000 25000 140000
(1990)

AH ON 1500 (1991)

IRON 31200000 31200000 26600000
(1991)

AH ON

LEAD 23000 31000 297300
(1989) mean

AH ON 1000 710 (1991) HH ON

MANGANESE 400000 400000 492000
(1990)

AH 1800 (1991)

MERCURY 100 200 16000 (1990) AH ON 500 1600 (1991) HH (7)

NICKEL 31000 31000 55000 (1990) AH 840 (1991)

ZINC 65000 90000 250000
(1990)

AH EPA 35000 (1991)

CONVENTIONALS

BACTERIA

CHLORIDE

OIL & GREASE(ppm) 1000 1772 (1990) AH EPA

TKN (ppm) 550 1970 (1989)
mean

AH ON

TOT. PHOS. (ppm) 420 720 (1989) AH EPA

ORGANICS
BENZENE

CARBON 
TETRACHLORIDE

CHLOROPHENOLS

1,1-DICHLOROETHANE

1,2-DICHLOROETHANE

DIELDRIN 1 1 AH 0.37 HH EPA 0.02 HH NA

HEXACHLOROBENZENE 1 10 28930 (1990) AH ON 100 88 (1991) HH HWC 4 HH NA

HEXACHLOROBUTADIENE 48800 (1990) 1300 35 (1991) AH NY



HEXACHLOROETHANE 1900 (1990) 2 (1991)

OCTACHLOROSTYRENE 20 540(1991) AH NY

PAHs 2000 54300(1990) AH ON 0.93 HH EPA 0.04 HH NA

PCBs 20 20 2020 (1990) AH 2.5 2450 (1991) HH EPA 0.1 HH NA

PENTACHLOROBENZENE 1600 (1990) 3 (1991)

TETRACHLOROETHYLENE

1,1,1-TRICHLOROETHANE

1,1,2-TRICHLOROETHANE

TRICHLOROETHYLENE

2,4,5-TRICHLOROTOLUENE 121 (1990)

TOLUENE

XYLENE



TABLE 3.4
Parameters for which desirable "Yardstick" levels are below (shaded) 
documented lower Lake Huron levels or standard analytical Method 
Detection Limit (MDL).

SUBSTANCE LOWER
LAKE

HURON
LEVEL

(Water-ppb)

DESIRED
“YARDSTICK”

(Water-ppb)

STANDARD
MDL RANGE

(ppb)

LOWER
LAKE

HURON
LEVEL

(Sediments-ppb)

DESIRED
"YARDSTICK"
(Sediments-ppb)

Arsenic 0.21 0.2 1.0 4200 3000
Cadmium 0.025 0.2 0.5 1100 600
Chromium 0.3 1.7 5 31000 26000
Copper 0.4 2 5 25000 16000
Dieldrin 0.0003 0.000032 0.00005-0.02 1 0.6
Hexachlorobenzene <0.00004 0.0001 0.00004-0.01 1 10
Manganese 1.4 50 0.5 400000 300000
Mercury 0.011 0.0013 0.005 100 200
Nickel 0.61 25 2 31000 16000
Total Phosphorous 8.4 10 20 420
PCBs <0.0008 0.001 0.0008-0.2 20 10



TABLE 4.1
Point source priorities for St. Clair River Remedial Action 
Plan based on net loadings (listed according to alphabetical 
order).

SOURCE PARAMETERS

Cole Drain
Hexachlorobenzene; Hexachlorobutadiene; Pentachlorobenzene; 
Octachlorostyrene; Nickel

Dow Chemical Copper; Zinc; Hexachlorobenzene
Esso Petroleum Arsenic; Phosphorus
Ethyl Lead; Mercury; 1,2-Dichloroethane; 1,1-Dichloroethane; Carbon 

Tetrachloride; 1,1,2-Trichloroethane; Tetrachloroethylene; 
Trichloroethylene; PAHs; Toluene

Marysville WWTP* Phosphorus

Novacor Petroleum* Arsenic 

Polysar Benzene; Oil & Grease; Phosphorus

Port Huron WWTP* Cadmium; Phosphorus

Sarnia WPCP Zinc; Cadmium; Iron; Phosphorus; Copper; Nickel; Lead; Mercury
Suncor Arsenic

NOTE: only sources with source scores greater than or equal to 1.9 are reported above.
* = no intake data available



TABLE 4.2
Estimated Peak Concentrations in Water and Sediment From 
Each Model Scenario (all values ppb)(based on data from 
Nettleton 1994).

CHEMICAL WATER 

YARD-STICK

SED 

YARD-STICK

RAP 
STAGE1

RAP
STAGE 1

ADDENDUM
CURRENT PROJECTED

Water Water Sed Water Sed Water Sed

HCB 0.0001
10 0.0033 0.00047 15.0 0.001219 2-70 0.000352 11.1

mercury 0.011
200 0.0152 0.0128 145 0.0149 286 0.0123 110

benzene 6.6
NY 11.030 2.850 140 2.848 NM 0.609 29.6

zinc 30
90000 4.030 40.600 1470000 4.870 NM 2.610 94700

cadmium 0.2
1100 0.0267 0.177 2620 0.177 NM 0.177* 2620

lead 2.9
31000 0.281 2.480 199000 0.492 NM 0.492* 61300

CTC 4
NY 2.256 2.160 82 1.070 NM 1.070 8.1

PERC 8
NY 1.931 2.470 379 1.137 NM 1.090 29.6

  NOTES:
Sed Sediment; 
HCB hexachlorobenzene; 
PERC tetrachloroethylene; 
CTC carbon tetrachloride; 
NM not modelled; 
NY no yardstick;
* projected and current loading identical thus projected scenario not run.



TABLE 4.3
Source Loadings Contribution to Exceedences (+) of 
Yardstick Values for Each of Three Model Scenarios (based 
on data provided by Nettleton 1994).

FACILITY/
PARAMETER

STAGE 1
ADDENDUM

CURRENT
LOADINGS

PROJECTED
LOADINGS

Sed Water Sed Water Sed Water
Cole Drain - HCB - + NM + - -
Corunna WPCP - lead + NM NM NM + NM
Corunna WPCP - cadmium + ~ NM NM + ~
Corunna WPCP - HCB - + NM NM - +
Corunna WPCP - PERC NY - NM NM NY -
Dow - zinc + + NM - + -
Dow - lead + ~ NM - - -
Dow - mercury - + NM + - +
Dow - HCB + (1St)1 + NM + + (4St)1 +(3St)1

Dow - CTC NY - NM NM NY -
Dow - PERC NY - NY - NY -
Ethyl - lead + - NM - + -
Ethyl - mercury - - NM - - -
Polysar - benzene NY - NY - NY -
Polysar - PERC NY - NM NM NY -
Polysar - CTC NY - NM NM NY -
Port Huron WWTP - cadmium ~ - NM - ~ -
Sarnia WPCP - cadmium NM - NM - NM -
Sarnia WPCP - zinc + - NM - + -
Sarnia WPCP - mercury - + NM NM - +
Sarnia WPCP - lead - - NM NM - -
Sarnia WPCP - PERC NY - NM NM NY -
Shell Canada - benzene NY - NM NM NY -
Shell Canada - zinc + - NM NM ~ -
St. Clair WWTP - mercury - + NM + - +

NOTES:
HCB  hexachlorobenzene
PERC Tetrachloroethylene
CTC carbon tetrachloride
NM not modelled
NY no yardstick
- no exceedence of yardstick value
+ exceeds yardstick value for indicated media
~ approximates yardstick value
1 refers to sewer/outfall names (First, Third and Fourth Street Sewers)



TABLE 5.1
Status of Ontario waste disposal sites, landfills and injection 
wells.

The Non-Point Source Task Team is responsible for waste sites and landfills with no leachate or 
surface water collection system.

Waste Disposal Site or Landfill With No 
Leachate or Surface Water Collection System

Problem Status

Dow, LaSalle Road
Do not know the impact of lime 
sludge

Dupont
Shell Canada (two sites)
Walpole Island Landfill
Moore Township Landfill
Sombra Township Landfill

Inadequate information available 
for assessment

Amoco (brine well)
Esso Petroleum, Scott Road
Suncor Inc.
Sussex Environmental Services Inc.
C & R Sand and Gravel Ltd.
Canflow Services - Petrolia and Enniskillin sites
Coal Gasification Plant Site - Maxwell and 
Water Streets

No evidence of problems

Ladney Waste Disposal Site
Canatara Landfill (closed)

Localized contamination 
problems and no known effects

Waste Disposal and Landfill Sites With 
Leachate and Surface Water Collectionand 
Treatment Systems (Responsibility of Point 
Source Task Team)

Dow, Scott Road Site
Esso Petroleum Canada
Fiberglas Canada Inc.
ICI Canada Inc., Courtright
Nova Petrochemicals, Corunna
Ontario Hydro, Courtright
Polysar Rubber Corporation, Scott Road Site
Shell Canada (Landfarm)
Welland Chemicals Ltd.
Unitec Disposal Inc.
K & E Solid Waste Management Site
City of Sarnia Landfill



TABLE 5.2
Identified Michigan Act 307 and leaking underground storage 
tank (LUST) sites in St. Clair County for which no clean-up or 
assessment Action has been initiated (as of January 1994).

Waste Site
Contaminant/Contaminant Type Rank

A & B Waste Disposal
BTEX, TCE, PCE 24

Detroit Gasket 
Company

toluene 29

Hoover Chemical 
Reeves Product

methylene chloride, paints/resins 22

John A. Biewer 
Company

chromium, copper 20

M29 and Michigan, 
Algonac

gasoline 21

Sanitary Landfill Area 
No. 1

chromium 27

Sanitary Landfill Area 
No. 2

domestic commercial, light industrial 18

St. Clair Rubber Co., 
Marysville

heavy manufacturing 20

St. Clair Rubber 
Co./Wills Street Dump

heavy manufacturing, zinc, TCE, lead, 
ethylbenzene

27

LUS Sites (No Clean 
Up Action Initiated)

Condo Marina, Marine City
Barbru Grocery, Port Huron
Huron St. Clair Inc, Port Huron
Amoco #0009, St. Clair

Note:
BTEX benzene, toluene, ethylbenzene, 

xylenes
TCE trichloroethylene
PCE perchloroethylene, 

tetrachloroethylene



TABLE 10.1
Summary of significant actions, responsible agencies or facilities, and 
completion date (by task) for implementation of the St. Clair RAP.  
Agencies/facilities noted are those with primary responsibility and are not 
meant to be all inclusive with regard to funding sources.

ISSUE/ACTION AGENCY/
FACILITY

COMPLETION DATE FOR SPECIFIC ACTIONS(*)

POINT SOURCE

Persistent and Bioaccumulative 
Substances 

Cole Drain; Dow; Corunna 
WPCP; Ethyl; Port Huron 
WWTP; Sarnia WPCP; 

St. Clair WWTP 

1995 -determine whether meet or exceed yardstick

2000 -meet yardstick

2004 -virtually eliminate from discharge

Persistent, (Potentially 
Bioaccumulative Substances

Dow; Ethyl; Corunna WPCP; 
Esso Petroleum; Novacor 
Petroleum; Sarnia WPCP; 
Shell Canada; Suncor

1995 -determine whether meet or exceed yardstick

2000 -meet yardstick at end of pipe

Persistent Parameters (Not 
Bioaccumulative)

Sarnia WPCP 2000 -meet yardstick at edge of mixing zone

Non-Persistent, Non-Bioaccumulative 
Substances

Ethyl; Esso Petroleum; 
Marysville WWTP; Polysar; 
Port Huron WWTP; Sarnia 
WPCP

2000 -meet yardstick at edge of mixing zone

Source Discharges of Coliform 

Bacteria
MDNR (CSOs); All WPCP & 
WWTP; Municipalities 

2000 -50% reduction from Sarnia WPCP

2000 -all WPCP/WWTP effluents disinfected 

2005 -completely eliminate from Sarnia WPCP

CSO Elimination Port Huron WWTP; Marysville 
WWTP; 

2001-Marysville

2005-Port Huron and Sarnia



Sarnia WPCP

Point Source Discharges to Air RIC; All Sources; EPA 1994/95 -inventory of atmospheric releases for all yardstick 
substances 

1996 -develop means to define impacts

Eliminate Spills All Point Sources 2000

Pollution Prevention/Toxics Release 
Plan

All Point Sources not meeting 
yardsticks

December 1995

Setting new yardsticks and adjusting 
existing (as required)

MDNR; OMOEE ongoing

Develop discharge permits on the 
basis of discharges already approved 
or under application and assess total 
mass loadings to the river.

MDNR; OMOEE ongoing

Develop whole plant permitting system MDNR; OMOEE 1994 and ongoing

Elimination of all discharges/leachate 
to Cole Drain

All relevant point sources 2004

Small business toxic reduction 
education

OMOEE; MDNR; Environment 
Canada

1993 and ongoing

Assess storm water impacts All facilities; MDNR; EPA 1997/99 - Ontario

1995/96 - Michigan

Zero discharge All Point Sources To be determined - ongoing

NON-POINT SOURCE

Watershed/Subwatershed 
Management Plans

MDNR; OMOEE; OMNR; 
EPA; Environment Canada; 
USDA/SCS

1997 -draft Ontario and Michigan watershed plans

Urban runoff for new developments Municipalities; Developers 1994 -enforce bylaws re on-site pollution control



1995 -maintain natural areas

2000 -maintain pre-development hydrography

Urban runoff for existing 
developments

Municipalities; Developers 2000 -construct on-site controls to remove pollutants

Link Urban/Rural stormwater control 
through subwatershed plans

Municipalities; Conservation 
Authorities

1994 and ongoing

Reduce use of road salt and seek 
alternatives

Transport Agencies in Ontario 
and Michigan; MDNR; 
OMOEE; Municipalities/Local 
Gov’ts

1994 and ongoing

Reduce use of lawn fertilizers and 
pesticides

Residents; Municipalities 1994 and ongoing

Promote agricultural programs and 
technology to reduce contamination to 
rural runoff

OMAF; MDNR; Agriculture 
Canada; MDA; USDA/SCS

ongoing since 1993

Protect existing natural areas and 
undertake remedial measures 

OMOEE; OMNR; MDNR; 
Local Governments; 
Conservation Authorities

1993 and ongoing

Improved waste site planning and 
management

OMOEE; MDNR; 
Municipalities

5 year phase in -incentives for disposal of wastes; implement 
pollution prevention measures 

1993 and ongoing -sites only accept waste designed to handle; 
secure monies to avoid abandonments; ensure proper closing of all 
bore holes and wells

1994 -BAT for new waste sites; up-to-date inventory of sites and 
site condition; licensed/insured/bonded haulers

1995 and ongoing -improved accountability of waste disposal 
practices; properly cap closed sites determine extent of 
contamination of existing sites; monitor site conditions and shallow 
groundwater

2000 and ongoing -mitigate and remediate contaminated 



groundwater

Identify problems relating to domestic 
sanitary sources and ensure proper 
maintenance/repair 

Municipalities; Residents; 
Public Health Authorities

1993 and ongoing

Correct direct discharges of untreated 
grey water

Municipalities; OMOEE; 
MDNR; U.S. and Canadian 
Coast Guards

1994 and ongoing

Proper use and disposal of household 
hazardous wastes and product 
substitution / education

Municipalities; Residents 1994 and ongoing

SEDIMENT

Complete sediment characterization 
studies

OMOEE; LIS; Environment 
Canada; Geological Survey of 
Canada; EPA; SEMI; MDNR; 
USACOE

1994/95 -OMOEE/LIS sediment characterization study

1995 -Priority 1 Zones follow-on sediment characterization studies

1995 -review study of sediment transport mechanisms.

Undertake in-situ pilot scale 
remediation

OMOEE; LIS; Environment 
Canada; USACOE

1996 -begin pilot studies

Develop final remedial strategy OMOEE; LIS; Environment 
Canada; USACOE

1998

HABITAT

Develop and implement 
communications/education program 
and appropriate landowner guidelines

RIC; BPAC; EPA; MDNR; 
Environment Canada; OMNR

1995 and ongoing

Strengthen wetland protection 
measures

Ontario and Michigan 
Legislatures; Environment 
Canada; EPA

1995 and ongoing

Reduce ship wakes and surges and U.S. and Canadian Coast 1994 and ongoing



minimize impacts from winter shipping Guards; MDNR; USACOE; 
USFWS

Ensure protection of shorelines from 
erosion and protect/enhance/restore 
other natural habitats in watershed 

MDNR Surface Water Quality 
Division Nonpoint Source 
Program; USDA Natural 
Resource Conservation 
Service (Soil Conservation 
Service); OMNR; 
Landowners; Conservation 
Agencies

1994 and ongoing

Control/eradicate exotic species OMNR; MDNR 1994 and ongoing

Undertake habitat restoration and 
enhancement measures

OMNR; OMOEE; MDNR; RIC; 
Conservation Agencies;

Environment Canada; EPA

1994 - Stag Island restoration; develop combatable mapping for 
Ontario and Michigan

1994 and ongoing -maximize fish use of delta habitats; encourage 
maintenance/enhancement of riparian vegetation; implement 
candidate sites projects; expand candidate sites in Ontario and 
Michigan; acquire Harsens Island property; improved co-ordination 
among conservation/protection agencies; expand list of special 
status species

Develop long term habitat 
management plan

OMNR; MDNR; EPA; 
Environment Canada; All 
Conservation Agencies

2000 - develop a long term habitat management plan for both 
Ontario and Michigan.  Plan will include a GAP analysis that assess 
needs related to maintain wildlife diversity and integrity.

PUBLIC EDUCATION AND OUTREACH

Develop and implement public 
involvement program RIC; BPAC 1994 and ongoing
Develop and implement public 
outreach and education programs RIC; BPAC 1994 and ongoing

MONITORING AND RESEARCH

Develop detailed monitoring 
RIC; 

BPAC
1995



workplans 

Complete GIS analytical spatial 
database

RIC 1994

Implement monitoring programs and 
update GIS database

RIC; 
LIS; All Agencies

1994 
and ongoing

Acquire additional information to 
improve modelling accuracy

OMOEE; 
MDNR

1994 
and ongoing

RAP IMPLEMENTATION

Establish RAP Implementation and 
Public Accountability Committees

RAP 
Team; BPAC; OMOEE; 
OMNR; MDNR; Environment 
Canada; EPA

1994

Complete implementation workplan 
RIC 1995

(*)  Contingent on emerging information and RAP prioritie.



TABLE 10.2
Approximation of costs required on behalf of public agencies to implement 
selected actions from Table 10.1.

RESPONSIBLE PUBLIC
AGENCY(IES)

ACTION ESTIMATED COST 
($ Approximate)

ONTARIO/CANADA ($Cdn)

City of Sarnia Holding tanks for four CSOs (Devine, Cromwell, Exmouth & Wellington Sts)
Sewage Treatment Plant upgrade
Storm sewer retention pond and collector sewers

12,700,000  

30 000,000  

6,700,000  

OMOEE; Environment 
Canada

Contaminated sediment characterization using in-situ pilot and bench-scale 
tests (1995 - 1998)

1,000,000  

OMOEE Sarnia office GIS database final assembly and modelling (FY 1995/96)
GIS database ongoing updating and analysis (annual)
CURB Program funding (annual)
Air quality modelling for AOC airshed (1995/96)

100,000  
50,000  
Continued funding
150,000  

OMOEE; OMNR; 
Conservation Authority; 
Environment Canada

Habitat diversity GAP analysis and watershed management plan for Cole 
Drain, Baby Creek, Talfourd Creek and Clay Creek (1995 - 1997)

  300,000  

OMNR* Habitat enhancement/restoration program:
-Darcy Mckeough Floodway
-MacDonald Park
-Bear Creek wetland Complex
-Stag Island 

75,000  
60,000  
1,600,000  
1,350,000  

OMOEE; OMNR; 
Environment Canada; 
Fisheries and Oceans 
Canada

Ongoing support of RAP Implementation Committee and BPAC activities Minimum of 
existing resource 
levels

MICHIGAN/U.S.  ($U.S.)



City of Port Huron Full implementation of CSO control plan, elimination of 20 outfalls on the Black 
and St. Clair Rivers

57,000,000  

City of Marysville Separation of all combined sewers comprising one remaining outfall by 2001 5,000,000  

St. Clair County 
Metropolitan Planning 
Commission

Development of GIS database for land use planning - start-up costs 80,000  

SEMI; USACOE; EPA; MDNR Initial St. Clair tributaries sediment assessment in Black, Pine and Belle Rivers 
(1995)

  65,000  

Lapeer County Soil & Water 
Conservation District

319 Planning grant to address agricultural non-point source problems on 
headwaters of Belle River (FY1995/96)

  100,000  

St. Clair County Health 
Department

Conduct initial failed septic systems study in target areas - water quality 
monitoring and dye testing

80,000  

MDNR; EPA; USFWS; NBS Habitat/wetland inventory of non-coastal areas of the western St. Clair River 
watershed

150,000  

MDNR; EPA Ongoing support of RAP Implementation Committee and BPAC activities Minimum of 
current resource 
levels

* Funding to be secured through numerous public and private partnerships with federal/provincial contribution expected to be 25% to 50% of total.
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The print version of the St. Clair River Remedial Action Plan reports included, as appendices, a 
number of related documents. Much of this additional resource material can be found on the 
CD-ROM in the directory named “\APPDOCS”.

A tabular summary of the additional resource files located in the “\APPDOCS” directory is presented 
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ending in “.DOC” indicate Microsoft Word 6.0 format files. Document names ending in “.WK1” 
indicate Lotus 1-2-3 format spreadsheet files. You should be able to read the Lotus 1-2-3 data files 
using either Lotus 1-2-3 or  Microsoft Excel or Quattro Pro spreadsheet programs.
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Spread Sheet Table

HGLOD93.WK1 St. Clair River RAP - 1994 
KETOX Modelling
CONTAMINANT:   
MERCURY

Spread Sheet Table

PBLOD93.WK1 St. Clair River RAP - 1994 
KETOX Modelling
CONTAMINANT:   LEAD

Spread Sheet Table

PERLOD93.WK1 St. Clair River RAP - 1994 
KETOX Modelling
CONTAMINANT:   
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TETRACHLOROETHYLENE
SEDRAP94.WK1 Summary of estimated 

impacts in the BED 
SEDIMENT under the 
"RAP Stage 1 - 
Addendum" and 
"Projected" loading 
scenarios

Spread Sheet Table

STG2_3-1.DOC
STG2_3-1.WPD

RATIONALE FOR 
SELECTING NUMERICAL 
"YARDSTICKS" 
FOR THE ST. CLAIR 
RIVER RAP

Stage 2 Report Appendix 3.1

STG2_4-1.DOC
STG2_4-1.WPD

Regulatory Programs Stage 2 Report Appendix 4.1

STG2_4-2.DOC
STG2_4-2.WPD

PRELIMINARY REPORT
Impact of chemical 
discharges 
upon the St. Clair River’s
Water and Bed Sediment
using the KETOX model

Stage 2 Report Appendix 4.2

STG2_4-3.DOC
STG2_4-3.WPD

ST. CLAIR RIVER AOC
TECHNICAL OPTIONS 
STUDY REPORT 

Stage 2 Report Appendix 4.3: Beak 
Report

S2_43APP.DOC
S2_43APP.WPD

APPENDIX A:
Glossary of Terms
Urban Areas

Appendix to Beak Report

S2_43TAB.DOC
S2_43TAB.WPD

Beak Report - Tables

STG2_6-1.DOC
STG2_6-1.WPD

PROJECT DESCRIPTION:
St. Clair River Sediment 
Impact Zone 
Characterization

Stage 2 Report Appendix 6.1

STG2_7-1.DOC
STG2_7-1.WPD

ST. CLAIR RIVER 
REMEDIAL ACTION 
PLAN DRAFT STAGE 2 
COMMENTS - APRIL 30, 
1994

Stage 2 Report Appendix 7.1 - 
Questions and Answers

WATRAP94.WK1 Summary of estimated 
impacts in the 
WATER-COLUMN under 
the "RAP Stage 1 - 
Addendum" and 
"Projected" loading 
scenarios

Spread Sheet Table

ZNLOD93.WK1 St. Clair River RAP - 1994 
KETOX Modelling
CONTAMINANT:      ZINC

Spread Sheet Table

 Stage 2 RAP Report Index



Table 1a. Mean ammonium and nitrate concentrations (in mg/L) for three replicate water
samples for each sampling date  showing standard errors.

Station   Date   N  Ammonium     SE  Nitrate     SE
1 1 3 0.0140 0.0020 0.3317 0.0017
1 2 3 0.0047 0.0027 0.3600 0.0876
2 1 3 0.0460 0.0000 0.4317 0.0017
2 2 3 0.0260 0.0050 0.3100 0.0000
3 1 3 0.0527 0.0007 0.4750 0.0000
3 2 3 0.0220 0.0000 0.3183 0.0017
4 1 3 0.0353 0.0007 0.4217 0.0017
4 2 3 0.0213 0.0007 0.3267 0.0017
5 1 3 0.0640 0.0031 0.4917 0.0353
5 2 3 0.0267 0.0007 0.3167 0.0017
6 1 3 0.1273 0.0070 1.9133 0.0384
6 2 3 0.0513 0.0013 0.4850 0.0029
7 1 3 0.0107 0.0007 5.9800 0.0529
7 2 3 0.0653 0.0058 3.3200 0.0208
8 1 3 3.3300 0.0529 3.1667 0.0088
8 2 3 0.0633 0.0007 2.2400 0.0153
9 1 4 0.0330 0.0024 5.9800 1.5743
9 2 3 0.2820 0.0060 2.7600 0.0058

10 1 3 0.0327 0.0007 7.8233 0.0267
10 2 3 0.3813 0.0018 2.9133 0.0176
11 1 3 0.0300 0.0020 5.8467 0.3518
11 2 3 2.1900 0.0058 1.7767 0.0067
12 1 3 0.0420 0.0012 7.0667 0.1014
12 2 3 0.1173 0.0037 2.5967 0.0088
13 1 3 0.0333 0.0013 10.7667 0.2404
13 2 3 0.0493 0.0058 3.5900 0.0100
14 1 3 0.0873 0.0024 11.7000 0.4583
14 2 3 0.0613 0.0035 2.4433 0.0285
15 1 2 0.0410 0.0010 1.2300 0.0100
15 2 3 0.0320 0.0012 0.1850 0.0076

Table 1b. Mean total kjeldahl nitrogen and total phosphorus concentrations (in mg/L) for
three replicate water samples for each sampling date showing standard errors.

Station   Date   N  N Kjeld     SE     P     SE
1 1 3 0.1767 0.0033 0.0120 0.0012
1 2 3 0.1900 0.0000 0.0080 0.0010
2 1 3 0.2967 0.0186 0.0433 0.0030
2 2 3 0.3000 0.0100 0.0993 0.0015



3 1 3 0.3000 0.0058 0.0530 0.0042
3 2 3 0.3033 0.0033 0.0980 0.0006
4 1 3 0.2967 0.0145 0.0383 0.0003
4 2 3 0.3067 0.0120 0.1147 0.0037
5 1 3 0.3433 0.0133 0.0483 0.0007
5 2 3 0.3200 0.0100 0.1057 0.0009
6 1 3 0.7117 0.0183 0.0927 0.0022
6 2 3 0.4417 0.0667 0.1140 0.0010
7 1 3 1.2300 0.0289 0.1160 0.0078
7 2 3 1.3433 0.0067 0.0833 0.0017
8 1 3 4.8833 0.0441 0.0930 0.0067
8 2 3 1.7633 0.0067 0.0703 0.0015
9 1 4 0.9750 0.0798 0.0835 0.0179
9 2 3 2.4167 0.0882 0.1657 0.0083

10 1 3 1.0367 0.0033 0.0733 0.0012
10 2 3 2.4167 0.0167 0.0710 0.0010
11 1 3 1.1700 0.0800 0.1227 0.0103
11 2 3 5.3967 0.0433 0.1270 0.0010
12 1 3 1.2200 0.1050 0.1280 0.0066
12 2 3 1.2433 0.0233 0.1267 0.0033
13 1 3 0.8767 0.0233 0.0667 0.0020
13 2 3 0.9267 0.0088 0.1073 0.0015
14 1 3 1.0233 0.0176 0.1177 0.0028
14 2 3 1.2700 0.0153 0.3550 0.0058
15 1 2 0.8050 0.0050 0.0305 0.0005
15 2 3 0.5767 0.0067 0.0227 0.0029

Table 1c. Mean alkalinity and chloride concentration (in mg/L) for three replicate water
samples, for each sampling date, showing standard errors.

Station  Date    N Alkalinity      SE  Chloride      SE
1 1 3 84.4 0.3 22.33 0.06
1 2 3 83.7 0.3 19.70 0.10
2 1 3 86.3 0.1 34.40 0.20
2 2 3 89.6 0.3 28.83 0.32
3 2 3 88.9 0.4 28.67 0.15
3 1 3 87.5 0.2 35.93 0.50
4 1 3 85.8 0.1 36.13 0.60
4 2 3 89.8 0.3 29.97 0.12
5 1 3 87.8 1.3 39.43 1.50
5 2 3 89.5 0.3 29.80 0.00
6 1 3 131.7 1.8 48.43 0.60
6 2 3 97.3 0.3 33.97 0.12
7 1 3 227.1 0.1 76.47 0.60



7 2 3 225.0 0.2 121.00 1.73
8 2 3 183.8 0.2 89.33 0.15
8 1 3 192.2 0.1 819.00 1.73
9 2 3 224.4 0.1 57.03 0.15
9 1 4 225.2 16.2 53.28 13.28

10 2 3 223.1 0.3 55.67 0.06
10 1 3 229.8 0.2 46.03 0.68
11 2 3 220.6 0.3 53.83 0.21
11 1 3 223.4 3.3 48.63 1.97
12 1 3 234.7 0.6 49.53 0.42
12 2 3 239.3 0.9 61.70 0.10
13 2 3 243.7 0.4 64.73 0.21
13 1 3 258.8 0.3 54.67 0.25
14 2 3 341.3 0.5 59.50 0.00
14 1 3 263.3 0.1 54.27 0.23
15 2 3 180.2 0.4 98.47 0.29
15 1 2 200.8 0.1 73.15 0.07

Table 1d. Mean conductivity (in umho/cm) and dissolved inorganic carbon (mg/L) for three
replicate water samples for each date, showing standard errors.

Station  Date    N Conductivity      SE     DIC      SE
1 1 3 272 0.3 19.2 0.0
1 2 3 260 0.0 19.0 0.0
2 1 3 327 0.7 19.7 0.1
2 2 3 307 0.7 20.5 0.1
3 1 3 335 0.3 20.0 0.0
3 2 3 309 0.6 20.3 0.1
4 1 3 325 0.7 19.6 0.0
4 2 3 312 0.3 20.4 0.0
5 1 3 343 0.9 20.2 0.2
5 2 3 310 0.3 20.2 0.0
6 1 3 507 5.0 29.5 0.2
6 2 3 348 0.7 22.4 0.1
7 1 3 856 0.3 51.3 0.3
7 2 3 952 1.0 49.0 0.0
8 1 3 3120 0.0 44.2 0.1
8 2 3 777 0.6 41.1 0.1
9 1 4 773 13.3 50.8 1.9
9 2 3 758 0.7 49.0 0.0

10 1 3 780 1.2 52.3 0.3
10 2 3 749 0.6 49.0 0.0
11 1 3 763 3.4 52.0 0.6
11 2 3 736 1.2 50.0 0.0
12 1 3 799 0.6 54.3 0.3



12 2 3 806 0.7 53.0 0.0
13 1 3 885 1.2 59.0 0.0
13 2 3 806 0.3 52.7 0.3
14 1 3 892 0.3 60.7 0.3
14 2 3 911 0.3 75.3 0.3
15 1 2 736 1.5 45.5 0.5
15 2 3 801 0.3 40.7 0.1

Table 1e. Mean dissolved organic carbon (in mg/L as C) and   hardness (in mg/L as CACO3)
for three replicate water  samples for each sampling date showing standard errors.

Station  Date    N      DOC      SE Hardness      SE
1 1 3 2.4 0.3 101.67 0.33
1 2 3 1.9 0.2 105.67 0.67
2 1 3 2.3 0.1 111.67 0.67
2 2 3 1.8 0.0 110.00 0.00
3 1 3 2.0 0.0 113.67 0.33
3 2 3 1.8 0.0 111.00 0.58
4 1 3 2.1 0.1 110.00 0.00
4 2 3 1.8 0.0 110.00 0.58
5 1 3 2.2 0.0 117.67 1.33
5 2 3 1.8 0.0 109.67 0.33
6 1 3 3.6 0.1 191.00 2.31
6 2 3 2.2 0.0 124.33 0.33
7 1 3 7.7 0.2 361.33 0.88
7 2 3 7.5 0.0 371.67 1.67
8 1 3 8.5 0.0 589.33 1.67
8 2 3 9.3 0.0 310.00 1.00
9 1 4 7.0 0.3 351.00 21.67
9 2 3 9.8 0.1 364.00 0.58

10 1 3 7.1 0.0 369.67 1.86
10 2 3 10.4 0.1 362.67 0.33
11 1 3 8.3 0.7 359.33 1.20
11 2 3 15.6 0.2 336.67 3.38
12 1 3 7.3 0.1 377.67 1.86
12 2 3 7.6 0.0 393.33 3.28
13 1 3 6.9 0.1 408.67 14.86
13 2 3 7.3 0.0 385.00 1.00
14 1 3 7.1 0.2 410.00 11.50
14 2 3 9.2 0.0 475.33 1.45
15 1 2 6.1 0.1 285.50 1.50
15 2 3 5.7 0.1 313.33 1.20



Table 1f. Mean aluminum and cobalt concentrations (in mg/L) for three replicate water
samples for each sampling date showing standard errors.

Stations  Date   N Aluminum     SE Cobalt    SE
1 1 3 0.041 0.006      ND      ---
1 2 3 *0.063 0.002      ND      ---
2 1 3 0.105 0.009      ND      ---
2 2 3 0.190 0.010      ND      ---
3 1 3 0.117 0.004      ND      ---
3 2 3 0.237 0.003      ND      ---
4 1 3 0.111 0.008      ND      ---
4 2 3 0.227 0.020      ND      ---
5 1 3 0.140 0.006      ND      ---
5 2 3 0.183 0.003      ND      ---
6 1 3 0.503 0.030 *0.0012 0.0000
6 2 3 0.753 0.050 *0.0006 0.0001
7 1 3 0.843 0.033 *0.0018 0.0001
7 2 3 1.667 0.524 *0.0012 0.0001
8 1 3 0.597 0.047 *0.0019 0.0001
8 2 3 0.863 0.049 *0.0009 0.0000
9 1 4 0.552 0.116 *0.0013 0.0002
9 2 3 3.333 0.285 *0.0017 0.0001

10 1 3 0.508 0.072 *0.0010 0.0001
10 2 3 1.500 0.265 *0.0009 0.0001
11 1 3 0.767 0.036 *0.0016 0.0001
11 2 3 2.100 0.300 *0.0014 0.0001
12 1 3 0.798 0.029 *0.0015 0.0002
12 2 3 1.733 0.033 *0.0013 0.0000
13 1 3 0.208 0.009 *0.0009 0.0000
13 2 3 0.257 0.009 *0.0008 0.0001
14 1 3 0.144 0.003 *0.0008 0.0001
14 2 3 0.497 0.009 *0.0008 0.0001
15 1 2 0.198 0.024 *0.0009 0.0000
15 2 3 0.187 0.047 *0.0006 0.0001

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 1g. Mean chromium and copper concentrations (in mg/L) for three replicate water
samples for each sampling date showing standard errors.

Stations  Date   N Chromium     SE Copper    SE
1 1 3 *0.0013 0.0001 *0.0010 0.0001
1 2 3 *0.0015 0.0001 *0.0012 0.0001
2 1 3 *0.0022 0.0001 *0.0230 0.0000



2 2 3 *0.0022 0.0001 *0.0068 0.0001
3 1 3 *0.0019 0.0001 0.0210 0.0006
3 2 3 *0.0023 0.0001 0.0072 0.0001
4 1 3 *0.0021 0.0001 0.0210 0.0000
4 2 3 *0.0022 0.0001 0.0069 0.0001
5 1 3 *0.0024 0.0001 0.0197 0.0003
5 2 3 0.0027 0.0001 0.0077 0.0001
6 1 3 0.0050 0.0001 0.0075 0.0001
6 2 3 0.0029 0.0001 0.0066 0.0001
7 1 3 0.0075 0.0003 0.0053 0.0001
7 2 3 0.0054 0.0003 0.0049 0.0002
8 1 3 0.0068 0.0001 0.0038 0.0002
8 2 3 0.0049 0.0002 0.0046 0.0001
9 1 4 0.0061 0.0007 0.0037 0.0004
9 2 3 0.0075 0.0001 0.0058 0.0003

10 1 3 0.0059 0.0001 0.0036 0.0001
10 2 3 0.0052 0.0002 0.0042 0.0001
11 1 3 0.0069 0.0002 0.0044 0.0002
11 2 3 0.0066 0.0001 0.0043 0.0001
12 1 3 0.0072 0.0002 0.0043 0.0003
12 2 3 0.0066 0.0001 0.0049 0.0001
13 1 3 0.0057 0.0000 0.0036 0.0001
13 2 3 0.0051 0.0002 0.0044 0.0002
14 1 3 0.0057 0.0001 0.0032 0.0001
14 2 3 0.0058 0.0001 0.0045 0.0002
15 1 2 0.0041 0.0001 *0.0025 0.0002
15 2 3 0.0041 0.0001 0.0026 0.0001

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 1h. Mean Iron and manganese concentrations (in mg/L) for three replicate water
samples for each sampling date showing standard errors.

Stations  Date   N Iron     SE Manganese    SE
1 1 3 *0.029 0.002 *0.0020 0.0000
1 2 3 *0.062 0.003 *0.0025 0.0001
2 1 3 0.120 0.000 0.0050 0.0000
2 2 3 0.173 0.009 0.0060 0.0002
3 1 3 0.130 0.006 0.0052 0.0001
3 2 3 0.207 0.003 0.0068 0.0001
4 1 3 0.113 0.003 0.0046 0.0000
4 2 3 0.187 0.026 0.0051 0.0004
5 1 3 0.163 0.023 0.0060 0.0005



5 2 3 0.150 0.006 0.0051 0.0001
6 1 3 1.300 0.058 0.0350 0.0012
6 2 3 0.750 0.055 0.0193 0.0009
7 1 3 2.100 0.115 0.0637 0.0020
7 2 3 0.917 0.097 0.0350 0.0021
8 1 3 0.987 0.013 0.1567 0.0033
8 2 3 0.680 0.020 0.0293 0.0003
9 1 4 1.210 0.324 0.0575 0.0125
9 2 3 2.433 0.088 0.1500 0.0115

10 1 3 0.733 0.023 0.0403 0.0007
10 2 3 0.577 0.009 0.1000 0.0000
11 1 3 1.500 0.115 0.0957 0.0018
11 2 3 1.600 0.058 0.1833 0.0033
12 1 3 1.633 0.067 0.0950 0.0017
12 2 3 1.433 0.033 0.0877 0.0013
13 1 3 0.177 0.003 0.0160 0.0000
13 2 3 0.143 0.013 0.0077 0.0006
14 1 3 0.110 0.000 0.0210 0.0000
14 2 3 0.300 0.006 0.0377 0.0007
15 1 2 *0.235 0.015 0.0200 0.0000
15 2 3 0.111 0.039 0.0054 0.0010

Table 1h. Mean Iron and manganese concentrations (in mg/L) for three replicate water
samples for each sampling date showing standard errors.

Stations  Date   N Iron     SE Manganese    SE
1 1 3 *0.029 0.002 *0.0020 0.0000
1 2 3 *0.062 0.003 *0.0025 0.0001
2 1 3 0.120 0.000 0.0050 0.0000
2 2 3 0.173 0.009 0.0060 0.0002
3 1 3 0.130 0.006 0.0052 0.0001
3 2 3 0.207 0.003 0.0068 0.0001
4 1 3 0.113 0.003 0.0046 0.0000
4 2 3 0.187 0.026 0.0051 0.0004
5 1 3 0.163 0.023 0.0060 0.0005
5 2 3 0.150 0.006 0.0051 0.0001
6 1 3 1.300 0.058 0.0350 0.0012
6 2 3 0.750 0.055 0.0193 0.0009
7 1 3 2.100 0.115 0.0637 0.0020
7 2 3 0.917 0.097 0.0350 0.0021
8 1 3 0.987 0.013 0.1567 0.0033
8 2 3 0.680 0.020 0.0293 0.0003
9 1 4 1.210 0.324 0.0575 0.0125
9 2 3 2.433 0.088 0.1500 0.0115



10 1 3 0.733 0.023 0.0403 0.0007
10 2 3 0.577 0.009 0.1000 0.0000
11 1 3 1.500 0.115 0.0957 0.0018
11 2 3 1.600 0.058 0.1833 0.0033
12 1 3 1.633 0.067 0.0950 0.0017
12 2 3 1.433 0.033 0.0877 0.0013
13 1 3 0.177 0.003 0.0160 0.0000
13 2 3 0.143 0.013 0.0077 0.0006
14 1 3 0.110 0.000 0.0210 0.0000
14 2 3 0.300 0.006 0.0377 0.0007
15 1 2 *0.235 0.015 0.0200 0.0000
15 2 3 0.111 0.039 0.0054 0.0010

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 1i. Mean Nickel concentrations (in mg/L) for three replicate water samples for each
sampling date showing standard errors.

Stations  Date   N Nickel     SE Mercury      SE
1 1 3      ND      --- *0.01 0.00
1 2 3      ND      ---      ND      ---
2 1 3      ND      ---      ND      ---
2 2 3      ND      --- *0.01 0.00
3 1 3      ND      ---      ND      ---
3 2 3      ND      ---      ND      ---
4 1 3      ND      --- *0.01 0.00
4 2 3      ND      ---      ND      ---
5 1 3      ND      ---      ND      ---
5 2 3      ND      ---      ND      ---
6 1 3 *0.002 0.000 *0.03 0.01
6 2 3      ND      --- *0.02 0.00
7 1 3 *0.004 0.000 *0.04 0.00
7 2 3 *0.003 0.000 *0.02 0.00
8 1 3 *0.005 0.000 *0.04 0.02
8 2 3 *0.002 0.000 *0.03 0.00
9 1 4 *0.003 0.000      ND      ---
9 2 3 *0.004 0.000 *0.06 0.02

10 1 3 *0.002 0.000 *0.03 0.02
10 2 3 *0.002 0.000      ND      ---
11 1 3 *0.003 0.000      ND      ---
11 2 3 *0.003 0.000      ND      ---
12 1 3 *0.003 0.000      ND      ---
12 2 3 *0.003 0.000      ND      ---



13 1 3      ND      ---      ND      ---
13 2 3      ND      ---      ND      ---
14 1 3      ND      ---      ND      ---
14 2 3      ND      ---      ND      ---
15 1 2 *0.002 0.000      ND      ---
15 2 3 *0.002 0.000      ND      ---

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 1j. Mean zinc concentrations (in mg/L) for three replicate water samples for each
sampling date showing standard errors.

Stations  Date   N   Zinc     SE
1 1 3 *0.0005 0.0000
1 2 3 *0.0005 0.0000
2 1 3 0.0120 0.0000
2 2 3 *0.0028 0.0002
3 1 3 0.0123 0.0003
3 2 3 0.0029 0.0001
4 1 3 0.0120 0.0000
4 2 3 0.0033 0.0003
5 1 3 0.0120 0.0000
5 2 3 0.0028 0.0002
6 1 3 0.0131 0.0045
6 2 3 0.0058 0.0005
7 1 3 0.0130 0.0006
7 2 3 0.0066 0.0003
8 1 3 0.0034 0.0000
8 2 3 0.0044 0.0013
9 1 4 0.0086 0.0008
9 2 3 0.0277 0.0012

10 1 3 0.0052 0.0009
10 2 3 0.0034 0.0001
11 1 3 0.0080 0.0004
11 2 3 0.0100 0.0000
12 1 3 0.0072 0.0003
12 2 3 0.0059 0.0002
13 1 3 *0.0021 0.0001
13 2 3 *0.0016 0.0001
14 1 3 *0.0016 0.0000
14 2 3 0.0047 0.0005
15 1 2 0.0110 0.0000
15 2 3 0.0035 0.0001



* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 1k. Mean Benzene and Toluene concentrations (in ug/L) for three replicate water
samples for each sampling date showing standard errors.

Station Date N Benzene SE  Toluene SE 
1 1 3 *0.23 0.03 *0.05 0.00
1 2 3 *0.08 0.02      ND      ---
2 1 3 *0.82 0.04 1.00 0.10
2 2 3      ND      ---      ND      ---
3 1 3 1.38 0.02 1.78 0.04
3 2 3      ND      ---      ND      ---
4 1 3 1.28 0.02 1.67 0.07
4 2 3      ND      ---      ND      ---
5 1 3 1.55 0.13 2.00 0.16
5 2 3      ND      ---      ND      ---
6 1 3      ND      ---      ND      ---
6 2 3      ND      ---      ND      ---
8 1 3      ND      ---      ND      ---
8 2 3      ND      ---      ND      ---

10 1 3      ND      ---      ND      ---
10 2 3      ND      ---      ND      ---
11 1 3      ND      ---      ND      ---
11 2 3      ND      ---      ND      ---
12 1 3      ND      ---      ND      ---
12 2 3      ND      ---      ND      ---
13 1 3      ND      ---      ND      ---
14 1 3      ND      ---      ND      ---

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 1l. Mean Ethylbenzene concentrations (in ug/L) for three replicate water samples for
each sampling date showing standard errors.

Stations  Date   N Ethylbenzene     SE
1 1 3         ND      ---
1 2 3         ND      ---



2 1 3 1.02 0.03
2 2 3         ND      ---
3 1 3 1.20 0.00
3 2 3         ND      ---
4 1 3 1.32 0.03
4 2 3         ND      ---
5 1 3 1.07 0.08
5 2 3         ND      ---
6 1 3         ND      ---
6 2 3         ND      ---
8 1 3         ND      ---
8 2 3         ND      ---

10 1 3         ND      ---
10 2 3         ND      ---
11 1 3         ND      ---
11 2 3         ND      ---
12 1 3         ND      ---
12 2 3         ND      ---
13 1 3         ND      ---
14 1 3         ND      ---

Table 1m. Mean M and O-Xylene concentrations (in ug/L) for three replicate water samples
for each sampling date showing standard errors.

Stations  Date   N  M-Xylene      SE  O-Xylene      SE
1 1 3      ND     ---      ND     ---
1 2 3      ND     ---      ND     ---
2 1 3 2.5 0.1 1.83 0.03
2 2 3      ND     ---      ND     ---
3 1 3 3.4 0.0 2.12 0.02
3 2 3      ND     ---      ND     ---
4 1 3 4.0 0.0 2.23 0.02
4 2 3      ND     ---      ND     ---
5 1 3 3.1 0.1 2.22 0.04
5 2 3      ND     ---      ND     ---
6 1 3      ND     ---      ND     ---
6 2 3      ND     ---      ND     ---
8 1 3      ND     ---      ND     ---
8 2 3      ND     ---      ND     ---

10 1 3      ND     ---      ND     ---
10 2 3      ND     ---      ND     ---
11 1 3      ND     ---      ND     ---
11 2 3      ND     ---      ND     ---
12 1 3      ND     ---      ND     ---



12 2 3      ND     ---      ND     ---
13 1 3      ND     ---      ND     ---
14 1 3      ND     ---      ND     ---

Table 1n. Mean Total Trihalomethane and Chloroform concentrations (in ug/L) for three
replicate water samples for each sampling date showing standard errors.

Station Date N THM SE  Chloroform SE 
1 1 3      ND      ---      ND      ---
1 2 3      ND      ---      ND      ---
2 1 3 16.73 0.22 9.0 0.2
2 2 3      ND      ---      ND      ---
3 1 3 16.43 0.20 9.2 0.1
3 2 3      ND      ---      ND      ---
4 1 3 16.90 0.20 9.0 0.0
4 2 3      ND      ---      ND      ---
5 1 3 14.40 0.16 8.4 0.1
5 2 3      ND      ---      ND      ---
6 1 3 *1.75 0.00 1.1 0.0
6 2 3      ND      ---      ND      ---
8 1 3      ND      ---      ND      ---
8 2 3      ND      ---      ND      ---

10 1 3      ND      ---      ND      ---
10 2 3      ND      ---      ND      ---
11 1 3      ND      ---      ND      ---
11 2 3      ND      ---      ND      ---
12 1 3      ND      ---      ND      ---
12 2 3      ND      ---      ND      ---
13 1 3      ND      ---      ND      ---
14 1 3      ND      ---      ND      ---

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 1o. Mean Dichlorobromomethane and Chlorodibromomethane concentrations (in ug/L)
for three replicate water samples for each sampling date showing standard errors.

Stations  Date   N Dichlorobrom
omethane

    SE Chlorodibromo
methane

     SE

1 1 3      ND      ---      ND      ---
1 2 3      ND      ---      ND      ---



2 1 3 4.90 0.12 2.7 0.0
2 2 3      ND      ---      ND      ---
3 1 3 4.77 0.03 2.5 0.1
3 2 3      ND      ---      ND      ---
4 1 3 5.00 0.15 2.7 0.1
4 2 3      ND      ---      ND      ---
5 1 3 4.02 0.08 2.0 0.0
5 2 3      ND      ---      ND      ---
6 1 3 *0.45 0.00 *0.2 0.0
6 2 3      ND      ---      ND      ---
8 1 3      ND      ---      ND      ---
8 2 3      ND      ---      ND      ---

10 1 3      ND      ---      ND      ---
10 2 3      ND      ---      ND      ---
11 1 3      ND      ---      ND      ---
11 2 3      ND      ---      ND      ---
12 1 3      ND      ---      ND      ---
12 2 3      ND      ---      ND      ---
13 1 3      ND      ---      ND      ---
14 1 3      ND      ---      ND      ---

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 2a. A summary of all contaminants not detected in any ambient water samples with method
detection limits shown.

Parameter Detection Parameter Detection
Limit Limit

Aldrin 1 NG/L P-Xylene 100 NG/L
B-Hexachlorocyclohexane 1 NG/L Styrene 50 NG/L
A-Chlorodane 2 NG/L Phenanthrene 10 NG/L
G-Chlorodane 2 NG/L Anthracene 1 NG/L
Dieldrin 2 NG/L Fluoranthene 20 NG/L
DMDT Methoxychlor 5 NG/L Pyrene 20 NG/L
Endrin 5 NG/L Benz(a)anthracene 20 NG/L
Endosulfan I 2 NG/L Chrysene 50 NG/L
Endosulfan II 5 NG/L Benzo(e)pyrene 50 NG/L
Endosulfan Sulphate 5 NG/L Benzo(b)fluoranthene 10 NG/L
Heptachloroepoxide 1 NG/L Perylene 10 NG/L
Heptachlor 1 NG/L Benzo(k)Fluoranthene 1 NG/L
Mirex 5 NG/L Benzo(a)pyrene 5 NG/L
Oxychlordane 2 NG/L Benzo(g-h-i)perylene 20 NG/L
PCB Total 20 NG/L Dibenz(a-h)anthracene 10 NG/L
PP-DDE 1 NG/L Indeno(1-2-3 c-d)Pyrene 20 NG/L
PP-DDD 5 NG/L Benzo(b)chrysene 2 NG/L
PP-DDT 5 NG/L Coronene 10 NG/L
Toxaphene 500 NG/L
Hexachlorobutadiene 1 NG/L



1,1-Dichloroethylene 100 NG/L Arsenic 0.001 MG/L
Trs-1,2-Dichloroethylene 100 NG/L Cadnium 0.002 MG/L
1,1-Dichloroethane 100 NG/L Selenium 0.001 MG/L
1,1,1-Trichloroethane 20 NG/L
1,2-Dichloroethane 50 NG/L
Carbontetrachloride 200 NG/L
1,2-Dichloropropane 50 NG/L
Trichloroethylene 100 NG/L
1,1,2-Trichloroethane 50 NG/L
1,1,2,2-Tetrachloroethane 50 NG/L
Ethylene Dibromide 50 NG/L
Hexachloroethane 1 NG/L
Octachlorostyrene 1 NG/L
Pentachlorobenzene 1 NG/L
2,3,6-Trichlorotoluene 5 NG/L
2,4,5-Trichlorotoluene 5 NG/L
2,6,A-Trichlorotoluene 5 NG/L
Chlorobenzene 100 NG/L
1,4-Dichlorobenzene 100 NG/L
1,3-Dichlorobenzene 100 NG/L
1,2-Dichlorobenzene 100 NG/L
1,2,3-Trichlorobenzene 5 NG/L
1,2,3,4-Tetrachlorobenzene 1 NG/L
1,3,5-Trichlorobenzene 5 NG/L
1,2,4-Trichlorobenzene 5 NG/L
1,2,4,5-Tetrachlorobenzene 1 NG/L

Table 3.A summary of the seven substances which were found at trace levels, at or only slightly
above the method detection limit, and could not therefore be
quantified with confidence.

Parameter Number
Detected

Number
Analyzed

Detection Limit

Alpha-BHC 22 87 1 Ng/L

Gama-BHC  5 87 1 Ng/L

Hexachlorobenzene  6 87 1 Ng/L

Dichloromethane  9 87 0.5 Ug/L

Bromoform  6 87 0.2 Ug/L



Tetrachloroethylene 20 87 0.05 Ng/L

Lead  3 87 0.005 Mg/L

Table 4a. Sediment particle size analysis summary showing mean percent Fines, Gravel and
Sand with standard errors.

Station Core
Layer

  N   %Fines     SE %Gravel     SE  %Sand    SE

1 1 3 6.37 1.29 1.45 0.53 65.6 2.8
2 1 3 1.81 1.07 12.60 0.32 68.1 5.9
4 1 3 9.67 0.21 24.67 2.89 78.8 1.6
5 1 3 9.07 2.48 20.33 5.83 81.9 1.1
6 1 6 18.55 0.76 2.97 0.66 74.6 2.2
6 2 6 14.15 0.59 3.95 0.32 60.4 0.6
7 1 3 14.73 1.16 10.65 1.93 56.8 3.5
7 2 3 20.40 2.17 19.37 2.35 55.5 1.8
8 1 3 11.17 0.33 27.50 1.19 69.8 7.3
8 2 3 9.63 1.14 30.10 6.00 61.6 5.7
9 1 4 14.97 2.22 27.08 5.13 61.4 1.1
9 2 4 15.75 0.90 28.83 2.28 60.3 4.2

10 1 4 7.88 0.51 19.25 1.77 72.9 1.4
10 2 4 10.13 0.69 26.83 1.91 63.1 1.9
11 1 3 11.57 0.70 11.07 0.72 77.4 1.1
11 2 3 19.53 1.01 19.53 0.58 60.9 1.0
12 1 3 12.23 1.73 22.70 2.56 65.1 2.1
12 2 3 13.33 2.32 24.00 3.56 62.8 1.4
13 1 3 4.72 0.45 19.57 1.85 75.7 1.9
14 1 3 24.40 2.72 16.47 0.44 59.5 3.0
15 1 3 15.35 4.62 14.92 2.81 92.2 1.3
15 2 3 16.58 5.92 21.83 1.95 85.6 1.1

Table 4b. Mean sediment kjeldahl nitrogen and phosphorus concentrations
(im MG/G D) with standard errors.

Station Core
Layer

  N  N Kjeld     SE     P     SE



1 1 3 0.39 0.03 0.20 0.01
2 1 3 0.52 0.11 0.25 0.04
4 1 3 1.10 0.00 0.41 0.03
5 1 3 0.86 0.04 0.33 0.03
6 1 6 1.62 0.07 0.67 0.02
6 2 6 1.37 0.11 0.55 0.03
7 1 3 1.13 0.03 0.37 0.01
7 2 3 1.40 0.12 0.45 0.01
8 1 3 1.20 0.10 0.46 0.05
8 2 3 0.86 0.16 0.41 0.03
9 1 4 1.68 0.41 0.52 0.01
9 2 4 1.18 0.03 0.56 0.02

10 1 4 1.05 0.03 0.47 0.02
10 2 4 0.99 0.08 0.46 0.01
11 1 3 1.97 0.09 0.65 0.02
11 2 3 1.80 0.00 0.72 0.04
12 1 3 1.67 0.09 0.64 0.01
12 2 3 1.50 0.06 0.60 0.01
13 1 3 0.80 0.10 0.36 0.04
14 1 3 1.33 0.09 0.52 0.02
15 1 3 0.72 0.03 0.30 0.03
15 2 3 0.76 0.06 0.32 0.06

Table 4c. Mean sediment Loss On Ignition (in MG/G D), Total Organic Carbon (in MG/G D)
and Solvent Extractables (in UG/G D) with standard errors.

Station Core
Layer

  N   LOI     SE   TOC     SE Solvent    SE

1 1 3 8.0 2.6 6.37 0.72 658 81
2 1 3 13.0 2.0 11.60 2.72 540 105
4 1 3 37.7 0.7 14.67 1.20 157 57
5 1 3 25.3 3.7 13.67 0.67 536 113
6 1 6 52.5 2.4 30.83 1.25 1134 272
6 2 6 43.7 2.7 25.00 1.32 1010 264
7 1 3 31.7 3.2 20.67 0.88 732 135
7 2 3 33.3 3.8 20.33 1.86 590 85
8 1 3 37.7 1.2 14.00 0.00 1150 104
8 2 3 30.7 3.8 11.97 1.56 1050 283
9 1 4 39.8 2.3 14.25 0.75 333 59
9 2 4 39.5 2.2 12.25 0.63 343 116

10 1 4 37.5 0.6 11.75 0.48 800 236
10 2 4 35.0 1.8 13.50 0.65 523 59
11 1 3 64.7 0.3 27.00 1.00 1160 67
11 2 3 62.0 2.3 21.33 1.20 863 244
12 1 3 56.7 2.4 19.00 1.15 597 62
12 2 3 48.7 4.5 18.00 1.53 544 115



13 1 3 26.7 2.7 9.27 1.37 407 35
14 1 3 43.3 2.9 13.00 2.08 387 41
15 1 3 25.3 2.4 9.60 0.70 646 82
15 2 3 24.7 3.5 9.77 0.79 637 57

Table 4d. Mean sediment Arsenic, Beryllium and Cadmium concentrations (in Ug/G D) with
standard errors.

Station Core
Layer

   N    As    SE    Be    SE    Cd    SE

1 1 3 2.87 0.26 *1.29 0.18 *0.17 0.04
2 1 3 4.77 0.71 *1.50 0.42 *0.13 0.06
4 1 3 8.83 1.02 1.73 0.09 *0.23 0.03
5 1 3 9.10 0.52 2.63 0.27 0.30 0.02
6 1 6 3.48 0.20 *1.78 0.23 0.34 0.02
6 2 6 3.57 0.15 2.18 0.11 0.30 0.02
7 1 3 4.67 0.30 2.57 0.18 0.41 0.01
7 2 3 5.37 0.29 3.23 0.27 0.45 0.00
8 1 3 4.40 0.26 3.87 0.09 0.44 0.06
8 2 3 4.70 0.20 3.33 0.03 0.35 0.03
9 1 4 4.15 0.32 3.60 0.16 0.39 0.02
9 2 4 5.10 0.18 4.03 0.17 0.51 0.05

10 1 4 5.25 0.13 3.33 0.17 0.38 0.01
10 2 4 5.03 0.35 3.75 0.19 0.33 0.01
11 1 3 4.03 0.20 3.63 0.23 0.55 0.04
11 2 3 4.63 0.34 3.87 0.03 0.55 0.03
12 1 3 4.00 0.51 2.77 0.38 0.44 0.05
12 2 3 4.63 0.12 2.80 0.17 0.45 0.03
13 1 3 3.30 0.06 2.50 0.25 *0.22 0.04
14 1 3 5.30 0.12 3.60 0.26 0.38 0.04
15 1 3 3.80 0.21 3.40 0.49 *0.29 0.02
15 2 3 4.23 0.37 3.77 0.15 0.26 0.04

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 4e. Mean sediment Cobalt, Chromium and Copper concentrations (in Ug/G D) with
standard errors.

Station Core    N    Co    SE    Cr    SE    Cu    SE



Layer
1 1 3 3.97 0.31 11.33 1.53 13.33 1.15
2 1 3 5.33 1.45 15.67 3.79 16.00 2.65
4 1 3 11.53 1.75 23.33 2.08 22.33 3.06
5 1 3 13.33 1.53 25.00 2.00 22.33 1.53
6 1 6 7.92 0.35 30.50 3.02 34.83 2.99
6 2 6 7.98 0.25 36.83 3.19 36.83 4.36
7 1 3 8.40 0.17 29.33 2.08 25.00 1.73
7 2 3 9.07 0.25 34.33 2.52 25.00 1.00
8 1 3 9.17 0.72 28.00 1.73 16.67 1.53
8 2 3 8.73 0.06 27.00 1.00 16.00 0.00
9 1 4 9.88 0.13 30.50 1.73 20.75 0.50
9 2 4 11.25 0.50 36.75 0.50 26.50 1.29

10 1 4 10.70 0.60 26.25 0.96 15.25 0.50
10 2 4 10.75 0.50 29.00 1.63 17.00 0.82
11 1 3 9.20 0.10 31.33 2.08 31.00 4.58
11 2 3 10.33 0.58 34.33 3.06 32.67 5.51
12 1 3 10.53 1.27 28.67 0.58 17.00 1.00
12 2 3 10.67 0.58 28.33 0.58 18.00 1.00
13 1 3 5.87 0.40 18.67 1.15 11.33 0.58
14 1 3 11.33 0.58 33.00 1.00 18.00 1.00
15 1 3 7.67 0.58 33.67 11.15 16.00 2.65
15 2 3 8.27 1.62 29.33 10.26 16.33 4.62

Table 4f. Mean sediment Iron, Mercury and Manganese concentrations (in UG/G D) with
standard errors.

Station Core
Layer

   N     Fe    SE    Hg    SE    Mn    SE

1 1 3 9700.00 655.74 1.97 0.09 153.33 3.33
2 1 3 13333.33 1452.97 1.27 0.09 170.00 25.17
4 1 3 22333.33 1763.83 *0.04 0.00 246.67 31.80
5 1 3 22000.00 1000.00 *0.04 0.01 400.00 30.55
6 1 6 11833.33 307.32 *0.52 0.01 168.33 3.07
6 2 6 12500.00 223.61 0.53 0.03 156.67 3.33
7 1 3 16333.33 333.33 0.35 0.04 293.33 8.82
7 2 3 18666.67 666.67 0.38 0.01 326.67 6.66
8 1 3 16666.67 881.92 0.65 0.18 396.67 12.02
8 2 3 16000.00 0.00 0.26 0.04 383.33 13.33
9 1 4 18250.00 478.71 0.53 0.14 387.50 4.79
9 2 4 22000.00 0.00 0.20 0.05 405.00 6.45

10 1 4 16500.00 288.68 *0.05 0.01 477.50 13.77



10 2 4 17500.00 288.68 *0.04 0.01 490.00 17.80
11 1 3 18333.33 666.67 0.07 0.01 296.67 8.81
11 2 3 20333.33 666.67 *0.05 0.01 313.33 8.82
12 1 3 19000.00 1000.00 *0.04 0.00 366.67 62.27
12 2 3 18666.67 333.33 *0.04 0.01 360.00 65.06
13 1 3 11000.00 577.35 *0.02 0.00 240.00 10.00
14 1 3 19333.33 333.33 *0.03 0.00 480.00 0.00
15 1 3 13000.00 1527.53 *0.06 0.01 313.33 3.33
15 2 3 14766.67 2748.53 *0.04 0.01 323.33 16.67

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 4g. Mean sediment Molybdenum, Nickel and Lead concentrations (in UG/G D) with
standard errors.

          

Station Core
Layer

  N    Mo    SE    Ni    SE   Pb   SE

1 1 3 2.17 0.25 8.47 1.29 11.47 1.86
2 1 3 3.17 0.55 13.67 4.73 19.00 4.58
4 1 3 4.90 0.95 28.33 4.04 22.67 4.04
5 1 3 6.73 0.57 31.33 3.21 13.00 0.00
6 1 6 2.15 0.37 22.00 0.89 28.17 1.94
6 2 6 2.25 0.14 22.17 0.98 36.67 9.61
7 1 3 2.03 0.38 19.33 0.58 75.67 9.02
7 2 3 1.83 0.23 23.00 1.00 97.33 2.52
8 1 3 1.20 0.10 19.33 1.53 11.33 0.58
8 2 3 1.40 0.10 18.67 0.58 11.33 1.53
9 1 4 *1.15 0.13 21.75 1.26 14.25 0.50
9 2 4 1.50 0.59 26.50 0.58 15.00 1.41

10 1 4 1.65 0.31 19.25 0.96 12.25 0.50
10 2 4 1.48 0.15 21.00 0.82 11.18 1.09
11 1 3 *1.22 0.34 20.00 1.00 22.67 0.58
11 2 3 1.40 0.17 22.33 1.15 21.00 2.65
12 1 3 *0.92 0.18 21.00 0.00 11.67 0.58
12 2 3 *1.06 0.32 20.67 0.58 13.33 0.58
13 1 3 *1.33 0.55 11.67 1.15 9.23 0.74
14 1 3 1.57 0.21 23.33 0.58 15.33 1.53
15 1 3 1.20 0.20 16.00 3.61 13.00 2.00
15 2 3 1.20 0.10 17.67 5.77 12.33 2.08



* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 4h. Mean sediment Strontium, Vanadium and Zinc concentrations (in UG/L D) with
standard errors.

Station Core
Layer

  N    Sr    SE     Vv    SE     Zn    SE

1 1 3 29.67 0.67 21.67 0.88 44.00 1.15
2 1 3 28.00 2.00 30.67 2.33 36.67 3.48
4 1 3 25.67 2.60 47.33 2.73 76.33 3.71
5 1 3 48.00 0.58 44.33 0.88 89.00 30.57
6 1 6 34.50 0.50 29.33 0.42 82.50 2.33
6 2 6 35.50 0.67 28.83 0.48 83.17 4.05
7 1 3 52.00 1.15 35.00 0.58 79.00 1.00
7 2 3 61.00 1.53 39.33 0.33 87.33 4.37
8 1 3 57.33 1.67 39.00 1.00 53.67 4.33
8 2 3 59.33 0.67 36.00 0.58 46.33 3.28
9 1 4 66.75 1.11 39.00 1.73 70.25 1.38
9 2 4 70.75 1.55 46.50 1.19 80.00 0.82

10 1 4 49.50 0.50 37.75 1.03 53.00 0.71
10 2 4 57.50 1.55 40.25 1.18 54.25 1.89
11 1 3 58.67 1.76 39.00 1.00 99.00 5.57
11 2 3 61.67 2.33 42.00 1.73 101.67 8.33
12 1 3 38.67 0.88 39.67 1.20 62.33 1.86
12 2 3 39.67 0.88 40.00 0.00 66.33 4.81
13 1 2 46.00 0.00 24.50 0.50 26.50 1.50
13 2 1 0.00 29.00 33.00 0.00
14 1 3 54.33 2.40 40.67 0.67 56.33 3.18
15 1 3 61.00 1.15 31.33 3.67 74.00 7.57
15 2 3 69.00 1.15 35.00 5.00 59.00 7.37

Table 4i. Mean sediment Hexachlorobenzene, Pentachlorobenzene, and Octachlorostyrene
concentrations (in NG/G D) with standard errors.

Station Core
Layer

 N  HCB  SE  PNCB   SE  OCS  SE

1 1 3 353 140 14 2 44 3
2 1 3 91 35 *16 8 *15 3



4 1 3     ND     ---     ND     ---     ND     ---
5 1 3     ND     ---     ND     ---     ND     ---
6 1 6 *19 2 *3 1 *3 1
6 2 6 *16 4 *3 1 *3 0
7 1 3 *4 2     ND     ---     ND     ---
7 2 3 *9 1     ND     ---     ND     ---
8 1 3 *18 8 *2 0     ND     ---
8 2 3 *12 5 *3 1     ND     ---
9 1 4     ND     ---     ND     ---     ND     ---
9 2 4     ND     ---     ND     ---     ND     ---

10 1 4     ND     ---     ND     ---     ND     ---
10 2 4 *2 1     ND     ---     ND     ---
11 1 3     ND     --- *3 2     ND     ---
11 2 3     ND     ---     ND     ---     ND     ---
12 1 3     ND     --- *3 2     ND     ---
12 2 3     ND     ---     ND     ---     ND     ---
13 1 3     ND     ---     ND     ---     ND     ---
14 1 3     ND     ---     ND     ---     ND     ---
15 1 3 *4 2     ND     ---     ND     ---
15 2 3 *6 2     ND     ---     ND     ---

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 4j. Mean sediment 1,2,3,5-Tetrachlorobenzene, 1,2,4,5-Tetrachlorobenzene,
1,3,5-Trichlorobenzene and 1,2,4-Trichlorobenzene concentrations (in NG/G D)
with standard errors.

Station Core
Layer

  N 1,2,3,5-
TetraCB

SE 1,2,4,5-
TetraCB

SE 1,3,5-
TriCB

SE 1,2,4-
TriCB

SE

1 1 3 *9 2 *13 2 *24 12 *22 5
2 1 3 *13 6 *11 5 *5 1 *94 83
4 1 3       ND  --- ND  ---       ND  --- ND ---
5 1 3       ND  --- ND  ---       ND  --- *2 1
6 1 6 *1 0 ND --- *6 1 ND ---
6 2 6 *1 0 ND --- *7 2 ND ---
7 1 3       ND  --- ND  ---       ND  --- ND ---
7 2 3       ND  --- ND  ---       ND  --- ND ---
8 1 3 *1 0 ND --- *8 3 ND ---
8 2 3 *1 0 ND --- *3 1 *2 1
9 1 4       ND  --- ND  ---       ND  --- ND ---
9 2 4       ND  --- ND  ---       ND  --- ND ---

10 1 4 *2 0  ND --- *2  0 ND ---
10 2 4 *1 0 ND  ---       ND  --- ND ---
11 1 3       ND  --- *2 2       ND  --- *4 3



11 2 3       ND  --- ND  ---       ND  --- *2 1
12 1 3       ND  --- ND  ---       ND  --- *2 1
12 2 3       ND  --- ND  ---       ND  --- ND ---
13 1 3       ND  --- ND  ---       ND  --- ND ---
14 1 3       ND  --- ND  ---       ND  --- ND ---
15 1 3       ND  --- ND  ---       ND  --- ND ---
15 2 3       ND  --- ND  ---       ND  --- ND ---

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 5. A summary of all contaminants not detected in any sediment samples with the
method detection limits shown.

Parameter Detection Limit

Aldrin 1 NG/G D

A-Hexachlorocyclohexane 1 NG/G D

B-Hexachlorocyclohexane 1 NG/G D

G-Hexachlorocyclohexane 1 NG/G D

A-Chlorodane 2 NG/G D

G-Chlorodane 2 NG/G D

Dieldrin 2 NG/G D

DMDT Methoxychlor 5 NG/G D

Endrin 4 NG/G D

Endosulfan Sulphate 4 NG/G D

Endosulfan I 2 NG/G D

Endosulfan II 4 NG/G D

Heptachlorepoxide 1 NG/G D

Heptachlor 1 NG/G D

Mirex 5 NG/G D

Oxychlorodane 2 NG/G D

OP-DDT 5 NG/G D

PP-DDD 5 NG/G D



PP-DDE 1 NG/G D

PP-DDT 5 NG/G D

PCB Total 20 NG/G D

1,2,3-Trichlorobenzene 2 NG/G D

Table 6. A summary of the contaminants which were found in sediments at trace levels, at
or only slightly above the method detection limit, and can not be quantified with
confidence.

Parameter Number
Detected

Number
Analyzed

     Detection
     Limit

Hexachloroethane 9 76 1 NG/G D

2,3,6-Trichlorotoluene 2 76 1 NG/G D

2,4,5-Trichlorotoluene 4 76 1 NG/G D

2,6,a-Trichlorotoluene 2 76 1 NG/G D

1,2,3,4-Tetrachlorobenzene 2 76 1 NG/G D

Silver 9 76 0.05 UG/G D

Selenium       66 76 0.2 UG/G D

Table 7a. Mean Caged Clam Tissue concentrations of Arsenic, Cadmium, and Copper (in
UG/G W) with standard errors.

Station   N   Arsenic     SE  Cadmium     SE    Copper     SE

1 3 0.67 0.06 0.840 0.031 1.60 0.23

2 2 0.67 0.13 0.745 0.035 5.60 1.80

3 3 0.59 0.01 0.607 0.029 8.47 1.86

4 3 0.65 0.06 0.567 0.093 13.27 2.25

5 3 0.50 0.07 0.747 0.113 13.07 3.73

6 3 0.59 0.03 1.060 0.329 4.13 0.79



7 2 0.59 0.06 0.685 0.145 1.50 0.10

8 3 0.58 0.03 0.710 0.114 1.05 0.13

9 3 0.61 0.04 0.797 0.121 1.47 0.19

10 3 0.63 0.11 0.933 0.042 1.07 0.08

11 2 0.64 0.07 0.695 0.165 1.30 0.00

12 3 0.62 0.05 0.780 0.047 1.40 0.15

13 3 2.00 1.35 1.367 0.145 1.43 0.19

14 3 0.61 0.06 0.903 0.082 1.26 0.18

15 3 0.71 0.06 1.433 0.260 1.30 0.06

Table 7b. Mean Caged Clam Tissue concentrations of Manganese, Nickel, and Lead (in
UG/G W) with standard errors.

Station   N Manganese      SE   Nickel     SE    Lead    SE

1 3 1031.67 220.23 0.630 0.111 0.63 0.03

2 2 285.00 85.00 0.470 0.030 0.67 0.03

3 3 560.00 90.19 0.393 0.007 0.60 0.00

4 3 623.33 390.74 0.433 0.033 0.63 0.03

5 3 636.67 50.44 0.400 0.000 0.57 0.03

6 3 543.33 73.11 0.497 0.065 0.57 0.03

7 2 324.00 226.00 0.405 0.005 0.60 0.00

8 3 140.67 59.85 0.480 0.020 0.63 0.07

9 3 283.33 84.13 0.553 0.061 0.60 0.00

10 3 165.33 77.64 0.493 0.067 0.60 0.06

11 2 310.00 80.00 0.450 0.050 0.65 0.05

12 3 168.00 76.71 0.467 0.033 0.67 0.03

13 3 139.33 31.21 0.473 0.073 0.60 0.00

14 3 223.33 75.35 0.500 0.035 0.63 0.03

15 3 144.67 77.69 0.803 0.190 0.67 0.03



Table 7c. Mean Caged Clam Tissue concentrations of Selenium, and Zinc (in UG/G W) with
standard errors.

Station   N Selenium     SE   Zinc     SE

1 3 0.56 0.03 35.33 2.03

2 2 0.50 0.02 45.50 9.50

3 3 0.80 0.10 45.00 11.68

4 3 0.60 0.03 42.00 5.68

5 3 0.63 0.02 41.67 2.03

6 3 0.79 0.16 42.33 6.17

7 2 0.45 0.02 37.00 2.00

8 3 0.82 0.19 37.00 4.04

9 3 0.57 0.05 42.67 1.33

10 3 0.67 0.04 34.67 2.73

11 2 0.67 0.10 30.50 1.50

12 3 0.67 0.02 34.00 4.36

13 3 2.61 1.99 57.00 2.65

14 3 1.01 0.30 51.67 5.21

15 3 0.54 0.08 61.00 1.00

Table 7d. Mean Caged Clam Tissue Octachlorostyrene and Hexachlorobutadiene
concentrations (in NG/G W) with standard errors.

Station N Octachloro-
styrene

    SE Hexachloro-
butadiene

    SE

1 3 *6.667 2.906 *5.667 3.712

2 3 *6.333 0.333 *3.000 0.000

3 3 *5.000 0.000        ND    ---



4 3 *5.000 0.577 *1.333 0.333

5 3 *5.333 0.333 *1.333 0.333

6 3 *2.667 0.333        ND    ---

7 2        ND    ---        ND    ---

8 3        ND    ---        ND    ---

9 3 *2.667 1.667        ND    ---

11 2        ND    ---        ND    ---

12 3        ND    ---        ND    ---

13 3        ND    ---        ND    ---

14 3        ND    ---        ND    ---

15 3        ND    ---        ND    ---

* Means based in whole or in part on trace levels which were at or very near the method
detection limit and could not therefore be quantified with confidence.

Table 8. A summary of all contaminants not detected in any caged clam tissue with the
method detection limits shown.

Parameter Detection
Limit

Aldrin 1 NG/G W

B-Hexachlorocyclohexane 1 NG/G W

A-Chlorodane 2 NG/G W

G-Chlorodane 2 NG/G W

Heptachlor 1 NG/G W

Mirex 5 NG/G W

OP-DDT 5 NG/G W

PCB Total 20 NG/G W

PP-DDE 5 NG/G W

PP-DDT 5 NG/G W



Hexachloroethane 1 NG/G W

Pentachlorobenzene 1 NG/G W

2,3,6-Trichlorotoluene 1 NG/G W

2,4,5-Trichlorotoluene 1 NG/G W

1,2,3-Trichlorobenzene 2 NG/G W

1,2,4-Trichlorobenzene 2 NG/G W

1,2,4,5-Tetrachlorobenzene 1 NG/G W

1,3,5-Trichlorobenzene 2 NG/G W

Table 9. A summary of the contaminants which were found in caged clam tissue at trace
levels, at or only slightly above the method detection limit, and could not be
quantified with confidence.

Parameter Number
Detected

Number
Analyzed

     Detection
     Limit

A-Hexachlorocyclobutadiene 6 43 1 NG/G W

G-Hexachlorocyclobutadiene 3 43 1 NG/G W

Hexachlorobenzene 19 43 1 NG/G W

1,2,3,4-Tetrachlorobenzene 14 43 1 NG/G W

Mercury 9 43 0.01 UG/G W



Metal concentrations in sediments from the 64 stations in the St. Clair River.  All concentrations are in �g/g.

Station Copper Nickel Lead Zinc Arsenic Chromium Mercury Iron Cadmium
1 2.75 5.75 2.45 10.75 1.90 5.30 0.01 3250 0.05
2 3.50 6.10 4.70 10.00 2.20 5.10 0.01 3200 0.16

6A 7.10 10.00 7.20 23.00 3.50 8.40 0.01 6000 0.14
8 13.50 18.00 12.00 41.00 4.70 12.50 0.03 8450 0.05
10 22.00 17.00 39.50 86.00 4.50 14.00 0.69 8700 0.59
11 28.00 24.00 15.00 73.00 7.60 20.00 0.02 16000 0.46
13 15.70 18.70 10.00 46.70 5.10 14.70 0.03 10567 0.56
16 16.00 15.00 14.00 44.00 4.80 12.00 0.01 9500 0.31
18 80.00 22.00 26.00 250.00 3.90 9.80 0.05 8100 0.25
19 18.00 10.00 15.00 37.00 3.10 10.00 0.06 6700 0.09
20 26.30 14.00 18.00 89.70 3.80 9.70 0.05 7200 0.05
IS9 31.00 12.00 16.00 81.00 4.30 11.00 0.11 8700 0.76
IS12 28.30 24.00 25.30 77.70 5.20 17.30 0.22 12667 0.10
22 46.30 21.00 20.30 84.00 3.50 14.00 1.40 8467 0.27

IS14 35.50 22.70 17.70 97.00 4.50 14.30 3.60 9667 0.22
IS15 19.70 16.00 13.00 50.00 3.40 11.30 10.80 8600 0.15
IS16 20.20 14.00 8.00 52.00 2.90 10.40 7.40 6117 0.05
24 17.00 12.00 8.30 47.00 3.70 9.50 3.40 7600 1.40

24A 19.00 11.20 14.00 49.00 3.00 8.90 3.90 7750 0.30
26 21.00 15.00 12.00 49.00 4.80 13.00 8.80 9100 0.32
28 18.00 26.00 8.00 49.00 6.40 21.00 0.73 16000 0.24
29 140.00 15.00 9.20 50.00 4.80 13.00 16.00 9000 0.18
30 15.70 12.70 21.70 45.00 4.40 10.40 2.00 8367 0.20
32 16.00 14.00 640.00 37.00 4.30 10.00 1.60 12000 0.21

IS21 27.00 16.00 20.00 52.00 4.40 17.00 2.00 8500 0.33
33B 8.40 11.00 3.80 21.00 3.40 12.00 0.02 9800 0.05
34 24.50 13.00 130.00 50.50 4.50 12.00 2.75 7400 0.19
36 14.70 12.30 130.00 45.00 2.70 9.60 2.40 7433 0.24
37 15.00 14.00 79.00 46.00 4.00 14.00 1.60 8100 0.20



Station Copper Nickel Lead Zinc Arsenic Chromium Mercury Iron Cadmium
38 10.00 11.00 34.00 34.00 4.90 11.00 1.10 8900 0.23
40 24.00 17.00 72.00 51.00 5.60 12.00 4.10 9300 0.46
41 11.00 12.00 26.00 37.00 4.70 13.00 1.60 9000 0.20
42 13.00 15.00 33.00 36.00 3.80 12.00 0.94 8000 0.30
44 8.50 11.00 21.00 31.00 1.80 8.00 1.00 5600 0.18
46 16.00 22.00 26.00 53.00 3.80 16.00 1.00 12000 0.61
47 72.00 55.00 32.00 77.00 7.20 18.00 0.31 20000 0.46
48 14.00 17.00 27.00 37.00 4.40 12.00 0.44 8700 0.06
50 9.10 12.00 17.00 32.00 2.90 9.80 0.65 7000 0.25
52 15.00 13.00 17.00 34.00 3.90 9.80 0.51 7000 0.10
53 12.50 12.50 12.50 30.00 3.10 9.75 0.35 7450 0.05
54 11.00 15.00 15.00 34.00 3.80 11.00 0.31 8200 0.30
55 20.00 29.00 9.30 44.00 5.30 20.00 0.04 20000 0.05
56 13.00 21.00 6.60 120.00 4.00 16.00 0.29 12000 0.27

56A 20.00 30.00 12.00 95.00 3.80 22.00 0.20 17000 0.05
58 12.00 15.00 16.00 39.00 2.90 11.00 0.57 7800 0.15
59 9.40 12.00 3.90 32.00 2.10 9.30 0.21 7100 0.05
60 15.00 16.00 25.00 56.00 4.20 11.00 0.03 9700 0.13
61 10.00 17.00 9.60 33.00 4.60 12.00 0.19 10000 0.05
62 8.95 13.00 5.60 33.00 2.25 9.40 0.20 6400 0.08
63 16.00 18.00 16.00 53.00 4.40 14.00 0.04 11000 0.20
64 8.10 12.00 14.00 36.00 2.50 8.60 0.30 5800 0.23
65 14.00 22.00 7.70 42.00 6.10 14.00 0.21 12000 0.24
66 12.00 14.00 15.00 37.00 3.70 11.00 0.44 7500 0.16
68 12.00 13.00 13.00 35.00 3.30 9.90 0.54 6300 0.15
69 17.00 20.00 8.50 63.00 6.50 13.00 0.03 11000 0.44
70 11.00 14.00 12.00 37.00 3.30 10.00 0.27 6900 0.08
71 8.10 14.00 12.00 43.00 4.20 9.40 0.03 8300 0.23
72 26.00 28.00 18.00 79.00 7.30 20.00 0.05 15000 0.64
73 8.20 13.00 5.00 34.00 3.10 10.00 0.06 8200 0.05
74 18.00 19.00 11.00 56.00 6.00 13.00 0.05 10000 0.31



Station Copper Nickel Lead Zinc Arsenic Chromium Mercury Iron Cadmium
75 17.00 18.00 9.10 50.00 5.20 12.00 0.05 9000 0.18
76 11.00 15.00 11.00 41.00 2.90 11.00 0.06 7700 0.25
77 9.90 13.00 5.30 30.00 2.10 9.60 0.08 6700 0.05
78 16.00 17.00 18.00 50.00 3.70 12.00 0.41 8600 0.05



Concentrations of nutrients and physical parameters in sediments from the 64 stations in the St. Clair River.

Station LOI
(mg/g)

TP
(mg/g)

TKN
(mg/g)

Calcium
(�g/g)

Chloride
(�g/g)

Moisture
(%)

TOC
(mg/g)

Percent Gravel
(>4.75 mm)

Percent Sand
(4.75mm-

75�m)

Percent
Silt and

Clay
(<75�m)

1 3.0 0.06 0.19 26000 27.0 23.5 0.2 0 89.3 10.7
2 1.0 0.08 0.17 45000 34.0 25.4 2.0 0 99.9 0.1

6A 12.0 0.19 0.56 52000 16.0 28.9 6.6 0 76.1 23.9
8 29.0 0.25 1.12 64550 19.5 40.5 14.5 0 58.5 41.5
10 22.0 0.31 1.07 56500 12.5 39.5 15.0 13.5 52.5 34.1
11 33.0 0.50 1.74 51000 6.2 45.1 16.0 0 38.2 61.8
13 29.0 0.33 1.46 68700 11.9 48.0 15.3 0 32.5 67.5
16 16.0 0.25 0.99 41000 6.4 33.5 8.8 0 80.7 19.3
18 15.0 0.15 0.67 50000 18.0 33.1 11.0 42.2 47.6 10.2
19 11.0 0.22 0.69 33000 13.0 29.3 6.0 24 66.3 9.7
20 16.3 0.20 0.68 50500 27.3 28.3 8.8 6.1 75.8 18.1
IS9 17.0 0.19 0.78 54000 15.0 31.1 13.0 1.6 66.1 32.3
IS12 45.0 0.45 1.69 57300 45.0 45.0 28.3 1.9 72.1 5.9
22 30.3 0.31 0.85 57833 21.0 33.0 17.2 22 29.8 68.3

IS14 32.7 0.33 1.08 62783 135.0 45.7 19.5 4.2 62.6 33.2
IS15 13.5 0.22 0.47 53867 28.0 22.7 7.3 33.7 55.1 11.2
IS16 13.3 0.21 0.51 47650 23.5 28.0 10.8 35.8 61.4 2.8
24 10.0 0.18 0.55 47000 22.0 24.6 8.9 16 55 42.4

24A 13.0 0.17 0.45 42300 17.0 25.5 4.6 7.6 71.5 12.5
26 16.0 0.22 0.71 51000 53.0 31.8 13.0 28.6 77.4 15
28 23.0 0.28 0.79 50600 10.0 20.0 7.8 24 58.6 12.8
29 22.0 0.23 0.70 59800 16.0 28.0 13.0 12.3 39.1 36.9
30 14.7 0.23 0.47 47333 18.0 26.7 8.4 19.8 53.7 34
32 15.0 0.19 0.57 51000 34.0 26.0 10.0 28.7 63 8.3

IS21 34.0 0.40 1.21 42900 18.0 33.0 13.0 2.6 72.6 7.6
33B 8.0 0.15 0.17 59600 17.0 11.0 0.2 37.9 61.6 0.5
34 24.0 0.28 0.88 57000 23.0 36.0 14.0 1.1 77.2 21.7
36 11.7 0.22 0.48 53233 28.7 27.7 7.1 0 80.5 19.5
37 20.0 0.23 0.76 48000 66.0 31.0 7.6 15.5 66.9 17.6



Station LOI
(mg/g)

TP
(mg/g)

TKN
(mg/g)

Calcium
(�g/g)

Chloride
(�g/g)

Moisture
(%)

TOC
(mg/g)

Percent Gravel
(>4.75 mm)

Percent Sand
(4.75mm-

75�m)

Percent
Silt and

Clay
(<75�m)

38 10.0 0.16 0.35 38000 31.0 17.0 5.4 44.3 50.6 5.1
40 14.0 0.21 0.77 46100 18.0 26.0 9.7 18.7 77.8 3.5
41 10.0 0.20 0.64 35000 25.0 22.0 6.0 24.8 66.4 8.8
42 11.0 0.20 0.67 50400 16.0 24.0 5.1 45.4 44.7 9.9
44 9.0 0.21 0.67 34900 16.0 27.0 6.7 15.6 74 10.4
46 16.0 0.27 0.73 46100 13.0 29.0 10.0 22.1 47.3 30.6
47 41.0 0.27 0.84 41400 29.0 12.0 39.0 54.2 43.5 2.3
48 22.0 0.25 0.86 50000 15.0 33.0 13.0 44.6 50.3 5.1
50 9.0 0.19 0.55 45600 31.0 24.0 6.7 12.9 82.3 4.8
52 22.0 0.17 0.78 48900 18.0 31.0 18.0 0.2 87.9 11.9
53 14.0 0.18 0.90 46900 17.5 24.0 6.6 9.8 81.9 8.3
54 20.0 0.21 0.74 47700 19.0 25.0 9.3 16 68.5 15.5
55 17.0 0.30 0.70 48700 6.4 24.0 14.0 17.7 56.9 25.4
56 12.0 0.27 0.61 52500 12.0 21.0 6.1 19.9 52.2 27.9

56A 12.0 0.39 0.68 66500 12.0 30.0 8.8 14.6 41.3 44.1
58 18.0 0.31 0.99 49500 14.0 34.0 12.0 0 71.5 28.5
59 10.0 0.24 0.56 41100 19.0 30.0 11.0 19 75.6 5.4
60 12.0 0.23 0.68 36600 13.0 32.0 8.0 15.1 62 22.9
61 11.0 0.23 0.56 32900 22.0 21.0 9.8 34 61.2 4.8
62 12.0 0.22 0.57 43150 13.0 27.5 6.9 1.7 79 19.3
63 17.0 0.29 0.81 27200 7.4 29.0 12.0 2.3 67.7 30
64 11.0 0.19 0.70 38900 16.0 21.0 5.4 23.5 68.2 8.3
65 22.0 0.32 0.86 42900 8.5 27.0 6.0 34.6 50.2 15.2
66 13.0 0.28 0.85 50900 12.0 31.0 10.0 0.2 80.8 19
68 14.0 0.24 0.95 41500 10.0 30.0 8.9 0.3 86.4 13.3
69 25.0 0.31 1.30 47100 6.8 48.0 13.0 0 18 82
70 15.0 0.23 0.96 48000 13.0 34.0 11.0 9.5 75.4 15.1
71 11.0 0.13 0.32 33600 34.0 21.0 3.7 0.5 95.1 4.4
72 45.0 0.43 1.95 56000 12.0 53.0 20.0 0.3 30.4 70.3
73 11.0 0.20 0.54 31500 15.0 26.0 7.3 8.8 78.7 12.5
74 21.0 0.28 1.30 52600 5.4 42.0 14.0 0 36.3 63.7



Station LOI
(mg/g)

TP
(mg/g)

TKN
(mg/g)

Calcium
(�g/g)

Chloride
(�g/g)

Moisture
(%)

TOC
(mg/g)

Percent Gravel
(>4.75 mm)

Percent Sand
(4.75mm-

75�m)

Percent
Silt and

Clay
(<75�m)

75 21.0 0.25 1.10 49800 9.0 39.0 10.8 0 26.3 73.7
76 14.0 0.30 0.60 49300 13.0 36.0 8.5 0 37.9 62.1
77 15.0 0.23 0.57 46200 12.0 29.0 8.5 1.6 50.8 47.6
78 17.0 0.29 0.71 59400 12.0 33.0 10.0 0.2 50.5 49.3



Selected organic parameters in sediments from the 64 stations in the St. Clair River.  All concentrations are in �g/g unless otherwise
specified.  Stations with no quantifiable concentrations are designated by 'nd', and the associated analytical reporting limit is presented in
brackets.

Stn. Oil and
Grease

Hexachloro-
benzene
(ng/g)

Octachloro-
styrene
(ng/g)

Phenanthrene Anthracene Fluoranthene Pyrene Benzo(a)-
anthracene

Chrysene Benzo(k)-
fluoranthene

Benzo(b)-
fluoranthene

Benzo(a)-
pyrene

- (1) (1) (0.07) (0.01) (0.02) (0.06) (0.02) (0.02) (0.02) (0.06) (0.04)
1 100 nd nd nd nd nd nd nd nd nd nd nd
2 113 nd nd nd nd nd nd nd nd nd nd nd

6A 398 nd nd nd nd 0.05 nd nd 0.03 nd nd nd
8 582 16 nd 0.1 0.015 0.12   nd 0.035 0.055 nd 0.065 nd
10 1358 nd nd 0.81 0.12 0.92 0.75 0.26 0.35 0.13 0.36 0.25
11 679 nd nd 0.09 nd 0.14 0.12 0.05 0.08 0.03 0.1 0.06
13 739 nd nd 0.08 nd 0.072 nd nd 0.033 nd nd nd
16 531 nd nd 0.59 0.13 0.63 0.53 0.28 0.28 0.13 0.33 0.25
18 735 nd nd 0.25 0.04 0.16 0.18 0.07 0.12 nd nd 0.07
19 569 nd nd nd nd 0.09 0.08 0.03 0.04 nd nd nd
20 626 12 17 0.55 0.09 0.57 0.56 0.24 0.36 0.06 0.19 0.14
IS9 891 1020 3020 0.88 0.34 0.44 0.72 0.25 0.48 0.03 0.13 0.16

IS12 1272 322 123 1.47 0.29 1.14 1.23 0.45 0.56 0.23 0.51 0.39
22 1870 876 1263 2.46 0.397 1.99 1.79 0.65 0.76 0.44 0.91 0.48

IS14 1650 29039 2145 0.625 0.0775 0.61 0.6475 0.3475 0.2875 0.255 0.5475 0.2925
IS15 1475 1473 512 12.55 1.57 9.53 7.57 2.64 3.17 1.24 2.72 1.99
IS16 922 1175 172 2.12 0.373 0.643 1.083 0.275 0.0328 0.07 0.21 0.225
24 560 220 50 0.29 0.06 0.18 0.23 0.07 0.11 nd 0.07 0.06

24A 805 755 47 0.63 0.14 0.25 0.46 0.13 0.23 0.03 0.12 0.12
26 882 130 140 1.41 0.44 0.46 0.87 0.23 0.28 0.05 0.16 0.18
28 609 170 30 0.11 nd 0.03 0.07 nd 0.03 nd nd nd
29 861 440 1190 1.58 0.3 0.49 0.74 0.21 0.37 0.04 0.15 0.14
30 446 40 nd 0.53 0.13 0.19 0.31 0.11 0.14 nd 0.09 0.07
32 522 500 60 0.46 0.11 0.16 0.28 0.07 0.14 nd nd nd

IS21 1286 50 40 0.33 0.09 0.14 0.25 0.07 0.15 nd nd 0.06
33B 230 nd nd nd nd nd  nd nd nd nd nd nd
34 1475 100 85 0.755 0.165 0.3  0.445 0.14 0.235 0.03 0.115 0.105
36 743 42 nd 0.31 0.077 0.097 0.29 0.097 0.13 nd 0.07 0.06
37 940 50 30 8.5 2.84 11.67 9.1 4.93 4.81 1.68 4.13 2.99
38 549 25 7 0.2 0.05 0.1 0.15 0.05 0.08 nd nd nd
40 874 80 50 0.93 0.29 0.38 0.73 0.18 0.25 0.03 0.11 0.13
41 584 25 20 0.2 0.07 0.12 0.23 0.07 0.12 nd nd 0.06
42 399 25 20 0.1 0.03 0.06 0.09 0.04 0.08 nd nd 0.05
44 469 40 25 0.11 0.03 0.07 0.11 0.04 0.08 nd nd nd



Stn. Oil and
Grease

Hexachloro-
benzene
(ng/g)

Octachloro-
styrene
(ng/g)

Phenanthrene Anthracene Fluoranthene Pyrene Benzo(a)-
anthracene

Chrysene Benzo(k)-
fluoranthene

Benzo(b)-
fluoranthene

Benzo(a)-
pyrene

46 505 30 35 0.37 0.08 0.21 0.26 0.11 0.15 0.04 0.11 0.08
47 318 nd nd 0.16 0.02 0.15 0.14 0.07 0.11 0.04 0.12 0.06
48 1214 16 10 0.29 0.08 0.25 0.33 0.21 0.27 0.08 0.22 0.24
50 535 20 10 nd 0.02 0.04 nd nd 0.04 nd nd nd
52 615 40 28 0.21 0.05 0.22 0.22 0.12 0.16 0.06 0.16 0.12
53 416 13 10 0.09 0.02 0.055 0.075 0.03 0.04 nd nd nd
54 505 nd nd nd 0.02 0.05 nd  nd 0.04 nd nd nd
55 511 nd nd 0.11 nd 0.05 nd  nd 0.04 nd nd nd
56 717 nd nd 0.07 nd nd nd  nd 0.03 nd nd nd

56A 433 4 nd nd nd 0.04 nd nd 0.04 nd nd nd
58 395 65 10 0.12 0.03 0.1 0.12 0.04 0.08 nd nd nd
59 280 15 10 nd nd 0.03 nd nd 0.03 nd nd nd
60 1054 nd nd 0.97 0.18 1.62 1.31 0.69 0.71 0.37 0.81 0.63
61 409 20 5 0.09 nd 0.03 nd nd 0.03 nd nd nd
62 365 14 2.5 0.105 0.065 0.085 0.09 0.04 0.07 nd nd nd
63 356 nd nd 0.22 0.04 0.27 0.022 0.11 0.12 0.05 0.011 0.08
64 424 11 4 0.08 0.02 0.05 0.07 0.03 0.05 nd nd nd
65 435 13 nd nd nd 0.03 nd nd 0.04 nd nd nd
66 487 10 6 0.13 0.03 0.09 0.11 0.04 0.07 nd nd nd
68 648 30 10 0.13 0.03 0.09 0.12 0.05 0.08 nd nd nd
69 753 nd nd 0.1 nd 0.13 0.11 0.05 0.07 0.03 0.07 0.05
70 416 15 nd 0.14 0.03 0.12 0.14 0.06 0.1 0.03 nd 0.05
71 261 nd nd 0.08 nd nd nd nd nd nd nd nd
72 1061 nd nd 0.13 0.02 0.14 0.11 0.04 0.04 0.03 nd nd
73 204 nd nd nd nd 0.05 nd 0.03 0.04 nd nd nd
74 572 nd nd 0.1 nd 0.11 0.09 0.04 0.07 0.03 nd nd
75 530 nd nd 0.11 0.02 0.14 0.12 0.06 0.08 0.03 0.08 0.06
76 374 3 nd 0.08 nd 0.07 0.07 0.04 nd nd nd nd
77 262 nd nd nd nd 0.05 0.09 0.03 0.06 nd nd nd
78 454 nd nd 0.2 0.04 0.17 0.17 0.12 0.07 nd 0.07 0.05



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                            Chlorinated Phenols and Benzenes Report                                                                          
                                                                                                                                                                                             
Location: 42588224   St.Clair R. (Sarnia,d/s of Bluewater Bridge)                                                                                                                            
                                                                                                                                                                                             
Submission No.:  FC01434A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
                                              2       2       2       2       2       P       H       1       1       H       1       2       2       1       1       P                      
                                              4       4       3       3       3       e       e       3       2       e       2       4       3       2       2       e                      
                                              6       5       4       5       4       n       x       5       4       x       3       5       6       4       3       n                      
                                              .       .       .       6       5       t       a       .       .       a       .       .       .       5       4       t                      
                                              t       t       t       .       .       a       c       t       t       c       t       t       t       .       .       a                      
                                              r       r       r       t       t       c       h       r       r       h       r       r       r       t       t       c                      
                                              i       i       i       e       e       h       l       i       i       l       i       i       i       e       e       h                      
                                              c       c       c       t       t       l       o       c       c       o       c       c       c       t       t       l                      
                                              h       h       h       r       r       o       r       h       h       r       h       h       h       r       r       o                      
                                              l       l       l       a       a       r       o       l       l       o       l       l       l       a       a       r                      
                                              o       o       o       c       c       o       e       o       o       b       o       o       o       c       c       o                      
                                              r       r       r       h       h       p       t       r       r       u       r       r       r       h       h       b                      
                                              o       o       o       l       l       h       h       o       o       t       o       o       o       l       l       e                      
                                              p       p       p       o       o       e       a       b       b       a       b       t       t       o       o       n                      
                                              h       h       h       r       r       n       n       e       e       d       e       o       o       r       r       z                      
                                              e       e       e       o       o       o       e       n       n       i       n       l       l       o       o       e                      
                                              n       n       n       p       p       l       .       z       z       e       z       u       u       b       b       n                      
                                              o       o       o       h       h       .       .       e       e       n       e       e       e       e       e       e                      
                                              l       l       l       e       e       .       .       n       n       e       n       n       n       n       n       .                      
                                              .       .       .       n       n       .       .       e       e       .       e       e       e       z       z       .                      
                                              .       .       .       o       o       .       .       .       .       .       .       .       .       e       e       .                      
        Field   Prt                 S         .       .       .       l       l       .       .       .       .       .       .       .       .       n       n       .                      
        Sample  Typ     Lth     Wgt e   Lip.  .       .       .       .       .       .       .       .       .       .       .       .       .       e       e       .                      
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)                   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------                 
334     00F1771 SBF    63.2    2420 F    .90 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F1772 SBF    51.6    1270 M    .90 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F1773 SBF    45.1     865 M   1.70 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F1774 SBF    46.7     955 M   1.10 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F1775 SBF    44.6     845 M    .90 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42588224   St. Clair R.(Sarnia, d/s of Bluewater Bridge)                                                                                                                           
                                                                                                                                                                                             
Submission No.:  FC01434A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 163  White Sucker                                                                                                                                                                   
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
163     00F5051 SBF    46.0    1735 F   1.60 .31     150     2       W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5052 SBF    41.2     690 M    .70 .41     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     



        00F5053 SBF    40.2     620 M    .80 .21     100     W 1     W 1     W 1     7       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5054 SBF    40.2     620 M    .90 .2      100     W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   4       
        00F5055 SBF    39.8     750 F    .70 .31     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   2       
        00F5056 SBF    34.8     535 M   1.40 .07     110     W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     20      W 5     W 200   W 1     
        00F5057 SBF    34.0     475 M    .90 .06     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5058 SBF    38.5     555 M   1.00 .44     180     W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   42      
        00F5059 SBF    36.3     535 M    .90 .25     120     W 1     W 1     W 1     7       W 5             W 1     W 1     W 1     4       W 2     W 5     44      W 5     W 200   W 1     
        00F5060 SBF    33.5     405 M    .90 .12     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   3       
        00F5061 SBF    29.8     335 M    .80 .05     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5062 SBF    27.2     275 M   1.00 .04     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5163 SBF    26.3     205 M    .70 .09     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  2
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42588224   St. Clair R.(Sarnia, d/s of Bluewater Bridge)                                                                                                                           
                                                                                                                                                                                             
Submission No.:  FC01434A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
334     00F1771 SBF    63.2    2420 F    .90 .58     160     W 1     W 1     W 1     33      W 5             W 1     W 1     W 1     4       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1772 SBF    51.6    1270 M    .90 .47     140     W 1     W 1     W 1     25      W 5             W 1     W 1     W 1     3       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1773 SBF    45.1     865 M   1.70 .32     280     W 1     W 1     W 1     50      W 5             W 1     W 1     W 1     7       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1774 SBF    46.7     955 M   1.10 .33     220     W 1     W 1     W 1     30      W 5             W 1     W 1     W 1     5       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1775 SBF    44.6     845 M    .90 .3      150     W 1     W 1     W 1     20      W 5             W 1     W 1     W 1     3       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1776 SBF    44.8     820 M   1.90 .28     280     W 1     W 1     W 1     64      W 5             W 1     W 1     W 1     8       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1777 SBF    42.5     850 F   1.60 .19     150     W 1     W 1     W 1     24      W 5             W 1     W 1     W 1     3       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1778 SBF    44.5     860 F   1.50 .45     410     W 1     W 1     W 1     74      W 5             W 1     W 1     W 1     9       W 2     W 5     W 5     W 5     W 200   W 1     
        00F1779 SBF    35.8     505 F    .80 .09     110     W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F1780 SBF    36.5     475 M    .70 .09     100     W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     

23 rows selected.

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                                      Heavy Metal Report                                                                                     
                                                                                                                                                                                             
Location: 42588224   St. Clair R. (Sarnia,d/s of Bluewater Bridge)                                                                                                                           
                                                                                                                                                                                             
Submission No.:  FC01434A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 163  White Sucker                                                                                                                                                                   
                                                                                                                                                                                             
        Field   Prt                 S                                                                                                                                                        
        Sample  Typ     Lth     Wgt e   Lip.  Hg      Cu      Ni      Pb      Zn      Mn      Cd      Cr      As      Se      Al                                                             
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)                                                           
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------                                                         
163     00F5051 SBF    46.0    1735 F   1.60 .31     .9      < .4            5       .35     .05                                                                                             
        00F5052 SBF    41.2     690 M    .70 .41     .92     < .4            13      .26     < .04                                                                                           
        00F5053 SBF    40.2     620 M    .80 .21     .31     < .4            4.5     < .2    .051                                                                                            
        00F5054 SBF    40.2     620 M    .90 .2      .41     < .4            7       .36     < .04                                                                                           
        00F5055 SBF    39.8     750 F    .70 .31     .41     .41             7.5     < .2    < .04                                                                                           
        00F5056 SBF    34.8     535 M   1.40 .07     .87     .39             7       .24     < .04                                                                                           
        00F5057 SBF    34.0     475 M    .90 .06     .4      .4              7.5     < .2    < .04                                                                                           
        00F5058 SBF    38.5     555 M   1.00 .44     .88     .49             9.6     .44     < .04                                                                                           
        00F5059 SBF    36.3     535 M    .90 .25     .72     .52             8.5     < .2    < .04                                                                                           
        00F5060 SBF    33.5     405 M    .90 .12     .39     < .4            4.8     < .2    < .04                                                                                           
        00F5061 SBF    29.8     335 M    .80 .05     .61     .51             5.9     < .2    .051                                                                                            
        00F5062 SBF    27.2     275 M   1.00 .04     .3      < .4            4.9     < .2    < .04                                                                                           
        00F5163 SBF    26.3     205 M    .70 .09                                                                                                                                             



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  2
                                                                                      Heavy Metal Report                                                                                     
                                                                                                                                                                                             
Location: 42588224   St. Clair R. (Sarnia,d/s of Bluewater Bridge)                                                                                                                           
                                                                                                                                                                                             
Submission No.:  FC01434A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
        Field   Prt                 S                                                                                                                                                        
        Sample  Typ     Lth     Wgt e   Lip.  Hg      Cu      Ni      Pb      Zn      Mn      Cd      Cr      As      Se      Al                                                             
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)                                                           
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------                                                         
334     00F1771 SBF    63.2    2420 F    .90 .58     .29     < .4            5       < .2    < .04                                                                                           
        00F1772 SBF    51.6    1270 M    .90 .47     .51     < .4            4.5     < .2    < .04                                                                                           
        00F1773 SBF    45.1     865 M   1.70 .32     .57     < .4            7.2     < .2    < .04                                                                                           
        00F1774 SBF    46.7     955 M   1.10 .33     .5      < .4            5       < .2    < .04                                                                                           
        00F1775 SBF    44.6     845 M    .90 .3      .78     .58             5.2     < .2    .039                                                                                            
        00F1776 SBF    44.8     820 M   1.90 .28     .72     < .4            4.6     < .2    < .04                                                                                           
        00F1777 SBF    42.5     850 F   1.60 .19     .41     < .4            5.8     < .2    < .04                                                                                           
        00F1778 SBF    44.5     860 F   1.50 .45     .48     < .4            3.9     < .2    < .04                                                                                           
        00F1779 SBF    35.8     505 F    .80 .09     .39     < .4            4.4     < .2    < .04                                                                                           
        00F1780 SBF    36.5     475 M    .70 .09     .3      < .4            4.6     .25     < .04                                                                                           

23 rows selected.

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                            Chlorinated Phenols and Benzenes Report                                                                          
                                                                                                                                                                                             
Location: 42538227   St. Clair R.(Ethyl Corp)                                                                                                                                                
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 186  Carp                                                                                                                                                                           
                                                                                                                                                                                             
                                              2       2       2       2       2       P       H       1       1       H       1       2       2       1       1       P                      
                                              4       4       3       3       3       e       e       3       2       e       2       4       3       2       2       e                      
                                              6       5       4       5       4       n       x       5       4       x       3       5       6       4       3       n                      
                                              .       .       .       6       5       t       a       .       .       a       .       .       .       5       4       t                      
                                              t       t       t       .       .       a       c       t       t       c       t       t       t       .       .       a                      
                                              r       r       r       t       t       c       h       r       r       h       r       r       r       t       t       c                      
                                              i       i       i       e       e       h       l       i       i       l       i       i       i       e       e       h                      
                                              c       c       c       t       t       l       o       c       c       o       c       c       c       t       t       l                      
                                              h       h       h       r       r       o       r       h       h       r       h       h       h       r       r       o                      
                                              l       l       l       a       a       r       o       l       l       o       l       l       l       a       a       r                      
                                              o       o       o       c       c       o       e       o       o       b       o       o       o       c       c       o                      
                                              r       r       r       h       h       p       t       r       r       u       r       r       r       h       h       b                      
                                              o       o       o       l       l       h       h       o       o       t       o       o       o       l       l       e                      
                                              p       p       p       o       o       e       a       b       b       a       b       t       t       o       o       n                      
                                              h       h       h       r       r       n       n       e       e       d       e       o       o       r       r       z                      
                                              e       e       e       o       o       o       e       n       n       i       n       l       l       o       o       e                      
                                              n       n       n       p       p       l       .       z       z       e       z       u       u       b       b       n                      
                                              o       o       o       h       h       .       .       e       e       n       e       e       e       e       e       e                      
                                              l       l       l       e       e       .       .       n       n       e       n       n       n       n       n       .                      
                                              .       .       .       n       n       .       .       e       e       .       e       e       e       z       z       .                      



                                              .       .       .       o       o       .       .       .       .       .       .       .       .       e       e       .                      
        Field   Prt                 S         .       .       .       l       l       .       .       .       .       .       .       .       .       n       n       .                      
        Sample  Typ     Lth     Wgt e   Lip.  .       .       .       .       .       .       .       .       .       .       .       .       .       e       e       .                      
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)                   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------                 
186     00F1721 SBF    67.4    4010 M   3.40 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     3       W 2     W 1     W 1     W 1     W 1     W 1                     
        00F1723 SBF    61.0    4060 F  10.40 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  2
                                                                            Chlorinated Phenols and Benzenes Report                                                                          
                                                                                                                                                                                             
Location: 42538227   St. Clair R.(Ethyl Corp)                                                                                                                                                
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
                                              2       2       2       2       2       P       H       1       1       H       1       2       2       1       1       P                      
                                              4       4       3       3       3       e       e       3       2       e       2       4       3       2       2       e                      
                                              6       5       4       5       4       n       x       5       4       x       3       5       6       4       3       n                      
                                              .       .       .       6       5       t       a       .       .       a       .       .       .       5       4       t                      
                                              t       t       t       .       .       a       c       t       t       c       t       t       t       .       .       a                      
                                              r       r       r       t       t       c       h       r       r       h       r       r       r       t       t       c                      
                                              i       i       i       e       e       h       l       i       i       l       i       i       i       e       e       h                      
                                              c       c       c       t       t       l       o       c       c       o       c       c       c       t       t       l                      
                                              h       h       h       r       r       o       r       h       h       r       h       h       h       r       r       o                      
                                              l       l       l       a       a       r       o       l       l       o       l       l       l       a       a       r                      
                                              o       o       o       c       c       o       e       o       o       b       o       o       o       c       c       o                      
                                              r       r       r       h       h       p       t       r       r       u       r       r       r       h       h       b                      
                                              o       o       o       l       l       h       h       o       o       t       o       o       o       l       l       e                      
                                              p       p       p       o       o       e       a       b       b       a       b       t       t       o       o       n                      
                                              h       h       h       r       r       n       n       e       e       d       e       o       o       r       r       z                      
                                              e       e       e       o       o       o       e       n       n       i       n       l       l       o       o       e                      
                                              n       n       n       p       p       l       .       z       z       e       z       u       u       b       b       n                      
                                              o       o       o       h       h       .       .       e       e       n       e       e       e       e       e       e                      
                                              l       l       l       e       e       .       .       n       n       e       n       n       n       n       n       .                      
                                              .       .       .       n       n       .       .       e       e       .       e       e       e       z       z       .                      
                                              .       .       .       o       o       .       .       .       .       .       .       .       .       e       e       .                      
        Field   Prt                 S         .       .       .       l       l       .       .       .       .       .       .       .       .       n       n       .                      
        Sample  Typ     Lth     Wgt e   Lip.  .       .       .       .       .       .       .       .       .       .       .       .       .       e       e       .                      
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)                   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------                 
334     00F5071 SBF    54.0    1590 F   1.60 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5072 SBF    52.2    1585 F   2.40 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     10      W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5073 SBF    46.1    1045 M   1.10 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     4       W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5074 SBF    47.4    1085 F   2.70 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5075 SBF    45.7    1035 F   1.90 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     35      W 2     W 1     W 1     W 1     W 1     3                       

7 rows selected.

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 063  Shad                                                                                                                                                                           
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
063     00F4971 SBF    39.9     680 M  16.20 .08     850     200     W 1     W 1     45      W 5             W 1     W 1     W 1     15      4       W 5     35      W 5     W 200   780     



        00F4972 SBF    38.0     560 F  10.20 .07     220     30      W 1     W 1     25      W 5             W 1     W 1     W 1     7       3       W 5     10      W 5     W 200   40      
        00F4973 SBF    36.2     520 M  10.20 .11     950     10      W 1     W 1     60      W 5             W 1     W 1     W 1     10      W 2     10      60      W 5     W 200   16      
        00F4974 SBF    34.4     430 M   8.60 .06     580     175     W 1     W 1     20      W 5             W 1     W 1     W 1     7       W 2     W 5     10      W 5     W 200   220     
        00F4975 SBF    31.7     340 F   1.10 .07     160     23      W 1     W 1     15      W 5             W 1     W 1     W 1     13      3       W 5     85      W 5     W 200   45      
        00F4976 SBF    31.7     295 F   1.20 .05     520     38      W 1     W 1     15      W 5             W 1     W 1     W 1     3       W 2     W 5     W 5     W 5     W 200   95      
        00F4977 SBF    30.4     310 M   3.80 .08     650     160     W 1     W 1     18      W 5             W 1     W 1     W 1     4       W 2     W 5     W 5     W 5     W 200   315     



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  2
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 186  Carp                                                                                                                                                                           
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
186     00F1721 SBF    67.4    4010 M   3.40 .16     980     W 1     W 1     W 1     60      W 5             W 1     W 1     W 1     11      4       W 5     25      W 5     W 200   7       
        00F1722 SBF    56.7    2750 M   4.60 .23     4500    W 1     W 1     W 1     82      W 5             W 1     W 1     W 1     8       3       W 5     28      W 5     W 200   24      
        00F1723 SBF    61.0    4060 F  10.40 .18     5200    4       W 1     W 1     160     W 5             W 1     W 1     W 1     23      10      W 5     155     W 5     W 200   60      
        00F1724 SBF    60.0    3440 M  10.60 .33     3700    8       W 1     W 1     650     W 5             W 1     W 1     W 1     45      20      W 5     55      W 5     W 200   130     
        00F1725 SBF    55.7    2225 M   7.30 .3      1140    2       W 1     W 1     50      W 5             W 1     W 1     W 1     7       4       W 5     25      W 5     W 200   20      
        00F1726 SBF    64.7    3870 M   3.90 .2      800     2       W 1     W 1     110     W 5             W 1     W 1     W 1     13      8       W 5     155     W 5     W 200   W 1     
        00F1727 SBF    60.0    3340 M   3.90 .31     640     W 1     W 1     W 1     120     W 5             W 1     W 1     W 1     9       4       W 5     10      W 5     W 200   W 1     
        00F1728 SBF    62.3    3720 M   3.00 .48     1500    W 1     W 1     W 1     135     W 5             W 1     W 1     W 1     15      8       W 5     20      W 5     W 200   70      
        00F1729 SBF    62.2    3530 M   2.30 .16     2000    6       W 1     W 1     135     W 5             W 1     W 1     W 1     40      20      W 5     120     W 5     W 200   W 1     
        00F1730 SBF    61.3    3350 F   7.30 .4      970     11      W 1     W 1     200     W 5             W 1     W 1     W 1     25      12      W 5     45      W 5     W 200   85      



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  3
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
334     00F5071 SBF    54.0    1590 F   1.60 .37     320     2       W 1     W 1     38      W 5             W 1     W 1     W 1     4       W 2     W 5     W 5     W 5     W 200   W 1     
        00F5072 SBF    52.2    1585 F   2.40 .42     315     3       W 1     W 1     42      W 5             W 1     W 1     W 1     5       W 2     W 5     W 5     W 5     W 200   4       
        00F5073 SBF    46.1    1045 M   1.10 .38     220     2       W 1     W 1     19      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   4       
        00F5074 SBF    47.4    1085 F   2.70 .28     400     2       W 1     W 1     34      W 5             W 1     W 1     W 1     5       W 2     W 5     W 5     W 5     W 200   7       
        00F5075 SBF    45.7    1035 F   1.90 .74     625     8       W 1     W 1     110     W 5             W 1     W 1     W 1     11      4       W 5     W 5     18      W 200   9       
        00F5076 SBF    44.7    1015 M   1.30 .25     190     W 1     W 1     W 1     16      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5077 SBF    41.6    1030 F    .60 .34     170     W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5078 SBF    43.8    1000 M   1.30 .27     225     W 1     W 1     W 1     27      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5079 SBF    43.9     870 M   2.30 .34     580     2       W 1     W 1     105     W 5             W 1     W 1     W 1     9       W 2     W 5     W 5     17      W 200   5       
        00F5080 SBF    41.5     895 F   1.70 .19     215     3       W 1     W 1     13      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   4       
        00F5081 SBF    43.6     775 F   1.50 .2      220     W 1     W 1     W 1     25      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5082 SBF    47.5     865 F   1.40 .31     670     2       W 1     W 1     105     W 5             W 1     W 1     W 1     11      3       W 5     W 5     17      W 200   4       
        00F5083 SBF    42.3     705 M   2.80 .31     590     3       W 1     W 1     130     W 5             W 1     W 1     W 1     12      4       W 5     W 5     25      W 200   5       
        00F5084 SBF    44.5     850 F   1.80 .33     200     W 1     W 1     W 1     20      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   5       
        00F5085 SBF    42.1     840 M   3.30 .5      550     3       W 1     W 1     90      W 5             W 1     W 1     W 1     8       W 2     W 5     W 5     16      W 200   6       
        00F5086 SBF    36.4     505 M   3.30 .18     470     W 1     W 1     W 1     15      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5087 SBF    42.7     745 F   1.00 .77     100     W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   3       
        00F5088 SBF    33.3     315 F    .80 .09     110     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5089 SBF    25.5     175 I    .90 .11     220     W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5090 SBF    22.5      90 I    .30 .12     125     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  4
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 371  Freshwater Drum                                                                                                                                                                
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
371     00F4951 SBF    49.4    1850 F  11.90 1       585     3       W 1     W 1     20      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   13      
        00F4952 SBF    40.5    1035 F   2.30 1.1     235     14      W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   23      
        00F4953 SBF    41.3    1045 F    .70 .91     W 20    W 1     W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   3       
        00F4954 SBF    43.3     830 F    .50 .88     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4955 SBF    42.5     800 F    .30 .64     W 20    W 1     W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4956 SBF    35.9     575 F    .10 1.6     180     6       W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   22      
        00F4957 SBF    31.0     325 F    .10 .33     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4958 SBF    34.0     410 M    .10 .53     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4959 SBF    32.2     385 F    .40 .22     100     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4960 SBF    33.1     455 F    .20 .25     100     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4961 SBF    32.0     390 F   3.30 .37     280     3       W 1     W 1     18      W 5             W 1     W 1     W 1     3       W 2     W 5     W 5     W 5     W 200   W 1     
        00F4962 SBF    30.0     310 F   1.30 .17     160     2       W 1     W 1     5       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4963 SBF    30.5     295 F   1.70 .15     310     W 1     W 1     W 1     14      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4964 SBF    27.5     253 F   1.50 .1      220     W 1     W 1     W 1     7       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4965 SBF    31.5     295 F    .70 .23     120     W 1     W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4966 SBF    44.3    1330 F   7.60 1.1     340     W 1     W 1     W 1     26      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4967 SBF    48.3    1690 F   1.80 1.5     190     4       W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   6       
        00F4968 SBF    44.0    1410 F   2.50 .39     200     50      W 1     W 1     7       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   75      
        00F4969 SBF    35.7     455 F    .60 .22     90      W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4970 SBF    25.0     230 F    .30 .12     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     

57 rows selected.

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 063  Shad                                                                                                                                                                           
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
063     00F4971 SBF    39.9     680 M  16.20 .08     850     200     W 1     W 1     45      W 5             W 1     W 1     W 1     15      4       W 5     35      W 5     W 200   780     
        00F4972 SBF    38.0     560 F  10.20 .07     220     30      W 1     W 1     25      W 5             W 1     W 1     W 1     7       3       W 5     10      W 5     W 200   40      
        00F4973 SBF    36.2     520 M  10.20 .11     950     10      W 1     W 1     60      W 5             W 1     W 1     W 1     10      W 2     10      60      W 5     W 200   16      
        00F4974 SBF    34.4     430 M   8.60 .06     580     175     W 1     W 1     20      W 5             W 1     W 1     W 1     7       W 2     W 5     10      W 5     W 200   220     
        00F4975 SBF    31.7     340 F   1.10 .07     160     23      W 1     W 1     15      W 5             W 1     W 1     W 1     13      3       W 5     85      W 5     W 200   45      
        00F4976 SBF    31.7     295 F   1.20 .05     520     38      W 1     W 1     15      W 5             W 1     W 1     W 1     3       W 2     W 5     W 5     W 5     W 200   95      
        00F4977 SBF    30.4     310 M   3.80 .08     650     160     W 1     W 1     18      W 5             W 1     W 1     W 1     4       W 2     W 5     W 5     W 5     W 200   315     



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  2
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 186  Carp                                                                                                                                                                           
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
186     00F1721 SBF    67.4    4010 M   3.40 .16     980     W 1     W 1     W 1     60      W 5             W 1     W 1     W 1     11      4       W 5     25      W 5     W 200   7       
        00F1722 SBF    56.7    2750 M   4.60 .23     4500    W 1     W 1     W 1     82      W 5             W 1     W 1     W 1     8       3       W 5     28      W 5     W 200   24      
        00F1723 SBF    61.0    4060 F  10.40 .18     5200    4       W 1     W 1     160     W 5             W 1     W 1     W 1     23      10      W 5     155     W 5     W 200   60      
        00F1724 SBF    60.0    3440 M  10.60 .33     3700    8       W 1     W 1     650     W 5             W 1     W 1     W 1     45      20      W 5     55      W 5     W 200   130     
        00F1725 SBF    55.7    2225 M   7.30 .3      1140    2       W 1     W 1     50      W 5             W 1     W 1     W 1     7       4       W 5     25      W 5     W 200   20      
        00F1726 SBF    64.7    3870 M   3.90 .2      800     2       W 1     W 1     110     W 5             W 1     W 1     W 1     13      8       W 5     155     W 5     W 200   W 1     
        00F1727 SBF    60.0    3340 M   3.90 .31     640     W 1     W 1     W 1     120     W 5             W 1     W 1     W 1     9       4       W 5     10      W 5     W 200   W 1     
        00F1728 SBF    62.3    3720 M   3.00 .48     1500    W 1     W 1     W 1     135     W 5             W 1     W 1     W 1     15      8       W 5     20      W 5     W 200   70      
        00F1729 SBF    62.2    3530 M   2.30 .16     2000    6       W 1     W 1     135     W 5             W 1     W 1     W 1     40      20      W 5     120     W 5     W 200   W 1     
        00F1730 SBF    61.3    3350 F   7.30 .4      970     11      W 1     W 1     200     W 5             W 1     W 1     W 1     25      12      W 5     45      W 5     W 200   85      



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  3
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
334     00F5071 SBF    54.0    1590 F   1.60 .37     320     2       W 1     W 1     38      W 5             W 1     W 1     W 1     4       W 2     W 5     W 5     W 5     W 200   W 1     
        00F5072 SBF    52.2    1585 F   2.40 .42     315     3       W 1     W 1     42      W 5             W 1     W 1     W 1     5       W 2     W 5     W 5     W 5     W 200   4       
        00F5073 SBF    46.1    1045 M   1.10 .38     220     2       W 1     W 1     19      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   4       
        00F5074 SBF    47.4    1085 F   2.70 .28     400     2       W 1     W 1     34      W 5             W 1     W 1     W 1     5       W 2     W 5     W 5     W 5     W 200   7       
        00F5075 SBF    45.7    1035 F   1.90 .74     625     8       W 1     W 1     110     W 5             W 1     W 1     W 1     11      4       W 5     W 5     18      W 200   9       
        00F5076 SBF    44.7    1015 M   1.30 .25     190     W 1     W 1     W 1     16      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5077 SBF    41.6    1030 F    .60 .34     170     W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5078 SBF    43.8    1000 M   1.30 .27     225     W 1     W 1     W 1     27      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5079 SBF    43.9     870 M   2.30 .34     580     2       W 1     W 1     105     W 5             W 1     W 1     W 1     9       W 2     W 5     W 5     17      W 200   5       
        00F5080 SBF    41.5     895 F   1.70 .19     215     3       W 1     W 1     13      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   4       
        00F5081 SBF    43.6     775 F   1.50 .2      220     W 1     W 1     W 1     25      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5082 SBF    47.5     865 F   1.40 .31     670     2       W 1     W 1     105     W 5             W 1     W 1     W 1     11      3       W 5     W 5     17      W 200   4       
        00F5083 SBF    42.3     705 M   2.80 .31     590     3       W 1     W 1     130     W 5             W 1     W 1     W 1     12      4       W 5     W 5     25      W 200   5       
        00F5084 SBF    44.5     850 F   1.80 .33     200     W 1     W 1     W 1     20      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   5       
        00F5085 SBF    42.1     840 M   3.30 .5      550     3       W 1     W 1     90      W 5             W 1     W 1     W 1     8       W 2     W 5     W 5     16      W 200   6       
        00F5086 SBF    36.4     505 M   3.30 .18     470     W 1     W 1     W 1     15      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5087 SBF    42.7     745 F   1.00 .77     100     W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   3       
        00F5088 SBF    33.3     315 F    .80 .09     110     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5089 SBF    25.5     175 I    .90 .11     220     W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F5090 SBF    22.5      90 I    .30 .12     125     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     



                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  4
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 42538227   St. Clair R. (Ethyl Corp)                                                                                                                                               
                                                                                                                                                                                             
Submission No.:  FC01435A                                                                                                                                            W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 371  Freshwater Drum                                                                                                                                                                
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
371     00F4951 SBF    49.4    1850 F  11.90 1       585     3       W 1     W 1     20      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   13      
        00F4952 SBF    40.5    1035 F   2.30 1.1     235     14      W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   23      
        00F4953 SBF    41.3    1045 F    .70 .91     W 20    W 1     W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   3       
        00F4954 SBF    43.3     830 F    .50 .88     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4955 SBF    42.5     800 F    .30 .64     W 20    W 1     W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4956 SBF    35.9     575 F    .10 1.6     180     6       W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   22      
        00F4957 SBF    31.0     325 F    .10 .33     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4958 SBF    34.0     410 M    .10 .53     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4959 SBF    32.2     385 F    .40 .22     100     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4960 SBF    33.1     455 F    .20 .25     100     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4961 SBF    32.0     390 F   3.30 .37     280     3       W 1     W 1     18      W 5             W 1     W 1     W 1     3       W 2     W 5     W 5     W 5     W 200   W 1     
        00F4962 SBF    30.0     310 F   1.30 .17     160     2       W 1     W 1     5       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4963 SBF    30.5     295 F   1.70 .15     310     W 1     W 1     W 1     14      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4964 SBF    27.5     253 F   1.50 .1      220     W 1     W 1     W 1     7       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4965 SBF    31.5     295 F    .70 .23     120     W 1     W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4966 SBF    44.3    1330 F   7.60 1.1     340     W 1     W 1     W 1     26      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4967 SBF    48.3    1690 F   1.80 1.5     190     4       W 1     W 1     4       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   6       
        00F4968 SBF    44.0    1410 F   2.50 .39     200     50      W 1     W 1     7       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   75      
        00F4969 SBF    35.7     455 F    .60 .22     90      W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     
        00F4970 SBF    25.0     230 F    .30 .12     W 20    W 1     W 1     W 1     W 1     W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     

57 rows selected.

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                            Chlorinated Phenols and Benzenes Report                                                                          
                                                                                                                                                                                             
Location: 43338230   St. Clair R. (Port Lambton)                                                                                                                                             
                                                                                                                                                                                             
Submission No.:  FC01493                                                                                                                                             W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
                                              2       2       2       2       2       P       H       1       1       H       1       2       2       1       1       P                      
                                              4       4       3       3       3       e       e       3       2       e       2       4       3       2       2       e                      
                                              6       5       4       5       4       n       x       5       4       x       3       5       6       4       3       n                      
                                              .       .       .       6       5       t       a       .       .       a       .       .       .       5       4       t                      
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                                              h       h       h       r       r       o       r       h       h       r       h       h       h       r       r       o                      
                                              l       l       l       a       a       r       o       l       l       o       l       l       l       a       a       r                      
                                              o       o       o       c       c       o       e       o       o       b       o       o       o       c       c       o                      
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                                              p       p       p       o       o       e       a       b       b       a       b       t       t       o       o       n                      
                                              h       h       h       r       r       n       n       e       e       d       e       o       o       r       r       z                      
                                              e       e       e       o       o       o       e       n       n       i       n       l       l       o       o       e                      
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                                              l       l       l       e       e       .       .       n       n       e       n       n       n       n       n       .                      
                                              .       .       .       n       n       .       .       e       e       .       e       e       e       z       z       .                      
                                              .       .       .       o       o       .       .       .       .       .       .       .       .       e       e       .                      
        Field   Prt                 S         .       .       .       l       l       .       .       .       .       .       .       .       .       n       n       .                      
        Sample  Typ     Lth     Wgt e   Lip.  .       .       .       .       .       .       .       .       .       .       .       .       .       e       e       .                      
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)                   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------                 
334     00F5011 SBF    50.7    1890 F  30.60 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5012 SBF    49.9    1400 F  35.80 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     2       W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5013 SBF    48.3    1235 F    .60 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5014 SBF    51.7    1210 F   2.60 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     
        00F5015 SBF    47.2    1050 M   2.00 W 50    W 50    W 100   W 50    W 50    W 50    W 1     W 2     W 2     W 1     W 2     W 1     W 1     W 1     W 1     W 1                     

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                            Mercury and Organic Contaminant Report                                                                           
                                                                                                                                                                                             
Location: 43338230   St. Clair R. (Port Lambton)                                                                                                                                             
                                                                                                                                                                                             
Submission No.:  FC01493                                                                                                                                             W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
        Field   Prt                 S                                                 PP-             PHO     A -     B -     G -     A -     G -     OP-     PP-     PP-                    
        Sample  Typ     Lth     Wgt e   Lip.  HG      PCB     HCB    HEPT     ALD     DDE     MRX     MRX     BHC     BHC     BHC    CLOR    CLOR     DDT     DDD     DDT     TOX     OCS    
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   (ppb)   
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
334     00F5011 SBF    50.7    1890 F  30.60 .65     100     W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   2       
        00F5012 SBF    49.9    1400 F  35.80 .58     220     W 1     W 1     W 1     30      W 5             W 1     W 1     W 1     4       W 2     W 5     W 5     W 5     W 200   10      
        00F5013 SBF    48.3    1235 F    .60 .33     75      W 1     W 1     W 1     10      W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   2       
        00F5014 SBF    51.7    1210 F   2.60 .28     250     W 1     W 1     W 1     45      W 5             W 1     W 1     W 1     8       W 2     W 5     W 5     W 5     W 200   W 1     
        00F5015 SBF    47.2    1050 M   2.00 .31     155     W 1     W 1     W 1     8       W 5             W 1     W 1     W 1     4       W 2     W 5     W 5     W 5     W 200   4       
        00F5016 SBF    40.5     750 M   5.70 .25     55      W 1     W 1     W 1     5       W 5             W 1     W 1     W 1     W 2     W 2     W 5     W 5     W 5     W 200   W 1     

6 rows selected.

                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                                                                                                                                             
                                                                       ONTARIO SPORT FISH CONTAMINANT MONITORING PROGRAM                                                              PAGE:  1
                                                                                      Heavy Metal Report                                                                                     
                                                                                                                                                                                             
Location: 43338230   St. Clair R. (Port Lambton)                                                                                                                                             
                                                                                                                                                                                             
Submission No.:  FC01493                                                                                                                                             W = below detection limit
Sample collected in year:  1991                                                                                                                                                              
Species: 334  Walleye                                                                                                                                                                        
                                                                                                                                                                                             
        Field   Prt                 S                                                                                                                                                        
        Sample  Typ     Lth     Wgt e   Lip.  Hg      Cu      Ni      Pb      Zn      Mn      Cd      Cr      As      Se      Al                                                             
SPECIES No.     Cod    (cm)    (gm) x    (%) (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)   (ppm)                                                           
------- ------- --- ------- ------- - ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------                                                         
334     00F5011 SBF    50.7    1890 F  30.60 .65     < .2    < .4    < .6    3.6     < .2    < .04                                                                                           



        00F5012 SBF    49.9    1400 F  35.80 .58     .41     < .4    < .6    4.9     < .2    < .04                                                                                           
        00F5013 SBF    48.3    1235 F    .60 .33     .51     < .4    < .6    4.4     < .2    < .04                                                                                           
        00F5014 SBF    51.7    1210 F   2.60 .28     < .2    < .4    < .6    4.5     4.8     < .04                                                                                           
        00F5015 SBF    47.2    1050 M   2.00 .31     .39     < .4    < .6    4.5     1.7     < .04                                                                                           
        00F5016 SBF    40.5     750 M   5.70 .25     .51     < .4    < .6    5.1     < .2    < .04                                                                                           

6 rows selected.



St. Clair River RAP - 1994 KETOX Modelling
CONTAMINANT:   BENZENE  
Loading Scenarios considered:
I   II III IV
   RAP Stage I Stage I Update / MI     Current     Projected

     Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3
 "       "     - #9
 "       "     - #11/12 0.253 0.244 0.244
 "       "     - Total 0 0.253 0.244 0.244
Shell Canada (via Talfourd Creek) 0.37 0.39 0.39
Novacor - Corunna (Petrosar) 0 0 0
Suncor 0 0 0
Dow Chemical - 1st Street 0.1663 0 0 0
 "     "     - 2nd Street 0.0251 0 0.00715 0
 "     "     - 3rd Street 0.2694 0 0.0313 0.004
 "     "     - 4th Street 0.1666 0.501 0.00055 0
 "     "     - 5th Street + Lasalle Roa 0 0 0 0
 "     "     - Total 0.6274 0.501 0.039 0.004
Polysar - 54 inch 0.1212 0.1212 0.0228
   "    - 66 inch 5.7062 5.7062 1.0712
   "    - 72 inch 25.07 2.1544 2.1544 0.4045
   "    - Biox (to Cole Drain) 0.005 0.0082 0.0082 0.0015
   "    - Neutralization sump + cooling water 0 0 0
   "    - Total 25.075 7.99 7.99 1.5
Ethyl 0 0 0
DuPont 0.04 0.04 0.04
Esso Chemical (Impounding Basin) 0.131 0.043 0.8386
Novacor (Mooretown) 0 0 0
Akzo Chemicals  (to Cole Drain)
Amoco Canada  (to Cole Drain) 0.011 0.011 0.011
BASF Canada  (to Cole Drain)
Chinook Group
ICI Nitrogen Products
Fiberglas Canada  (to Cole Drain)
Lambton Generating Station 0.0000078 0.0000078 0.0000078
Cole Drain @ Polysar 0.076 0.0545299 0.0545299
Cole Drain (TOTAL) 0.005 0.0842 0.0627299 0.0560299
Point Edward WPCP
Sarnia WPCP
Corunna WPCP
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP
Marysville WWTP
St. Clair WWTP
Marine City WWTP
St. Clair - Algonac WWTP
James River KVP
E.B. Eddy Paper
Akzo Salt
Detroit Edison - St. Clair
   "      "    - Belle
   "      "    - Marysville
TOTAL POINT SOURCE LOADING 25.7024 9.3610078 8.8005377 3.0710942
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:  0     1     3     7     15     25    37    50    63    75    85    93    97    99   100
Conc.(ng/L)  50    50    50    50    50     50    50    50    50    50    50    50    50    50    50

P. Nettleton - MOEE 22/06/94



St. Clair River RAP - 1994 KETOX Modelling
CONTAMINANT:   CADMIUM
Loading Scenarios considered:
I   II III IV
   RAP Stage I Stage I Update / MI     Current     Projected

     Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3
 "       "     - #9
 "       "     - #11/12 0.056 0 0
 "       "     - Total 0 0.056 0 0
Shell Canada (via Talfourd Creek) 0 0 0
Novacor - Corunna (Petrosar) 0 0 0
Suncor 0 0 0
Dow Chemical - 1st Street 0.0014 0 0 0
 "     "     - 2nd Street 0.0004 0 0 0
 "     "     - 3rd Street 0.0008 0 0 0
 "     "     - 4th Street 0.0015 0 0 0
 "     "     - 5th Street + Lasalle Road
 "     "     - Total 0.0041 0 0 0
Polysar - 54 inch 0 0 0
   "    - 66 inch 0 0 0
   "    - 72 inch 0.0003 0 0 0
   "    - Biox (to Cole Drain) 0.003 0 0 0
   "    - Neutralization sump + cooling water
   "    - Total 0.0033 0 0 0
Ethyl 0 0 0
DuPont 0 0 0
Esso Chemical (Impounding Basin) 0 0 0
Novacor (Mooretown) 0 0 0
Akzo Chemicals  (to Cole Drain)
Amoco Canada  (to Cole Drain)
BASF Canada  (to Cole Drain)
Chinook Group
ICI Nitrogen Products
Fiberglas Canada  (to Cole Drain)
Lambton Generating Station 0.00032 0.00032 0.00032
Cole Drain @ Polysar 0.0312749 0.0312749
Cole Drain (TOTAL) 0.0465 0.0435 0.0312749 0.0312749
Point Edward WPCP
Sarnia WPCP
Corunna WPCP 0.1049 0.1049 0.1049
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP 0.3788623 0.3788623 0.3788623 18.6
Marysville WWTP 0 0 0 2.94
St. Clair WWTP 0.0018777 0.0018777 0.0018777 2
Marine City WWTP 0.00083 0.00083 0.00083 2.78
St. Clair - Algonac WWTP 0.0008477 0.0008477 0.0008477 2.49
James River KVP 0.012759 0.012759 0.012759 3.94
E.B. Eddy Paper 0.0058027 0.0058027 0.0058027 11.4
Akzo Salt 0 0 0 2.78
Detroit Edison - St. Clair 1420
   "      "    - Belle 970
   "      "    - Marysville 73.1
TOTAL POINT SOURCE LOADING 0.0509 0.6056994 0.5374743 0.5374743
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:  0      1      3       7      15      25     37     50     63     75     85     93     97     99    100
Conc.(ng/L)  25     25     25      25     25      25     25     25     25     2 25

P. Nettleton - MOEE 22/06/94



St. Clair River RAP - 1994 KETOX Modelling
CONTAMINANT:   CARBON TETRACHLORIDE
Loading Scenarios considered:
I   II     III IV
RAP Stage I Stage I Update / MI     Current Projected

Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3
 "       "     - #9
 "       "     - #11/12
 "       "     - Total 0 0 0 0
Shell Canada (via Talfourd Creek)
Novacor - Corunna (Petrosar)
Suncor
Dow Chemical - 1st Street 2.9723 2.564 0.053 0.004
 "     "     - 2nd Street 0.1856 0.009 0.007 0
 "     "     - 3rd Street 0.2531 0 0.023 0
 "     "     - 4th Street 0.6755 0.261 0 0
 "     "     - 5th Street + Lasalle Road 0.004 0 0
 "     "     - Total 4.0865 2.838 0.083 0.004
Polysar - 54 inch 0.035 0.035 0.035
   "    - 66 inch 0.245 0.245 0.245
   "    - 72 inch 0.002 0.013 0.013 0.013
   "    - Biox (to Cole Drain) 0.001 0.002 0.002 0.002
   "    - Neutralization sump + cooling water 0.005 0.005 0.005
   "    - Total 0.003 0.3 0.3 0.3
Ethyl 0 0 0
DuPont 0 0 0
Esso Chemical (Impounding Basin) 0 0 0
Novacor (Mooretown) 0 0 0
Akzo Chemicals  (to Cole Drain)
Amoco Canada  (to Cole Drain) 0.002 0.002 0.002
BASF Canada  (to Cole Drain)
Chinook Group
ICI Nitrogen Products
Fiberglas Canada  (to Cole Drain)
Lambton Generating Station 0.0000062 0.0000062 0.0000062
Cole Drain @ Polysar 0.03 0.0264528 0.0264528
Cole Drain (TOTAL) 0.008 0.032 0.0284528 0.0284528
Point Edward WPCP
Sarnia WPCP
Corunna WPCP
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP
Marysville WWTP
St. Clair WWTP
Marine City WWTP
St. Clair - Algonac WWTP
James River KVP
E.B. Eddy Paper
Akzo Salt
Detroit Edison - St. Clair
   "      "    - Belle
   "      "    - Marysville
TOTAL POINT SOURCE LOADING 4.0965 3.1680062 0.409459 0.330459
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:    0       1       3       7      15      25     37     50     63     75     85     93     97     99  100
Conc.(ug/L)    1       1       1       1       1       1      1      1      1      1      1      1      1      1    1
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St. Clair River RAP - 1994 KETOX Modelling
CONTAMINANT:      Hexachlorobenzene  (HCB)
Loading Scenarios considered:
I   II     III IV
RAP Stage I Stage I Update / MI     Current Projected

Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3
 "       "     - #9
 "       "     - #11/12
 "       "     - Total 0 0 0 0
Shell Canada (via Talfourd Creek)
Novacor - Corunna (Petrosar)
Suncor
Dow Chemical - 1st Street 0.00738 0.000975 0.000079
 "     "     - 2nd Street 0.001 0.000026
 "     "     - 3rd Street 0.00014 0.0006563 0.000158
 "     "     - 4th Street 0.0033 0.000025 0.0023437 0.000581
 "     "     - 5th Street + Lasalle Road 0.000016
 "     "     - Total 0.01182 0.001 0.003 0.00086
Polysar - 54 inch
   "    - 66 inch
   "    - 72 inch
   "    - Biox (to Cole Drain)
   "    - Neutralization sump + cooling water
   "    - Total 0 0 0 0
Ethyl 0 0 0
DuPont 0 0 0
Esso Chemical (Impounding Basin)
Novacor (Mooretown)
Akzo Chemicals  (to Cole Drain)
Amoco Canada  (to Cole Drain)
BASF Canada  (to Cole Drain)
Chinook Group
ICI Nitrogen Products
Fiberglas Canada  (to Cole Drain)
Lambton Generating Station
Cole Drain @ Polysar 0.002 0.001476 0.001476
Cole Drain (TOTAL) 0.00888 0.002 0.001476 0.001476
Point Edward WPCP
Sarnia WPCP
Corunna WPCP 0.0000999 0.0000999 0.0000999
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP
Marysville WWTP
St. Clair WWTP
Marine City WWTP
St. Clair - Algonac WWTP
James River KVP
E.B. Eddy Paper
Akzo Salt
Detroit Edison - St. Clair
   "      "    - Belle
   "      "    - Marysville
TOTAL POINT SOURCE LOADING 0.0207 0.0030999 0.0045759 0.0024359
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:     0    1    3    7   15    25   37   50   63   75   85   93    97   99  100
Conc.(ng/L)  0.04 0.04 0.04 0.04 0.04  0.04 0.04 0.04 0.04 0.04 0.04 0.04  0.04 0.04 0.04  
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St. Clair River RAP - 1994 KETOX Modelling 
CONTAMINANT:   MERCURY
Loading Scenarios considered:
I   II     III IV
RAP Stage I Stage I Update / MI     Current Projected

Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3
 "       "     - #9
 "       "     - #11/12
 "       "     - Total 0 0 0 0
Shell Canada (via Talfourd Creek)
Novacor - Corunna (Petrosar) 0.000131 0 0 0
Suncor
Dow Chemical - 1st Street 0.0044 0 0 0.001
 "     "     - 2nd Street 0.0028 0 0 0
 "     "     - 3rd Street 0.0027 0 0 0
 "     "     - 4th Street 0.0064 0.004 0 0
 "     "     - 5th Street + Lasalle Road 0 0
 "     "     - Total 0.0163 0.004 0 0.001
Polysar - 54 inch
   "    - 66 inch
   "    - 72 inch 0.0001 0
   "    - Biox (to Cole Drain) 0.0003 0
   "    - Neutralization sump + cooling water
   "    - Total 0.0004 0 0 0
Ethyl 0 0 0
DuPont
Esso Chemical (Impounding Basin)
Novacor (Mooretown)
Akzo Chemicals  (to Cole Drain)
Amoco Canada  (to Cole Drain)
BASF Canada  (to Cole Drain)
Chinook Group
ICI Nitrogen Products 0 0 0
Fiberglas Canada  (to Cole Drain) 0.001 0.001 0.001
Lambton Generating Station 0.000017 0.000017 0.000017
Cole Drain @ Polysar 0.0019256 0.0019256
Cole Drain (TOTAL) 0.0022 0.001 0.0019256 0.0019256
Point Edward WPCP
Sarnia WPCP 0.005 0.008104 0.008104 0.008104
Corunna WPCP 0.00018 0.00018 0.00018
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP 0 0 0 18.6
Marysville WWTP 0.0004209 0.0004209 0.0004209 2.94
St. Clair WWTP 0.0030462 0.0030462 0.0030462 2
Marine City WWTP 0 0 0 2.78
St. Clair - Algonac WWTP 3.299E-05 3.299E-05 3.299E-05 2.49
James River KVP 0 0 0 3.94
E.B. Eddy Paper 0 0 0 11.4
Akzo Salt 0 0 0 2.78
Detroit Edison - St. Clair 1420
   "      "    - Belle 970
   "      "    - Marysville 73.1
TOTAL POINT SOURCE LOADING 0.023731 0.016801 0.0137266 0.0147266
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:   0      1      3      7      15      25     37     50     63     75     85     93     97     99    100
Conc.(ng/L)  11     11     11     11      11      11     11     11     11     1 11
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St. Clair River RAP - 1994 KETOX Modelling
CONTAMINANT:   LEAD
Loading Scenarios considered:
I   II     III IV
RAP Stage I Stage I Update / MI     Current Projected

Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3
 "       "     - #9
 "       "     - #11/12 0 0 0
 "       "     - Total 0 0 0 0
Shell Canada (via Talfourd Creek)
Novacor - Corunna (Petrosar)
Suncor
Dow Chemical - 1st Street 0.085 0 0 0
 "     "     - 2nd Street 0.036 0 0 0
 "     "     - 3rd Street 0.044 0 0 0
 "     "     - 4th Street 0.349 5.292 0 0
 "     "     - 5th Street + Lasalle Road 0 0 0
 "     "     - Total 0.514 5.292 0 0
Polysar - 54 inch
   "    - 66 inch
   "    - 72 inch 0.019 0 0 0
   "    - Biox (to Cole Drain) 0.063 0 0 0
   "    - Neutralization sump + cooling water
   "    - Total 0.082 0 0 0
Ethyl 7.606 2.23 2.23
DuPont 0 0 0
Esso Chemical (Impounding Basin) 0 0 0
Novacor (Mooretown)
Akzo Chemicals  (to Cole Drain)
Amoco Canada  (to Cole Drain)
BASF Canada  (to Cole Drain) 0.314 0.314 0.314
Chinook Group
ICI Nitrogen Products
Fiberglas Canada  (to Cole Drain)
Lambton Generating Station 0.0033 0.0033 0.0033
Cole Drain @ Polysar 1.5965188 1.5965188
Cole Drain (TOTAL) 0.385 0.322 1.5965188 1.5965188
Point Edward WPCP
Sarnia WPCP 5.494 5.494 5.494
Corunna WPCP 0.3157 0.3157 0.3157
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP 0.053249 0.053249 0.053249 18.6
Marysville WWTP 0.0122807 0.0122807 0.0122807 2.94
St. Clair WWTP 0.0004107 0.0004107 0.0004107 2
Marine City WWTP 0.0003198 0.0003198 0.0003198 2.78
St. Clair - Algonac WWTP 0.0063908 0.0063908 0.0063908 2.49
James River KVP 0 0 0 3.94
E.B. Eddy Paper 0.0287109 0.0287109 0.0287109 11.4
Akzo Salt 0 0 0 2.78
Detroit Edison - St. Clair 1420
   "      "    - Belle 970
   "      "    - Marysville 73.1
TOTAL POINT SOURCE LOADING 0.918 19.134362 9.7408807 9.7408807
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:    0      1      3      7      15     25     37     50     63    75      85     93     97     99    100
Conc.(ug/L)  0.1    0.1    0.1    0.1     0.1    0.1    0.1    0.1    0.1    0. 100
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St. Clair River RAP - 1994 KETOX Modelling
CONTAMINANT:   TETRACHLOROETHYLENE
Loading Scenarios considered:
I   II     III IV
RAP Stage I Stage I Update / MI     Current Projected

Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3
 "       "     - #9
 "       "     - #11/12
 "       "     - Total 0 0 0 0
Shell Canada (via Talfourd Creek) 0 0 0
Novacor - Corunna (Petrosar) 0 0 0
Suncor 0 0 0
Dow Chemical - 1st Street 2.1926 3.223 0.1905 0.004
 "     "     - 2nd Street 0.1526 0.037 0.0022 0
 "     "     - 3rd Street 0.025 0 0 0
 "     "     - 4th Street 0.6835 0.143 0.0085 0
 "     "     - 5th Street + Lasalle Road 0.03 0.0018 0.025
 "     "     - Total 3.0537 3.433 0.203 0.029
Polysar - 54 inch 0.028 0.028 0.028
   "    - 66 inch 0.251 0.251 0.251
   "    - 72 inch 0.004 0.011 0.011 0.011
   "    - Biox (to Cole Drain) 0.003 0.004 0.004 0.004
   "    - Neutralization sump + cooling water 0.006 0.006 0.006
   "    - Total 0.007 0.3 0.3 0.3
Ethyl 0 0 0
DuPont 0 0 0
Esso Chemical (Impounding Basin) 0.006 0.006 0.006
Novacor (Mooretown) 0 0 0
Akzo Chemicals  (to Cole Drain)
Amoco Canada  (to Cole Drain)
BASF Canada  (to Cole Drain)
Chinook Group
ICI Nitrogen Products
Fiberglas Canada  (to Cole Drain)
Lambton Generating Station 0 0 0
Cole Drain @ Polysar 0.024 0.0466642 0.0466642
Cole Drain (TOTAL) 0.0477 0.028 0.0506642 0.0506642
Point Edward WPCP
Sarnia WPCP 0.369 0.369 0.369
Corunna WPCP 0.0748 0.0748 0.0748
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP
Marysville WWTP
St. Clair WWTP
Marine City WWTP
St. Clair - Algonac WWTP
James River KVP
E.B. Eddy Paper
Akzo Salt
Detroit Edison - St. Clair
   "      "    - Belle
   "      "    - Marysville
TOTAL POINT SOURCE LOADING 3.1054 4.2068 0.9994642 0.8254642
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:    0       1       3       7       15      25     37     50     63     75     85     93     97   99  100
Conc.(ug/L)    1       1       1       1        1       1      1      1      1      1      1      1      1    1    1
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Summary of estimated impacts in the BED SEDIMENT under the "RAP Stage 1 - Addendum" and "Projected" loading scenarios
(predicted peak concentrations, along with the calibrated upstream [Lake Huron] and predicted 
downstream [Delta] boundary concentrations)

CHEMICAL YARDSTICK LOCATION AP STAGE 1 - ADDENDUM" "PROJECTED"
concentration CONCENTRATION LENGTH of zone CONCENTRATION LENGTH of zone

exceeding yardstick exceeding yardstick
(ng/g) (ng/g) (km downstream) (ng/g) (km downstream)

HCB 10 L. Huron 0.98 0.98
Cole Drain 3.4 2.7
Dow - 1st Street 15.0 0.18 2.2
Dow - 3rd Street 6.4 4.0
Dow - 4th Street 5.6 11.1 0.12
Corunna WPCP 6.9 6.8
Delta - Cdn. / U.S. 1.50   /   0.98 1.37   /   0.98

mercury 200 L. Huron 14.3 14.3
Sarnia WPCP 35.3 35.3
Dow - 1st Street 19.3 50.6
Dow - 4th Street 145. 30.2
St. Clair WWTP 110. 110.
Delta - Cdn. / U.S. 18.5   /   17.4 17.6   /   17.4

benzene none L. Huron 1.3 1.3
Esso Chemical 1.7 4.3
Polysar - 72 inch 140. 29.6
Shell - Talfourd Creek 17.7 12.4
Delta - Cdn. / U.S. 2.8   /   1.0 1.6   /   1.0

zinc 90,000. L. Huron 20,300. 20,300.
Sarnia WPCP 90,300. 0.14 90,300. 0.14
Dow - 4th Street 1,470,000. 8.8 94,700. 0.12
Shell - Talfourd Creek 157,000. ithin Dow 4th zone 89,200.
Novacor - Corunna 255,000. ithin Dow 4th zone 57,200.
Delta - Cdn. / U.S. 50,300.   /   21,700. 32,200.   /   21,600.

cadmium 1,100. L. Huron 162 162
Port Huron WWTP 1,070. 1,070.
Corunna WPCP 2,620. 0.18 2,620. 0.18
Delta - Cdn. / U.S. 178.   /   196. 174.   /   195.

lead 31,000. L. Huron 8,020. 8,020.
Sarnia WPCP 24,100. 24,100.
Cole Drain 15,100. 18,800.
Dow - 4th Street 199,000. 11.0 13,500.
Ethyl 112,000. ithin Dow 4th zone 39,500. 0.43
Corunna WPCP 97,100. ithin Dow 4th zone 61,300. 0.26
Delta - Cdn. / U.S. 16,800.   /   8,300. 12,000.   /   8,250.

CTC none L. Huron 0.07 0.07
Polysar - 66 inch 8.1 8.1
Dow - 1st Street 82. 5.0
Delta - Cdn. / U.S. 0.84   /   0.09 0.13   /   0.05

TCE none L. Huron 0.48 0.48
Sarnia WPCP 3.72 3.72
Polysar - 66 inch 29.6 29.6
Dow - 1st Street 379. 20.4
Corunna WPCP 40.9 28.8
Delta - Cdn. / U.S. 4.50   /   0.57 1.19   /   0.43

NOTES: 1. Predicted concentrations are in the "farfield" bed sediment (after "nearfield" mixing).  
Predicted levels would be larger within the "nearfield" bed sediment 
immediately (tens of metres) downstream of the outfalls.  Because of this,  
the predicted concentrations are a reflection of both the outfall's loading and "nearfield" mixing 
characteristics.
2.  Predicted concentrations are for AVERAGE fine sediment, (under long-term average loading conditions).
The effect of variability, particularly caused by bed sediment heterogenity, 
would create localized concentrations above and below these average values.
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RATIONALE FOR SELECTING NUMERICAL "YARDSTICKS"
FOR THE ST. CLAIR RIVER RAP

 
22/11/93

 (revised
10/94)
A concern echoed many times in development of the St. Clair River Remedial Action Plan is the
anticipated difficulty during Stage 2 to adopt one set of numerical environmental objectives or
"yardsticks" for a Binational Area of Concern involving numerous jurisdictions.

The purpose of developing these "yardsticks" is twofold.  The development of agreed upon
quantitative open water "yardsticks" will assist in measuring progress towards achievement of our
goals and objectives in the mid to long term.  The RAP recognizes the obligations under the Great
Lakes Water Quality Agreement (GLWQA) to strive for virtual elimination within a philosophy of
zero discharge of persistent toxic substances.  In the shorter term, "yardsticks"  will assist our
efforts to measure impact from existing sources and identify and highlight areas requiring
additional remediation.

These "yardsticks" are subject to revision should new scientifically valid values be produced or
new criteria are adopted by one of the relevant jurisdictions in future.  The development and use
of these "yardsticks" does not imply agency endorsement of any numbers, other than those
published by that agency.  The following table was not compiled to imply support by one
government department of criteria/standards/objectives or other measures developed by another
agency, but are put forth as quantitative open water RAP targets to be used to measure progress
in achieving our qualitative goals and objectives.

A number of concurrent efforts have been initiated to address this binational issue through the IJC
and Federal, Provincial and State Governments.  Notably, attempts to compile and condense
water quality criteria, guidelines, objectives, rules and standards, have been undertaken as part of
the "Binational program to restore and protect the Lake Superior Basin" and in the "Lake Ontario
Toxics Management Plan", as well as the U.S. EPA "Great Lakes Initiative".

As a result of the Lake Superior initiative, a technical (Superior) Working Group has been charged
with developing common water quality standards which could be adopted lake-wide and respected
by Provincial, Federal and State jurisdictions bordering on Lake Superior.  As part of this effort,
the Superior Work Group compiled available numerical values and established five methods for



establishing one common criteria for each chemical compound.  Methods considered by the Work
Group included:
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1. Using the most stringent of enforceable standards;
2. Using the IJC Binational Objectives Development Committee (BODC) method of least

stringent value for most sensitive use (excluding acute and agricultural numbers);
3. Using the most stringent value of all standards;
4. Using the most stringent of all standards excluding drinking water numbers; and
5. Set non-detectable standards for designated persistent toxics.

The Superior Work Group critically reviewed each method identifying benefits and limitations.
"The consensus of the Work Group was that as a demonstration project, it was appropriate to use
the lowest scientifically valid value available, excluding drinking water standards, as the ultimate
goal of restoration for Lake Superior as a means of defining critical pollutants in the lake (Lake
Superior Work Group draft report on "Common Water Quality Standards for Lake Superior" -
1992)."

The St. Clair River RAP Team identified a number of questions and concerns primarily with
respect to agreeing upon a criteria for selecting "yardsticks".  These criteria would be consistent
with the Lake Superior Work Group, but would also include the identification of additional
information necessary to make informed consensus based decisions.  These criteria include:

• Selection of the lowest scientifically valid number from each of five principle jurisdictions
(Ontario, Michigan, Canadian and U.S. Federal Governments and IJC).  Note: Resort to
other jurisdictional numbers within the Great Lakes Basin in the absence of a number from
any of the five above.

• Need to understand the rationale employed in setting a "yardstick" and its application.  All
"yardstick" values are being used to assist in determining impact and as a measure of
success towards achievement of RAP goals and objectives.  Some "yardsticks" such as
those developed for sediments are a trigger to initiate further assessment.

• Must be measurable by agreed upon analytical techniques for water, sediment and biota
(ranging from standard method detection levels to non-routine ultra-trace level methods).

• "Yardsticks" must be established with the knowledge of lower Lake Huron levels (i.e. what
is coming into the St. Clair River) and at or above these levels.

• With respect to water quality "yardsticks", use only "ambient" criteria and do not consider
livestock, irrigation or other uses including drinking water.  In addition, only "yardsticks"
which were appropriate to the hardness of the St. Clair River AOC (i.e. 100 mg/L CaCO3)
would be used.

• Do not consider numbers developed for acute protection only.



• Do not consider those which are "proposed" except in the absence of other data.

Some additional guiding principles were discussed and acknowledged including the need to
generally accept government established objectives, except in cases where a broad and
unaccountable range of numbers designed to achieve similar levels of protection have been
identified.  It was also generally agreed that the "yardstick" for action within the AOC value would
be at or above lower Lake Huron  levels.  In this case, restoration targets within the Area of
Concern would be to the lower Lake Huron level, while recommendations will be made to external
sources to alleviate stresses on Lake Huron.
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Lower Lake Huron levels must be representative of what is coming into the St. Clair River from
lower Lake Huron with a caveat that these levels would be determined based on available
information in Lake Huron.

Specific parameters for which the lower Lake Huron levels have been adopted as a "yardstick"
include arsenic and dieldrin, in water and sediments, mercury in water, as well as cadmium,
chromium, manganese, nickel and PCBs in sediments.  For these parameters, the "yardstick"
value below the lower Lake Huron level is presented in Appendix 1 attached.

The Lake Superior Work Group determined that water would not normally be removed without
treatment for drinking water purposes.  This is consistent with RAP Team and BPAC goals and
objectives which state "...river water meeting quality criteria from municipal, industrial, agricultural
and non-drinking uses will be available without interruption".

It was agreed upon by the St. Clair River RAP Team and BPAC that risk to human health through
exclusion of drinking water numbers is likely of little concern, as the consumption of contaminated
food is considered to be the most significant avenue to human exposure of persistent toxic
substances.  Additionally, "yardsticks" for the protection of aquatic biota are often more restrictive
than drinking water standards because of differences in exposure.

One of the largest problems facing the Committee was the need to interpret differences between
widely varying numbers purportedly providing similar levels of protection.  As part of the evaluation
process, both standards for the protection of aquatic and human health were considered.  Initially,
a number of the most restrictive values presented were reflected in U.S. EPA standards designed
to protect human consumers of fish by minimizing the potential for accumulation of these
substances within the fish tissue.

The St. Clair River RAP Subcommittee with expert advice, has opted to utilize these conservative
values including new information on bioconcentration factors and cancer potency estimates.  A 10-

5 (1 in 100,000 cancer risk) risk value was selected from the incremental risk values put forth by
EPA in their determination.  This 10-5 risk value is consistent with both Health & Welfare Canada's
risk assessment practices, as well as that which is proposed under the recent EPA Great Lakes
Initiative.  In a number of instances following incorporation of new information, aquatic and human
health based standards were remarkably similar and the lowest value was retained.

With respect to sediment quality criteria and fish contaminant criteria, typically only one standard
existed for each individual parameter.  In instances where more than one standard existed per
parameter, the most stringent number was selected to be the preferred "yardstick".  Some
discrepancies have been noted between data and interpretation for each jurisdictions fish
contaminant criteria.  It was determined that where data for a particular jurisdiction is based upon
fish fillets, direct comparison with the "yardstick" for all parameters but DDT and Mirex, could be
undertaken.  For DDT, it was recommended by the Lake Superior Work Group that values should
be corrected for comparison with the standard, prior to designation of the pollutant as a critical
pollutant (exceeding standard), while Mirex should be non-detectable in any sample.

Sediment "yardstick" values which have been selected from the MOEE biologically based
Provincial Sediment Quality Guidelines, are to be used as a trigger for action and serve to initiate
activities necessary to document the degree and extent of sediment contamination.



- 4 -

For purposes of developing common "yardsticks" for the St. Clair River Area of Concern,
information contained in the "Common Water Quality Standards for Lake Superior" document, as
well as the "Lake Ontario Toxics Management Plan", the U.S. EPA "Great Lakes Initiative" and
other available and appropriate references were reviewed and single values selected based on
the above mentioned approach.  One additional area requiring further expert input includes the
development of numerical "yardsticks" for high fish consumers.  These reflect fish consumption
"yardsticks" for the protection of human health, which have been corrected for individuals
consuming greater than "average" amounts of fish in their diet.  These numbers are currently
under review by Federal, Provincial and State experts for their advice and suggestions, and do not
currently exist as agency endorsed numbers.

These "yardsticks" have been developed for a short list of "contaminants of concern" as
determined as part of Stage 1; however, it is incumbent on the RAP Team and BPAC to
continually review data against available standards to ensure that potential or emerging
contaminants of concern and revised objectives/guidelines/standards have not been overlooked.

APPENDIX 1:  NOTE - Values which are shaded represent desirable "Yardstick" levels which are
 below documented lower Lake Huron levels.

SUBSTANCE LOWER LAKE
HURON LEVEL
(Water - ppb)

DESIRED
"YARDSTICK"
(Water - ppb)

LOWER LAKE
HURON LEVEL

(Sediments - ppb)

DESIRED
"YARDSTICK"

(Sediments - ppb)

Arsenic 0.21 0.2 4200 3000

Cadmium 0.025 0.2 1100 600

Chromium 0.3 1.7 31000 26000

Copper 0.4 2 25000 16000

Dieldrin 0.0003 .000032 1 .6

Hexachlorobenzene <.00004 .0001 1 10

Manganese 1.4 50 400000 300000

Mercury 0.011 0.0013 100 200

Nickel 0.61 25 31000 16000

Total Phosphorus 8.4 10 420

PCBs <0.0008 0.001 20 10



DRAFT ENVIRONMENTAL "YARDSTICKS" FOR THE ST. CLAIR RIVER RAP - WATER QUALITY
   

SUBSTANCE
LOWER
L.HURON
ug/l
(ppb)

DETECT.LIMIT
ug/l
(ppb)
RANGE(9)

"YARDSTICK"
ug/l (ppb)

PRESENT
LEVEL IN
RIVER
max (ppb)(27)

PROTECT
USE(S)(11)

AGENCIES
(12)

METALS

ARSENIC .21(1) 1.0 1.0(14)(15) HH

CADMIUM 0.025(1) .5 0.5 AH ON/IJC

CHROMIUM VI 0.3(1) 5 5 3.5 (1991) AH MI

COPPER 0.4(1) 5 5 4 (1990) AH CCME

IRON 70(1) 20(13) 300 2433 (1989) AH (6)

LEAD 0.10(1) .5 2.9 AH MI

MANGANESE 1.4(1) .5 50 AES EPA/ON

MERCURY 0.011(1) .005(28) 0.011(14) 0.03 (1990) AH/AH

NICKEL 0.61(1) 2 25 AH IJC/ON

ZINC 0.56(1) 2 30 14.5 (1991)
mean

AH/AES IJC/ON/
CCME

CONVENTIONALS

BACTERIA 0 N.A. 33/100mls 8017 (1990) HH EPA

CHLORIDE 610(2) 2(ppm) 50000 ALL MI

OIL & GREASE 1(ppm)(13) NARRATIVE(6)

TOT.PHOS. 8.4(2) 20 20 36 (1991) AES ON
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SUBSTANCE
LOWER
L.HURON
ug/l
(ppb)

MDL
ug/l
(ppb)
RANGE(9)

"YARDSTICK"
ug/l (ppb)
RANGE

PRESENT
LEVEL IN
RIVER
max (ppb)(27)

PROTECT
USE(S)(11)

AGENCIES
(12)

ORGANICS

BENZENE <.05(4) .5(13) 6.6(15) HH

CARBON TETRACHLORIDE <1 1.3(13) 4(15) HH

CHLOROPHENOLS(16) .1-1(10) 7 AH ON

1,1-DICHLOROETHANE .8(13) 50(8) HH NY(17)

1,2-DICHLOROETHANE .5 9.4(15) HH

DIELDRIN .0003(3) .00005-0.02(3) .0003(14)

HEXACHLOROBENZENE <.00004(3) .00004(3)-.01(13) .001 HH EPA(19)

HEXACHLOROBUTADIENE <.001 .01(13) .1 AH CCME

HEXACHLOROETHANE .0008(4) .01(13) 13 HH MI

PAHs (B(a)p) .01-.5(10) 0.1 AH IJC

PCBs <.0008(3) .0008(3)-.2 0.001(15) 0.0024 (1989)
mean

PENTACHLOROBENZENE <.00004(3) .00004(3)-.01 .03 AH ON/CCME

TETRACHLOROETHYLENE <1 .5 8(15) HH

1,1,1-TRICHLOROETHANE <.02(4) .2 120 AH MI

1,1,2-TRICHLOROETHANE .5 6(15) HH

TRICHLOROETHYLENE 1 27(15) HH

2,4,5-TRICHLOROTOLUENE <.001 50

TOLUENE <.05 .5(13) 110 AH MI

XYLENE -m <.1 .5-1(10)(13) 2(18) AH ON

XYLENE <.1 59 AH MI

DRAFT ENVIRONMENTAL "YARDSTICKS" FOR THE ST. CLAIR RIVER RAP - SEDIMENTS AND BIOTA



SUBSTANCE LOWER
L.HURON
LEVELS
ng/g (ppb)(20)

SEDIMENT
YDSTCK
ng/g (ppb)

PRESENT
LEVEL IN
RIVER
max (ppb)(27)

PROTECT.
 USE

AGENCY BIOTA
YDSTCK
ng/g (ppb)

PRESENT
LEVEL IN
RIVER
max (ppb)(27)

PROTECT.

USE

AGENCY HIGH
CONS
YDSTCK
(ppb)(24)

PROTECT.
USE

AGENCY

METALS

ARSENIC 4200 4200(14) 9100 (1989)
mean

AH 0.097(23) HH EPA

CADMIUM(11) 1100 1100(14) 1400 (1990) AH 690 (1991)

CHROMIUM VI 31000 31000(14) 36800 (1989)
mean

AH

COPPER(11) 25000 25000 140x103

(1990)
AH ON 1500 (1991)

IRON 31200x103 10000x103 (22) 26,600x103

(1991)
AH ON

LEAD(11) 23000 31000 297.3x103

(1989) mean
AH ON 1000 710 (1991) HH ON

MANGANESE 400x103 400x103 (14) 492x103

(1990)
AH 1800 (1991)

MERCURY 100 200 4900 (1990) AH ON 500 1600 (1991) HH (7)

NICKEL 31000 31000(14) 55000 (1990) AH 840 (1991)

ZINC 65000 90000(21) 250x103

(1990)
AH EPA 35000 (1991)

CONVENT'LS.

BACTERIA

CHLORIDE

OIL & GREASE 1000 1772 (1990) AH EPA

TKN 550 1970 (1989)
mean

AH ON

TOT. PHOS. 420 720 (1989) AH EPA
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SUBSTANCE LOWER
L.HURON
LEVELS
ng/g (ppb)(20)

SEDIMENT
YDSTCK
ng/g (ppb)

PRESENT
LEVEL IN
RIVER
max
(ppb)(27)

PROTECT.
 USE

AGENCY BIOTA
YDS

TCK
ng/g(ppb)

PRESENT
LEVEL IN
RIVER
max (ppb)(27)

PROTECT.
USE

AGENCY HIGH
CONS
YDSTCK
(ppb)(24)

PROTECT.
USE

AGENCY

ORGANICS

BENZENE

CARBON TETRACHLORIDE

CHLOROPHENOLS

1,1-DICHLOROETHANE

1,2-DICHLOROETHANE

DIELDRIN 1 1(14) AH .37(23) HH EPA .02 HH NA

HEXACHLOROBENZENE 1 10(21) 289.3x103

(1990)
AH ON 100 88 (1991) HH HWC 4 HH NA

HEXACHLOROBUTADIENE 488x103

(1990)
1300(23,26) 35 (1991) AH NY

HEXACHLOROETHANE 1900 (1990) 2 (1991)

OCTACHLOROSTYRENE 20(26) 540 (1991) AH NY

PAHs 2000(25) 54300(1990) AH ON .93(23) HH EPA .04 HH NA

PCBs 20 20(14) 2020 (1990) AH 2.5(23) 2450
(1991)

HH EPA .1 HH NA

PENTACHLOROBENZENE 1600 (1990) 3 (1991)

TETRACHLOROETHYLENE

1,1,1-TRICHLOROETHANE

1,1,2-TRICHLOROETHANE

TRICHLOROETHYLENE

2,4,5-TRICHLOROTOLUENE 121x10(3)

(1990)

TOLUENE

XYLENE
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1) Rossman, R. and J. Barres 1988.  Trace Element Concentrations in near-surface waters of the Great Lakes and Methods
of Collection, Storage and Analysis.  J. Great Lakes Res. 14(2): 188-204.

2) Chan, C.H. 1990.  St. Clair River Head and Mouth Water Quality Monitoring 1987-1989 (Draft).  Environment Canada,
Inland Waters Directorate, Burlington, Ontario.

3) L'Italien, S. 1993.  Organic Contaminants in the Great Lakes 1986-1990 (Draft).  Environment Canada, Inland Waters
Directorate, Burlington, Ontario.

4) Ontario Ministry of the Environment and Energy, 1993 (Unpublished).  Drinking Water Surveillance Plan (DWSP) results
Lambton Area Water Treatment Plant.

5) Proposed PWQO(G) (Provincial Water Quality Objective (Guideline))

6) CCME, IJC, MN, ON, EPA, NY, PA, OH

7) Lake Ontario Toxics Management Plan - Draft Report

8) Environment Canada 1990 Draft Inventory of Great Lakes Water Quality Criteria, Guidelines, Objectives, Rules and
Standards.

9) Detection limit represents the lowest level at which a laboratory can confidently report identifying and quantifying materials.
As technology changes, these levels will also change.

10) Range of Detectiom Limits values for the referenced class of compounds.

11) Water Use Type which is protected.

12) Agency or Agencies responsible for Objective.

13) MISA RMDL (Regulatory Method Detection Limit) (Note: For effluent matrix; surface water Detection Limit may
be lower.  MOEE will provide statistically determined Detection Limit values later this year.)

14) Lower Lake Huron or Detection Limit (i.e. higher of lower Lake Huron vs. Yardstick or Detection Limit vs.
Yardstick).

15) 1986 EPA number (10-5 cancer risk) which has been updated based on current bioconcentration factors and
cancer potency estimates. Note: for these Yardsticks, no Agency is represented.

16) Monochlorophenols.
17) Drinking water value for surface waters (only available value).

18) Ontario proposed number (no other numbers available).

19) EPA GLWQI Proposed.

20) Persaud et. al. 1992.

21) Dredging guideline (U.S. EPA).

22) Dredging guideline (Ontario).
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23) Lake Ontario Toxics Management Plan - Draft report.



24) Biota Objective corrected for 165 gm/day fish consumption vs. 6.5 g/day national (U.S.) Avg. from PTI 1987 -
Draft.

25) Tentative guideline.

26) Proposed criteria for the protection of fish eating wildlife.

27) Maximum observed concentration or mean concentration from a single location in the AOC.  Where "mean" is
indicated, the value is a mean for samples obtained from a specific location and is not a mean value for the
AOC as a whole (reference: Stage 1 update - June 1993, Draft Report.)

28) Jerome Nriagu - EC, NWRI, Burlington

AH Aquatic Health
HH Human Health
AES Aesthetics
ON Ontario Ministry of the Environment and Energy
MI Michigan Department of Natural Resources
MN Minnesota
CCME Canadian Council of Ministers of the Environment
EPA United States Environmental Protection Agency
IJC International Joint Commission
WI State of Wisconsin Department of Natural Resources
PA Pennsylvania
NA Not Applicable



A.   Regulatory Programs

1.   Ontario and Canada
Ontario legislation which is most directly applicable to industrial and municipal direct dischargers includes the
Ontario Water Resources Act (OWRA) and the Environmental Protection Act (EPA).  Generic effluent
objectives have been developed for several parameters and Policy 3 of the OMOEE Water Management
Goals, Policies, Objectives and Implementation Procedures dictates that effluent limits will be established
based on the waste receiving capacity of a water body and the Provincial Water Quality Objectives.  In
establishing limits, consideration is also given to the Federal effluent regulations or guidelines, with the more
stringent being imposed.  The effluent requirement derived from this procedure for each discharger is
incorporated into a Certificate of Approval (CofA) detailing, where appropriate, both waste loadings and
concentrations.  In addition, legally enforceable Control Orders may be issued under Section 113 of the EPA
to any existing plant to define tasks and compliance dates by which specific tasks must be completed.

Part 10 of the EPA is referred to as the "Spills Bill" which establishes notification requirements,
responsibilities (for notification, response, and liabilities), compensation mechanisms, and offences for
prosecution.  The Ontario Spills Action Centre, established under this part of the EPA, coordinates MOEE's
response network, working with the Canadian Coast Guard, federal Department of the Environment, police
and fire departments, and other reporting centres.  Spills are defined under the act as discharges to the
natural environment from some structure and is "abnormal in quality or quantity in light of all the
circumstances of the discharge."

In addition, Ontario has established a regulatory based program to control toxic contaminants in municipal
and industrial effluents.  The Municipal-Industrial Strategy for Abatement (MISA) Program, allows the
Province to enforce technology-based effluent limits with minimum pollution control requirements related to
the implementation of Best Available Technology Economically Achievable (BATEA).  Under MISA, toxic
pollutants which are required to be monitored include those identified on the Ontario Effluent Monitoring
Priority Pollutants List (EMPPL) which is periodically updated.  Monitoring requirements and specific effluent
limits are being established for a total of nine industrial sectors and the municipal sector.  Draft limit
regulations are being prepared for the inorganic chemical sectors, organic chemicals manufacturing sector
and thermal generations sector.  Final regulations have been promulgated for the petroleum refining sector. 
As part of the MISA limit regulations, each facility must undertake Storm Water Control Studies to determine
impacts from storm water runoff.

Under the EPA's Sewage System Regulations, municipalities are required to develop sewage use by-laws to
set limits specifying concentrations of various contaminants which industrial users of the municipal facility
must meet.  Additional pretreatment requirements, such as technology-based treatment are not specified,
however, by-laws contain a clause enabling the municipality to require oil interceptors, flow monitors,
manholes, and treatment, as required to meet the limits without dilution. 
Recently, the MISA Municipal Sector has proposed a sewer use regulation and model sewer use by-law. 
This regulation would be complimented by voluntary pollution prevention initiatives by industry and public
education initiatives with householders to significantly reduce the discharge of toxic substances to municipal
sewers.  The proposed regulations will require municipalities to adopt a sewer use by-law (based on the
model by-law), complete municipal waste surveys and discharger sampling programs, issue compliance
programs to noncomplying plants and BMP requirements, apply consistent procedures and charge formulas
to all sewer user charges and extra-strength surcharge agreements that vary with sewer flows and loadings,
develop and implement a routine sampling and inspection program of sewer users, develop and implement a
municipal sewer use enforcement policy, train and certify municipal inspectors, and report annually on sewer
use activities to the government and public.  The second major thrust of the MISA Municipal Program is to
develop a sewage treatment plant effluent limits regulation and a requirement to upgrade all primary sewage
treatment plants to secondary treatment or equivalent over a 20 year period.  Initial efforts in implementing
the regulations and programs will be targeted to areas with large population bases and those contributing to
Great Lakes AOC.



Air quality in Ontario is regulated under Regulation 346 of the Environmental Protection Act.  Under this
regulation, MOEE may prepare an "Air Pollution Index" to express the relative levels of air pollution.  As an
index level is approached or exceeded, the OMOEE, in consultation with the Ministry of Health, may order
curtailment of the operation of sources of air pollution.  The Regulation also identifies the maximum
contaminant concentration at a point of impingement from a source. 

The Fisheries Act and Canadian Environmental Protection Act (CEPA) are the most significant federal
legislation pertaining to point source regulations.  The habitat protection provisions of the Fisheries Act
provide comprehensive powers to protect fish, fish habitat and human use of fish by prohibiting the discharge
of deleterious substances causing an impact on fish or fish habitat.  Under this act, federal effluent
regulations affecting this AOC have been promulgated for the petroleum refining and metal finishing sectors.
 The Petroleum Refinery Liquid Effluent Regulations apply to one facility within the St. Clair AOC and limit
discharges based on pH, oil and grease, phenols, sulphide, ammonia-nitrogen, total suspended matter, and
acute toxicity based on production rates.  The Canadian Environmental Protection Act identifies specific
chemicals subject to regulation.  CEPA can be used to regulate any toxic substance which is released into
the air and which creates, or may reasonably be anticipated to create, air pollution in any other country. 
Regulations are currently in place for vinyl chloride from polyvinyl chloride plants within the AOC.

2.   Michigan and United States

Effluent requirements for wastewater discharged to Michigan surface waters are established in National
Pollutant Discharge Elimination System (NPDES) permits.  NPDES permits are required for all municipal and
industrial point source discharges and are issued under the U.S. Clean Water Act and the Michigan Water
Resources Commission Act.  Effluent limits are required to be as stringent as the National effluent guidelines.
 Effluent requirements and other conditions of a permit subject to review by other agencies and the public.

Each NPDES Permit contains the following parts: specific authorization to discharge wastewater; effluent
limitations and monitoring requirements; special conditions applicable to the particular discharge; special
conditions applicable for certain general types of programs, such as industrial pretreatment program
requirements, management requirements for sludges and other residuals, combined sewer overflow
requirements; and the general requirements applicable to all permits, such as what to do in emergency
situations, operator certification, permit modification procedures.  Prior to permit issuance, water quality
studies, surveillance, and monitoring on both the point source discharges and the receiving water body are
conducted as needed to determine what limitations should be placed in the permit.

One goal of the Clean Water Act is to move toward zero discharge of pollutants by use of treatment
technology-based standards and requiring that minimum receiving Water Quality Standards be achieved. 
The permits contain the more stringent of the two limits.  Treatment technology-based discharge standards
are promulgated by the U.S. EPA and have been developed for 26 industrial sectors involving over 125 toxic
pollutants commonly discharged by these facilities.  Where effluent standards do not exist, the "best
professional judgement" of the permit writer may be used to determine what the effluent limits should be for
the specific facility. 

Non-domestic users which discharge to municipal wastewater treatment plants (WWTP), come under the
Industrial Pretreatment Program (IPP) of the NPDES permitting program.  Any Michigan municipality which
operates a WWTP and receives discharges from non-domestic users must develop and implement an IPP. 
The IPP contains details as to how the industrial wastewater will be treated prior to discharge to the municipal
collection system, establishes local limits and outlines monitoring, compliance and enforcement
requirements.

Recent federal and state legislation and initiatives have drastically changed storm water management in
Michigan.  The federal Clean Water Act granted the U.S. EPA authority to control storm water discharges.  In
November 1990, based on 1987 amendments to the Act, the agency passed new regulations requiring
certain commercial and industrial facilities to apply for NPDES permits for storm water discharges from point
sources.  Municipalities with populations over 100 000 and served by separate storm sewers were also
required to apply.  Under the Michigan Water Resources Commission Act, facilities and qualifying



municipalities must file a notice of intent and a $200.00 fee to apply for a General Storm Water Permit.  The
general permits require the preparation of a Storm Water Pollution Prevention Plan (SWPPP).  Municipalities
may be required to develop storm water management plans in addition to the SWPPP.

Spill prevention and spill response in Michigan are addressed by a number of state and federal regulations. 
These include those established under Michigan Water Resources Act (Act 245), the Watercraft Pollution
Control Act, the Mineral Wells Act, the Hazardous Waste Management Act, Michigan Environmental
Protection Act (Act 307), and the Michigan Emergency Management Plan.  U.S. federal legislation relating to
spill prevention and response include the Clean Water Act (including the Industrial Pretreatment
Regulations), Oil Pollution Act (1990), and the Superfund Act (CERCLA).

The Part 5 Rules of the Michigan Water Resources Act has had a significant impact in reducing the number
and the severity of spills.  It regulates the storage of oil, salt and other "polluting materials", requiring that
containment and cleanup equipment be in-place during loading and off-loading operations at fuel terminals. 
Impervious containment structures for storage areas and immediate response to and notification of spills is
also required.  A Pollution Incident Prevention Plan (PIPP) must be developed by any facility storing oil, salt
and other polluting materials in quantities of 40 000 gallons or more.  The Part 5 Rules of the Act also
established the Michigan Pollution Emergency Alerting System (PEAS) which provides 24 hour telephone
number for facilities and the public to report spills or other complaints.

The federal Clean Air Act directs the U.S. EPA to establish National Ambient Air Quality Standards.  Since
1971, the EPA has established standards for seven pollutants including suspended particulate matter and
lead as they occur within the AOC.  Air pollution control is addressed through a permitting process similar to
the NPDES process, under the authority of the federal Clean Air Act and the Michigan Air Pollution Act.

The Clean Air Act also includes specific provisions for the protection of the Great Lakes from toxic air
pollutants.  Michigan served as the lead state on efforts to address Great Lakes protection in the
amendments.  The Act now requires EPA to promulgate emission standards for sources which account for
90 percent of the emissions of polycyclic organic matter, alkylated lead compounds, hexachlorobenzene,
mercury, PCBs, dioxins, and furans.

B.   Regulatory Programs

1.   Ontario and Canada

Runoff

There are limited controls for urban and rural/agricultural runoff under the Ontario Water Resources Act and
the Environmental Protection Act. 

Guidelines for snow disposal and de-icing operations in Ontario require snow dumps to be located on land,
remote (greater than 600 feet, or __ meters) from surface water, and should not obstruct natural drainage or
contaminate groundwater.  The bulk use of de-icing compounds, other than salts, is restricted to special
circumstances (i.e. airport runways).  A provincial program is under way to control and mitigate leachate from
salt storage facilities. 

Agriculture and Agri-Food Canada and the Ontario Ministry of Agriculture and Food and Rural Affairs is
implementing the Soil and Water Environmental Enhancement Program (SWEEP) to educate farmers about
new technologies, the benefits of crop rotation, and other soil conservation practices.  New agricultural
practices such as these are being promoted in an effort to reduce contaminate and nutrient loadings and soil
erosion to adjacent surface water.

The Ontario Ministry of Agriculture and Food's Land Stewardship II Program provided incentives for planned
conservation systems and environmental protection measures for existing agricultural lands. 



The Ontario Tile Drainage Act, Drainage Act and Agricultural Tile Drainage Installation Act regulate aspects
of approval, installation and maintenance of drainage works.

The Farm Pollution Advisory Committee (FPAC) formed under Section 3(1) of the EPA advises the Minister
of Environment and Energy with respect to manure handling practices and their impact on nearby
waterbodies. 

Stormwater (Urban Runoff at the Source)

Interim Stormwater Quality Guidelines have been developed jointly by OMOEE and OMNR to address the
need for stormwater quality management in development areas in Ontario.  These guidelines provide
guidance to OMOEE and OMNR staff and municipalities for stormwater system planning, requirements for
evaluation and approval of stormwater facilities and stormwater management and water quality control
issues.  These guidelines apply to new developments under the Planning Act.  OMOEE has legislative
authority to review and approve stormwater treatment works under Section 24 of the Ontario Water
Resources Act. 

The Ontario Urban Drainage Management Program (UDMP) is designed to encourage good drainage
planning and practices in stormwater management during design and construction, including preparation of
Watershed Plans, Master Drainage Plans, and Stormwater Management Plans.

OMOEE's Pollution Control Planning (PCP) Program funds the abatement of pollution in existing urban areas
and is carried out in response to an identified need by a municipality.

Hazardous Waste

Solid and hazardous waste programs are implemented by the provincial government mainly under the
Environmental Protection Act Waste Management-General Regulations and related policies summarized in
"The Incorporation of the Reasonable Use Concept into the Ground Water Management Activities of the
Ministry of the Environment".  EPA Regulation 347 requires the registration of waste by generators, and
proper handling, shipping and disposal by carriers and receivers.  EPA Regulation 346 (The Hauled Liquid
Industrial Waste Disposal Sites Regulations) prescribes standards for the operation and maintenance of all
Ministry-approved industrial sites.  EPA Regulation 303(?) prohibits disposal of any liquid industrial waste
through deep well injection into the Detroit River Group geological formation.  Brines cannot be disposed of in
deep wells within 8 kilometres (5 miles) of the St. Clair River.

Pesticides

The provincial Pesticides Act (1980) prohibits the improper use and storage of pesticides.

The Ontario Ministry of Agriculture and Food's Food System 2002 is a comprehensive program to assist
growers to cut their use of pesticides in half by the year 2002 through research and development, education
and changes in field delivery. 

Under the Canadian Environmental Protection Act (CEPA) Environment Canada has the authority to control
the manufacture, transport, use, disposal, import and export of chemicals and waste (i.e. PCBs, PCB
products and Mirex). 

The Pest Control Products Act (PCPA), administered by Agriculture Canada, sets out regulations regarding
the registration, safety and manufacturing of control products to protect human health, and the host plant,
animal or article.  Non regulatory federal programs include a pest management scheme that may reduce
reliance on pesticides. 

Septics



The Commission On Planning And Development Reform In Ontario (The Sewell Commission) on "Septic
Systems" has made several recommendations regarding the installation and operation of private septic
systems.

2.   Michigan and the United States

Urban and Rural/Agricultural Runoff

Urban stormwater and/or snow melt induced runoff is controlled through the Non-point Source Control
Program (NPS) and the Stormwater Control Program (SCP) under the provisions of Michigan Act 245, Public
Acts of 1929, as amended The Water Resources Commission Act and the Federal Clean Water Act, which
was last amended in 1987.

The NPS program addresses both urban and rural/agricultural runoff from non-discreet sources such as
overland sheet flow and groundwater seepage.  The program provides grants for locally sponsored projects
for design and implementation of NPS control measures based on Best Management Practices (BMPs) that
have been developed through the NPS program.  The program is primarily voluntary rather than being
permit/enforcement oriented. 

The SCP primarily uses three regulatory devices to address runoff associated with discreet point sources
such as storm sewers or runoff conveyance ditches.

The "Permit-by-Rule" of the Natural Resources Commission Rules is designed to regulate runoff from
construction sites that are five acres or larger.  The "Permit-by-Rule" permit requires that the site obtain a Soil
Erosion and Sedimentation Control (SESC) permit under Michigan Act 347, Public Acts of 1972.  the SESC
permit contains the requirements for structural and non-structural BMPs necessary to control soil and
chemical loss from the construction site.  The site must be in compliance with their SESC Permit as
determined by the MDNR, Act 347 Local Enforcement Agency, or the licensed Certified Stormwater Control
Operator responsible for the site.  A violation of the SESC Permit is also a violation of the "Permit-by-Rule".

The "General Stormwater Permit" covers runoff from industrial sites where the storm sewer contains only
stormwater runoff and where the MDNR has determined that the site can be controlled with a non-site
specific permit.  The Permit requires development of a stormwater control plan for stormwater quantity and
quality control. 

Stormwater runoff from industrial sites that do not qualify for the "General Permit", and municipalities with
populations greater than 10,000 served by a separate storm sewer system, is regulated through an individual
National Pollutant Discharge Elimination System (NPDES) Permit.

Agricultural runoff is principally addressed through the Soil Conservation Service and the Cooperative
Extension Service programs.  These groups provide funding and technical design expertise directly to the
local farmers for such things as soil erosion control through innovative crop management and structural
practices, animal waste control and reuse, and the proper use and disposal of pesticides.  Additionally, large
agricultural operations such as feed lots are controlled through the traditional NPDES permit program.

Hazardous Waste

The Michigan Hazardous Waste Management Act, Act 64, Public Acts of 1979, as amended, regulates the
generation, use, transport, storage, and disposal of hazardous wastes within Michigan using the "cradle to
grave" concept.  The Act controls the generator of the waste, the transporter, and the design, construction,
and operation of any treatment, storage, and disposal (TSD) site.  All operations involving hazardous waste
must be permitted under Act 64.  Hazardous wastes, and hazardous waste disposal sites, are also regulated
under Public Law 94-580 of 1976 (The Resource Conservation and Recovery Act).



Non-hazardous industrial and municipal landfill operations are controlled under Michigan Act 641, Public Acts
of 1978, as amended.  The Act controls the design, construction, and operation of these disposal sites to
assure that there are no environmental impacts.

Investigation, remediation, and mitigation associated with existing "closed" landfills and dump sites is done
under the provisions of Act 307, Public Acts of 1982, as amended (The Michigan Environmental Response
Act) and Public Law 96-510 of 1976 (The Comprehensive Environmental Response, Compensation and
Liability Act).  These acts both provide for direct action by the state and/or federal government if the
responsible party can either not be located or is unwilling to remediate a site of environmental contamination.

The Michigan Environmental Response Act, Public Act 307 of 1982, as amended (MERA), and its
administrative rules, provide for the identification, risk assessment, evaluation and clean up of sites of
environmental contamination in the State.  A numerical risk assessment model was included as Part 8 of the
MERA Administrative Rules that were promulgated on July 11, 1990 in order to provide for an objective
approach to site ranking.  The Site Assessment Model (SAM) has a scale of 0-48 points and has been used
to score all Act 307 sites of environmental contamination, not including all Leaking Underground Storage
Tank sites.  Where potentially responsible parties (PRPs) do not undertake clean up and Act 307 funding is
required, sites with a ranking of 40 and above are generally given priority. 

Pesticides

Regulations 636 and 637 regulate pesticide application.  Commercial pesticide bulk storage is regulated
under Regulation 640 of Act 171 of 1976.  The Michigan Department of Agriculture "Clean Sweep" program
allows farmers and chemical distributors to turn in out of date chemicals for proper disposal.  One collection
week occurred in 1993 for St. Clair County. Another is planned for 1994. 

Septics

Installation and operation of septic tank/tile field disposal facilities are regulated through a cooperative
program involving the MDNR and the local County Health Department under the provisions of Act 245, Public
Acts of 1929, as amended.  On-site disposal facilities involving less than 10,000 gallons per day utilizing
traditional septic tank/tile field disposal methods are generally permitted and regulated by delegation to the
local County Health Department.  Those sites involving volumes greater than 10,000 gallons per day, and
those sites requiring treatment/disposal methods other than the traditional septic tank/tile field methods, are
regulated through a groundwater discharge permit issued by the MDNR.

Direct and/or indirect discharges of untreated or semi-treated sewage of human origin to the St. Clair River
Watershed from failed septics, or from unsewered areas with direct discharges are a violation of Act 245.

C.   Regulatory Programs

1.   Ontario

Sediment quality was initially assessed against contaminant concentrations established in the 1978 Revised
Guidelines for Open Water Disposal of Dredged Spoils.  Biologically based, Provincial Sediment Quality
Guidelines have since been established for the protection of aquatic life.  These guidelines address the
significance of contaminants in in-situ sediment. 

Under the federal Great Lakes Program, projects have been implemented in order to demonstrate state-of-
the-art technologies for the remediation of contaminated sediments.  This effort is coordinated with the
U.S.EPAs Assessment and Remediation of Contaminated Sediments (ARCS) program so as not to duplicate
efforts.   

At present there is no single specific policy in Ontario for the management of contaminated sediments in
circumstances other than those where dredging is proposed.  Most dredging projects in Ontario are



undertaken for navigational purposes and are subject to a variety of federal and provincial legislation. 
Although Federal Departments are not obligated to seek formal approval of their undertakings under
provincial laws, it has been an established federal policy to meet the fullest possible extent requirements
established under provincial statutes, regulations and guidelines. 

2.   Michigan

There are no federal or state sediment quality standards, or guidelines for the identification of sediments that
may be detrimental to aquatic life or to assess the severity of the effect.  The U.S.EPA is currently
investigating several approaches to developing sediment quality criteria. 

The U.S.EPA's Interim Guidelines for the "Disposal of Great Lakes Harbor Sediments" of 1977 are used as a
yardstick of contamination for disposal of dredged sediment.  These guidelines are not biologically based and
not indicative of potential effect levels. 

The Assessment and Remediation of Contaminated Sediments (ARCS) Program, administered by the
U.S.EPA Great Lakes National Program Office (GLNPO) is a five year study and demonstration project
relating to the control and removal of toxic substances from the Great Lakes.  The program was authorized in
Section 118 (c)(3) of the Clean Water Act, as amended in 1987.  The primary objective of the ARCS program
is to develop guidance on the assessment of contaminated sediment problems and the selection and
implementation of remedial actions.  Guidance documents and case study final reports are expected to be
completed in 1994.
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INTRODUCTION

The purpose of this report is to provide a summary of the
simulation modelling work that has been carried-out, in support
of Stage 2 of the St. Clair River RAP.  Specifically, at the
request of the St. Clair River RAP team, the impacts of various
loading scenarios upon the St. Clair River's water and bed
sediment quality were investigated, using the Ontario Ministry of
the Environment & Energy's, (OMOEE's), "KETOX" model.

Out of the list of key chemicals that were of interest for
assessment of point source impacts, eight were selected for model
analysis.  These are namely:  hexachlorobenzene (HCB), mercury,
benzene, zinc, cadmium, lead, carbon tetrachloride (CTC) and
tetrachloroethylene (TCE).  PAHs were also of key concern,
however there were no complete data bases available for any given
PAH species, (which is necessary for model calibration in both
water and sediment).  Therefore, these were not investigated.

Although considerable work was involved in carrying out this
analysis, this report will only highlight the pertinent details
of the application of the KETOX model, the results produced, the
conclusions derived and recommendations for future work.

LOADING SCENARIOS

A total of 4 loading scenarios were developed by the St. Clair
River RAP - Point Source Task Team for modelling application
purposes.  These are:  "RAP Stage 1", "RAP Stage 1 - Addendum",
"LIS-current", and "LIS-projected".  The point source loading
rates assumed for these 4 scenarios are summarized for each of
the 8 chemicals examined in this study in the attached tables. 
They include the latest revisions received from Gary Johnson of
the OMOEE during April/May 1994 (for the "LIS-projected"
scenario).

PROCEDURE

As a general summary, the basic procedure involved in this work
included:  setting up modelling data files, including point
source loading information (both concentrations and discharges),
selection of chemical properties, and various model testing;
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calibration of the models (unique for each chemical), via use of
different historical field and effluent loading data bases;
running the model for each chemical/loading scenario combination;
and evaluation of the model's numerical output.  Various
modelling results were processed using GIS technology (via D.
Cowell of Geomatics in Burlington and B. Neary of the OMOEE, over
the past 2 years).  This involved the development of various
post-processing programs to analyze the KETOX model's output and
produce GIS graphics, for easier interpretation of the results. 
The GIS results for many of the loading scenarios considered have
already been made available to the RAP team.

The features and use of the KETOX model in the St. Clair River
have been well described in past documents [1,2].  However, it is
useful to review some of the more important features of the model
which affect the interpretation of its results.  These features
are summarized as follows:

i) it is a "farfield", pseudo two-dimensional finite difference
model.  It assumes depth-averaged water velocity and
chemical concentrations and a lateral nodal river
discretization that makes it applicable only for "farfield"
applications.  This means that it will overestimate dilution
/ dispersion within approximately 50 metres or so of the
point source outfalls.  It's main purpose is to look at
large scale, multiple point source impact on the river.

ii) it is a "steady-state" model.  It assumes that all modelling
parameters, including point source loading rates, do not
vary with time. 

As such the KETOX model is best suited for looking at impacts
under long-term average conditions, (and not highly dynamic
short-term events).  Various stochastic techniques, such as
Monte-Carlo analysis, can be used to examine the implications of
various modelling uncertainty upon the interpretation of the
output results [3].  This has not been carried-out to date for
the St. Clair RAP modelling exercise.

MODEL CALIBRATION

Calibration of the water-column model:

The main parameter which is calibrated for water-column analysis
using the KETOX model is the lateral dispersion coefficient. 
This coefficient has been found to be rather universal in nature
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for soluble chemicals, through past applications of the KETOX
model to the Connecting Channels of the Great Lakes [1,3]. 
Therefore, the previously obtained dispersion coefficients were
used for the St. Clair RAP study.  From previous studies, the
average-absolute error of the predicted concentrations in the
water-column have been found to average around 20 to 30 % of the
measured values [1,3].

The predicted water-column concentrations of the organic
chemicals examined, are not highly sensitive to the value of
various loss rates (volatilization and chemical breakdown)
selected, because of the relatively short travel times of the
chemical plumes within the river.  Therefore, literature values
could be used without the need for calibration.

Calibration of the bed-sediment model:

For bed-sediment analysis using the KETOX model, considerably
more parameters must be calculated and/or calibrated.  Past
measured bed sediment characteristics [1,4] were used to estimate
most of these parameters, (eg. sediment mass concentrations, bed
porosity).  A mass balance method was used to establish the
various sediment velocities between the bed layer and water-
column.  The key parameter requiring calibration was the general
partitioning coefficient.  In addition, the river background
concentration was calibrated since the measured values in many
cases were not accurately known.

In order to perform the calibration for the bed-sediment portion
of the KETOX model, the following procedure was followed:

i) The two most recent sets of bed sediment data were used in
the calibration process.  These included measured chemical
levels taken during the St. Clair MISA Pilot Site
investigation [1] in 1986, and during the 1990 OMOEE Benthic
Survey [4].  Some measurements were available for all
chemicals from the Pilot Site survey, however the station
locations tended to focus on the portion of the river in the
vicinity of the upper Chemical Valley dischargers.  The 1990
survey stations were spread throughout the river, however
results were only available for the 4 metals and HCB.

ii) To assist in the process, a calibration spreadsheet was
developed for each chemical/field data set combination.  The
water-column portion of the KETOX model was used to estimate
the impact from a 1 kg/day loading rate discharged from each
individual point source, at each individual benthic field
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station, (for both sets of field data).  The spreadsheet
utilized this information, along with the actual multiple
point source loading and appropriate sediment model
parameter values, to estimate the total impact at each
benthic station.  Also programmed into the spreadsheet were
basic statistical tests, which were used to rapidly compare
the overall quality of the fit between predicted and
measured concentrations. 

iii) The spreadsheet was used to calibrate the key modelling
parameters, (eg. partitioning coefficient and river
background concentration).  This involved looking at various
combinations of chemical-specific parameter values to obtain
the best predicted to measured fit.  The range of parameter
values used, were based on past literature values [1,4].

iv) The ratio of predicted to measured chemical concentrations
in the bed sediment from all benthic stations, was used to
estimate the statistical accuracy of the calibration.

Although the KETOX model can handle up to 3 different sediment
sizes in estimating the overall chemical impact upon bed
sediment, only one size was selected since the information needed
to assess multiple particle size impacts were not available (eg.
particle size-specific chemical adsorption and partitioning
behaviour).  Specifically, the silt-size information from the
1990 OMOEE benthic survey was used to estimate all sediment
related parameters, (since from past surveys, many of these
chemicals have been found to have a greater affinity for "fine"
sized particles).  An average in-place mass concentration of this
particle size was calculated to be about 0.27 kg/L.  A bed
porosity value of about 0.52 was estimated using average bulk
sediment properties obtained from the 1990 survey.

The optimum value of the partitioning coefficient found through
the calibration process for chemical adsorption onto bed
sediment, was about:  12,300., 35,000., 68., 12,000., 4,500.,
45,000., 94., and 146. (L/kg); for HCB, mercury, benzene, zinc,
cadmium, lead, CTC and TCE;  respectively.

The optimum value of river background concentration (of chemical
in the water-column) found to produce the measured river
background chemical-adsorbed concentration in the bed sediment,
was about:  0.03, 0.2, 25, 560, 10, 100, 1 and 2 (ng/L); for HCB,
mercury, benzene, zinc, cadmium, lead, CTC and TCE; respectively.
 These values were selected in conjunction with the selection of
the partition coefficient values, (since they are related).
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In the calibration process for the bed-sediment portion of KETOX,
the point source loading condition assumed must represent the
average loading that existed during the period of time that was
required for chemical levels in the bed-sediment to accumulate,
(since KETOX assumes steady-state conditions).  This is an
important but difficult factor to take into account, since
neither the sediment accumulation dynamics nor the long-term
point source loading functions are usually well known.  The
loading conditions found which provided the optimum calibration
of predicted to measured bed sediment chemical concentrations,
are summarized in the attached "calibration table for sediment
impact".  These optimum loading conditions were obtained by
starting with a measured past loading scenario, and adjusting
critical point sources to best match measured results.  The
critical point sources were adjusted within their range of
historical loading rates.  As a general rule, it was found that
the chemicals requiring the most adjustment were those that had a
large partitioning coefficient and had experienced relatively
large total loading reductions in the past. 

Of the eight chemicals looked at, HCB and mercury required
significant adjustment.  In both cases it was necessary to
increase the point source loading significantly to match the
measured data bases.  In the case of HCB, it was necessary to use
a loading from the Dow 1st Street sewer of about 1.5 kg/day,
(which is slightly less than its measured loading rate in 1984),
to match the MISA Pilot Site measured data (sampled in 1986).  To
match the MOEE 1990 benthic measurements, the total HCB loading
was reduced to about 11 % of the total for matching the 1986
field data.  However this reduced total loading (at around 0.16
kg/d), was still significantly larger than measured loadings
taken during the MISA Pilot Site Study (in 1986/87). 

For mercury, it was necessary to use total loadings from the Dow
1st Street and Sarnia WPCP outfalls of about 1.1 and 0.02 kg/day,
respectively, to best match the 1986 MISA Pilot site measured
data.   Total loadings had to increased a further 60 %, to best
match the 1990 measured data.  This increase in the loading
adjustment must be a reflection of the location of the 1990
stations as compared with the 1986 stations, since the average
concentration measured dropped between 1986 and 1990 (from about
0.60 to 0.31 ppm).  These total calibrated loadings of mercury,
(of about 1.1 and 1.8 kg/day), are roughly a geometric average of
the measured mercury loadings during the 1970's and mid-1980's,
(of about 28 and 0.03 kg/day, respectively). 
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These results for HCB and mercury would appear to indicate that
levels in the benthic sediment are falling at a slow rate, and
are still elevated with respect to the likely long-term levels
that will be reached eventually.  In other words, the levels
measured during the two field surveys reflect very large
historical loadings, (since point source loadings have dropped by
a factor in the order of 500 to 2,000 times).

The same type of phenomenon, seems to be apparent for cadmium,
where an increased loading from the Dow vicinity was necessary to
match measured levels in 1986, with respect to the loading
necessary to match the 1990 measured levels.  In this case
however, there is no indication of significantly larger
historical loading levels.  It may be that significant storm
runoff of localized atmospheric deposition of cadmium contributed
to larger actual loadings in the past, compared with those that
were measured.

In the case of zinc, a reduction in loadings from the Dow sewers
was necessary to match the 1990 measured levels, as compared with
those necessary to match the 1986 measured levels.  However, this
total zinc loading reduction correlated very well with the actual
measured reduction in zinc loading.  The calibrated total Dow
loading to match the 1986 measured levels was approximately a
geometric average of the Dow loadings reported in the "RAP Stage
1 - Addendum" and the most recent LIS measurements (of about 90
and 8 kg/day, respectively).

There was no measured data reported from the 1990 survey for
benzene, TCE and CTC.  Therefore, although the measured loading
level for these 3 chemicals has also dropped over the years, it
is not possible to observe how levels in the sediment have
responded.

The average-absolute calibration error is also provided in the
"calibration table for sediment impact".  This represents the
average for all predicted versus measured data points, of:  the
absolute difference between predicted and measured
concentrations, divided by the measured concentration.  Its value
is relatively consistent from chemical to chemical, averaging
overall about 63 %.  Also the fit of the 1990 benthic
measurements generally is a little better than that of the MISA
Pilot site measurements.  This is likely because the 1990 benthic
stations were larger in number, and more evenly spread throughout
the river, providing a somewhat better data base for calibration
purposes. 
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Although this calibration error (or prediction uncertainty) might
seem somewhat large, most of it is likely due to the large degree
of heterogeneity which exists in the bed sediment, (as reflected
in the measured concentrations of both data sets).  The accuracy
of the predictions will be affected by this since they are based
on average sediment properties, and do not therefore take into
consideration the station to station variability which exists in
the measured sediment.

MODEL APPLICATION RESULTS

The KETOX model has been used with the calibrated data sets to
estimate the average concentrations within the water-column and
bed-sediment, under two loading scenarios, namely the:  "RAP
Stage 1 - Addendum" (or "Stage 1 - Update/MISA"), and "LIS -
projected".  These two scenarios represent the most recent
measured loadings from ALL point sources, and the most recent
projection of loadings in the near future (for the LIS
industries).  By comparing the predicted concentrations from the
two scenarios, it should be possible to gain a better picture of
what improvements are likely in the future, due to point source
loading reductions.

At this time it is not possible to provide a summary of the
impacts via GIS analysis, (as has been done previously), because
of resource limitations.  As well, the simulation output files
from the KETOX model are very lengthy and cumbersome to analysis
directly.  As a result, two tables have been prepared to
highlight the comparison of predicted impacts under the two
loading scenarios, (one for water-column impact and one for bed
sediment impact).  In each table, two types of results are
summarized.  The first result includes concentrations of key
concern: namely the upstream background (Lake Huron), peak levels
just downstream of the largest point sources, and resulting
levels at the downstream boundary (the start of the St. Clair
Delta).  The second result provides a delineation, (in terms of
length in the downstream direction), of any predicted zones where
the chemical's "yardstick" concentration is likely to be
exceeded.

Impact in the water-column:

The assumed river background concentration (from Lake Huron) used
for each chemical was that taken from the "Draft environmental
yardsticks" St. Clair RAP document.  These values for most
chemicals, except zinc and lead, likely exceed the actual
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background levels.  However the predicted results can be
approximately adjusted if desired, by subtracting the difference
between the assumed and actual river background concentrations
from the predicted values in the table.

As noted on the table, the predicted concentrations represent
values derived under assumed steady-state loading rates from the
point sources.  Also, the KETOX model looks only at the chemical
plumes after they have experienced "nearfield" mixing effects. 
Based on past work [1,3], either of these modelling assumptions
might under predict actual concentrations by factors of up to 10
or so, within the plumes immediately downstream of the outfalls.
 The magnitude of these factors would of course depend upon the
outfall characteristics and effluent loading dynamics, and would
require individual outfall/effluent analysis to quantify.

As expected, the predicted results reflect the loading reductions
moving from the "RAP Stage 1 - Addendum" to "Projected" loading
scenarios, with the most significant improvement being for zinc.
 
Zinc also has the most significant impact in terms of relative
mass loading to the river, (based on the ratio of total point
source to river background mass rates).  However the relative
impact of some of the other chemicals (especially the organics)
would become more significant if their actual river background
concentrations were used (which are likely lower than those
prescribed in the yardsticks document).

In terms of comparison with the yardstick, HCB appears to be the
chemical with the most significant impact, creating zones of
about 3.7 and 2.9 km in length where its yardstick value would be
exceeded under the "RAP Stage 1 - Addendum" and "LIS - Projected"
scenarios, respectively.  These are downstream of the Dow 1st and
3rd Street outfalls, respectively, for the two loading scenarios.
 Under the "RAP Stage 1 - Addendum" scenario, shorter violation
zones of around 250 metres are predicted downstream of the Cole
Drain and Corunna WPCP outfalls.  Under the "LIS - projected"
scenario, the Cole Drain violation zone would likely be
eliminated, while the Corunna WPCP zone would be shortened
somewhat.

A short zinc yardstick violation zone of about 120 metres
downstream of Dow's 4th Street sewer is predicted to be
eliminated under the "LIS - projected" scenario.

As noted on the table, since the yardstick and river background
concentrations are identical for mercury, any point source load
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will theoretically create a violation the entire length of the
river.  However, the peak concentrations would only be slightly
above the yardstick value.

Impact in the bed sediment:

As discussed earlier, the river background concentration of
chemical adsorbed onto bed sediment was calibrated, (via
adjustment of the water-column background concentration and
partitioning coefficient to match the measured adsorbed chemical
background results).  The reader is cautioned that all
concentrations in the bed sediment impact table, represent the
long-term (ultimate) levels expected, under steady-state loading.
 As such, and because of very large historical bed sediment
impacts, the measured levels during the two field surveys (1986
and 1990) tended to be much larger than what would be expected
under the existing point source loading conditions at these
times.  In other words, there appears to be a significant time
delay for the chemical levels in the bed sediment to respond to
reductions in the point source loading conditions.  This appears
particularly true for HCB and mercury.  This phenomenon, and
possible ways of quantifying it, have been previously discussed
[5].

The predicted concentrations are based on an average fine
sediment type (derived from the 1990 field work as discussed
previously).  They do not reflect the large degree of
heterogeneity that exists in bed sediment.  As such the predicted
chemical concentrations in the sediment should be regarded as
"potential" levels, (based on the station-average, fine sediment
properties).  They would therefore tend to represent more of a
localized spatial average of measured values.  For example,
although the table delineates zones where the sediment yardsticks
would be exceeded, because of the sediment heterogeneity some
measured values within the zone would be expected to be under the
yardstick.  Conversely, some measured levels outside of the zones
may exceed the yardstick.  When using the KETOX sediment model to
derive loading limits, this uncertainty should be quantified and
included in the analysis.  This has been previously done in other
studies [5,3].

The predicted results reflect the ultimate effects of point
source loading reductions moving from the "RAP Stage 1 -
Addendum" to "Projected" loading scenarios.

Under the "RAP Stage 1 - Addendum" loading scenario, a lengthy
zone of about 9 km downstream of the Dow 4th Street outfall is
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created where average zinc concentrations would exceed the
yardstick for sediment.  Under the "Projected" scenario, this
zone would ultimately be significantly reduced, to around 100
metres in length.  Under both loading scenarios, a short
exceedence zone of around 140 metres would be expected downstream
of the Sarnia WPCP.

Another lengthy zone of about 11 km, where the lead sediment
yardstick would be violated, is predicted downstream of the Dow
4th Street outfall (overlapping/including the major loading from
Ethyl).  Under the "Projected" loading scenario, this large zone
would eventually be reduced in size such that two smaller zones
downstream of the Ethyl and Corunna WPCP outfalls would exist. 
These zones would be approximately 430 and 260 metres in length,
respectively.

Under the "RAP Stage 1 - Addendum" and "Projected" loading
scenarios, short zones of under 200 metres where the HCB sediment
yardstick is exceeded, are predicted downstream of the Dow 1st
Street and 4th Street outfalls, respectively.

Under both loading scenarios, a short zone of about 180 metres
where the cadmium yardstick is expected to be violated, would
exist downstream of the Corunna WPCP.

CONCLUSIONS

The assumed loading necessary for calibrating the sediment impact
models were within the historical measured loading ranges.  These
"calibration loadings" show that the HCB and mercury levels in
the sediment are below what their large historical loadings would
indicate, but still well above what the current loading
conditions would create.  In other words, it appears that the
measured levels of HCB and mercury in the bed sediment during
1986 and 1990 reflected very large historical loadings, and not
the measured loading rates at the time of their sampling.  Based
on these observations, it may be concluded that levels of HCB and
mercury are falling.  However it is difficult to quantify the
rate of the decline without another set of measured data.  This
same phenomenon seems to have occurred, to a much smaller degree,
for zinc and cadmium.

There appears that there may have been additional sources of
cadmium along the Ontario shoreline not documented.  This perhaps
may reflect localized non-point sources.  In general, it would be
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wise to investigate potential source impacts from localized
atmospheric deposition-runoff.    

Based on the results of comparing predicted sediment yardstick
violation zones, the "(LIS) Projected" loading scenario will
eventually provide significant reductions in the impact of zinc
and lead upon the bed sediment.  However, even under the
"Projected" loading scenario, the sediment yardsticks are
expected to still be violated within zones of about 100 to 400
metres, for HCB, zinc, cadmium and lead, at one or two Ontario
outfall locations, in each case.

Based on the results of comparing predicted water-column impacts,
it appears that the HCB yardstick will be exceeded for a zone of
around 3 kms downstream of Dow sources, even after implementation
of the "Projected" loading scenario.  There does not appear to be
any significant exceedences for the other chemicals, under the
"Projected" loading scenario.

RECOMMENDATIONS

In general, model accuracy could be improved with a better
dynamic data base to work with.  Specifically, more comprehensive
river background and benthic concentration measurements,
especially over a long period of time, would greatly enhance the
calibration process. 

As discussed previously, potential localized atmospheric
deposition of the chemicals examined here, should be quantified
over the past several years, if possible.  This might help to
explain the measured anomalies which appear to exist for certain
chemicals in certain locations, (ie. high levels away from the
key monitored point sources).

More work is needed to attempt to analyze the dynamic changes in
chemical levels in the bed sediment.  Some potential activities
(both using modelling and field data analysis) have been
previously discussed [5], which may assist.  This information is
important to help determine how long it will take to achieve the
ultimate, steady-state results predicted via this study.

Finally, a stochastic modelling analysis should be conducted to
introduce the effects of the calibration uncertainty on the
predicted results.  This analysis would also be needed for
deriving effluent loading limits.
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Calibration table for sediment impact

         LOADING CONDITION providing optimum calibration of
predicted bed sediment chemical concentrations with the
following measured benthic sediment data bases;  and
AVERAGE-ABSOLUTE CALIBRATION ERROR [% of measured]:

CHEMICAL

HCB

mercury

benzene

zinc

cadmium

MISA Pilot Site (1986)

1984 MOE (with Dow 1
loading = 1.45 kg/d).
(Total = 1.50 kg/d)
[75%]

RAP Stage 1, with:
Dow total at 1.10 kg/d
Sarnia WPCP at 0.02 kg/d
(Total =  1.12 kg/d)
[78%]

MISA OCMS 6-month report.
(Total = 3.46 kg/d)
[65%]

RAP Stage 1 - Addendum.
(Total = 156.2 kg/d)
[54%]

RAP Stage 1 - Addendum,
except Dow sources
increased 200 times.
(Total = 1.43 kg/d)

1990 MOEE Benthic Survey

11 % of the 1986
calibration loading
(Total = 0.16 kg/d)
[87%]

160 % of the 1986
calibration loading

(Total = 1.79 kg/d)
[53%]

NO field data available

RAP Stage 1 - Addendum,
except:  Dow sources
geometric average between
Stage 1 - Addendum and
LIS - current loadings.
(Total = 95.3 kg/d)
[50%]

RAP Stage 1 - Addendum,
(no increase of Dow
sources).
(Total = 0.61 kg/d)
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lead

CTC

TCE

[77%]

RAP Stage 1 - Addendum.
(Total = 19.1 kg/d)
[79%]

RAP Stage 1.
(Total = 0.42 kg/d)
[only 1 detected
measurement]

RAP Stage 1.
(Total = 3.1 kg/d)
[82%]

[56%]

RAP Stage 1 - Addendum
(Total = 19.1 kg/d)
[67%]

NO field data available

NO field data available
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1.0 INTRODUCTION

1.1 Background

In 1972 the United States and Canada signed the Great Lakes Water Quality Agreement (GLWQA), which was
subsequently revised in 1978 and 1987.  The 1987 GLWQA (Annex 2) requires both governments to develop and
implement Remedial Action Plans (RAPs) for each of the Great Lakes Areas of Concern (AOC).  AOCs are
defined by the GLWQA as "a geographic area that fails to meet the General or Specific Objectives of the
Agreement where such failure has caused or is likely to cause impairment of beneficial use or the area's ability to
support aquatic life" (IJC, 1987).

In 1985, the International Joint Commission (IJC) identified the St. Clair River as one of 42 AOCs with in the
Great Lakes Basin with a fourty-third AOC, Presque Isle Bay, subsequently added (Figure 1.1.1).  The St. Clair
River was identified as an AOC due to the impairment of beneficial uses within the river and its watershed.  The
GLWQA defines the impairment of beneficial uses as a change in the chemical, physical or biological integrity of
the Great Lakes Basin ecosystem.  Of the fourteen Impairments of Beneficial Uses recognized by the GLWQA,
nine of these were identified in the St. Clair River (Table 1.1.1).  These impaired uses include: restrictions on fish
and wildlife consumption; bird or animal deformities or reproductive problems; degradation of benthos;
restrictions on dredging activities; restrictions on drinking water; beach closings; degradation of aesthetics; added
cost to agriculture or industry and loss of fish and wildlife habitat (Table 1.1.2).

In response to the identification of the St. Clair River as an AOC, the Michigan and Ontario governments signed an
agreement to initiate a joint RAP process with Ontario to provide the lead role in the St. Clair River RAP.  In 1987,
a Binational Remedial Action Plan Committee (RAP Team) was established to develop the Remedial Action Plan
for the River.  The RAP team, led by the Ontario Ministry of the Environment and Energy (MOEE) was comprised
of federal, state and provincial representatives.

In early 1988, a Binational Public Advisory Council (BPAC) was established to provide the RAP Team with
information on public opinion and views with respect to the goals for the RAP and to `advise the RAP Team on
problem identification, planning methodology, public involvement, technical information, identification of
available remedial options, selection of remedial actions and plan recommendations' (MOE et al., 1991).

In 1991, the RAP Team, in consultation with the BPAC, completed Stage 1 of a three stage RAP process.  A Stage
1 RAP Report was prepared and submitted to the IJC in January, 1992 for review, as specified by the 1987
GLWQA.  The goals of the Stage 1 RAP were to provide the following information with respect to the St. Clair
River AOC:

�detail existing environmental conditions in order that environmental problems in the St. Clair River
may be defined and described;

�identify beneficial uses that are impaired, the degree of impairment and the geographical extent of
impairment within the AOC; and

�determine the causes of impairment, providing an assessment of all known sources of pollutants of
concern and a description of other potential sources.

The St. Clair River RAP Team and BPAC are presently undertaking Stage 2 of the RAP process.  The Stage 2
RAP will `define the specific goals for the AOC and will describe the remedial and regulatory measures to achieve
these goals' (MOE et al., 1991). The Stage 2 RAP will provide:
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�an evaluation of remedial measures in-place;
�an evaluation of alternative additional measures to restore beneficial uses;
�a selection of additional remedial measures to restore beneficial uses and a schedule for their

implementation;
�an identification of the persons, agencies, or organizations responsible for implementation of the

selected remedial measures;
�a process for evaluating the implementation and effectiveness of remedial measures; and
�a description of surveillance and monitoring processes to track the effectiveness of remedial measures,

and the eventual confirmation of the restoration of the beneficial uses.

In order to assist the RAP Team in achieving the objectives of the Stage 2 RAP, the MOEE retained Beak
Consultants Limited (BEAK) to prepare a Technical Options Study Report for the St. Clair River.  This report
serves as a resource document to the RAP Team and BPAC for the identification of remedial options within the
AOC.

1.2 Project Objectives

The primary objective of this project was to provide an overview of the in-place, planned and available remedial
options for the identified sources of impairment within the Ontario portion of the AOC such that the RAP Team, in
consultation with the BPAC, may evaluate and identify the best technical/remedial options to achieve the specific
goals for the AOC.  To achieve this objective a number of secondary objectives were established:

�link the identified impaired uses in the Stage 1 RAP to the sources within the AOC;
�identify any major changes in sources or impaired uses since the preparation of the Stage 1 RAP;
�identify the in-place and planned technical options for each source;
�provide a description of the available technical options to remediate impaired uses; and
�provide a methodology for the evaluation of technical options which may be implemented relative to

the RAP goals identified as part of Stage 2.
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1.3 Study Approach

To aid in the identification and discussion of technical options, environmental "issue sets" (impaired uses) were
linked to known and/or suspected sources within the AOC.  The identified `issue sets' within the AOC are water
quality, aquatic and wildlife use, sport fishing, sediment, commercial uses, recreational uses, native consumption,
non-point sources and point sources.  This approach was determined to be the most beneficial because individual
source are, in many cases, associated with more than one issue set, and because remedial options are most
effectively implemented at source.  For example, a direct industrial discharge may impact a number of issue sets,
such as: water quality, aquatic and wildlife use, sediment contamination and recreational uses.  Through focusing
on sources, remedial options can be more readily identified relative to specific contaminants associated with the
impaired uses.  Thus, the overall approach is to provide a link between various impaired uses and problem sources
in order to identify remedial options that will potentially restore the beneficial uses of the AOC.

Using the information provided in the Stage 1 RAP, the following source categories were identified:

�Public Sources;
�Urban Areas;
�Spills;
� Rural Areas;
�Waste Disposal Sites;
�Municipal Point Sources;
�Industrial Discharges;
�Contaminated Sediments; and
�Physical Habitat Disruption along Watercourses.

Sources from outside the Canadian portion of the AOC and upstream sources were not considered in this study.

Tributaries, which were identified as a significant point source of specific contaminants to the St. Clair River, were
not addressed as a source in this study.  Instead of identifying tributaries as a source, which would make the
implementation of remedial options difficult (since the tributaries are, in fact, receivers of loadings from a variety
of sources), the review of contaminant sources to the St. Clair River included those to its tributaries.

For each source category a number of tasks were undertaken to identify the potential remedial options relative to
the contaminants/factors associated the impaired uses.  The  study tasks and general approach are described below.
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1. Review and Update of Sources:  For each source, the relevant sections of the Stage 1 RAP Report
were reviewed and information on loadings and contaminants documented.  In addition, information on
source loadings and contaminants was updated because the technical information used to characterize
contaminant sources in the Stage 1 RAP Report was, in many cases, several years out of date.
Technical experts, RAP Team and BPAC representatives were contacted and, in many cases, provided
with a questionnaire to update the existing conditions at each source.  Provincial and federal agencies
were also contacted to obtain recent study results or to provide an overview of recent activities at
specific locations.  This information was compiled and an updated list of sources of contaminants and
available information on loadings was prepared for each source category.

2. Compile a List of Planned and In-Place Options:  For each source, a list of planned and in-place
technical/remedial options was compiled through discussions with the stakeholders of various groups,
MOEE District Office staff and relevant agencies.  Recent literature, such as MISA Industrial Sector
Best Available Technology (BAT) reports were reviewed to identify in-place and planned initiatives
and subsequent changes in loadings and contaminants.  As noted above, information on technical
options was also obtained from a series of questionnaires which were sent to selected Canadian BPAC
members, industrial dischargers, municipal waste water treatment facilities; and municipalities and
townships to identify municipal infrastructure related to urban sources.  Relevant published documents
were also used to identify technical options which are planned or in-place.  Where possible technical
options were related to specific contaminant reductions.

3. Identification of Available Technical Options:  For each source group, the specific contaminants
associated with impaired uses and subsequent issue sets were identified.  Where appropriate,
contaminant loadings and/or concentrations were compared to relevant compliance guidelines,
objectives or polices.  The RAP Team and BPAC are in the process of developing numerical objectives
which may be used to assess the information presented in this report.  Technical/remedial options were
then compiled for each source.  Where possible options were related specific contaminant problems.
The technical options for each source group were identified through a review of relevant literature and
through discussions with technical experts, interest group representatives, MISA sector specialists,
MOEE District, Regional and Branch representatives, and RAP Team and BPAC members.  For each
technical option, information was collected on the efficiency, effectiveness and the relative cost.
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4. Development of a Methodology to Evaluate Technical Options:  An evaluation methodology was
developed to allow the RAP Team and BPAC to assess the remedial options in terms of the goals
established for the St. Clair AOC.  The methodology was developed through documented examples of
option selection, discussions with technical experts, agency representatives and the RAP Team.  The
evaluation methodology prioritizes contaminants, considers the relative contribution of sources, and
allows for the assessment of technical options based on cost and effectiveness.  The methodology
utilizes a ranking and weighting scheme which allows the RAP Team and BPAC to establish weighting
and rankings based on a set of criteria which reflect the goals for the AOC.  In cases where there is
insufficient information to adequately undertake an evaluation, an outline of the information gaps has
been provided.

It must be recognized that the final selection of many remedial options may depend on more in-depth feasibility
studies on a case-by-case basis.  The final feasibility of specific options must, in many cases, be evaluated by those
groups or individuals most familiar with the problem sources.  For example, for industrial sources, the technical
feasibility of any process alternative or treatment option cannot be judged without full participation of industrial
experts familiar with all aspects of the industrial sources being considered.  Similarly, more detailed work may be
required to deal with other sources and source categories.  Furthermore, the desirability of controlling or reducing
the loading of any specific contaminant from an individual source must be carefully weighed against the relative
contribution of the source to the overall loading.

2.0 THE ST. CLAIR RIVER AREA OF CONCERN

2.1 The Environmental Conditions in St. Clair River Area of Concern

The St. Clair River serves as a channel connecting Lake Huron with Lake St. Clair.  As shown in Figure 2.1.1, the
river flows in a southerly direction from Lake Huron and prior to entering Lake St. Clair, the river divides into
several channels creating an extensive delta known as the St. Clair Delta or St. Clair Flats.

In Ontario, 78% of the immediate drainage area of the St. Clair AOC is agricultural and in Michigan, 68% is
dedicated to agriculture.  While urban areas such as Sarnia and Port Huron are home to a large number of people, a
significant portion of the population remains in rural areas.  A relatively small portion of the land bordering the St.
Clair River is forested.  There is a concentration of industry within Sarnia and in the area between Sarnia and
Corunna, including petroleum refineries, organic and inorganic chemical manufacturers, paper companies, salt
producers and thermal electric generating facilities.  There are also 23 industrial and four municipal waste sites in
Ontario and there are six sites of environmental contamination within 4.8 kilometres of the River on the Michigan
side.  Two native Indian reserves are situated along the Canadian shore - the Chippewa of Sarnia Band Reserve
and the Walpole Island First Nation Reserve.  There are a significant number of parks and recreational
opportunities along the St. Clair River, including campgrounds, day use parks, marinas and beaches.

The St. Clair River supports a variety of water uses.  It serves as a shipping channel for a number of industries and
the broader Great Lakes Seaway system.  It is also a source of cooling and process water for industry and thermal
generating stations.  The wetlands and associated open waters of the lower St. Clair River and Lake St. Clair
comprise one of the most important wetland areas in the Great Lakes Region, providing an important habitat for
ducks, geese and swans.  The AOC supports 91 aquatic species, 20 species of amphibians, 25 species of reptiles,
250 species of birds and 60 mammal species.  Currently, commercial fishing within the St. Clair River is
considered negligible, reflecting the closure of Michigan's commercial fishery to all species but carp, Ontario's
closure of selected fisheries (smallmouth bass), and the ten-year closure of Lake St. Clair's commercial fishery
beginning in 1970 in response to high levels of mercury contamination.  Sport fishing, however, is popular on the
St. Clair River, and hunting and trapping are significant uses, particularly for the native people living on the River.
The River also supports a number of parks and areas affording recreational opportunities including swimming,
boating and naturalist activities.

There are 56 point sources discharging into the St. Clair River, including organic, inorganic and petrochemical
industrial facilities, municipal wastewater treatment plants and thermal electric generating stations.  In particular,
there is a significant number of refineries and chemical manufacturing facilities located in 'Chemical Valley', which
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is in the industrial area and south of Sarnia.  Non-point sources of contaminants include atmospheric deposition
onto the watershed, urban and rural runoff, the resuspension of contaminated sediments, groundwater, spills from
ships, industries and other facilities, and numerous combined sewer overflows.

The point and non-point sources within the AOC contribute contaminants to the River which have resulted in the
impairment of beneficial uses.

2.2 Impaired Uses and Sources

As noted in Section 1.0, the St. Clair River was identified as an AOC because of exceedances of general or specific
objectives of the Great Lakes Water Agreement, responsible for impairment of 9 of the 14 beneficial uses
recognized by the GLWQA.  These impaired uses are as follows:

�restrictions on fish and wildlife consumption;
�bird or animal deformities or reproductive problems;
�degradation of benthos;
�restrictions on dredging activities;
�restrictions on drinking water consumption, or taste and odour problems;
� beach closings;
�degradation of aesthetics;
�added cost to agriculture or industry; and
�loss of fish and wildlife habitat.

These uses are impaired as the result of physical disruption of habitat and elevated contaminant levels in the water,
sediment and biota of the St. Clair River.

Table 2.2.1 links the identified impaired uses to known or suspected contaminants.  This table identifies the
contaminants of concern which have exceeded existing Ontario, Michigan or GLWA objectives/standards for
water, sediment or biota.  The contaminants of concern include:

Conventional Organic
Metals Pollutants Contaminants

� cadmium � oil and grease � octochlorostyrene
� copper � TKN � hexachlorobenzene
� chromium � total phosphorus � hexachlorobutadiene
� iron � arsenic � tetrachloroethylene
� lead � bacteria � carbon tetrachloride
� manganese � chloride � dieldrin
� mercury � phenols � polychlorinated biphenols (PCBs)
� nickel � polyaromatic hydrocarbons (PAHs)
� zinc



2763.1 2.xx

Of these 24 contaminants of concern, four (mercury, hexachlorobenzene, dieldrin and PCBs) were identified in the
preliminary list of Candidate Substances for Ban or Phase-Outs from surface water discharge (MOE, 1992a).
Therefore, the discharge of these contaminants will likely come under more stringent regulations in the near future.

In addition to the contaminants of concern noted above, several additional parameters known to occur in the St.
Clair River have been identified as being of interest with regard to source identification.  These include:

� Benzene � Pentachlorobenzene
� Toluene � Chlorophenols
� Xylene � 1,1- and 1,2-Dichloroethane
� Carbon Tetrachloride � Trichloroethylene
� Hexachloroethane � 1,1,1- and 1,1,2-Trichloroethane
� 2,4,5-Trichlorotoluene

In order to identify technical/remedial options which would address the identified impaired uses, the contaminants
associated with impairment were linked to the different types of sources within the AOC (Table 2.2.2).  By
undertaking this assessment, technical options could be targeted to problem contaminants.

Table 2.2.2 shows that the primary sources of contaminants to the St. Clair River are industrial and municipal point
sources and urban non-point sources.  While these represent the primary sources of contaminants, this report
reviews all sources of contaminants identified in the Stage 1 RAP Report, and provides an update on the current
loading information, planned and in-place remedial measures and identifies appropriate options to remediate
specific contaminants.

The sources of impairment reviewed in this report include:

� public;
� urban;
� spills;
� rural areas;
� waste disposal sites;
� municipal point sources;
� industrial discharges;
� contaminated sediment; and
� physical habitat distruption.

Since most impairments to beneficial uses are associated with contaminants in the river, the development of
remedial/technical options to address the sources of contaminants should result in the eventual restoration of
beneficial uses.  Loss of fish and wildlife habitat, however, is more readily associated with physical disruption
throughout areas of the watercourse; therefore, to identify remedial/technical options for areas of impaired habitat,
an assessment of the existing habitat and opportunities for improvement was made.

3.0 TECHNICAL OPTIONS

This section provides a description of the various sources of impairment to the beneficial uses within the AOC, the
existing conditions, planned and/or in-place technical options and available technical options for contaminant
reduction or resource restoration.  The sources described in this section are based on those identified in the Stage I
RAP Report.  These sources are described in the following sections:

PART A: NON-POINT SOURCES

� Public Prevention;
� Urban;
� Spills;
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� Rural; and
� Waste Disposal Sites.

PART B: POINT SOURCES

� Municipal Point Sources; and
� Industrial Dischargers.

PART C: SEDIMENT AND HABITAT

� Contaminated Sediment; and
� Physical Habitat Disruption.

The technical options presented for the various sources represent the available options for improvement/reductions.
Since these options have not been evaluated, many may not be suitable for implementation.  A proposed evaluation
methodology is presented in Section 4.0, which allows for the assessment of options relative to the goals for the
AOC and the cost and effectiveness of each option.

Since this section identifies and describes all potential sources within each source group (urban, rural, industrial,
etc.) many insignificant sources are described and technical options presented.  The goals for the AOC and the
identified contaminants of concern should be considered when reviewing and short-listing these options.

In addition, it is essential that the information in this section be used only as a resource to identify and undertake an
initial assessment of the available options.  Cooperative discussion and involvement by all stakeholders will be
required in order to assess the feasibility of option implementation and to identify the most appropriate
implementation strategy for the AOC.

PART A: NON-POINT  SOURCES

3.1 Public Pollution Prevention Initiatives

3.1.1 Introduction

There are a number of pollution prevention initiatives that can be undertaken by the public to protect and enhance
the St. Clair River AOC.  These initiatives fall into two main categories:

� actions that members of the public can undertake to reduce the generation, or improve the handling
and disposal of household wastes; and

� actions that members of the public can undertake to influence the practices of other stakeholders and
advise them concerning pollution prevention measures.

The approach used in the following subsections is to discuss public pollution prevention initiatives within these
two broad categories.  To augment the discussion of initiatives identified in the general literature, BEAK obtained
feedback from the public by designing a questionnaire and distributing it to members of the St. Clair River BPAC.
The questionnaire was distributed to Canadian non-government, non-industrial BPAC members who were
members of the general public or interest groups.

The BPAC questionnaire was intended to capture the public's viewpoint on the following issues:

� the extent to which the public is responsible for the AOC's water quality problems;
� methods of increasing the awareness and involvement of the public and other stakeholders in water

pollution reduction/prevention;
� areas where more public education is needed and effective methods of educating the public;
� the extent to which the public can influence various other stakeholders;
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� the stakeholders most responsible for the AOC's water quality problems;
� the most effective remedial options that contributing stakeholders need to adopt to reduce the water

quality problems they cause; and
� the areas where increased government involvement are seen as beneficial.

It must be recognized that, though the BPAC represents the local public, the opinions of its members may not
constitute the public's opinion.  Also, only 56% (10) of the questionnaires distributed to BPAC members were
received.  Therefore, only a limited number of opinions could be reflected in this study.
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3.1.2 Identification of Sources

Various waste generation, handling and disposal practices of individual households within the St. Clair River AOC
and surrounding area contribute to its water quality problems.  However, as with rural areas (see Section 3.4), the
problem sources are mainly non-point in nature and the environmental effects are cumulative.  It is difficult to
judge the relative significance of specific pollution sources and quantify the effects of particular pollution
prevention initiatives.  Nonetheless, there is little doubt that collective adoption of pollution prevention initiatives
by members of the public will contribute to the achievement of the St. Clair River's RAP objectives.

It is interesting to note that the majority of questionnaire respondents expressed concern about a specific group of
point sources - the many houses, particularly between Pt. Lambton and Courtright, that have inadequate
septic/sewage systems, or are discharging their sewage directly into the St. Clair River.  Also, almost without
exception respondents mentioned the need for municipalities to upgrade Water Pollution Control Plants (WPCPs)
and control/stop combined sewer overflows (CSOs), both of which would improve the handling/treatment of
individual household waste (see Tables 3.1.3, 3.1.8 and 3.1.9).

3.1.3 Impaired Uses Associated with Public Activities

Public activities can result in the impairment of a number of different uses within the St. Clair River AOC,
including the contamination of drinking water, reduction/restriction of recreational uses such as swimming and
water sports, visual impairment of the water and shoreline, and impairment of critical wildlife and aquatic habitat.
Questionnaire respondents reported beach closures and habitat impairment as the use impairments of most concern
to them, also citing sewage problems as the root cause of the beach closings (refer to Table 3.1.1).  It would appear
that the efforts of the public and municipalities to control septic/sewage systems are viewed as critical to the
restoration of a particular, valued use - swimming and recreational enjoyment of the St. Clair River.

In addition to beach closings, the questionnaire respondents also identified the following use impairments as
significant concerns to them, most of which could result (at least partially) from the public's waste
generation/handling/disposal practices (refer to Table 3.1.1):

� habitat disruption/destruction;
� drinking water contamination; and
� fish advisories/restrictions.

Negative health impacts is another impairment of significant concern to respondents, which is likely based on
concern about more fundamental impairments, such as swimming in or drinking contaminated water, or eating
contaminated fish.



2763.1 3.1.xxiv

3.1.4 Public's Pollution Prevention Initiatives

3.1.4.1 Household Pollution Prevention Initiatives

BPAC Questionnaire Responses

All respondents felt that the public could be doing more to reduce the generation and improve the handling and
disposal of household waste, and the majority felt that these measures would result in significant improvements to
the water quality of the St. Clair River AOC.  Two of the ten respondents expressed uncertainty as to whether
measures undertaken to control household waste would in fact result in significant improvements, raising an
important issue - certain members of the public may not know the extent to which the public is responsible for
pollution problems in the St. Clair River, or may view the problems as being largely attributable to other
stakeholder groups, such as industry or the agricultural community (refer to Table 3.1.2).

It is clear from Table 3.1.3 that sewage-related initiatives are viewed as the most critical measures that the public
can undertake.  While certain of these measures are directly within the control of the public, such as maintaining
septic systems and preventing direct discharges, others are within the primary control of municipalities.  A number
of respondents identified agricultural practices as important, including the reduced use of pesticides, improved
tillage practices, careful handling of manure, and the fencing off of streams in pastures along the river (presumably
to prevent cattle from having access to streams and tributaries).  Other measures mentioned include influencing
industrial dischargers (through boycotting certain products or only purchasing environmentally friendly products),
reduced use of fertilizers, water conservation, prevention of dumping from boats, the restoration of wetlands, and
the improvement of waste disposal/collection practices.   The responses provided in Table 3.1.3 demonstrate that
the public believes that significant improvements in water quality will result from their own measures and those of
others, particularly municipalities and industrial dischargers.

Respondents also commented on the extent to which they believed that the public had been sufficiently educated in
water quality problems.   There was effectively no consensus regarding the extent to which the public had been
educated on water quality problems, the severity of the problems, or the causes of the problems.  However, the
majority felt that the public could be better educated in the options available to them to manage their household
waste.  Respondents also identified a number of other areas that, in their opinion, the public required more
information on (refer to Table 3.1.2).  The most significant issue was the costs and benefits of adopting different
pollution prevention measures.  Other issues included the proper maintenance of septic systems, the effects of
agricultural runoff, the efforts of municipal dischargers, the pollution priorities within the AOC, and the risks
associated with the use of various measures.

Regarding the most effective means of educating the public, respondents appear to favour some form of media
communication, such as newspaper articles, information displays, resource centres, newsletters/mailouts, TV/radio
broadcasts, tours of the AOC and waste generator sites, the involvement of prominent local organizations (e.g.,
Chamber of Commerce).  With respect to media coverage, a number of respondents emphasized the need for a
balanced presentation of information.  Respondents also saw service groups, such as the Kiwanas or local interest
groups, as being instrumental in educating the public, and viewed membership on public committees, such as
Public Advisory Committees, as being valuable.  Other potentially effective means of educating the public
included: seminars and workshops, the school system (based on the premise that most adults are too old to change,
but children are not), the workplace or through government programs (refer to Table 3.1.4).
Finally, respondents were asked to identify the methods that they viewed as most successful in encouraging public
involvement.  Improved education was seen as the first priority, and three people suggested that increasing waste
disposal costs would ensure that the public took more of an interest in household waste management.  Other
methods suggested for encouraging involvement include running contests (photo contests, competitions with
neighbouring communities), ensuring the involvement of prominent organizations, increasing government
legislation, offering memberships on public advisory committees and creating activities for children (refer to Table
3.1.5).

Traditional Initiatives Undertaken by the Public
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Conserve Water

Reduced water use would result in a lower volume of waste water entering treatment plants and septic disposal
systems, thereby reducing the strain on these facilities.  Methods of conserving water include:

� reducing outdoor water use for washing driveways, cars and watering lawns.  An alternative source
of water for outdoor use is from the eavestrough: disconnect the eavestrough downspout and drain it
to the lawn or driveway.  There are also modern approaches to landscaping, such as `xeriscaping',
which emphasize water conservation principles such as drip irrigation, heavy mulching of planting
beds and organic soil improvements for better water absorption and retention;

� reducing indoor water use by introducing measures such as:
- waiting until there is a full load of laundry before using the washing machine;
- substituting a basin of water for a running tap when brushing teeth, shaving and washing

dishes;
- reducing the amount of water used in flushing toilets by installing displacement devices (bags,

bottles, dams) in toilet tanks or purchasing low-volume, `ultra-low flush' toilets; and
- using water-conserving fixtures in new homes and retrofitting such devices in older homes.

An example of such a device is a `low-flow' aerator for kitchen and bathroom faucets and
shower heads;

� extending water metering programs to all homes within a community; and
� promoting the establishment of water rates that more closely reflect the true costs of water.

Water conservation measures are likely to result in modest environmental improvements.  More aggressive action
such as metering and increasing water rates may potentially result in reductions in water use, thought some studies
have shown that the installation of water meters in communities achieves no more than a 10 to 15% reduction in
water usage.

Reduce Use of Toxic/Hazardous Chemicals

In the Great Lakes Water Quality Agreement, the U.S. and Canadian governments agreed that the only long-term
answer to the problem of poisoning the Great Lakes by toxic chemicals is Zero Discharge and ultimately the
virtual elimination of all inputs of persistent toxic chemicals.  Persistent toxic chemicals are contained in such
common household products as: household cleaners, pool chemicals, paint, solvents, pesticides and herbicides,
fertilizers, wood preservatives, metal and furniture polishes, some medications, chemicals in pet collars and insect
sprays/powders, photographic chemicals, antifreeze, batteries and used motor oil.  The key actions that the public
can take regarding these and other products containing toxic chemicals are:

� use less of the products;
� use reusable products (e.g., rechargeable batteries); and
� use substitute products that contain fewer or no toxic chemicals.  Table 3.1.6 provides a list of

alternatives to certain common household products.

The public can also be guided in the purchase of toxic-free or `environmentally friendly' products by looking for
authorized labels, such as the `Ecologo' label authorized by the Canadian Federal government.

Reducing the use of products containing toxic chemicals is consistent with the guiding philosophy of the Great
Lakes Water Quality Agreement and the primary goals of RAPs - preventing contamination and recontamination
by virtually eliminating the use of toxic substances.  This initiative is highly recommended for this reason, and
would benefit considerably if backed up by a continuous public education campaign.

Precycle to Reduce the Amount of Waste Generated

Recycling is based on the concept of properly disposing of products after they have been purchased to minimize
the waste generated.  Precycling is based on the concept of reducing the waste before you buy products by
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considering the product's production process, usage, disposal, packaging and effectively preventing contamination
and recontamination through the virtual elimination of toxic substances.  Examples of precycling include:

� purchasing products that are packaged using recycled material (e.g., eggs in recycled cardboard
rather than styrofoam, beverages in glass or aluminum containers);

� purchasing products in bulk to reduce the amount of packaging; and
� purchasing vegetables loose rather than in plastic bags.

Precycling is generally a good environmental practice, though its contribution to improving water quality and
achieving the St. Clair River RAP objectives is less direct than some of the other initiatives.

Use and Dispose of Toxic Wastes Properly

To the extent that toxic chemicals are used in the home, they should be used and disposed of properly.  For
example, the following actions should be taken:

� products containing toxic chemicals should be used according to the instructions on the product's
label;

� toxic chemicals should not be poured down sinks or drains.  They will end up in sanitary sewers and
Water Pollution Control Plants (WPCPs), thereby contaminating sewage sludge and potentially
being discharged into lakes and streams.  They may also end up in a septic tank; if the tank's
capacity constraints for holding liquid waste are exceeded, chemicals can leach through the soil and
into the groundwater;

� toxic chemicals should not be poured into storm sewers.  They will end up in lakes, rivers and
streams, and they may end up in the drinking water;

� toxic chemicals should not be put in the trash.  They will end up in a landfill, which may leak and
potentially leach toxic chemicals into groundwater and surface water systems.  They may also end
up in incinerators, which are known sources of dioxins in addition to numerous metals including
zinc, cadmium, nickel, chromium and copper; and

� toxic chemicals should be recycled by taking them to a municipal/regional reclamation centre or
transfer station.  Most municipalities offer household hazardous waste collection programs.
Consideration should be given to increasing the frequency of collection days, though this will
require support from municipal and regional governments.

The proper use and disposal of products containing toxic chemicals offers direct benefits in terms of improvements
to the water quality of the St. Clair River.

Proper Disposal of Non-Toxic Wastes

There are a number of products that are not toxic, but nonetheless contribute to the accumulation of waste in
landfills or represent unnecessary environmental hazards.  Methods that the public can undertake to reduce the
environmental impact of disposing of ordinary household wastes include:

� recycling materials such as newspapers, glass bottles and jars and aluminum cans.  It may also be
possible to recycle other materials such as telephone books, corrugated cardboard, tin cans, plastic
soda bottles and milk cartons;

� disposing of six-pack rings in the trash, after snipping the rings.  Six-pack rings should not be
disposed of in storm sewers or left lying on beaches or shorelines; and

� placing waste in waste containers rather than littering along sidewalks, roadways or in ditches.
Waste that is not properly disposed of often ends up in storm drains and eventually in the lakes,
rivers and streams.
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While the proper disposal of non-toxic wastes is good environmental practice generally, it is unlikely to offer direct
water quality benefits relative to some of the other initiatives.

Reuse Non-Biodegradable Products

In addition to properly disposing of waste products, other measures can be taken to minimize the amount of certain
materials accumulating in landfills or ending up in lakes, rivers and streams.  For example, efforts directed at
reducing the accumulation of waste in landfills can focus on encouraging the use of reusable products or
biodegradable products, rather than disposables or non-biodegradable products.  Examples of measures that can be
taken in the home include:

� reusing glass, plastic and metal containers rather than disposing of them in the trash. Examples
include reusing plastic shopping bags or reusing glass containers to store left over food items;

� using reusable containers or biodegradable products (e.g., wax paper, freezer bags to wrap food
instead of aluminum foil, plastic wrap or plastic bags); and

� using cloth rather than disposable diapers.

As with a number of other initiatives, there is an indirect linkage of `reuse' philosophies with water quality
improvements.  Nonetheless, reuse initiatives represent good environmental practice.

Compost Household Organic Wastes

Again, in the interests of minimizing the amount of certain materials accumulating in landfills or ending up in
lakes, rivers and streams, the public should consider composting organic household wastes.  Options include
making use of community composting programs, commercial composters or establishing a home composting
system.  Household materials that are good candidates for composting include: grass clippings, leaves, food waste,
paper and wood.  In addition to reducing the congestion of organic materials in landfills and elsewhere, the
resulting humus-like substance is a source of natural, rich fertilizer.

Relative to other pollution prevention initiatives open to the public, composting requires more public education,
effort and care.  The technology is also under investigation and there is the possibility that composting may
become regulated in the future.  Essentially, the technique is most appropriate for the `converted', or those
members of the public that are willing to thoroughly investigate the technology and ensure its proper and safe use.

Check and Maintain Septic Tank Systems

Malfunctioning septic tank and tile disposal systems contribute to surface and groundwater pollution.  Therefore,
the public should inspect and clean out septic systems regularly and ensure that tile fields are replaced as required
to minimize contamination from this source.

Septic systems were identified by the majority of questionnaire respondents as a particular problem within the St.
Clair River AOC.  Problems were primarily attributed to inadequate design and poor maintenance.

Control Pets

Pet feces are a major source of bacterial contamination in urban waterways.  Therefore, the public should adopt the
`Stoop and Scoop' practice.  While many municipalities already have by-laws in-place requiring that this practice
be adhered to, the problem still exists suggesting the need for increased government support and enforcement
effort.

Reduce Atmospheric Emissions
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While atmospheric emissions are not believed to be the primary source of water quality problems in the St. Clair
River AOC, there are measures that the public can undertake that represent good environmental practice generally,
and if collectively adopted, may result in measurable improvements to water quality.  These measures include:

� adopting energy conservation measures within the home.  Adequate home insulation, and marginal
reductions in water heater and household temperatures are some of the more common energy
conservation measures; and

� reducing automobile emissions by increasing the use of car pools and public transit, or by using
other means of travel for shorter distances (e.g., walking, bicycling).  Another possibility is to
convert automobiles to natural gas, though this can lead to costly capital and operating expenses.

3.1.4.2 Methods of Influencing Stakeholders to Become Involved

Questionnaire Responses

It is clear from Table 3.1.7 that the majority of respondents view the public as capable of influencing a number of
different stakeholder groups, particularly industry, the agricultural community, other members of the public and the
Provincial Government.  There was slightly less agreement on whether the Canadian public could influence U.S.
stakeholders, and one stakeholder was of the opinion that the public felt they were not being listened to and that
this was leading to apathy and disinterest on the part of the public.  Other stakeholder groups that the public was
seen as able to influence include municipal governments and local environmental groups.

Respondents were asked what methods they viewed as most effective in promoting pollution prevention on the part
of other stakeholders (refer to Table 3.1.8).  Four of the ten respondents identified accurate technical information
as a prerequisite to targeting prevention efforts and beginning meaningful communications that would eventually
solve the water quality problems.  At the root of this particular response would appear to be a concern that
members of the public (and perhaps other agencies/organizations) are misinformed, and as a result focusing on
ineffective solutions or falsely accusing other stakeholders (resulting in a breakdown of communication).  A related
recommendation was to communicate the results of various pollution prevention initiatives to all stakeholders, and
to solicit the leadership of informed and knowledgable individuals (e.g., members of the scientific community).
Other recommendations involved the improvement of relations among parties, such as increased cooperation and
positive reinforcement of successful efforts.  One respondent recommended that the public be provided with
choices rather than simply one option, and another recommended that if certain other stakeholders, such as
industry, led, the public would follow.  Increased public pressure, increased government legislation and
enforcement and financial assistance were also recommended.

The questionnaire included some probing into two other potential vehicles that might be used to facilitate influence
from the public, specifically increased government involvement and `Good Neighbour Agreements' (see below).
The majority of respondents felt that there was a need for increased government involvement, particularly in the
following specific areas: increased public education, increased enforcement of existing regulations, and increased
funding to undertake various pollution prevention measures.  Interestingly, consensus was not reached regarding
the need for increased government regulation.  Also, one respondent recommended increased MOE monitoring
and regulating of the issuance of building permits, to prevent the construction of homes with inadequate
septic/sewage systems (refer to Table 3.1.7).  Only two of the ten respondents were familiar with `Good Neighbour
Agreements';  one felt they were useful, and the other felt they were not because they are generally `too easily
undermined by the more radical parties'.

Traditional Initiatives Undertaken by the Public

Lobby Government Officials for Support of Environmental Issues
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The majority of questionnaire respondents felt that more government involvement was required to address the
AOC's water quality problems, particularly in the areas of more public education programs, increased enforcement
of existing legislation and increased funding.

Funding and government support are often considered key to ensuring public involvement and the efficacy of that
involvement.  Funding is important to encourage the public to participate in working groups and to sit on
committees, to assist them in undertaking pollution prevention initiatives that they would otherwise be unable to
undertake, and to support public education and information programs.  Government support in the form of
regulation, monitoring and enforcement is also a prerequisite for ensuring that other stakeholders, such as industry,
satisfy the public's demands and comply with standards and legislation enacted to protect the public's interest.

The public should lobby all levels of government; federal and provincial governments effectively determine
municipal government funding amounts and environmental regulation and municipal governments control the
establishment and enforcement of important environmental by-laws (e.g., sewer use by-laws).  Lobbying efforts
include direct contacts (telephone calls, meetings) with government officials as well as writing letters to Members
of Parliament and Ministers of the Environment and Energy, Natural Resources, etc.

Participate on Advisory Committees and Working Groups

The public can also become involved by participating in environmental advisory committees, working groups and
environmental interest groups.  One example is the continued involvement of public representatives on the St. Clair
River BPAC to oversee implementation of the St. Clair RAP.  Another example is to elect public representatives
(having specific environmental interests and expertise) to industry Boards of Directors or corporate Environmental
Advisory Committees to advise management concerning environmental matters of relevance to the company and
surrounding community.

Promote Public Education and Information Programs

A prerequisite to effective, widespread public participation and involvement is a public that has been educated in
environmental issues, problems and potential solutions.  In most communities there remains a silent majority, many
of which remain silent because they do not understand the significance of the environmental issues facing their
community or do not see how these issues relate to the welfare of their families.  Therefore, it is important that
public education and information programs continue to expand to address the information needs of the public and
stimulate their interest in environmental issues.  Once they have gained an understanding and developed a concern
about the environment, they will be more willing to become involved in developing pollution prevention policies,
stimulating the development and use of non-toxic products and lobbying for stronger pollution controls and
institutional support for safe disposal practices and programs (e.g., community hazardous waste collection days).

Perhaps more important than adult education campaigns are education efforts targeted at children.  While it
remains difficult to change the long-established habits and values of adults, children are more receptive to change
and their values and actions are typically not deeply rooted or irreversible.  Children also have a particular interest
and fondness for nature and the environment.  Therefore, educational efforts within the primary school system
should be emphasized to establish preservation and conservation values in children that will guide them throughout
their adult lives.

Develop Agreements Between Communities and Industry

A formal method that communities can undertake to secure the cooperation of other stakeholders, such as industry,
is to enter into formal agreements with them.  Examples of such agreements include the `Good Neighbour'
agreements established between a number of communities and industries in the states of New Jersey and
Massachusetts.  While these particular types of agreements were unfamiliar to the majority of questionnaire
respondents, they may represent an alternative worth further consideration.
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Good Neighbour Agreements can be negotiated around a number of issues and often include provisions to:

� study and reduce toxic chemical use and waste generation;
� establish a comprehensive accident prevention program;
� provide funds for residents to hire their own technical experts to review a firm's activities;
� permit residents the right to periodically review a firm's activities; and
� grant residents the right to participate in corporate health and safety committees.

Agreements can cover many different issues, but their primary purpose is to outline the environmental objectives
important to the surrounding community and the specific actions that industry will undertake to ensure that those
objectives are satisfied.

With limited staff and resources, and many polluting facilities within their jurisdictions, it is almost impossible for
government environmental agencies to deal effectively with all the toxic pollution entering the ecosystems they are
charged with protecting.  Agreements such as the Good Neighbour Agreements, along with an active citizenry, can
complement government environmental protection efforts.  The vested self-interest that communities have in both
jobs and the environment increases the likelihood that mutually satisfactory agreements can be reached between
industry and local communities.

Participate in Reforestation and Tree-Planting Programs

Reforestation, tree-planting and revegetation programs are important in addressing the environmental problems
specific to the St. Clair River as well as more global atmospheric and energy related concerns.  For example,
planting trees along the St. Clair River will assist in stabilizing streambanks, slowing runoff and minimizing
erosion.  If this activity is undertaken collectively by many communities and jurisdictions, it also produces global
benefits in terms of reducing CO2 emissions and reducing energy consumption.

Funding to assist with reforestation and revegetation efforts is available from Ontario Ministry of Natural
Resources (MNR) Community Fisheries Involvement Program (CFIP) and Community Wildlife Involvement
Program (CWIP).  These programs provide money and technical expertise to community groups wishing to
remediate problems and rehabilitate habitat.  It is also important to note that the reforesting of private lands over 5
acres is eligible for reforestation agreements under the Woodlands Improvement Act.

To ensure success with reforestation and revegetation efforts, it is important that qualified professionals be
consulted for planning, designing, preparing sites, planting and maintaining sites.  The need for professional
assistance suggests that funding assistance is a prerequisite to the adoption of these measures on a large scale.  It
also suggests the need for municipal, regional and provincial government involvement and direction.  Perhaps it is
more appropriate for reforestation and revegetation efforts to be initiated by governments and environmental
agencies, who would then be responsible for securing voluntary assistance from the public and funding public
involvement.

Section 3.9 contains a more comprehensive discussion and comparison of revegetation efforts, including buffer
strips, riparian plantings, and streambank stabilization techniques.
3.1.5 Public Viewpoints Regarding Pollution Sources and Remedial Options

The questionnaire also asked BPAC members to identify the stakeholders responsible for the pollution problems
within the AOC and the remedial options they viewed as most effective for these stakeholders to undertake.  It is
important to understand the opinions and perceptions of the public with respect to these issues because:

� it may explain certain actions by the public, such as apathy, disinterest or unwillingness to
participate in programs; and
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� it will identify areas where further education is required, and it may identify misperceptions held by
the public.

Since the public can influence other stakeholders, and view themselves as having this influence, it is important to
arm them with the best and most accurate information to enable them to effectively participate in decision-making
and to disseminate information to others.

Table 3.1.9 shows that the industry and municipalities (particularly Sarnia) are seen as the most significant
contributor's to the AOC's water quality problems.  Issues relating to industry include waste management generally,
spill control/prevention and monitoring environmental performance.  For municipalities, the familiar issues of
control/prevention of CSOs, WPCP upgrades, and beach monitoring were specifically mentioned.  The public
were also identified as significant contributors, with septic system maintenance being specifically identified as a
problem.  Some respondents felt the MOEE could be doing more, particularly in the area of increased enforcement
of existing regulation, improving their understanding of the AOC's pollution problems and appropriate solutions,
biasing reports and decisions in favour of specific stakeholders, and placing political interests ahead of water
quality concerns.  A few respondents identified the agricultural community as a significant contributor (though less
of a contributor than many of the others), and another mentioned that historical activities had been the cause of
some of the current problems relating to contaminated sediments and the reduction in the number of certain aquatic
species.

Table 3.1.10 provides the respondents' suggestions for specific remedial options to be undertaken by the various
contributing stakeholders.  Again, municipalities were the primary target for the adoption of improved sewage
gathering, handling and treatment practices; separation of sanitary and storm sewers; and the extension of sewage
systems to those with inadequate or non-existent sewage facilities.  The public was identified as the stakeholder to
maintain septic systems adequately.  Remedial options for industry included river separation, elimination of
chemical/petroleum discharges, and spill prevention/control.  Remedial options for the MOEE included increased
enforcement of household sewage systems and improved legislation and enforcement practices.   For the
agricultural community, the recommended remedial options included manure handling, reduced pesticide use and
improved tillage practices.  Interestingly, four of the ten respondents viewed education of all stakeholders as a
remedial measure, recommending that improved education and dissemination of information was necessary in the
areas of the severity of water quality problems, causes of the problems, and available solutions.

3.2 Urban Areas

3.2.1 Introduction

Ontario urban areas were identified in the Stage 1 RAP as representing a significant non- point source of
contaminants loading to the St. Clair River.  As is illustrated in Table 2.2.2, loadings from Ontario urban areas
generally account for greater than 10% of the total contaminant loading.  Contaminants associated with the Ontario
urban areas and which result in degraded water uses include iron, lead, zinc, oil and grease, hexachlorobenzene,
total PAHs and total PCBs.

The St. Clair River region includes six municipalities which ultimately discharge to the St. Clair River (Figure
3.2.1).  These are:

Area (Ha) Population

� Moore Township 31,781 10,432
� Village of Point Edward 352 2,323
� City of Sarnia 16,406 72,684
� Sombra Township 29,932 4,053
� Town of Wallaceburg 1,068 11,684
� Walpole Island First Nation 23,200 650
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The City of Sarnia represents the largest Ontario municipality, and is the only municipality with known combined
sewer overflows.  Estimates of loadings from the City of Sarnia (excluding the former Town of Clearwater) have
been presented in several reports (Paul Theil Associates Limited, 1988; Marsalek and Ng, 1989; UMA
Engineering, 1992).  A summary of the estimates as presented by Paul Theil Associates Limited is provided in
Table 3.2.1.  Results from this table suggest that urban runoff is the primary contributor for a number of
contaminants.  Combined sewer overflows do account for a significant percentage of the fecal coliform loading to
the St. Clair River.

3.2.2 Urban Contamination

Contamination from urban areas is widespread and can be attributed to the following sources:

� urban stormwater discharges;
� overflows; and
� urban septic systems.

Historically, discharges from storm sewers were considered relatively `clean' and were not considered to be
significant sources of contaminants relative to discharges from sewage treatment plants or combined sewer
overflows.  However, many studies in the last 20 years have shown that discharges from storm sewers can be a
major source of pollutant loadings due to washoff of accumulated contaminants (MOE, 1992b).  Sources of these
contaminants include nutrients and pesticides spread on lawns, heavy metals and exhaust emissions from
automobiles, sediment from construction sites, petroleum and chemical spills in industrial areas, bacterial
contamination from fecal droppings of domestic pets and birds, atmospheric deposition, and direct or indirect
connections from the sanitary sewer systems.  Connections from the sanitary sewer systems contribute to
contaminant flows not only during wet weather, but also during dry weather conditions.

In general, the majority of wet weather runoff volumes in urban areas are from impervious surfaces (i.e., roads,
parking lots and roofs).  These surfaces have limited natural treatment capability and are, therefore, likely to
convey a majority of any accumulated contaminants on these surfaces.  Pervious, or grassed areas, do contribute
significant volumes of runoff during severe storm events or during winter periods when the ground is frozen.

Overflows which include sanitary and combined sewage overflows within the system, as well as pumping station
overflows, are generally caused by larger rainfall events.  Infiltration into existing sanitary sewer systems can
contribute to overflows for extended periods following rainfall events because of groundwater flow.

Combined sewers, in addition to conveying the contaminants as described above, will also convey high levels of
nutrients, ammonia, and bacteria associated with sanitary inputs from residential areas.  Furthermore, contaminant
levels of various non-conventional parameters may be significant depending upon the source or type of industry
which is serviced by the sanitary system.

Urban septic systems release untreated contaminants into the groundwater system.  The primary concern is the
infiltration of the septic waters into either the storm sewer system or the groundwater flow regime.  Either system
will release contaminants into nearby watercourses.

3.2.3 Questionnaire

In order to update the information available in the Stage 1 RAP Report and to gain a better understanding of
municipal infrastructure, the implications to contaminant loadings and potential for reduction/remediation, a
questionnaire was provided to each municipality as provided in Table 3.2.2.  The questionnaire was initiated to:

� define the infrastructure of the municipality;



2763.1

3.2.3

� identify potential sources of contamination entering the St. Clair River;
� identify on-going works to minimize water contamination; and
� identify existing and proposed studies intended to minimize urban runoff 

contamination.

The questionnaire consisted of six sections designed to provide municipal-specific information such that
technical/remedial options could be considered relative to the requirements of each municipality.

Section 1 of the questionnaire defined the extent and type of existing infrastructure, such as the length of storm
sewers, number of pumping stations, etc.  This information was used to identify the potential sources of
contaminant loadings associated with the existing system.

Section 2 established whether or not overflows occur in the existing system and determined the frequency and
magnitude of overflows.  As stated previously, overflows are caused by excess hydraulic loading to the system and
result in untreated sanitary/stormwater discharges.  The greater the frequency and magnitude of overflow, the
greater the potential for contaminant loading.

Section 3 identified any major studies which have been completed for the area.  Studies of interest included
Infrastructure Needs Studies (INS), Lifeline Studies and Pollution Control Plans (PCPs).  These studies were
important as Infrastructure Needs Studies and Lifeline Studies generally look at the condition of the infrastructure
and define ways to rehabilitate or improve the system.  This may include works such as grouting or relining of
sewers, or methods to reduce extraneous infiltration/inflow.  Pollution Control Plans generally involve defining the
water quality problem and environmental issues, such as pollutant loadings and pollutant sources.

Section 4 outlined the municipalities' current maintenance procedures.  Typical works included:

� catchbasin cleaning;
� street sweeping; and
� sewer flushing.

Section 5 identified all by-laws and programs relating to infrastructure and the environment.
Typical by-laws include:

� storm sewer use by-law;
� sanitary sewer use by-law;
� roof downspout disconnection by-law;
� litter control by-law;
� `poop-scoop’ by-law; and
� erosion/sediment control by-law.

Typical programs include:

� water conservation;
� spill prevention; and
� public education.

Section 6 identified on-going or proposed capital works programs, specifically programs which will minimize
known environmental problems.  Through this section of the questionnaire, planned and in-place technical options
could be identified.
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Further to the response of the questionnaire, a subsequent questionnaire was sent to all municipalities in order to
obtain more complete information on each municipalities' by-law enforcement policy.  The questionnaire, provided
in Table 3.2.3, contains two sections.  The first section entitled Storm and Sanitary Sewer Use By-Laws outlines
the municipalities' current by-laws with respect to the MOEE model sewer use by-laws.  Section two entitled By-
Law Enforcement, Surcharging and Sewer Charges outlines the municipalities' current by-law enforcement
procedures.  Appendix A provides a description of each by-law in a glossary of terms.

Existing Municipal Infrastructure

The information obtained from the questionnaire responses is provided for each municipality below.

Moore Township

Moore Township is serviced by approximately 34 km of storm sewer, 38 km of sanitary sewer and four pumping
stations.  Overflows from the sanitary sewer system and pumping stations average one occurrence per year.

An Infrastructure Needs Study has been completed on the existing infrastructure.  As a result of the study an on-
going work plan is in-place to reduce infiltration/inflow and rehabilitate the older sewer systems.

The Township currently practices typical pollution prevention measures such as catchbasin cleaning and street
sweeping as part of the on-going maintenance procedures.  There are currently no infrastructure by-laws in effect.
Control manholes are, however, a requirement in anticipation of implementation of the MOEE model sewer use
by-laws (MOE, 1988).

There is no erosion/sediment control program in effect.

Village of Point Edward

The Village of Point Edward is serviced by approximately 15 km of storm sewer, 16 km of sanitary sewer and five
pumping stations.  There are no records of overflows from the sanitary sewer network and pumping stations.

An Infrastructure Needs Study has been completed for the community.  Point Edward has recently completed an
upgrade from primary to secondary treatment at the existing sewage treatment plant.  There are, however, currently
no proposed or on-going capital works programs for the infrastructure within the community.

Pollution prevention measures within the community include catchbasin cleaning, street sweeping and sewer
flushing.  Infrastructure by-laws include:

� sanitary sewer use by-law, and
� roof downspout disconnection by-law.

Both by-laws are enforced by three staff when required.  The sanitary sewer use by-law follows the MOEE model
sewer use by-laws.

The village participates in an active recycling and composting program.

There is no erosion/sediment control program in effect.

City of Sarnia
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The City of Sarnia is serviced by approximately 262 km of storm sewer, 261 km of sanitary sewer and 44 km of
combined sewer.  In addition there are 41 pumping stations.  There are approximately 50 overflow structures in the
combined sewer system, four of which overflow directly into the St. Clair River.

The following two major studies have been completed for the Sarnia area:

� Flood Relief and Combined Sewer Overflow Study for City Core Area - Paul Theil Associates
Limited, 1988; and

� Pollution Control Planning Study - UMA Engineering, 1992.

The City of Sarnia have undertaken a comprehensive PCP which considers reduction of both CSO and stormwater
runoff.  The following statements are general as the final report has not been released.  Information contained
herein are highlights of the PCP executive summary.  The City of Sarnia PCP was prepared as a MOEE
prerequisite requirement in order to initiate a capital works plan to reduce loadings to the Sarnia waterfront and the
St. Clair River.  The study identified storm sewer outfalls and combined sewer overflows (CSOs) as being a
significant source of contaminant loadings.  Storm sewers were determined to contribute 70% of the suspended
solids load and associated pollutants to the Sarnia waterfront based on studies of wet weather runoff.  CSOs only
contribute a small percentage of the suspended solids load, however, they are the main contributor to the bacterial
contamination of the Sarnia Waterfront.

Several options were considered in the PCP to reduce contaminant loading from storm sewers and CSOs including
outfall diversion, outfall extension, wet pond storage, beach enclosures and high rate treatment for storm sewers
and sewer separation, satellite treatment units and central storage for CSOs.  The selected measure of stormwater
contamination control is the construction of a retention/treatment pond in the Sarnia waterfront.  The proposed
facility will consist of a wetland area which will promote settling and biological removal of nutrients.  The
anticipated benefit is a 60% to 80% removal of sediments and trace metals.  CSOs will be reduced to an estimated
five per year through the construction of four underground storage facilities at each of the four main overflow
structures.  The anticipated benefits are a 60% reduction in organic and suspended solids, and a significant
reduction in bacterial contamination.

Catchbasin cleaning, street sweeping and sewer flushing are part of the City of Sarnia on-going maintenance
procedures.  The following environmental by-laws are in-place and enforced:

� storm sewer use by-law,
� sanitary sewer use by-law,
� litter control by-law, and
� `poop-scoop’ by-law.

The storm and sanitary sewer use by-laws are enforced under the MOEE model sewer use by-laws (MOE, 1988) as
revised by the City of Sarnia.  One full time municipal staff is assigned to by-law enforcement.  There have been
no successful charges laid to date.  Control manholes are a requirement of the City of Sarnia for particular land use
conditions.

There is an active waste reduction program in the City which is supplemented by public education.

A sediment control program is in effect following MOEE guidelines for sediment control on all new developments.

Sombra Township

Sombra Township is serviced by approximately 6 km of storm sewer, 14 km of sanitary sewer and seven pumping
stations.  There are no recorded overflows from the sanitary sewer system and pumping stations.
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One study has been completed within the municipality for the construction of 6.5 km of sanitary sewer along the
St. Clair River.  The project is currently awaiting MOEE funding prior to commencing construction.

The Township practices typical pollution prevention measures, such as catchbasin cleaning, street sweeping and
sewer flushing, as part of the on-going maintenance procedures.  Environmental by-laws in effect include:

� sanitary sewer use by-law, and
� roof downspout disconnection by-law.

There are no enforcement policies for the above-mentioned by-laws.

There is no erosion/sediment control program in effect.

Town of Wallaceburg

The Town of Wallaceburg is serviced by approximately 72 km of storm sewer, 14 km of sanitary sewer and 20
pumping stations.  There are an estimated 12 overflows from the sanitary sewer system each year.  This number is
anticipated to reduce following the completion of a sewage treatment plant expansion in the spring of 1993.

An Infrastructure Needs Study has been completed for the Town.  At present, there are no proposed or on-going
capital works programs for the infrastructure.

The town practices typical pollution prevention measures such as catchbasin cleaning, street sweeping and sewer
flushing.  The following infrastructure by-laws are currently in effect:

� storm sewer use by-law,
� sanitary sewer use by-law, and
� litter control by-law.

The storm and sanitary sewer use by-laws are enforced under the MOEE model sewer use by-laws (MOE, 1988).
There are currently four municipal staff assigned to by-law enforcement when required.  Charges have been
successfully laid.  Control manholes are a requirement for new development.

There are currently no environmental programs in effect.

There is no erosion/sediment control program in effect.

Walpole Island First Nation

Walpole Island is a small native community located in the Wallaceburg region.  To-date, there is no infrastructure
in-place.

Street sweeping is completed bi-weekly and a limited recycling program has been established.

There is no erosion/sediment control program in effect.

3.2.4 Technical/Remedial Options

Past practices for many municipalities have focused on preventing or reducing problems associated with flooding
and erosion.  As a result of these narrowly focused practices, the diversity and quality of the environmental
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resources (e.g., wetlands, fishery or groundwater quality) have been significantly reduced in many parts of southern
Ontario.

More recently, the focus has been shifted toward providing an integrated approach to resource management.  This
approach, commonly referred to as the `ecosystem approach’ includes the consideration of the biological, physical
and chemical environment in which the given communities live.

In developing resource management strategies to maintain or improve the environment, it is important to remember
that an ecosystem approach (Crombie, 1992) mandates that:

� everything is connected to everything else;
� human beings are part of nature and not separate from it;
� human beings are responsible for their actions and associated impacts; and
� economic health and environmental health are mutually exclusive.

In general terms, there are four general approaches to remediation of urban environmental problems in the St. Clair
River system.  These include:

� pollution prevention,
� pollution control,
� regulatory control, and
� land use policy/planning.

Polution Prevention

Pollution prevention is an umbrella for a wide range of source pollution reduction activities.  These may include:

� public education - educate urban consumers on household hazardous wastes and lawn management
practices and educate farmers on land management;

� source control - Sewer Use Bylaw Enforcement, spill prevention and management;
� inspection - regulatory inspection of erosion/sediment control devices; and
� alternative substance/material usage - replacing or substituting non-hazardous for hazardous

materials in processes.

Pollution Control

Pollution control generally involves the implementation of technical solutions to reduce/minimize the impact of a
given source.  Prime examples include the construction of a Water Pollution Control Plant to treat sanitary sewage
or the installation of a storage facility to reduce treatment plant bypasses or to store stormwater for later treatment,
thereby reducing pollutant loading.
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Regulatory Control

Regulatory control may be applied in one of many ways.  For example, the MOEE has various programs (e.g.,
Municipal Industrial Strategy for Abatement of Pollution (MISA)) which set standards for the discharge of
pollutants from various municipal and industrial point sources.  Furthermore, regulatory control may be applied in
conjunction with pollution control alternatives.  This approach is used in the Region of Ottawa-Carleton where
proposed stormwater management facilities which discharge flows to the Rideau River must have effluent levels of
fecal coliforms less than 100 per 100 mL.

Land Use Policy/Planning

Develop an integrated land use/watershed planning strategy which duly respects the linkage between land uses,
water and the environment and ensures that the environmental features are protected and enhanced.  In cases where
it can not be clearly demonstrated that the desired goals can be met or exceeded, polices which restrict specific
land uses (e.g., landfills, aggregate extraction) may be enforced.  Alternatively the level of future land use changes
may be limited.

3.2.4.1 Pollution Prevention Measures

Outlined below is an overview of several alternatives which could be applied within this study area.  The
alternatives and their effectiveness in meeting specific criteria are summarized in Table 3.2.4.

3.2.4.1.1 Public Education Programs

Public education or awareness programs involve preparation and dissemination of information regarding practices
that can be undertaken to improve overall water quality.  Information on specific practices can be passed on to the
public through brochures, information booths/centres, advertisements in the local media, and special public
information events.  Typical issues addressed include:

� water conservation,
� pet litter control,
� general litter control,
� application of lawn and garden chemicals,
� spill prevention and management,
� management of hazardous household waste,
� solid waste management/disposal, and
� removal of roof drains, foundation drains, sump pumps from sewer connections.

Public education programs are relatively low cost, easy to implement, and keep the public actively involved in the
commitment to improve water quality.

The primary benefit of public education programs is the creation of an awareness of water quality issues and
enhancement initiatives.  Additional long-term benefits include potential reduction of nutrient and chemical
loadings associated with lawn care/gardens, and reduction in spill of contaminants (i.e., automotive fluids, paints,
and solvents) to receiving waters via the storm sewer system.  Further information pertaining to public education
programs is provided in Section 3.1.

3.2.4.1.2 Spill Prevention and Management

Spill prevention and management provides both a means of attempting to minimize potential for spills and an
efficient manner of addressing incidents when they occur.  Currently, the MOEE has in-place a Spills Response
Program.  The MOEE, under the Environmental Protection Act (Part X) (RSO,1990), is the regulatory agency
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which enforces duties on persons responsible for spills, recommends cleanup procedures, and evaluates the
adequacy of cleanup and disposal efforts.  The MOEE is also involved in prevention, through its Spills Reduction
Strategy, which has been implemented with industry.  Spills as a contaminant source are addressed in Section 3.3.

Measures to minimize the impact of accidental spills of contaminants that may enter storm sewers include
provision of underground oil/grit separators at commercial and industrial developments, and buffer strips between
storm sewer outfalls and receiving waters.  Oil/grit separators are commercially available or can be made from
modified reinforced precast concrete vaults.  In addition, stormwater control ponds can be fitted with spills control
devices.  To be effective, they should be a functioning component of the storm sewer system and be located at the
property line of development sites to allow for inspection and maintenance by municipal staff.  Buffer strips
between storm sewer outfalls and receiving waters provide a containment area for accidental spills.

3.2.4.1.3 Sewer Use By-Law Enforcement

Sewer Use by-laws are municipal by-laws for regulating discharges to sanitary and storm sewers.  These by-laws
control the discharge of several pollutants which include bacteria, nutrients, solids, and heavy metals.  A key factor
is that sewer use by-laws govern the parameters of the discharge to, not from, either sanitary or storm sewers.  In
general, violation of sewer use by-laws are primarily from industrial sources and impact dry weather conditions.  In
order for the program to be effective, sampling during dry weather conditions is required.

3.2.4.1.4 Street Sweeping and Catchbasin Cleaning

Street sweeping and catchbasin cleaning are municipal practices undertaken to clean accumulated sediment and
debris from streets and catchbasin sumps.  Typical methods of street cleaning are manual clean-up, mechanical
broom sweepers, vacuum sweepers, and street flushing.  The assumed benefit of these practices is that contaminant
accumulation is reduced, thereby reducing pollutant loadings to receiving waters.

Results from the Toronto Area Watershed Management Strategy (MOE, 1986a) and the U.S. National Urban
Runoff Program (U.S. EPA, 1983) suggested that options such as street sweeping and catchbasin cleaning are
generally ineffective in both reducing bacterial loadings and improving overall quality of urban runoff.  In typical
municipal programs with sweeping or catch basin cleaning frequencies of once or twice per month, the removal
efficiency for suspended solids is less than 5%.  However, there may be special cases in which vacuum sweepers
could be applied at specific locations and times of the year to provide an improvement in water quality.  These
cases would include areas which discharge to/or immediately upstream of beaches and/or areas with a significant
buildup of sediment and debris, and periods following snowmelt or leaf accumulation in the fall.

3.2.4.1.5 Residential Programs

Results from the Infrastructure Needs Studies suggest that significant quantities of extraneous infiltration/inflow to
the sanitary or combined sewer system originates from private property.  The extraneous infiltration/inflow tends to
overload the infrastructure during rainfall events, thereby resulting in overflows within the sewer system or at the
Water Pollution Control Plant (WPCP).

Various programs to reduce infiltration/inflow may be carried out.  These include:

� lot grading programs,
� roof downspout disconnection programs, and
� disconnection of the weeping tiles which presently discharge directly to sanitary or combined

sewers.
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These programs are beneficial in that the reduction of infiltration/inflow to the sanitary or combined sewer system
reduces the potential for overflows within the system during rainfall events.  Furthermore, treatment costs are
reduced at the WPCP.

3.2.4.1.6 Water Conservation

Water conservation programs are beneficial from the perspective that they reduce flows to the WPCP.  This may
permit the plant to operate more effectively during dry weather conditions, and should also reduce overflows
within the system during rainfall conditions.  Water conservation options are described in further detail in Section
3.1.4.1.

3.2.4.1.7 Sediment Control on Construction Sites

Sediment loadings to the receiving body of water impact the environment in many ways, including:

� degrading the aesthetic value of the watercourse,
� reducing the hydraulic capacity,
� increasing in-stream erosion (significant quantities of sediment are generated to transport incoming

contaminant),
� providing a sink for additional pollutants, and
� damaging aquatic habitat.

Various methods for limiting the impacts of sediment during construction exist (e.g., silt fences, rock check dams,
etc.).  However, many municipalities have had difficulty ensuring that the works are installed, and are maintained.
Several municipalities have overcome this problem of enforcement by establishing by-laws (e.g., City of
Mississauga, Towns of Ancaster and Aurora).  The by-laws outline limits as to the amount of land that may be
stripped and the duration.  Furthermore, considerable fines for exceeding the limits are enforced.

3.2.4.2 Pollution Control Measures

Outlined below are several alternatives for controlling the impact of urbanization.  The alternatives and their
effectiveness in meeting specific criteria are summarized in Table 3.2.5.

3.2.4.2.1 Sewer Separation

The separation of combined sewers is a practice that is commonly used throughout Canada.  The potential benefits
include reduction in overflows (both within the sewer system and at the WPCP) and a lower frequency in basement
flooding.

The recent trend, however, has been to move away from sewer separation programs for the following reasons:

� cost,
� time required to complete the programs,
� effectiveness, and
� impact on water quality.

Recent studies carried out in Metropolitan Toronto, Sarnia, Windsor and Thunder Bay have shown that other
alternatives are more cost-effective than sewer separation.  Furthermore, remedial alternatives such as end of the
line storage facilities can be constructed relatively quickly as compared to storm trunk sewers and the associated
lateral sewers along local streets.
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Lastly, the effect of separation programs on water quality has been defined in recent studies (MOE 1986a; MOE,
1989a) as generally providing only a marginal reduction in pollutant loading.  In some cases, the loadings of some
water quality parameters actually increased.
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3.2.4.2.2 Storage and Treatment

Storage and treatment of combined or sanitary flows involves the construction of facilities within the sewer system
or at the WPCP.  Storage may be provided directly within the sewer system, i.e., by increasing the diameter of the
sewer, or off-line, i.e., by constructing an underground tank.

Storage and treatment of combined sewer flows has generally found to be advantageous as compared to sewer
separation, for the following reasons:

� capital cost, and
� reduction of pollutant loading to the receiving body of water.

The potential limitations include:

� available capacity at the WPCP, and
� land availability.

3.2.4.2.3 Infrastructure Rehabilitation

Contamination of storm sewer flows may occur due to the following:

� cross-connections of sanitary and storm sewers;
� direct residential, commercial and industrial sanitary connections; and
� indirect connections between the sanitary and storm sewers due to deteriorated infrastructure.

The net result is that, should any of the above occur, then raw sewage is discharged to the receiving streams and
rivers.

The primary objectives of infrastructure rehabilitation programs are to improve the structural integrity of the sewer
system and to reduce infiltration/inflow.  Reduction of infiltration/inflow would, in turn, reduce the volume of flow
to be treated at the WPCP.

3.2.4.2.4 Upgrading of Infrastructure

Upgrading of the existing sewer infrastructure may involve many tasks, including the construction of sanitary
forcemains or increased storage and pumping capacity at pumping stations.  Programs to upgrade the system differ
from rehabilitation programs in that the intent is to minimize or eliminate a capacity constraint within the system.
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3.2.4.2.5 Alternative Technologies

In recent years, several technologies have been used within Europe and North America to better utilize the existing
sewer system, or to provide alternative forms of treatment.  Three technologies which may be applicable to the St.
Clair River Region include:

� real time control,
� swirl concentrators, and
� Dunkers flow balancing system.

A brief description of each is provided below.  Further evaluation of each technology would be required before the
feasibility for this study area could be confirmed.

Real Time Control

A Real Time Control (RTC) system involves the collection and dissemination of data in order to better utilize the
storage and conveyance capabilities within the existing sewer system.  The major components of an RTC system
include a monitoring network and telemetry system, a computer controller for the monitoring network and for the
control structures within the sewer system.

By using real time data, an operator can better monitor the flows and capacity constraints within the system,
thereby reducing overflows and associated environmental impacts.

Swirl Concentrators

The swirl concentrator is a small, compact solids separation device which may be used to partially treat combined
sewer overflows.  During periods of high inflow, the outflow from the facility is throttled.  This results in the
facility filling up, and to self-induce a swirling vortex-like operation.  In theory, the concentrated foul matter is
intercepted for treatment, while the cleaner, treated flow discharges to the receiving body of water.

There are many swirl concentrators in Germany, England and the United States.  The primary advantage is the
cost-effectiveness, while the primary disadvantage is low treatment efficiency.

Dunkers Flow Balancing System

The Dunkers Flow Balancing System (DFBS) is comprised of a series of pontoons and curtains and a pumping
system which is installed in a body of water.  During rainfall events, the water from the receiving body of water is
displaced by either runoff from the storm sewers or overflows from combined sewers.  After the rainfall event has
subsided, the storm or combined flows are pumped back to the sewer system to be treated.

There are several DFBS in Sweden.  The primary advantage of the system is cost.  A suitable location for the
facility must, however, be found.

3.2.4.2.6 Best Management Practices

The potential impact of urbanization on the environment is significant.  In summary, the impacts include:

� water quality degradation,
� increased flooding and erosion,
� sediment accumulation,
� degradation of natural features,
� groundwater contamination, and
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� destruction of aquatic and terrestrial habitats.

Table 3.2.6 lists the various measures which may be used to protect or enhance the environment as development
occurs or redevelopment takes place.  As illustrated, the table includes both prevention measures (e.g., site
planning) and control measures (e.g., detention ponds).

Many of the measures listed are applied to proposed developments.  They may, however, be used in a retrofit
situation as redevelopment occurs.  A description of the measures are not provided herein as they are clearly
defined in several texts, including the Ministry of the Environment's Best Management Practices Manual (MOE,
1991b).

3.2.5 Recommended Approach

All of the municipalities have on-going works for rehabilitating and/or up-grading their infrastructure.
Furthermore, on-going pollution prevention programs are generally in place.  The intent of this document is not to
question the approach taken by each municipality, but to point out how on-going and proposed programs would fit
into an overall program for reducing pollutant loadings from urban areas to the receiving bodies of water.

The major types of works and/or programs being carried out proposed by the municipalities may be grouped as
follows:

� studies to define infrastructure requirements (Infrastructure Needs Studies) or pollutant loadings
(Pollution Control Plans);

� pollution prevention-source control works for storm and combined sewer systems (Table 3.2.4); and
� pollution control works for the combined and sanitary systems (Table 3.2.5).

In summary, the focus of the on-going programs has been to prevent, through on-going municipal practices,
loadings from the combined and storm sewer systems.  Also, control of combined sewage from areas with
combined sewers (Amherstburg, Lasalle, Windsor) has been undertaken.

The general intent of this document is to recommend that these practices continue.  However, in order to
significantly reduce pollutant loadings from urban areas, considerable efforts will have to be taken in reducing
loadings from existing and proposed storm sewer systems.  This would suggest that the proposed measures as
outlined in Table 3.2.6 be undertaken for both existing urban areas and for areas subject to development.

In order to achieve significant loading reductions the approach to handling stormwater runoff will have to be
changed as will the methods of servicing or rehabilitating urban infrastructure.  Several of these methods are
outlined in the Ontario Ministry of Environment and Energy Best Management Practices Manual (MOE, 1991b).

3.2.6 Recommended Strategy and Approximate Costs

Defining a recommended strategy and associated costs will require considerably more information and analysis.
The information provided herein should, therefore, be taken in its proper context, i.e., preliminary, based on a
limited database with emphasis on the findings of other studies of a similar nature and (Northland Engineering
1991, Beak, 1992) the authors own experience.

The recommended strategy and associated costs (amortized) is provided in Table 3.2.7.  An overview of the
strategy and the assumptions which were made is given below.  The strategy, as presented, focuses more on
approximate costs for the different type of measures that could be carried out as opposed to specific cost per
municipality.  This approach was used because, with the exceptions as noted below, the same approach should be
carried within all municipalities.
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On-going-Proposed Studies include Infrastructure Needs and Pollution Control Plan studies.  the estimate is based
on a unit cost of $200,000 per 10,000 persons and included on-going programs (e.g., City of Sarnia).

The Pollution Prevention-Source Control Measures (Table 3.2.4) include on-going practices for storm and
combined sewers.  The estimates apply to all urban areas and were obtained from recent studies of a similar nature
(North Bay, Region of Niagara and Toronto's PCPs).  The estimated annual cost is $1,000,000.  The amortized
cost, as these practices are carried out on a continual basis, is $7,000,000.

The Pollution Control Works for the Combined Sewer System (Table 3.2.5) was estimated to be $41,000,000
(UMA,1992).  This cost is primarily for reducing combined sewer overflows from the City of Sarnia.

The Pollution Prevention-Control Works for existing storm sewer areas (Tables 3.2.4 and 3.2.5) assumes that
measures would be implemented as redevelopment occurs, lands for new stormwater facilities is found, or
infrastructure is replaced.  It should be acknowledged that this timeframe is considerable (i.e., 50 to 100 years).  A
unit cost of $30,000,000 per 10,000 persons was used to establish the estimate.  This value is based on one
previous study (MOE, 1989a) and an on-going demonstration project within the Town of Markham.

It should be emphasized that the feasibility of successfully implementing Best Management Practices as
development occurs or in a retrofit situation has not been proven.

Pollution Prevention and Control Measures for Future Urban Areas is similar to the above noted item, with the
exception that it has been assumed that the cost would be the responsibility of the land developer group.

3.3 Spills

3.3.1 Review of Sources

Accidental spills of pollutants into the St. Clair River from sources such as structures, vehicles or other containers
which cause or are likely to cause adverse effects are dealt with under Part X of the Environmental Protection Act
(RSO, 1990) which is referred to as the `Spills Bill'.  The Spills Bill specifies the notification requirements and
responsibilities to be met when a spill occurs.  All spills are to be reported to the Ontario Spills Action Centre
(MOEE).

Potential sources of spills include industrial and municipal sources, ships, vehicles crossing the Blue Water Bridge,
railcars utilizing the CN tunnel and petroleum pipelines which cross the river.  The total number of spills to the St.
Clair River from Ontario industries did not change substantially from 1986 to 1989.  In 1986 and 1989 there were
in excess of 100 spills; in 1987 there were 100 spills; and, in 1988 there were less than 100 spills.  Updated
information from the Spills Action Centre (MOEE) listed 53 spills in 1990, 78 spills in 1991 and 54 spills in 1992.
Spills are classified by the MOEE as `abnormal discharges', defined as the discharge of a pollutant designated by
regulations to be abnormal in quantity or quality for that location.  A `reportable spill' is one which has caused or is
likely to cause an adverse effect.  Reported spills from Ontario sources to the St. Clair River, as recorded for 1989
to 1992, are presented in Table 3.3.1.  These spills include all reported occurrences, whether they be from direct
dischargers or as a result of storm sewer collection of spilled material.

The industrial sources, which had the highest number of spills which were not cleaned up, included Polysar, Shell,
Esso Petro, Suncor and Dow.  Other industrial sources include ICI, Ethyl, DuPont, Lambton Hydro, Esso
Chemical, Novacor Chemical, Fiberglas, Liquid Carbonic, and Cabot.

Contaminant amounts shown (Table 3.3.1) represent the portion not contained or recovered, the weight calculated
from reported volumes on the basis of the density of water (1 g/cm3).  The total amount of the spill may in fact be
much greater.
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The largest group of pollutants spilled to the river are oil and gas products and organics representing a mix of
substances such as alcohols, BTX, chlorinated hydrocarbons (methyl chloride), ethylene glycol, ignition and
petroleum oil.  Relatively large loadings of ammonia and ammonia-contaminated material and brine wastes are
also spilled to the River each year.  Raw and treated sewage have been discharged from municipal WPCPs as well
as activated sludge from industry.  Spills of other contaminants of concern, such as phenolics, tend to be quite low
compared to on-going loads reported from Novacor Chemicals (Canada) Ltd., Corunna (0.023 kg/d) from its
effluent during 1988.

Comparisons between annualized loadings and individual spill events are provided in order to compare quantities
of material using comparable units (kg/d).  It should be noted, however, that shock loadings of contaminants from
spill events may result in acute biological effects, whereas smaller continuous discharges may result in chronic or
sublethal biological effects.  UGLCCS (1988) concluded that chemical and oil spills into the river can result in
shock loadings in amounts equal to or greater than annual loads from ongoing regulated discharges.

3.3.2 Impaired Uses Associated with Spills

The contaminant loadings from spills contribute to the impairment of beneficial uses within the St. Clair River
AOC.  Table 3.3.2 summarizes the identified spill contaminants and the associated impaired uses.

3.3.3 Technical Options

Technical/remedial options for the reduction in contaminant loading associated with spills to the St. Clair River
and its tributaries are addressed through the development and implementation of Spill Prevention and Spill
Response Plans.

The concept of spill response planning has become an increasing concern along the St. Clair River where spill
events are quite frequent and are identified as impairments to beneficial uses (see Table 3.3.2).  Planning for spills
and responses to them has become not only a recommended action for industry, but almost a necessity given the
enhancement of environmental awareness in the face of development.  Table 3.3.3 presents a summary of the spill
response programs in the St. Clair River drainage area.  As shown on the table, all industries, except Amoco and
Liquid Carbonic in Courtright, have spill response plans in-place.  Twelve of the twenty-three have a downriver
water supply plan and all except Liquid Carbonic have alerting systems in place.  Various federal and provincial
government agencies involved in land and water management have developed guidelines for recommended spill
response plan development.  Plans adopted to date by industry, government agencies and others are generally
based on these guidelines.  As stated in the Province of Ontario Contingency Plan for Spills of Oil and other
Hazardous Materials (MOE, 1992c), "the threat of spills of oil and other deleterious materials to the environment
requires positive coordinated action for alerting and countermeasure procedures".

The statutory requirements associated with the prevention, reporting, response and cleanup of pollution spills are
handled within a variety of pieces of legislation, policies and programs.  These are shown in Table 3.3.4 along with
comments on their applicability to the issue of spill response planning.  Both federal and provincial initiatives
provide means by which attention to spills by the discharger, and by governments with environmental agendas, can
be enforced.
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The Response Plan

A spill response plan is a document that should enable a potential discharger to prevent, report and respond to a
spill event in the most efficient, environmentally-sound and legally acceptable manner.  All necessary instructions,
materials, contacts and procedures must be easily accessible and straightforward for the responder.  In addition,
training of staff on response requirements is essential to ensure proper interpretation of the plan.

The development of an effective spill response plan requires the consideration of a number of issues:

� prevention strategies;
� peripheral components, and
� key components of the plan.

Prevention Strategies

In response to ongoing concern of spills and contamination of watercourses in the Chemical Valley area of Sarnia,
a province-wide prevention strategy was initiated by MOEE in which repeat spillers were identified and asked to
address five components considered essential to spill prevention and response.  The approach, the Chemical Valley
Facilities' Spill Prevention Strategy, is a useful outline to developing a response strategy that is slightly broader in
context than a basic response plan as it considers pre-spill prevention initiatives.  The recommended components
are:

a) Risk Assessment
� assessing risks to water and downstream resources

b) Spills Detection System
� installation of a mechanism to alert staff of an impending spill

These two components provide the prevention aspect to the strategy and if these should fail, the implementation of
the following would be necessary:

c) Spill Response Plan
d) Containment and Diversion
e) Environmental Awareness Training

Peripheral Components

Although these are referred to as "peripheral", the following components are recommended for incorporation into a
response plan to enhance the overall effectiveness (as adapted from Canadian Coast Guard, 1992):

a) Geographic Areas of Risk
� priorized areas of risk should be determined based on spill probability and type and magnitude

of environmental and economic impacts
� delineated areas of risk should have associated priorized levels of response equipment and

materials for easy access

b) Response Time Standards
� similar to a), response times should be standardized and prioritized for differing risk areas.

Time requirements for mechanisms such as mobilization and assessment should be established
based on the risks involved.
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c) Response Strategies
� planning - detail of management and technical operations strategies
� operating environments - existing environmental conditions at time of cleanup govern the

amount and type of equipment used
� spill countermeasures - choosing the most appropriate and environmentally acceptable

measure for the specific spill

d) Equipment and Personnel Standards
� set and enforce standards for both

Each of these components add a significant dimension to a response plan.  While a) and b) are more pre-planning
initiatives that are effective when developing a response strategy as a whole, c) and d) target more specific aspects
of the operational phase of a response.

Key Components

The following components would serve as the minimum requirements essential to a comprehensive and effective
spill response strategy and contingency plan:

a) Notification:  clear identification of initial notification procedures and associated actions:

� contact list and services provided should be supplied to potential notifiers
� MOEE requires that they be notified (local MOEE office or Spill Action Centre in Toronto) as well

as the affected municipality
� MOEE will respond to major spill events
� if spill involves federal property, the Coast Guard should be contacted
� role and responsibilities of notifier must be clearly defined

b) Response:  can be multi-tiered depending on organization:

� internal response
- sufficient equipment and resources for at least initial response (mobile and stationary

equipment)
- establishment of response time standards
- establish a response team

� external response
- provincial and federal agencies provide 24-hour response teams (MOEE, DOE, CCG)
- outside contractors available with equipment and material

c) Containment

� establishment of priority areas at risk and priority response procedures
� assessment of substance and environmental condition; decision on most appropriate method of

containment, if it is necessary

d) Cleanup and Disposal
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� use of safe, environmentally-sound, approved methods
� knowledge of transportation and disposal legislation

e) Public Information

� maintenance of contact with downstream locations and media
� education of public re potential spill events and remedial options available

f) Monitoring

� surveillance necessary to ensure against residual effects
� assess need for ongoing restoration or be aware of restoration implications after cleanup

g) Prevention

� Training - essential to provide ongoing, up-to-date training of staff on all aspects of response

� Equipment - maintenance of response equipment at most appropriate locations

h) Response Plan Appendices

� if possible, it is beneficial to supply all necessary information in one document for ease of access

� the body of the plan can remain relatively generic and straightforward; appendices can contain
essential information such as a map of the regional road system, a notification flow chart, a
telephone directory, cost recovery procedures, spill response vehicle and equipment inventory and
location information, minimum standards for equipment, clothing, and vehicles

The costs involved in the development and implementation of an effective spill response plan depends on the level
of detail and commitment to planning on the part of the potential discharger.  Planning for spill response, in
accordance with the recommended approach shown above, involves the dedication of staff to ongoing maintenance
of the spill response program (for example, updating the training manual and contact lists, liaising with outside
contractors, coordinating staff training sessions).  Training of staff will require the temporary and regularly
scheduled hiring of a trained instructor, if the facility does not already have a qualified staff member.  Equipment
must be purchased, preferably after being tested for effectiveness and demonstrated to all staff who could
potentially be involved.  Maintenance of the quality and quantity of the response materials, as well as the
establishment of depots at critical locations and the provision of transportation to other locations, are additional
considerations.  An approximation of costs involved in developing and implementing such a program would range
from $100,000 to $200,000.

3.4 Rural Areas

3.4.1 Review of Sources

The lands adjacent to the St. Clair River are predominantly used for agricultural purposes and the Stage 1 RAP
(MOE et al., 1991) for the St. Clair River AOC identifies rural land use as a non-point source in the tributaries
draining into the St. Clair River.  Non-point sources of aquatic pollution due to agricultural operations traditionally
include nutrient compounds (manure and commercial fertilizers), particulate from land erosion and inputs of
fugitive pesticides and herbicides (Non-Point Source Working Group, 1987 in RAP).  The RAP document
specifically recognizes pesticides entering the tributaries as a contaminant of concern, but does not identify
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loadings solely due to pesticides nor does it address other rural sources such as residential inputs from septic
systems.  In its discussion of impairments to physical habitat, however, the Stage 1 RAP Report identified
agricultural drainage as a source of disruption to habitat and to wetland size and integrity (see Section 3.9).
Traditional farming practices have not always recognized the significance of maintaining wetlands in their natural
state for the benefit of the entire ecosystem.  Provided below is an overview of the rural activity within the St. Clair
River AOC, traditional and current potential sources of contamination due to rural land use and viable options
available.

Agricultural applications comprise 78% of the immediate St. Clair drainage area in Ontario with a focus on cash
cropping (accounting for 60% of all agricultural activity), beef and swine operations.  The area's long growing
season and fertile soils easily support the principal cash crops of soybeans (40%), corn (24%), wheat (18%), hay
(12%) and cereals (3%).  On the Michigan side, 68% of the area draining into the St. Clair River consists of cash
cropping, dairy and beef operations.

The soil types are variable along the Ontario side of the St. Clair River shoreline with the coarse, well-drained
Plainsfield sands occurring at the outlet of Lake Huron; the Brookston, Perth and Caistor clays that are
impermeable and improperly drained through which most of the river traverses; the imperfectly drained Berrien
sandy loams north of Walpole Island; and the coarse soils of the St. Clair Flats derived from Lake Huron.  This
latter group of soils are poorly drained and consist of the Colwood fine sandy loam (Ontario) or Sanilac loam
(Michigan) and the marsh soils (Ontario) or Bach loam soils (Michigan) which are typically very fine and
waterlogged.

A significant proportion of the 170,000 people living on or near the river's shoreline, in both Canada and the U.S.,
are rural or native reserve residents.  This predominance of residents involved in farming and/or utilizing septic
systems, as well as those utilizing pesticides for landscaping purposes, should potentially be recognized as
additional non-point sources.
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Commercial fertilizers and livestock manure, used as soil builders, are known to add excessive burdens of bacteria,
nitrogen and phosphorus to adjacent aquatic resources (Non-point Source Workgroup, 1987 in RAP).  The use of
these throughout the St. Clair area has been estimated as follows (MOE et al., 1991):

Michigan
� commercial fertilizers are applied to approximately 78% of tillable land;
� livestock wastes are added to 8% of tillable land; and
� total phosphorus generated from manure is estimated at 3,800 tonnes/year (4,188 tons/year).

Ontario
� cropland receives an estimated 3,800 tonnes/year (4,188 tons/year) of commercial fertilizer; and
� livestock operations generate 6.3 tonnes/year (6.9 tons/year) of phosphorus, mainly disposed of on

farmland.

Figures like these require some attention based on the potential input to watercourses from runoff events, although
farmers are gradually decreasing their use of nitrogen and phosphorus on their fields (D. Craig, pers. comm., Feb.
1993).

The St. Clair River RAP cites assessments of water and suspended sediment quality from Perch Creek, Talfourd
Creek, Baby Creek and Cole Drain. Perch Creek discharges into Lake Huron, while Talfourd Creek, Baby Creek
and Cole Drain are tributaries to the St. Clair River.  All of these waterways wind through agricultural lands, and
not only receive rural runoff but also industrial runoff characterized by heavy metals, PCBs, chlorinated organic
compounds and oil and grease.

The water and suspended sediment quality analyses on these four Ontario tributaries, carried out during 1984-85,
monitored pesticides including atrazine, �-BHC, �-BHC, dieldrin, �-endosulphan, p,p'DDE, p,p'DDD, p,p'DDT,
endrin and methoxychlor.  Atrazine is a commonly used pesticide in areas such as Lambton County where soybean
and wheat crops dominate, rather than orchards (D. Craig, pers. comm., 1993).  Results of the analyses indicated
that several pesticides restricted in use exist at detectable levels in whole water, suspended solids and bottom
sediments of Talfourd Creek (Johnson and Kauss, 1991).

Dieldrin is the only pesticide identified in the Stage 1 RAP as exceeding water quality guidelines in the AOC.  The
total loading of dieldrin from these four tributaries, based on instantaneous loadings (Johnson and Kauss, 1991) is
only 0.000118 kg/d.  Findings concluded that contamination by dieldrin is widespread and likely includes upstream
sources; dieldrin is ubiquitous, being detected in all tributaries studied; and, it is stable, does not degrade quickly
and may possibly be more representative of historical usage.  The summary of major non-point source loadings to
the St. Clair River, presented in the Stage 1 RAP Report, recognizes tributaries such as Cole Drain as a major
contributor of contaminants to the St. Clair River, but there is no definitive estimate of loadings assigned to only
rural sources from tributaries within the watershed.  While the data seem to indicate that there are no significant
sources of pesticides along the St. Clair River, non-point sources within the tributaries should be flagged and
monitored and considered for remediation through pesticide use reduction and controlled runoff (see Section
3.4.4).

3.4.2 Impaired Uses Associated with Rural Sources

While there are well known effects of aquatic contamination as a result of rural land uses, the Stage 1 RAP
document does not report specific use impairments, despite the excessive amount of agricultural land within the
AOC and recognition of rural runoff as a non-point source.  Discussion with the Department of Fisheries and
Oceans and the St. Clair Region Conservation Authority (C.A.) indicated that rural sources are not an issue of
major concern within this AOC (K. Ralph, pers. comm., Jan. 1993; D. Craig, Feb. 1993).  The RAP document also
identified additional costs associated with water treatment for use by the agricultural industry as an impaired
beneficial use, but did not elaborate on this point.  It can be assumed, however, that sedimentation from erosion
and loadings of nutrient compounds and pesticides from rural lands, if in sufficient quantities, could degrade the
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water quality and habitat conditions in the receiving waterbody.  For this reason, suggested remedial actions are
presented in Section 3.4.4.

3.4.3 In-Place Initiatives

There are a number of programs in place in the St. Clair River area and province-wide, available to those
concerned with ongoing and potential future contamination of the river and its tributaries as a result of rural
practices.

Southwestern Ontario has long been the focus of academic study, government program initiation and pilot project
implementation with regard to agricultural issues.  The local Ontario Ministry of Agriculture and Food (OMAF)
district office in Lambton, Agriculture Canada, the St. Clair C.A. and the Soil and Crop Improvement Association
(OSCIA) have been active in devising and implementing farm conservation practices.  Each program is geared
toward the ultimate goal of preserving farmland over the long-term and initiating practices that promote
conservation tillage and address pollution at the source.  The following is a synopsis of in-place initiatives
available to farmers in southwestern Ontario.

Rural Conservation Clubs

This program, a federal initiative linked to Canada's Green Plan, supports innovative research and demonstration
projects in environmentally sustainable agriculture practices (Agriculture Canada, 1992a).  Applicants may
consider a number of categories including manure utilization, cover crops, conservation cropping, tillage systems
and wetland, woodland or wildlife habitat.  In response to a successful initiative, Agriculture Canada will provide
financial support of up to 50% of the cost of conducting the project, and encourage Ontario farmers and
conservationists to work as partners in the testing and exchanging of new ideas.

There has been a favourable response to the program and applications are currently being reviewed on an as-
received basis.  Of those reviewed to date, the success rate of applicants being approved is 48% province-wide.
There is no statistical breakdown by municipality as yet, but this is planned for the near future (N. Churney,
Agriculture Canada, pers. comm., 1993).

CURB Program

The CURB (Clean Up Rural Beaches) initiative is a province-wide program that began in the early 1980s with the
mandate of identifying agricultural sources of contamination of rural beaches.  The program is administered
through local conservation authorities who have applied for funding based on the condition of rural beaches in
their jurisdiction.  The St. Clair River AOC has not been included in the CURB program to date, but is initiating a
cooperative water quality sampling program involving the MOEE, the St. Clair River Parkway Commission,
Lambton Health Unit, St. Clair River Conservation Authority and Sombra and Moose Townships to evaluate water
quality at beaches and tributary outflows to the St. Clair River for the summer of 1993 (C. Quinlan, pers. comm.,
Feb. 1993).

Tile Drainage Act

The type of assistance offered under the Tile Drainage Act is a loan at competitive interest rates to farmers for the
installation of tile drainage (OMAF, 1992).  The loan is a percentage of the total cost up to a maximum and can be
applied for through the local municipal office.

Land Stewardship II

The Land Stewardship II program is provincially funded and is aimed at encouraging diversification and
conservation practices on farms (OMAF, 1992).  Grants are available to farmers if they choose to install
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conservation structures (manure storage, milkhouse waste systems, pesticide storage), establish buffer strips, plant
windbreaks, strip corn, maintain good crop cover or residues after planting, rent out land, or modify or purchase
residue management equipment.

The program has recently undergone financial cutbacks and is, in fact, in its last year of funding.  It was initially
devised mainly to aid Ontario residents with a gross farm income of at least $12,000.  The uniqueness of each farm
warrants the variability in stewardship initiatives included in this program.  Generally, many of the farmers in
Lambton County have already been tending toward the concept of residue and this has provided added incentive (J.
Club, pers. comm., Feb. 1993).
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Permanent Cover II Program

The Permanent Cover II Program is one of the most popular federal initiatives among farmers willing to commit to
an agreement to practice conservation tillage on their farm for at least 15 years.  This $4 M program was preceded
by the National Soil Conservation Program and was launched in September, 1992.

The focus of the program is the permanent retirement, protection and maintenance of fragile agricultural land on a
farm in exchange for 15 years of rent from Agriculture Canada.  The benefits associated with this program are
numerous, including reduced erosion on upslope, highly erosive agricultural lands or lands adjacent to
watercourses, and reduced costs and risks for the farmer.  These benefits were also made evident during 1990-1992
when the National Soil Conservation Project saw Lambton County retire approximately 400 acres, mainly to grass
buffers and highly erodible lands.  The program has been moderately successful in Lambton County where
economic constraints have made farmers hesitant to retire cropland (J. Club, pers. comm., Feb. 1993).

Initial allocations of funds to southwestern Ontario districts were substantially higher than to those in northern
Ontario, however, monies are diminished at this time.  Information on this program can be obtained by contacting
an OSCIA Program Committee representative in Lambton or the Lambton OMAF office.

Environmental Farm Plans

This is a relatively new initiative spearheaded by local farm groups, the Ontario Federation of Agriculture and
various federal and provincial agencies.  The program promotes the allowance of each farm, as a unique entity, the
chance to develop its own environmental agenda, rather than responding to generic legislation enforced province-
wide (E. Conrad, pers. comm., Jan. 1993).  This initiative is presently a pilot project with workshops scheduled to
inform farmers on how to proceed with environmental planning procedures on their farm.  The pilot project has
been initiated in seven counties throughout the province involving 500 farmers, to ensure representation of all farm
types and issues.  Lambton County is not one of the pilot project sites, but should have access to the benefits of this
project in the near future.

Further information can be obtained by contacting the local county/district Program Committee Representative of
OSCIA or OMAF district office.

High Crop Residue Program

This $6M federal initiative is targeted at taking erodible slopes out of production and reducing the amount of
sedimentation in nearby watercourses by utilizing high crop residue management (Agriculture Canada,  1992b).  It
is a bid process that allocates per acre grants (to a maximum of $10,000) to farmers involved in row crop
production who are willing to leave more residue from previous crops on their fields than traditionally practised.
For example, leaving 30-39% residue can provide superior erosion protection and can qualify a farmer for a
$25/acre grant, while leaving 40% or more residue can qualify a farmer for a $30/acre grant and can cut erosion
loss by approximately 75%.

This program has been very well received across the province (A. Graham, pers. comm., 1993), especially on high
acreage farms.  More information can be obtained by contacting the local OSCIA representative or the Lambton
OMAF office.

3.4.4 Identification of Options

With pesticide input into tributaries identified as a source of some concern within the AOC, the options available
to deal with this target the reduction of runoff and soil loss (to which pesticides may have adsorbed and can be
transported) and the actual reduction in pesticide and herbicide use itself.  Whenever new technologies are
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introduced, it is beneficial to supply the public with adequate information and educational materials to provide
clarification.  Public education initiatives, then, are essential.

There are a wide variety of conservation tillage options available, the suitability of which is partly dependent on
the soil type.  The primary objective of conservation tillage is to leave residue on the soil surface for protection
from water and wind erosion while maintaining crop yields.  Research has shown that soil must be covered by at
least 20% residue after planting for effective protection against soil erosion (Ketcheson et al., 1983).  Soils differ
substantially in their response to conservation tillage practices as they do with regard to susceptibility to erosion.
Table 3.4.1 summarizes the accumulated knowledge of farmers and extension workers regarding the success of
conservation tillage systems on Ontario soil types to develop a suitability rating system.  Tillage practices in this
system are ranked on a scale of 1 (very suitable) to 5 (not recommended) and combine yield potential, need for
erosion control and relative ease of management of the system.  With the aid of this table, the soil types within the
St. Clair AOC can be assessed and the most appropriate conservation tillage practice suggested.

Plainsfield Sands

These coarse, well-drained, sandy soils may best be conserved by practice of no-till on spring crops.  As compared
to conventional till, no-till would likely produce yield advantages due to the moisture retaining capacity of residue
on these droughty soils.

Brookston, Perth and Caistor Clays

These improperly drained fine clay loam soils are susceptible to compaction and the most suitable tillage practice
may be no-till or conventional till of fall crops.  Conservation tillage may, in fact, only be suitable on well-drained
clay loam soils.  Fall tillage (conventional or minimum) may be required to enhance drainage and allow frost
penetration to break down soil clods.

Marsh (Bach) Loams

These very fine and waterlogged soils may best be conserved by no-till or conventional till, though the ranking for
these are only `moderately suited'.  Fall tillage is suitable due to the vulnerability in the spring of damaging the wet,
cold soil.

Colwood (Sanilac) Loams

These poorly drained loams may best be served by practice of no-till or conventional till, both on fall crops.

3.4.5 Technical Options Available

No-Till

The `no-till' system of conservation tillage maintains the greatest amount of the previous crop's residue at or near
the soil surface after planting, as compared to other systems.  This minimizes disturbance to the vegetative and
organic matter cover, thereby slowing runoff and reducing exposure of soil that could lead to siltation.

No-tillage operations require special mechanized equipment such as no-till planters or seed drills which may be
costly (typically about $20,000).  Conservation authorities may have such equipment available for use by
individual farmers.  Operating costs for no-till practices are less than conventional tillage costs, as all planting and
cultivation is done at once, without the need for separate cultivation.
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Crop yields may be affected positively or negatively by alternate cultivation methods, and requirements for
chemical application may increase.  Farmers are advised to consult with their local OMAF representative for
advice.

Reduced Tillage

Reduced tillage, as the name implies, means a reduction of tillage both in terms of the number of individual tillage
operations and the amount of soil disturbance.  Typically, reduced tillage may mean the same or fewer tillage field
pass operations over the year, but residue is left on the soil surface as a result of tillage.  The residue aids in
reducing soil erosion and associated contaminant transport.

This type of tillage is generally cheaper than no-till initially because equipment can be modified or is less
expensive than no-till equipment.  Crop yields are usually similar to conventional with very little negative impact
overall.  Typical reduced tillage equipment includes both the modified mouldboard plough or the chisel plough.
Modifications to a standard mouldboard plough can be made by a qualified conservation equipment dealer.



2763.1 3.4.27

3.2.27

Reduce Pesticide and Herbicide Use

The reduction of pesticide and herbicide use is crucial to avoiding damage to public health and other ecosystem
components.  Persistent pesticides that accumulate in the food chain have largely been replaced with more
biodegradable substitutes.  Nonetheless, further reductions and replacement should be encouraged as safer
products are developed.  Most herbicides do not appear as residues on crops, but may have a propensity to
contaminate public drinking water supplies.  Communication with OMAF is the key to informing the public on
these matters.

Pesticide and herbicide use by non-farming residents for landscape maintenance should be minimized.  Public
information programs would help to encourage this reduction.  Loss of these substances due to runoff, for example,
can be reduced both by mitigating for excessive runoff (by maintaining grass on ditch, stream and river banks) and
considering the timing of applications.

Vegetation control measures used by local and regional governments, railways, hydro transmission authorities and
public companies should be closely examined by the licensing agency (MOEE) to ensure that herbicides are used
only when and if necessary.  Licensing is conducted on an annual basis by the Regional Offices of MOEE.
Alternate control measures should be developed where possible.

Public Education

With ongoing changes in the technology of farming and conservation practices, there is an inherent need for public
education within the farming community.

A considerable amount of research has been done in southwestern Ontario on the rationale for adoption/rejection
of farm conservation practices by farmers.  The SWEEP (Soil and Water Environmental Enhancement Program)
initiative, designed to improve soil and water quality in southwestern Ontario has supported research of this kind.

While over 40% of farms surveyed in the southwestern Ontario region were practising or intending to implement
conservation tillage in 1989, there still remained a strong correlation between farmers' hesitancy to adopt
conservation tillage and the belief that it is an uneconomical option (Warriner and Moul, 1989).  Often the root of
such a lack of belief in a practice is founded in a lack of perception or understanding in soil actually being lost on a
farm.

Other most commonly cited barriers to the adoption of conservation methods involve (Smithers and Smit, 1989):
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� perceived inadequacy of technologies;
� perceived lack of need for practices;
� financial constraints; and
� difficulty of incorporation of specific practices into existing management systems.

The concept of acceptance or rejection of a practice is much more complex than this, though there may be within
these observations an indication of the need for additional education programs within the farming community that
clarify technical options and the related benefits.  An understanding of the conservation technology, shown to be
applicable to particular farm types, may lead to a greater level of acceptance and comfort in making substantial
changes to an existing farm.  The programs and incentives available to farmers are meant to provide such a comfort
level while enhancing the amount of land under some form of protection.  They are generally handled through
agencies such as the Soil and Crop Improvement Association and local Ontario Ministry of Agriculture and Food
offices.  Many of these were discussed in Section 3.4.2.

A report by the Ontario Federation of Agriculture, entitled `An Environmental Agenda for Ontario Agriculture',
outlines the development of a network for communication among farming groups and government, and promotes
the development of environmental plans for individual farms.  There is also a need for communication in terms of
the results of research on integrative pest management, on the economic incentives available, and on environmental
regulations that apply to farm operations.  Courses on environmental management in agriculture should be
developed for presentation at the local level on a continual basis.

Wetlands

Natural wetlands may act like control ponds in promoting the removal of solids and control of runoff in rural areas.
They also tend to be efficient in removing nutrients and pesticides from runoff.  Maintenance costs are negligible.
Wetlands also provide valuable habitat for fish and wildlife.  Incentives may be available from the MNR to
rehabilitate wetland areas, currently drained for agricultural purposes, to their natural state.

Although not widely practised in agricultural settings, artificial wetlands have been used to treat runoff in large,
intensive livestock operations (e.g., Costello, 1991).

Additional technical options that are viable for the control of rural sources are summarized in Table 3.4.2.

3.5 Waste Disposal Sites

3.5.1 Overview

The Stage 1 RAP Report identified waste disposal sites as potential non-point sources of contaminants to the St.
Clair River AOC.  Contaminants from waste disposal sites may be transported to the St. Clair River through
groundwater pathways and/or surface water runoff.  There are twenty-three industrial and four municipal waste
sites within the Ontario portion of the AOC.

Information was obtained on the status, existing condition, planned and in-place initiatives through review of
published and unpublished reports and discussion with MOEE District Officers and Abatement Officers.

Information regarding site conditions, contaminants associated with the site, planned and in-place initiatives, as
well as a review of available remedial options, is provided for industrial (Section 3.5.2.1) and municipal (Section
3.5.2.2) waste disposal sites.  A review of underground injection wells in the St. Clair River AOC is included in
Section 3.5.2.3.

3.5.2 Review of Sources
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Because waste disposal sites represent a potential non-point source of contamination in the St. Clair River AOC,
they may be associated with use impairments such as degradation of benthos, loss of habitat, restrictions on
dredging, or fish defects.  Contaminant loads from waste sites have not been measured, however, it is suspected
that inputs of contaminated groundwater to the St. Clair River may be significant in certain areas (UGLCCS 1988,
in MOE et al., 1991).

3.5.2.1 Industrial Waste Sites and Landfills

There are twenty-three industrial waste disposal sites in the vicinity of the St. Clair River (MOE et al., 1991; Intera
Technologies, 1986).  These are listed in Table 3.5.1.

AMOCO Canada Petroleum Co. Ltd.

The AMOCO Canada Petroleum Company owns and operates two brine disposal wells which were formerly
owned and operated by Cambrian Disposal Ltd.  The first well, known as CDL #1, is located on Lot 7, Concession
1, Sarnia Township.  It has been operating since 1971.  All water wells within a one mile radius of the disposal site,
as well as wells on Lot 10 Concession 1, Sarnia-Clearwater and Lot 4 Concession 12, Moore Township, are
monitored quarterly for evidence of contaminants.



2763.1 3.5.30

3.2.30

The second brine disposal well, known as CDL #6, is located on Lot 3 Concession 9, in Moore Township.  It has
been in use since 1974 as a disposal site for cavern washing brine from Sarnia's petrochemical industry.  Wells on
neighbouring lots are monitored quarterly for evidence of contamination.

Dow - Scott Road Site

Dow Chemical Canada Inc. operated a waste disposal site near Scott Road in Sarnia from 1948 until 1987.  The
site accepted hazardous and non-hazardous solid and liquid wastes from Dow's manufacturing facilities.  Disposal
consisted of landfilling and clay capping.  Approximately 1000 tonnes of waste were received annually, including
oily sludges and solvents containing chlorinated hydrocarbons such as hexachlorobutadiene.

The site covers an area of approximately 4 hectares situated on a thick clay till deposit.  There is a leachate
collection system consisting of a drainage tile around the perimeter of the site and an underground holding tank.  A
collection/holding ditch gathers leachate and surface runoff which is then directed to activated carbon beds for
treatment before release to the Scott Road Ditch and subsequently the Cole Drain.  A steel sheet pile has been
installed around the perimeter of the site 4 to 5 m below grade to control any migration of leachate.  The
effectiveness of the leachate collection system and the sheet pile is unproven.

Dow found that sediments in the Cole Drain were highly contaminated with tars discharging from the site prior to
1980.  In 1984, the entire Cole Drain from Scott Road to Polysar was dredged, and the contaminated sediment was
deposited at the Scott Road Site.

The Ontario MOEE is awaiting a closure plan for the Scott Road Site.

Dow - LaSalle Road Site

Dow Chemical operates a 40-hectare waste disposal site near LaSalle Road in Moore Township.  The site accepts
approximately 26,000 tonnes of solid waste and 500 m3 of filter cake sludge each year.  Disposal consists of
landfilling with clay capping.  Wastes include latex solids, polyglycol filter cake, BIOX filter cake, and non-
hazardous solid industrial waste.  Wastes are characterized as 99% non-hazardous and 1% liquid industrial waste.
Berms, perimeter ditches, and two surface runoff collection ponds are included on the site.

It is possible for leachate to migrate off the site via surface runoff and shallow groundwater flow.  There have been
problems with surface runoff of lime sludge to adjacent CN property in the past.  The construction of perimeter
ditches has reduced the possibility for off-site contaminant migration.  Dow recently installed an interceptor pond
which is tested prior to discharge.
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Dupont, Corunna

Dupont's spent aluminum catalyst waste site is closed.

Esso Petroleum - Scott Road

Esso Petroleum Canada disposes of non-hazardous refinery waste and construction debris in a landfill near Scott
Road in Sarnia.  In 1985, the site received approximately 4,000 tonnes of non-hazardous refinery coke and spent
catalysts, and 57,000 tonnes of construction and demolition debris.  The site is located on the regional clay-till
plain.  There is no leachate collection, and no problems were noted during a recent monitoring program.  Drainage
is generally east of the Cole Drain.  Shallow groundwater movement on-site is at slow rates in a radial direction.

Esso Petroleum Canada

Esso Petroleum Canada landfarms approximately 17,900 m3/year of refinery wastes on an 8 hectare area in
Lambton County.  The wastes consist of lime sludge, aerobically digested activated sludge, and oil sludge.  The
site is located on a portion of the till plain which is known to limit infiltration and shallow groundwater movement.
Surface water and leachate from a collection system are sent to the refinery's biological treatment (BIOX) plant.
Shallow groundwater is monitored at in-place wells and sampled by the company.

Fiberglas Canada Inc.

Fiberglas Canada's landfill site off the Scott Road near Dow and Polysar's landfills is inactive and covered.  It was
found to be a source of phenols.  Leachate is collected and sent to Dow Chemical for treatment to remove
chlorinated organic compounds, before being sent to Unitec for use in a spray irrigation operation.  A Scott Road
watershed study in 1989 found that dichloromethane and chloroform were entering the Cole Drain from the section
of the drain in front of the Fiberglas and Dow disposal sites, and the Polysar fly ash pond.

ICI Nitrogen Products, Courtright

ICI Nitrogen Products produces chemical fertilizers.  The manufacture of fertilizer includes the use of phosphate
rock which contains trace amounts of radioactive radium and uranium.  These elements were originally discharged
with waste gypsum slurry to two 50 hectare holding ponds.  The ponds also contain phosphate, aluminum, and
fluoride with a pH of 1.0.  Drainage ditches collect any seepage around the perimeter of the ponds.  Waste water
collected on the site is treated with biological treatment and reverse osmosis, and then used as cooling water in the
plant.
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From 1975 to 1981, radioactive waste from ICI was disposed of at the Sombra Township Landfill Site.  The
disposal resulted in soil contamination, and soil was subsequently removed from the Sombra landfill and trucked to
ICI's holding ponds where it remains.   Since 1981, radioactive waste is stored in an on-site concrete bunker at ICI.

Nova Petrochemicals, Corunna

Nova Petrochemicals began operating a landfarm in 1986 at their Corunna facility.  Approximately 4 hectares is
used for land-spreading.  The waste is comprised of liquid industrial waste contaminated with light and heavy
fuels, waste oil, petroleum-based sludges, oily water, and biological sludges.

Runoff and drainage from the spreading area is collected and placed in a holding pond where it is tested.  If the
effluent meets the conditions of the C-of-A, it is discharged to the Allingham Drain; otherwise, it is treated in an
on-site oily water treatment facility.  There have been no problems associated with this landfarming operation.

Ontario Hydro, Lambton Generating Station

Ontario Hydro operates the Lambton Generating Station which is a coal-fired thermal generating station near
Courtright.  Each year, the plant must dispose of 280,000 tonnes of coal ash and 2,800 tonnes of trash, most of
which is weeds from the river water intake.  A 43 hectare landfill is located on the plant site, no less than 0.6 km
from the St. Clair River.  Surface drainage runs towards the River or to Bowens Creek which discharges to the
River.  The site is located on silty clay till which has very low hydraulic conductivity.
Bottom ash from the generating station is first sent to a settling pond, and then regularly transferred to the fly ash
landfill.  The landfill is above ground with drainage pathways encircling it to collect runoff.  Runoff is directed to a
pond where it is pH adjusted and tested prior to discharge to the St. Clair River.  A new landfill area has recently
been committed to receiving sludge from the new plant scrubbers.

Polysar Rubber Corporation - Scott Road

Polysar Rubber has been operating a waste disposal site off Scott Road in Sarnia since 1942.  The 11 hectare site
has both industrial waste and fly ash areas, however the fly ash pond is now inactive.  Materials currently or
historically disposed of at this site include inert sludge, plastic resins, and alkali, inorganic, and rubber wastes.  The
site receives approximately 25,000 m3 of liquid waste every year.  Surface runoff and waste leachate is directed
into storage lagoons where pH, phenols, total organic carbon, copper, and ammonia are monitored before the
wastewater is sent to the company's biological treatment plant.
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The landfill lies over at least 10 m of silty clay till.  Portions of the landfill rise more than 8 m above the ground.
Shallow lateral movement of groundwater is apparently directed outward from the landfill and may eventually
discharge into perimeter ditches or be lost through evaporation.

Groundwater monitoring northeast and northwest of the landfill indicated elevated levels of dissolved organic
carbon and phenols.  Leachate springs have been noted on the east berm surrounding the waste disposal site, and
containment of surface runoff on the east side of the landfill is considered inadequate.  A study in 1989 determined
that the primary contaminants in the Scott Road Drain and the connecting Polysar perimeter drain were
tetrachloroethylene from sediments or an unidentified tile drain; dichloromethane and chloroform found in front of
Fiberglas and Dow disposal sites as well as the Polysar fly ash pond; and 1,1,2-trichloroethane, 1,1,2,2-
tetrachloroethane and 1,2-dichloroethane seepage from the Polysar fly ash pond and seepage directly to the
perimeter ditch.

Leachate is now collected and returned to Dow for treatment.

Shell Canada Ltd. Lime Disposal

Shell Canada Ltd. operates several waste sites in addition to its refinery on the St. Clair River 12 km south of
Sarnia.  Until 1986, spent lime from treated process waters was disposed of in a 0.25 hectare settling pond.  The
site was covered in 1986.

The plant site and lime disposal site lie over clay till.  Surface drainage is towards Talfourd Creek.  There is no
surface or groundwater monitoring in the lagoon area.  Leachate would most likely be transported off-site via
seepage through the dike, and surface runoff to Talfourd Creek.

Shell Canada Ltd. Landfarm

One of the waste sites within the Shell Canada plant site is a 2.8 hectare area, called the `north field' site, used for
landfarming 680 m3/year of biosludge and oil wastes.  A sludge holding lagoon is associated with the land farming.
Studies undertaken in 1982 indicated that landfarming was not adversely affecting water quality.  Runoff is
collected around the landfarming area and directed into the stormwater collection system.  Stormwater and process
water are both treated by oil/water separation and biological treatment.

There is an inactive landfill site called the `south field' site, which is a 2.4 hectare area that can be spread with
biosludge.

There are three inactive lead disposal areas associated with the refinery operations:

� a leaded sludge disposal site, located northwest of the sludge holding lagoon;
� a small lead disposal, located adjacent to Talfourd Creek; and
� a leaded sludge disposal area near the north field landfarm.

There are monitoring wells between the leaded sludge disposal area and Talfourd Creek, but not near the small
lead disposal area.

Suncor Inc.

Suncor Inc. operates a landfarm waste disposal site on the refinery premises.  materials landfarmed include oil and
water, shop oil, tank sludge, oily sand and water, skimmer sludge, and BIOX sludge.  The site has six wells for
monitoring groundwater quality.  No water quality problems have been reported.

Welland Chemicals Ltd.
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The Welland Chemicals (formerly the St. Clair Chemical Company) site in Sarnia includes an inactive landfill
which was used to dispose of unknown quantities of anhydrous aluminum chloride from 1974 to 1975.  This
material was buried on-site, possibly in steel drums.  The exact quantity, location, and depth of this waste are not
known.  Surface runoff at the site was collected in perimeter ditches that flow into Talfourd Creek.  Water samples
from these ditches indicate leachate migration.  Recent clean-up of surface water, on-site storage locations,
construction of a subsurface drainage collection system, and two surface water treatment ponds have improved the
quality of the water released from the site.  Groundwater samples from monitoring wells indicate an improvement
in water quality since 1981.

Unitec Disposals Inc.

The 37 hectare Unitec Disposals Inc. waste disposal site has been in operation since 1974.  Approximately 32
hectares of the site are approved for the disposal of non-hazardous solid industrial waste including asbestos,
plastics, rubber, catalyst, and packaging material.  The site may accept up to 18,250 tonnes of waste per year.

Unitec also operates a spray irrigation system for landfill leachate and process wastewaters from Fiberglas Canada
Inc., in Sarnia.  On-site surface runoff and waste leachate are collected and pumped to a storage lagoon for use in
the spray irrigation system.  Leachate is also received from the closed Fiberglas Landfill on Scott Road.  The total
volume sprayed from May to October must not exceed 38,500 m3 per year.  The most likely pathway for leachate
migration would be surface runoff from the spray irrigation.

Unitec has applied for permission to expand its landfilling and spray irrigation operations.  In support of this
application, extensive groundwater and surface water monitoring has been conducted since 1986.  Unitec may be
required to undergo an environmental assessment panel review before the expansion is approved.
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K & E Solid Waste Management Site

The K & E Solid Waste Management site is located in Sarnia-Clearwater on 44.5 hectares of land, of which 32.4
hectares are licensed for disposal.  The site is authorized to receive no more than 31,200 tonnes per year of non-
hazardous solid waste and non-decomposing household waste.  The site is located on sand and gravel that overlies
clay till.  Surface water sampling of several on-site ponds revealed an increase over background levels of specific
conductance, chloride, sodium, organic nitrogen, iron, BOD and COD.  Surface runoff is pumped to a main sewer
trunk which flows to a roadside ditch, and then into Wawanosh Drain, which discharges to Lake Huron.

Gas monitoring and surface water monitoring are conducted regularly.  There has been no observed migration of
leachate off-site.  K & E Solid Waste Management was issued a C-of-A in 1990 which specifies monitoring
requirements.

Sussex Environmental Services

Sussex Environmental Services, formerly Ed Johnson Construction Company Ltd., operates an 8.1 hectare waste
disposal site off Blackwell Road in Sarnia-Clearwater.  In 1989, the site received 32,190 m3 of construction and
demolition debris.  The site is an abandoned sand pit from which water must be constantly pumped out, as water is
constantly supplied by a local aquifer.  The water from this aquifer is used locally for irrigation purposes only and
not domestic use.

Regular surface and groundwater monitoring are conducted at this site.  It is expected that any off-site migration of
leachate will be via subsurface seepage, however this has not been confirmed.

Laidlaw Environmental Services Ltd.

Laidlaw Environmental Services has been operating a 26 hectare waste disposal site in Moore Township since
1962.  In 1989, 161,755 m3 of solid waste was landfilled at the site and 16,131 m3 of non-solid waste was
pretreated and then landfilled.  In 1989, 45,000 m3 of liquid waste was incinerated in the on-site Liquid Injection
Incinerator.  If liquids are unsuitable for incineration, they are mixed with fly ash and placed in a controlled slid
waste landfill.  An environmental assessment report is currently under review for the addition of a rotary kiln
incinerator.

The site lies over more than 40 m of silty clay till with relatively low hydraulic conductivity.  An aquifer lies below
the till near the bedrock.  An extensive groundwater monitoring network is in-place on-site.  Groundwater
migration within the aquifer is locally away from the St. Clair River.  Surface drainage may flow into the Thorton
Drain or Talfourd, Perch, or Bear Creeks.  Drainage around the treatment and disposal areas is collected and
returned to the plant for incineration or biological and activated carbon treatment prior to discharge to a local
drain.

C & R Sand and Gravel Ltd.

The C & R Sand and Gravel landfill site has been operating in Sarnia-Clearwater since 1971.  It receives an
average of 200 tonnes per year of non-hazardous solid waste such as logs, brush, construction rubble, and earth fill.
There are currently no systems in-place for the control of runoff or leachate seepage, and there are no monitoring
systems.

The site is an abandoned gravel pit that lies over clay till.  Subsurface seepage would be the most likely route for
the migration of leachate.

Ladney Waste Disposal
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The Ladney Waste Disposal site in Moore Township was used as a hazardous industrial waste disposal site during
the late 1950s and the early 1960s.  Bulk waste and drums were buried on-site.  After termination of the waste
disposal operations, exposed tar and open pits remained.  Efforts were made to cover the exposed tar and fill in the
pits in the early 1970s, however this work was deemed unsatisfactory by the MOEE who demanded better cover to
prevent surface water contamination.  The possibility of groundwater contamination or subsurface seepage has not
been evaluated.

Canflow Services Waste Disposal Site, Enniskillen Township

The Canflow Services site in Enniskillen Township was originally developed in the late 1800s by the Canadian Oil
Company for the storage of crude oil in underground wood-lined tanks.  The tanks, with a capacity of over 13,650
m3 are now used to store liquid industrial wastes.  Recent sampling by the MOEE showed that the tanks are filled
to capacity with oil, brine, water, caustic and/or acidic compounds, phenolic compounds, mineral salts, and heavy
metals.   Many of the inground tanks on this site are uncovered, or have weak and rotten wooden covers, which
allow precipitation to reach the tank contents.  To prevent overflow, the tank contents are periodically pumped out
and disposed of off-site.  There are no surface or groundwater monitoring programs in-place, however, an
engineering survey in 1988 indicated no evidence of groundwater contamination from in-ground tanks.

In 1979, the owner of the site began an oil reclamation and recycling operation.  The site has been operated by
Canflow since 1982, and is approved to process liquid wastes such as fuel and oily wastes.  The site accepts 29,780
m3 of liquid waste per year, all of which is stored above ground in steel tanks.  A berm has been constructed
around the site perimeter to control surface water runoff.  Liquid waste is sent to the United States for disposal and
solid waste is sent to a non-hazardous disposal site in Canada.

Canflow Services, Petrolia

Canflow Services operates a waste processing and disposal site in the Town of Petrolia.  It is on the former site of
the Canadian Oil Refinery which manufactured heavy lubricating oils at the turn of the century.  Spent acid from
the treatment stage was stored in underground storage tanks.  Approximately 4,460 m3 of acid remains on-site in
wood-lined tanks.

Since 1983, Canflow has been authorized to store and process up to 600 m3 per year of liquid alkalis, fuels, and
oily wastes.  Processing consists of neutralizing refinery acids and physical separation.  Canflow also accepts up to
2 tonnes per day of non-hazardous solid waste, restricted to spent lime and construction and demolition debris.

The site is located over a clay till plain.  The most likely pathway for leachate migration would be surface flow.
There are currently no leachate collection or control systems in-place.  A berm has been constructed around the site
to control surface runoff.  There is currently no groundwater monitoring being done.

3.5.2.2 Municipal Waste Sites

There are ten Ontario municipal waste sites in the vicinity of the St. Clair River.  Of these, four are close enough to
the St. Clair River to potentially affect water quality.   The four sites of interest and their operating status are shown
in Table 3.5.2.

TABLE 3.5.2: ONTARIO MUNICIPAL WASTE DISPOSAL SITES IN THE
ST. CLAIR RIVER AOC

Active in 1992?
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Municipal Waste Site

City of Sarnia Landfill Yes

Walpole Island Indian Reserve Landfill No

Moore Township Landfill Yes

Sombra Township Landfill Yes

City of Sarnia Landfill

The City of Sarnia operates a landfill in Sarnia Township on a 40.5 hectare site.  The landfill currently accepts
approximately 52,000 tonnes per year of waste from the City of Sarnia, Township of Sarnia, and the Village of
Point Edward.  Most of the waste (55%) is domestic, with 18% commercial waste and 27% bulk waste such as
appliances, furniture, leaves, and brush.

The site is located on 40 m of clay till.  There are no reported impacts on groundwater.  Before improvements in
1985, this site was fraught with problems such as leachate springs, inadequate drainage, pooled water, and poor
cover material.  In 1985, the City carried out improvements including the installation of leachate collection,
drainage ditches, a sedimentation pond, and a containment berm.  Leachate is treated for removal of metals and
organics.  Treated effluent is discharged to Perch Creek.

Walpole Island Indian Reserve Landfill

A small site on Walpole Island was used for about 30 years for the disposal of domestic waste and bulk waste by
residents and cottagers.  The 0.3 hectare site was closed and covered in 1976 because of health concerns associated
with its proximity to residences.  The disposal site is situated on low-lying land only a couple of metres above the
St. Clair River.  The water table is less than 1.5 m below the surface and the local geology consists of sands and
silts.

An Environment Canada Report, dating back to before 1986, indicates the presence of leachate but does not
provide leachate characterization information.  Leachate migration would be the result of surface runoff and
subsurface seepage to the water table.

Moore Township

The Township of Moore operates a domestic waste disposal site occupying 41 hectares, of which 18 hectares are
to be filled.  The site accepts 3,600 tonnes of solid waste and 3,300 m3 of domestic sewage sludge annually.  The
solid waste is comprised of 70% domestic waste, 20% commercial, and 10% brush, wood, and scrap.  The site has
been in operation since 1969, and is expected to be open for another fifteen to twenty years.

There is no documented surface runoff control from this site, no leachate collection system, and no on-site
treatment facilities.  The most likely pathway for leachate migration would be surface runoff, however this has not
been a problem.

Sombra Township Landfill

The 4.5 hectare Sombra Township site accepts 1,600 tonnes per year of waste made up of domestic (80%),
commercial (10%), and brush and wood waste.  The site has been in operation since 1969, and has two to three
years of capacity remaining.
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Between 1975 and 1981, this site accepted waste from ICI Inc. which was contaminated with radium-226.  In
1982, a radiation survey of the landfill showed that there were localized spots of high radiation, and as a result,
contaminated soil was removed from the site and returned to ICI (see Section 3.7.3).  Monitoring has shown that
all radium contaminated soil has been removed from the site.

No surface or groundwater monitoring is presently in effect.  Monitoring of nearby domestic wells and Indian
Creek has not revealed an environmental impact caused by the landfill.  The most likely pathway for leachate
migration off-site is via subsurface seepage or surface runoff.

3.5.2.3 Underground Injection Wells

Deep injection wells were used in Lambton County to dispose of industrial wastes from 1958 to 1972, and are still
used for the disposal of cavern brines and oil field brines.  There are about 35 deep wells in Lambton County.  In
some places, the freshwater aquifer lies above the level of injection wells, making it possible for wastes to flow
upwards into the aquifer and into the St. Clair River.

The wells were located in three areas.  The first area was the industrialized section south of Sarnia, beside the St.
Clair River.  Wells in this location were used by Esso Petroleum, Shell Canada, Suncor, and Polymer Corporation.
Dow Chemical also has two wells in this area, at much greater depths than the other wells.  The second area was
located inland from the river, and included wells used by Marcus Disposal, Thompson Wright Co., and Laidlaw.
The third area, located near the St. Clair River in Courtright, consisted of wells belonging to ICI Nitrogen
Products.

Wastes disposed of in the deep injection wells included spent caustics, acids, phenols, minor hydrocarbons, and
brine.  In the wells close to the St. Clair River and in the Sarnia industrial area, it was usually necessary to injet
wastes under high pressure.  Because of the high pressure and the large volumes of wastes, possible contamination
of the freshwater aquifer was identified as a cause for concern in the Upper Great Lakes Connecting Channels
Study (UGLCCS, 1988).  Detailed studies of the aquifer and the movement of injected wastes undertaken from
1986 to 1988 showed phenol contamination of the aquifer on the Esso Petroleum site near the St. Clair River, and
below the river in the vicinity of the CN rail tunnel.  Another finding of the studies was highly porous limestone
layers containing industrial waste at depths of 74 and 123 m.  The extent of the contamination is not known.

All waste injections are now prohibited within 8 km of the St. Clair River, and only brines are disposed of in deep
injection wells outside of these limits.

The fourth and final phase of an investigation of the Sarnia Freshwater Aquifer is currently underway.  This study
is designed to assess the potential contamination of the freshwater aquifer as a result of past injection practices.
Results of Phases 1 through 3 suggest that with the previously mentioned exception, industrial wastes do not
appear to be prevalent in the freshwater aquifer and are restricted to one isolated location.  Phase 4 will provide
necessary information to confirm earlier findings and more definitively, determine the impact if any, of past
injection well practices on the freshwater aquifer.
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3.5.3 Impaired Uses Associated With Waste Disposal Sites

Impaired uses that may be associated with landfill sites and with deep injection wells include the following:

� restrictions on drinking water consumption, and taste and odour problems for well-water users
due to groundwater contamination;

� degradation of benthos if contaminated groundwater or leachate reaches the sediment of a nearby
body of water;

� loss of habitat if the waste site is located on or near a marsh or a fish spawning ground;
� restrictions on dredging if the leachate from the waste site contaminates sediments in a nearby

body of water; and
� fish tumours or deformities if contaminants in the leachate reach a significant concentration in

water bodies close to the site.

Waste disposal sites are not considered to be significant contributors to the loadings of contaminants in the St.
Clair River.  Table 3.5.3 summarizes the potential contribution of industrial and municipal waste disposal sites to
impaired uses in the St. Clair River AOC.
3.5.4 Technical Options

3.5.4.1 Industrial and Municipal Landfill Sites

The most important causes of problems encountered due to waste disposal sites are as follows:

� migration in fissures and fractures within the native clay or soil;
� ineffective capping (covering) of filled areas;
� diffusion (usually of leachate) to land or surface water;
� diffusion to groundwater; and
� interaction between the soil and the waste.

There are several technical options that may be employed in order to prevent or remediate damage being caused by
waste disposal sites.  Many options are related to the initial design of the landfill site, and might be expensive to
retrofit at an existing site.
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Landfill Design

The problem of transport of contaminants through fissures may be alleviated through:

� the excavation of trenches for waste disposal below the weathered zone (i.e., more than 6 m deep)
so that there is a greater distance from the waste to the land surface, and there is no flow along
fissures as they would be at shallower depths; and

� the use of an impermeable liner for the site, such as a synthetic membrane, a soil-cement mixture,
or compacted clay.

Ineffective capping of the waste site can ultimately result in contaminated water flowing across the site and
polluting surface water.  This problem may be avoided by capping closed portions of landfill with a cover material
that inhibits infiltration, such as a compacted clay or a combination of clay and synthetic liner.

Diffusion of leachate to land or surface water is a problem when the wastes are shallowly placed and the water
table is high.  Remedial alternatives include:

� the use of drainage tiles to collect contaminated groundwater; and
� the selection of a capping material that will allow some infiltration so that the downward rate of

infiltration is greater than or equal to the upward diffusion rate, and the diffusion of leachate to
land or surface water is stopped.

Diffusion to groundwater is most significant when the clay layer below the site is relatively thin.  Downward
movement of the leachate towards the aquifer could be eliminated by lowering the liquid level in the excavation
below the level of the aquifer.  This can be done by digging gravel or tile-lined trenches at a lower elevation than
the freshwater aquifer around the perimeter of the waste disposal trenches.  An impermeable liner might also
alleviate the problem of migration to groundwater.

Interaction between the soil and the waste must be considered in the design stage, and when deciding what wastes
to accept.  Wastes that are incompatible with the soil conditions at the site should be transported elsewhere.

Monitoring

Problems at landfill sites can be prevented from resulting in impaired uses if the problems are detected early
enough.  This can be done through regular monitoring.  For example:

� monitor groundwater quality and leachate quality;
� monitor water quality in nearby surface waters; and
� analyze the composition of wastes, especially industrial liquid wastes prior to placing them in the

disposal site.

Alternative Treatment

Where wastes are incompatible with a particular site or the site is linked to environmental problems, a few options
may be considered:

� remove wastes from a problem site and dispose of in a more secure site; and
� solidify materials prior to disposal at waste site.

Reduce, Recycle, Reuse
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Both industrial and domestic users of waste disposal sites must examine ways to ultimately decrease the quantity of
waste that is sent to landfills.  This is the most desirable and inexpensive approach to reducing the impact of waste
disposal sites on the environment.

Table 3.5.4 shows which remedial options, should be considered for the waste disposal sites linked to impaired
uses in the St. Clair River AOC.

3.5.4.2 Underground Injection Wells

Migration of contaminants from deep injection wells to the freshwater aquifer, and then to the St. Clair River may
be the result of the following:

� numerous bore holes have been drilled in the search for oil and gas;  improperly closed bore holes
may provide channels through the bedrock to aquifers, especially if the lower formations are under
excessive pressure;

� badly constructed injection wells may allow waste to leak through casings;
� pressurized waste may travel along faults in the bedrock; and
� pressurized wastes may migrate through permeable limestone and shale to the freshwater aquifer.

Because deep well injection is no longer used for the disposal of industrial wastes, technical options are limited to
proper closing of bore holes and existing injection wells, and regular monitoring of groundwater to determine the
extent of migration of contaminants.

3.5.4.3 Factors Affecting the Cost of Technical Options

The cost to undertake the technical options described in this section cannot be readily defined as they are extremely
site-specific and depend upon the local physical factors and the waste characterization.  Some of the factors which
influence the costs have been described in Table 3.5.5.

PART B: POINT SOURCES

3.6 Municipal Point Sources

3.6.1 Overview

Ontario Municipal point sources were identified in the Stage 1 RAP Report as significant (i.e., greater than 5% of
the total loading) contributors of contaminants to the St. Clair River.  There are four (4) municipal water pollution
control plants (WPCP) and two (2) lagoons which discharge within the Ontario portion of the St. Clair River
drainage basin.  These include Point Edward, Sarnia, Corunna and Courtright WPCPs and the Sombra and Port
Lambton Lagoons (Figure 3.6.1).

The contaminants associated with these facilities and the approximate percent of the total loading for each
contaminant are provided in Table 3.6.1.  These percentages are based on loading values obtained from the Stage 1
RAP and are only approximations, as contaminant loading information was unavailable for several point and non-
point sources, including many of the Ontario municipal point sources.  These percent loadings do indicate,
however, that municipal discharges are a significant source of a number of conventional, metal and organic
contaminants.  The Sarnia WPCP represents the most significant municipal point source discharges of
contaminants to the River.  Table 3.6.2 provides a summary of recent loading data for conventional contaminants.

The loading of the contaminants associated with the municipal point sources is related to a number of impaired
uses within the St. Clair River AOC.  These impaired uses are summarized in Table 3.6.3.
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In order to update the loading information provided in the Stage 1 RAP, and to identify planned and in-place
remedial measures, a questionnaire was sent to each municipal point source identified above.

Descriptions of each of the Ontario municipal water pollution control plants are provided below.  These
descriptions based on the results of the questionnaires and a literature review.

3.6.2 Review of Sources

Point Edward WPCP

Plant Description

The Point Edward WPCP has been operated by the Village of Point Edward since March 1993. It serves a
primarily residential area with a population of 2,200.  Approximately 6% of the flow to the facility is from light
industrial sources (Letham Ltd. Consulting Engineers, 1990).  The facility was upgraded to a secondary treatment
facility in October 1992, previous to this time it operated as a primary treatment facility with continuous
phosphorus removal.  The secondary treatment plant uses the activated sludge process with extended aeration.
Sufficient oxygen and solids retention time has been provided to permit nitrification.  Alum is added to reduce the
phosphorus concentration of the final effluent to less than 1.0 mg/L.  Ultraviolet radiation provides disinfection.
Waste activated sludge is anaerobically digested and disposed of on agricultural land.  The abandoned existing
primary sedimentation basin has been converted to an aerated sludge holding tank.  It discharges directly to the St.
Clair River and now has a design capacity of 4,550 m3/d, however, the C-of-A limits the discharge rate to 3,500
m3/d.  The 1991 and 1992 average daily flowrate was 1,450 m3/d and 1,569 m3/d, respectively.  Maximum daily
flowrate in 1991 and 1992 was 2,260 m3/d and 2,760 m3/d, respectively.  The peak flowrate in 1991 was 3,319
m3/d.

Discharges

The Certificate of Approval objectives for BOD5 and SS are both 10 mg/L, for ammonia- nitrogen are 1 mg/l and 2
mg/L for nonfreezing and freezing conditions respectively and 0.8 mg/L for phosphorus.  The Certificate of
Approval Compliance for BOD5 and SS are both 15 mg/L, for ammonia-nitrogen are 1.5 mg/l and 3 mg/L for
nonfreezing and freezing conditions respectively and 1.0 mg/L for phosphorus.  Based on data after the plant start
up from October to December 1992 final effluent limits were met for BOD5, ammonia-nitrogen and phosphorus.
Suspended solids exceeded the limit with a concentration of 15.2 mg/L compared to a compliance limit of 15
mg/L.

Initiatives to Reduce Loadings

As discussed above, the Point Edward WPCP upgraded to secondary treatment and ultraviolet (UV) disinfection in
October 1992.  This has resulted in major improvements to the effluent quality.  Optimization of the new
secondary treatment facility is presently being undertaken.

Technical Options

The only technical option identified for this plant is process optimization to ensure that the Point Edward WPCP
recently upgraded to secondary treatment is operating at its optimum.  The approximate cost of upgrading the plant
to secondary treatment was $6 million.

Sarnia WPCP

Plant Description
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The Sarnia WPCP is operated by the municipality and serves a population of 72,000.  The Sarnia WPCP receives
approximately 7% of its effluent from small industrial users and approximately 8% from commercial users, 65%
was unaccounted for and included infiltration (Canviro Consultants, 1989).  The WPCP is a primary treatment
facility with continuous phosphorus removal.  The treatment process consists of coarse screening, grit removal,
pre-aeration, primary settling and chlorination.  Ferric chloride and a polyelectrolyte are added in the primary
settling tanks.  A two-stage digestion and digested sludge lagooning treats the sludge.  The WPCP discharges
directly to the St. Clair River and has a design capacity of 65,910 m3/d.  The actual flow, based on 30-day average,
was 34,095 m3/d.  The 1991 and 1992 peak flowrates were 61,957 m3/d and 74,777 m3/d respectively.

Discharges

Final effluent limits require 50% removal of BOD5, and 70% removal of SS.  The 30-day average for ammonia-
nitrogen, phosphorus and total phenols have been specified as 10, 1.0 and 0.02 mg/L respectively.  In 1992, the
Sarnia WPCP was in compliance for BOD5, SS and total phosphorus levels.  The Sarnia WPCP has been identified
as the largest contributor of SS, BOD5, phosphorus and bacteria pollution to the St. Clair River from the City of
Sarnia (UMA, 1992).  High bacterial loadings are due to the spring and fall months when disinfection is not
provided.  The Sarnia WPCP is also a contributor of phenols, PCBs, cadmium, chromium and zinc.  The WPCP
could also be inadvertently receive persistent toxic substances such as polyaromatic hydrocarbons and chlorinated
hydrocarbons due to the industrial and manufacturing activities in Sarnia.

Initiatives to Reduce Loadings

No initiatives have been undertaken to reduce the loadings from the WPCP since 1990, however, in 1992, a draft
pollution control plan (PCP) was prepared for the municipality (UMA, 1992), which identified the need for
expansion and upgrading of the Sarnia WPCP.
Technical Options

The technical options discussed in this section are described in a glossary of terms provided in Appendix B.  UMA
Engineering Ltd. investigated the technical option of upgrading the primary treatment.  Primary treatment upgrade
of hydraulic capacity would consist of adding primary treatment tanks and pretreatment units to increase the
WPCP capacity.  The estimated capital cost of this treatment is $6.4 million.  Primary treatment upgrade of
treatment capacity would consist of providing sufficient pretreatment and primary treatment capacity to treat the
peak wet weather flows.  An estimated eight additional tanks would be required.  This alternative would include
disinfection year long.  The estimated capital cost for this technical option is $9.2 million.

Secondary treatment, consisting of biological degradation of soluble organic matter by mechanical aeration
followed by solids settling in secondary clarifiers, could reduce
BOD5 and suspended solids.  The process could also remove some organics including toxic organics (Eckenfelder,
1989).  Phosphorus may also be reduced due to its uptake by microorganisms during biomass synthesis and then
subsequent removal of the resulting sludge.  Improved phosphorus removal could be achieved through enhanced
biological treatment.  Secondary treatment processes evaluated by UMA (UMA, 1992) included step feed,
conventional activated sludge, extended aeration, high rate aeration and physical-chemical treatment.  The
activated sludge process can remove 90% of the PAHs and PCBs by biological oxidation (Mercer, 1982).  Metals
are also removed, on average secondary treatment plants remove 45% of all metals whereas primary treatment
plants remove 27% by comparison (Atkins and Hawley, 1975).  Specific metals such as zinc, cadmium and nickel
normally require pH values greater than 10 to precipitate (Eckenfelder, 1989).  Treatment of these metals would be
more effective at the source.

As discussed above, in 1992, a draft PCP was prepared for the municipality (UMA, 1992), which identified the
need for expansion and upgrading of the Sarnia WPCP.  A preliminary cost estimate was prepared for secondary
treatment upgrading to a conventional activated sludge process to be $28.9 million.  Upgrading to a step feed
activated sludge process was estimated to cost $29.2 million.
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Physical-chemical treatment is a commonly practised method to reduce phosphorus loadings.  Removal is due to
addition of a trivalent metal salt and precipitation of phosphorus.  Metal salts used include iron salts such as ferric
chloride and ferric sulphate and aluminum salts such as aluminum sulphate.  The metal salt may be added at the
primary clarifier (pre-precipitation), in the aeration basin or upstream of the secondary clarifier (simultaneous
precipitation) or after the secondary portion of the plant in the tertiary solid-liquid separation process such as a
filter or a reactor-clarifier.

Final filtration is increasingly used as a tertiary treatment.  The filter removes residual biomass or chemical
precipitates from the wastewater before chlorination and discharge.  Several different filters can be used including
sand filters, precoat filters, microstraining filters and vacuum filters.

Source control, such as legislated reductions in phosphorus concentrations in detergents and public education in
the use of phosphate-based detergents and impacts would reduce phosphorus loadings to WPCPs.  Source control
also includes industrial pre-treatment, or ensuring that waste be directed to proper treatment facilities, by-law
enforcement process or chemical substitution, water conservation and recycling.  Reductions in heavy metals, e.g.,
cadmium, chromium, zinc, iron, lead, mercury, nickel and copper, and oil and grease loadings could be achieved
through source control.

Disinfection reduces the concentration of bacteria in the wastewater prior to discharge.  Disinfection processes
include chlorination, ultraviolet or ozonation.  Currently, chlorination is conducted in the summer months.
Calcium or sodium hypochlorite, and chlorine dioxide sometimes replace chlorine in the chlorination process.  All
three disinfection treatment processes have been employed at WPCPs.  Capital costs for disinfection year long
using chlorination then dechlorination at the Sarnia WPCP has been estimated to be 0.28 million dollars (UMA,
1992).  This is based on the dechlorination equipment as chlorination is presently practised.

Separation of Combined Sewer Overflows (CSO) would ensure that during peak storm events sewers would not
overflow resulting in discharges of untreated domestic waste containing high levels of phosphorus, ammonia and
other pollutants.  Costing estimates are provided in Section 3.2.

Table 3.6.4 is a summary of the technical options and their relative cost.

Corunna WPCP

Plant Description

The Corunna WPCP is operated by the MOEE and serves a population of 6,000.  The WPCP is a an extended
aeration secondary treatment facility with continuous phosphorus removal.  It discharges directly to the St. Clair
River and has a design capacity of 4,540 m3/d.  The 1991 and 1992 average daily flowrate was 2,114 m3/d and
2,262 m3/d, respectively.  The 1991 and 1992 maximum daily flowrate were 4,270 m3/d and 5,130 m3/d,
respectively.  The peak flowrate for 1991 and 1992 were 7,221 m3/d and 6,465 m3/d.

Discharges

The provincial guideline requires an annual average effluent concentration of 25.0 mg/L for both the BOD5 and
SS, and a 30-day average of 1.0 mg/L for phosphorus.  The WPCP was in compliance for 1991 and 1992.  The
plant has not been identified as discharging heavy metals or chlorinated hydrocarbons and is estimated to have
negligible contribution from industrial sources.

Initiatives to Reduce Loadings

The Corunna WPCP has not undergone any process changes since 1990 and none are anticipated for the future.
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Technical Options

Optimization of the Corunna WPCP is identified as a technical option to improve the removal efficiency of
pollutants.  As discussed above, the WPCP was in compliance for the regulated pollutants.

Courtright WPCP

Plant Description

The Courtright WPCP is operated by the MOEE and serves a population of 1,500 people.  The plant is an
extended aeration secondary treatment facility with phosphorus removal and chlorination.  It discharges directly
into the St. Clair River and has a design capacity of 680 m3/d.  The average daily flowrate for 1991 and 1992 was
531 m3/d and 601 m3/d, respectively.  The maximum daily flowrate for 1991 and 1992 was 621 m3/d and 1,434
m3/d, respectively and the 1991 peak flowrate was 1,068 m3/d.

Discharges

Annual average final effluent limits have been specified for BOD5 and SS both at levels of 25 mg/L, and a 30-day
average for phosphorus of 1.0 mg/L.  The Courtright WPCP was in compliance for 1991 and 1992.

Initiatives to Reduce Loadings

A major study to optimize plant performance was undertaken with Environment Canada and the MOEE in 1992.
This study has enabled reduction of BOD, SS and phosphorus.  The study is continuing into 1993 and it is
anticipated that reduced levels of ammonia and fecal coliform will result.

Technical Options

The only technical option identified for this plant is process optimization which is presently being undertaken.

Sombra Lagoon

Plant Description

The Sombra Lagoon is operated by the MOEE and serves a population of 700.  This is a conventional lagoon with
batch phosphorus removal.  It discharges directly into the St. Clair River and has a design capacity of 960 m3/d.
The 1991 and 1992 average daily flowrate was 173 m3/d and 210 m3/d.  The 1991 and 1992 maximum daily
flowrate was 449 m3/d and 824 m3/d.  The Sombra Lagoon discharges are seasonal.  In 1992 the discharge
occurred over a 5 day period in the fall.

Discharges

The provincial guideline requires an annual average effluent concentration of 25 mg/L BOD5, 25 mg/L SS and a
monthly concentration of 1.0 mg/L phosphorus.  In 1991 and 1992, the Sombra Lagoon was in compliance for
BOD and total phosphorus but exceeded the suspended solids guideline.

Initiatives to Reduce Loadings

There were no studies undertaken at the Sombra Lagoon for improving the effluent quality.
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Technical Options

Physical-chemical treatment is a commonly practised method to reduce phosphorus loadings.  This process also
lowers the suspended solids concentration.  Removal is due to addition of a trivalent metal salt such as iron salts
such as ferric chloride and ferric sulphate and aluminum salts such as aluminum sulphate and lime.  Batch
phosphorus removal is currently practised, however, this process could be optimized to also remove the suspended
solids.

The New Hamburg Process consists of an aerated and/or facultative lagoon and a multi-cell intermittent sand filter.
In this process the lagoon effluent is applied to the surface of granular media filter to upgrade the final effluent
quality prior to discharge.  The particulate matter including algal cells are strained from the wastewater and
accumulate in the upper layers of the sand media.  The multi-cell filters are operated on a periodic or intermittent
basis and flow through the filters is by gravity.  A distribution system is used to flood the surface of the filters and
an underdrain is provided to collect the filtered final effluent.  No filter backwash is provided.  The filter is loaded
until the surface becomes plugged with particulate matter removed from the lagoon effluent, when this occurs the
filter is taken off for cleaning, maintenance or self-generation.  The capital cost estimates for the "New Hamburg
Process" is estimated to range from $0.5 to $4.3 million (R.V. Anderson Assoc. Ltd., 1993) depending on the flow
and whether the facility is retrofit or new.

Port Lambton Lagoon

Plant Description

The Port Lambton Lagoon is operated by the MOEE and serves a population of 1,000.  It is a conventional lagoon
with batch phosphorus removal.  It discharges directly into the St. Clair River and has a design capacity of 960
m3/d.  The 1991 and 1992 average daily flowrate was 376 m3/d and 419 m3/d, respectively.  The 1991 and 1992
maximum daily flowrate was 1,147 m3/d and 1,343 m3/d, respectively.  The Port Lambton Lagoon discharges on a
seasonal basis.  In 1991 discharge occurred over a 10 day period in May and in 1992 discharge took place over a 5
day period in October.

Discharges

The provincial guideline requires an annual average effluent concentration of 25 mg/L both for BOD5 and SS and
a monthly concentration of 1.0 mg/L phosphorus.  In 1991 and 1992, the Port Lambton Lagoon was in compliance
for BOD and total phosphorus but exceeded the suspended solids guideline.

Initiatives to Reduce Loadings

There were no studies undertaken at the Port Lambton Lagoon for improving the effluent quality.
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Technical Options

Physical-chemical treatment and filtration are two methods commonly used for the removal for the suspended
solids.  These two methods are discussed above for the Sombra Lagoon.

3.7 Direct Industrial Dischargers

3.7.1 Overview

Industrial point sources were identified as a significant contributor of conventional and metal contaminants and as
the primary contributor of most organic contaminants.  Industrial sources of pollutants to the St. Clair River in
Ontario originate primarily from the petroleum, inorganic chemical, and the organic chemical sectors.  Ontario
Hydro's Lambton Thermal Generating Station is the only source that does not fall into one of the three categories
mentioned.  In total, there are 27 industrial facilities in Ontario that discharge effluents directly or indirectly into
the St. Clair River (Figure 3.7.1).  Indirect discharges are to the Cole Drain, the Scott Road Drain, the Allingham
Drain, Talfourd Creek, or Baby Creek, which in turn flow into the St. Clair River (MOE et al., 1991).

The petroleum sector produces effluents containing significant quantities of pollutants such as:

� suspended solids,
� oil and grease,
� sulphides,
� chromium,
� copper,
� lead,
� nickel,
� zinc, and
� phenolics.

Wastewater generated by the inorganic chemical sector contains a number of conventional and priority pollutants.
Conventional pollutants include:

� suspended solids,
� acids and bases,
� chlorides,
� phosphorous,
� fluoride, and
� nitrogen compounds.

Priority pollutants include heavy metals as well as some organic contaminants.

The organic chemical sector is responsible for the release of compounds such as:

� phenolic compounds,
� chlorinated organics,
� heavy metals,
� biochemical oxygen demand (BOD),
� suspended solids,
� hydrocarbons, and
� volatile organic compounds (VOCs).
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Effluent quality from industrial sources is regulated through Certificates-of-Approval (C-of-As) and, more recently,
industry regulations under the `MISA' program.

The MISA Program

The MOEE's Municipal-Industrial Strategy for Abatement (MISA) program was initiated in 1986 to improve the
control of water pollution in the province (MOE, 1986b).  The ultimate goal of the program is to achieve virtual
elimination of the discharge of persistent toxic contaminants to Ontario's waterways.  During the first phase of the
MISA program, nine industrial sectors were required to monitor their discharges for twelve months for the
presence of pollutants.  The second phase of the MISA program, which is complete for some sectors, involves the
development of effluent regulations for each of the sectors.  Effluent limits will be based on an evaluation of the
pollution control technologies that are available.  Effluent limits will be imposed on contaminants for which there
is an available abatement technology, and at levels which the Best Available Technology (BAT) can achieve.

Monitoring of effluents for priority pollutants was performed as part of the MISA program for all of the sectors
between 1988 and 1990.  The information that follows is largely based on the MISA BAT reports for the
petroleum, inorganic chemical, and organic chemical sectors; the responses to questionnaires sent to each industrial
facility; personal communication with company representatives, and the Stage 1 RAP document.  The BAT report
for the Organic Chemical sector is not officially released, however the draft version was used as a reference for
selecting various technical options.

3.7.2 Impaired Uses Associated with Industrial Point Source Discharges on the
St. Clair River

The contaminant loadings from industrial sources are associated with the impairment of beneficial uses in the St.
Clair River AOC.  Table 3.7.1 summarizes the contaminants and MISA sectors linked with impaired uses.

3.7.3 Review of Sources

The following section provides an overview of each of the industrial direct dischargers in the St. Clair River AOC.
Technical options for reducing water usage or discharge of particular compounds are listed for each facility.  The
options were selected based on a review of Ministry of Environment and Energy (MOEE) documents and
discussions with representatives from the industry.  A detailed explanation of each technical option is presented in
a Glossary of Terms provided in Appendix C.  Options have not been selected based on the full-scale availability
of the technology, nor on their economic achievability.  This type of screening will be done according to the
methodology described later in this report.

3.7.3.1 Petroleum Refining

The petroleum refining industry in Ontario is comprised of seven plants, four of which are located in the St. Clair
River AOC.  The four refineries are:

� Imperial Oil Limited, Sarnia Refinery;
� Novacor Chemicals (Canada) Ltd., Petrochemicals Division, Corunna;
� Shell Canada, Sarnia; and
� Suncor Inc., Sarnia.

Wastewaters from the petroleum refining process originate from the crude oil unloading, refinery processing, non-
contact cooling, and from storm water runoff (MOE, 1992d).  A brief description of each operation follows.

Crude Oil Unloading
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When crude oil is unloaded, ballast water is generated which is contaminated with dissolved salts, oils, and other
organic constituents.  At most refineries, this ballast water is transferred to holding ponds or holding tanks for
primary oil separation before being mixed with refinery process wastewaters for further treatment.

Crude Oil and Product Storage

During storage, water and suspended solids settle to the bottom of the tank.  Tank cleaning operations result in a
significant amount of oily wastewater that is high in oil, suspended solids and chemical oxygen demand (COD).

Crude Oil Desalting

The crude oil desalting process is a pretreatment step which removes the dissolved salts in crude oil.  The
wastewater from this process contains emulsified and free oils, ammonia, phenols, sulphides, suspended solids, and
dissolved solids.

Crude Oil Distillation

In the distillation process, crude petroleum is separated into intermediate fractions by taking advantage of the
different boiling points and vapour pressures of the various components in the crude oil mixture.  The heavier
components of the oil must be separated using vacuum distillation.  The vacuum is usually produced by steam jet
ejectors, and steam may become contaminated with organics, producing a contaminated condensate.  The steam
used for steam stripping in vacuum columns also produces a contaminated condensate.
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Refinery Processing

A simple petroleum refinery generally includes catalytic reforming and treating processes in addition to crude oil
distillation.  A more complex refinery might include catalytic cracking, polymerization, alkylation and asphalt
oxidation, as well as other selected unit processes.  A very complex refinery may include the processes found in
simple and complex refineries, as well as high vacuum fractionation, solvent extraction, deasphalting, dewaxing,
and treating processes.  Wastewater sources in a refinery include the following:

Non-Segregated Cooling Water

Non-segregated cooling water is once-through cooling water which has been combined with other wastewater
within the refinery.  In older refineries, the cooling water may have become contaminated with small amounts of
oil and grease.  Some of the chemicals used to control fouling and corrosion from cooling water are potentially
toxic.  Because of the large volume of flow, the mass of contaminants may be significant.

Cooling Tower Blowdown

Cooling tower blowdown is water which is too contaminated to be recirculated, that is, discharged from the cooling
tower.

Boiler Blowdown

Boiler blowdown is the concentrated wastewater from the heating and steam generating system.

Oily Process Water

Oily process wastewater originates from sources such as contact process water, non-sour process condensate, vent
scrubber water, tank drainage, laboratory drainage, and maintenance decontamination water.

Sour Water

Sour water is process wastewater which is contaminated with ammonia and hydrogen sulphide.  Sources include
the crude desalter, the crude unit, and the desulphurization. catalytic cracking and gas recovery processes.

Water Treatment System Blowdown

Water treatment system blowdown is the wastewater discharged from a refinery's fresh water treatment facility.
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Air Pollution Control Equipment Blowdown

Air pollution control equipment blowdown is the wastewater discharged from exhaust gas scrubbers.  These are
required in larger refineries to control emissions from combustion processes.

Effluent Limits in Ontario

Petroleum Refineries in Ontario are subject to the Federal Petroleum Refinery Effluent Regulations and Guidelines
(1974) which stipulate standards based on Best Practicable Technology.  Loading based limitations are set for oil
and grease, sulphide, phenols, suspended solids, and ammonia nitrogen.  Toxicity and pH are also regulated.  In
addition to the Federal Regulations, refineries must comply with Ontario's Effluent Quality Objectives (OEQO) for
Petroleum Refineries (1977).  Concentration-based limits are set for oil and grease, phenols, sulphide, metals,
suspended solids, ammonia, and COD.  There are guidelines for effluent toxicity and pH as well.

In August 1992, the MOE released a draft effluent limits regulation for the Petroleum Refining Sector (MOE,
1992e).  The regulation contains site-specific loadings limits for the following parameters:

� ammonia plus ammonium,
� dissolved organic carbon (DOC),
� total phosphorous,
� total suspended solids,
� volatile suspended solids,
� phenolics,
� sulphide,
� 2,3,7,8-Tetrechlorodibenzo-p-dioxin (TCDD),
� 2,3,7,8-Tetrachlorodibenzo-furan (TCDF), and
� oil and grease.

Under the new limits, loadings to receiving waters are expected to decrease by nearly 30%, eliminating about
300,000 kg/year of conventional pollutants, and 4,400 kg/year of toxic metals and organics from the industry's
effluents.  Dioxins and furans must be non-detectable, and effluents must be nonlethal to fish (rainbow trout) and
Daphnia magna.  This regulation has not been finalized and, therefore, compliance information for petroleum
refineries is based on existing Certificates of Approval (C-of-A) and Ontario Effluent Quality Objectives (OEQO)
for Petroleum Refineries.

The performance of Ontario refineries was also compared to U.S. standards, which set pollution limits based on the
specific characteristics of each type of refinery.  The limits establish a level of pollution control that is possible
using Best Available Control Technology Economically Achievable (BAT).  The U.S. Environmental Protection
Agency (U.S. EPA) has determined that BAT is equivalent to the Best Practical Technology Currently Available
(BPT).  In other words, the control practices currently used in the American petroleum industry represent the Best
Available Technology.  As noted previously, MISA will be implementing BAT effluent requirements for each
industry within an industrial sector.  In order to evaluate the existing conditions at each facility relative to BAT, the
U.S. EPA BPT/BAT limits have been used for comparison.  The U.S. standards for refineries will be referred to as
`U.S. EPA BPT/BAT limits' in this report.

Imperial Oil Limited, Sarnia Refinery

Plant Description

The Imperial Oil petroleum refinery in Sarnia has a crude oil capacity of 17,976 m3 per day. It produces an array of
petrochemical products including fuels, lubricating oils, solvents, and chemical additives.   The refinery is divided
into fuel and lubricating oil processing areas.  Fuel processing includes atmospheric and vacuum distillation, fluid
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catalytic cracking, hydrocracking, fluid coking, alkylation, naphtha reforming, hydrogen treating, light
hydrocarbon treating and distillation facilities, and sulphur units.  Lubricating oil processing facilities include
phenol treating, solvent dewaxing, and hydrogen treating of lube oils and waxes.

Water is supplied to the plant from the St. Clair River at a rate varying from 273,000 to 363,000 m3/day, and is
used for cooling, processing and steam generation.

Discharges and Evidence of Toxics

There are five sewer systems in the refinery:

� sour water,
� process wastewater,
� storm water,
� once-through cooling water, and
� sanitary wastewater.

The total volume of wastewater, which does not include once through cooling water or sanitary wastewater,
averaged 28,189 m3/day in 1989.  There are three outfalls to the St. Clair River.  Treated once-through cooling
water is discharged at two outfalls at the river bank.  Sour water, process wastewater, and storm water are treated
and then discharged through a single outfall located 150 feet out into the St. Clair River.  Sanitary sewage is sent to
the Sarnia WPCP.

In 1989, the effluent from Imperial Oil was monitored for all of the parameters included in the Ontario Effluent
Quality Objectives for Petroleum Refineries (see Table 3.7.2).  Imperial Oil met the effluent guidelines with the
exception of total suspended solids.  If the US EPA BAT/BPT standards were being used in Canada, Imperial Oil
would have shown two exceedences of TSS limits and five exceedences of sulphides limits in 1989 (MOE, 1992d).
None of the Ontario effluent guidelines was exceeded in 1990 (MOE, 1992f).

Wastewater Treatment

Solids and Oil Removal

Once-through cooling water is treated in four parallel American Petroleum Institute (API) separators for solids and
oil removal prior to discharge to the St. Clair River.  Process wastewater is treated in three parallel API separators
for solids and oil removal.  The water from each of these separators is treated by sand and anthracite filters to
remove oil and suspended solids.

Removal of Organics and COD

The filtered water from the sand and anthracite filters is biologically treated in the wastewater treatment plant,
clarified, and discharged.

Storm Water Treatment

Stormwater runoff is contained in storm tanks which are available at each separator.  These tanks are designed to
hold a one in ten year storm event.  This water is fed to each separator at a controlled rate and then receives the
same treatment as the process water.

Sulphides and Ammonia
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Sour waters are collected and then steam stripped to remove sulphides and ammonia.  The stripped gases go to the
sulphur recovery unit.  The stripped water goes to two parallel biological treatment units.  This treated water then
normally goes to the main biological treatment plant, but may also be routed to the API separators or to the dual-
media filters as required.

Scrubbing of Gases

The platinum catalyst used in the reforming reactors is regenerated on a regular basis by burning it in oxygen.
Gases produced during the regeneration of the catalyst are water scrubbed.  The water phase may contain traces of
dioxins.  As a precaution, the water phase is passed through the dual-media filters and then to the biological
treatment system.  No dioxins have been detected in the final effluent from the plant.

Sanitary Waste

Sanitary sewage is discharged to the Sarnia WPCP.

In-Place Initiatives

Water Reduction

� Projects to increase steam condensate collection are 80% complete.
� Cooling towers currently operate at low cycles of recirculation; studies are underway to reduce the amount

of cooling water used.
� Segregation of once through cooling water and process water streams is almost complete.

Reduction of Contaminants

� organic chemicals, instead of zinc and chromate-based treatment chemicals, are now used to reduce the
toxicity of cooling tower blowdown;  systems are in place to prevent their re-introduction;

� on-line analysers have been installed on once-through cooling water discharges for pH, TOD, and sheen;
� cooling water is dechlorinated whenever high levels of chlorine are added for zeba mussel control; and
� improved control of pH, nutrients, and other parameters in the activated sludge plant have decreased

loadings of some effluent contaminants such as oil and grease, ammonia, and phenols.

Training

� All wastewater treatment plant operators are sent on a five-day course at Lambton College; and
� Statistical process control (SPC) is being used.

Spending

� Twenty to twenty-five percent (20-25%) of the capital budget is targeted for environmentally related
projects in the water treatment system.

� Approximately $4-5 million is spent every year on environmental projects.

Spills

� Imperial Oil is preparing a spill reduction strategy which will be submitted to the MOEE.
� A source control program is underway which aids in the identification of spill sources.  It is reported to be

very effective.
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� An on-site spill response team is equipped with boats, booms, skimmers, chemicals, and three vacuum
trucks to clean up any spills; and the Blue Water Clean spill team is available to help if necessary.

Technical Options

The following technical options may improve the quality of effluent from Imperial Oil, or decrease the quantity.
They have not, however, been screened for economic achievability, nor for ease of full-scale implementation, two
extremely important considerations when selecting the best options.

Reduction of Wastewater Flow

Wastewater flow may be reduced through:

� conversion of all once-through cooling systems to air cooled systems;
� increasing the cooling water recirculation to 4-6 cycles;
� recycle and reuse stripped sour water;
� segregation of storm water so that only stormwater falling on process areas is treated; and
� implementation of evaporative technologies to achieve zero discharge of wastewater.

Reduction of Organic Contaminants

The discharge of contaminants may be decreased through the use of:

� ozone and Ozone/UV technologies to remove phenolics and other toxics; and
� improved leak detection and spill management practices to reduce toxics in cooling water

discharges.

Reduction of Solids

Solids concentrations in the effluent can be decreased through:

� effluent polishing following biological treatment using granular activated carbon; and
� reverse osmosis and ultrafiltration of effluent streams.

Novacor Chemicals (Canada) Ltd., Petrochemicals Division, Corunna

Plant Description

Novacor began operation as Petrosar in 1978 to provide feedstocks to the chemical plants located in the area.  It
processes crude oil, condensate, and other feedstocks into materials such as:

� benzene,
� toluene,
� xylene,
� hydrogen,
� ethylene,
� propylene,
� motor gasoline components,
� diesel fuel,
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� furnace oil,
� heavy fuel oil,
� synthetic natural gas, and
� feedstocks for the chemical plants.

The main processes in the complex are atmospheric and vacuum distillation, olefin cracking and separation,
gasoline hydrotreating, and aromatic extraction.  In 1989, the plant processed 11,405 m3/C.D. (calendar day).
Water is supplied to the plant from the St. Clair River at a rate of 17,000 m3/day.

Discharges and Evidence of Toxics

Five sewer systems exist on the site.  They are:

� the chemical sewer,
� the oily water sewer,
� the storm water sewer,
� the sanitary sewer system, and
� the landfarm leachate system.

The average wastewater flow rate measured in 1990 was 6360 m3/day (MOE, 1992g).  Most of this water is
produced by the process units, but about 1800 m3/day is from cooling water blowdown.  There are two discharge
points from the refinery.  Effluents from the chemical sewer and the oily water sewer pass through the wastewater
treatment system to the final effluent ponds.  The sanitary sewers are treated separately, then discharged to both the
final effluent ponds and the oily pond.  Treated effluent from the final effluent ponds is discharged at one outfall to
the St. Clair River.  Storm water and landfill leachate of acceptable quality are discharged to Baby Creek, which
flows into the St. Clair River.  If quality is unacceptable, leachate is first treated in the wastewater treatment
system, and passes through the final effluent ponds before being discharged.

Treated process wastewater is sampled regularly for:

� oil and grease,
� suspended solids,
� ammonia nitrogen,
� total organic carbon,
� phenols,
� flow, and
� pH.

Sulphides and fish toxicity are also monitored regularly.  During the 1989 MISA monitoring program, effluent was
found to be non-toxic to Rainbow Trout.  If US EPA BAT/BPT limits had been applicable to Novacor in 1989, the
facility would have exceeded limits for TSS, oil and grease, total chromium, and sulphides.  Novacor was in
compliance with all of its provincial requirements in 1990 (MOE, 1992f).

Wastewater Treatment

Removal of Oil and Suspended Solids

Water from the chemical sewer undergoes oil separation, equalization, and dissolved air floatation.  The oily water
sewer collects sanitary sewage from the shipping area, rainwater from the process areas and rail and truck loading,
cooling water blowdown, and rainwater from tank dyke compounds.  This waste stream receives the same type of
treatment as that of the chemical sewer in a parallel treatment system.
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Removal of Organics and COD   

After dissolved air floatation, the effluent from the chemical sewer and usually from the oily water sewer
undergoes biological treatment followed by clarification.

Removal of Trace Organics and Solids

The treated effluent may be further treated through four activated carbon filters to remove trace organics and
solids, but this is normally not needed, and the filters may be bypassed. The treated effluent is sent to final effluent
ponds, where trace levels of contaminants may be further removed, after which it may be recycled through the
treatment plant or discharged to the St. Clair River.

Storm Water

Storm water from undeveloped areas is routed to a holding pond which is also used as a fire water storage pond.

Leachate

Leachate from the landfarm can go directly to Baby Creek or to the treatment system if required.
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Sewage

Sanitary sewage is treated on-site by two packaged biological treatment units.  One goes to the oily pond, and the
other to the final effluent ponds.

In-Place Initiatives

Water Usage

� The cooling towers operate at high cycles of concentration, minimizing the volume of blow down which
must be treated in the wastewater system.

� Water conservation studies are on-going.

Reduction of Contaminants

� Zinc and chromate-based chemicals have been voluntarily banned from use as cooling water treatment
chemicals.

� Zinc-containing sludges have been removed from ponds, and the ponds have been lined with an easy-to-
clean membrane.

� Pilot plant work has been conducted on filtration and BIOX performance.
� All sewers are well segregated and the plant is well maintained.

Receiving Water Studies

� Baseline benthic studies were conducted before the plant started up in 1975, and three times since then.
The refinery reports that no impact has been measured.

Training

� Wastewater treatment plant operators undergo a formal training program.
� There are operating targets for each unit in the plant, including the wastewater treatment plant.
� There is a laboratory dedicated to the wastewater treatment plant.

Spills

� Two vacuum trucks are available for cleaning up spills.
� It is not possible for spills to flow from a process area directly to a ditch and then to the river.  Spills can

only drain to a sewer line because the floor of the tank dykes is below ditch level.
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Technical Options

This is a modern plant with good management practices and well maintained equipment.  However, there are a few
options that may be evaluated for improving the environmental performance.

Reduction of Wastewater Flow

The ratio of process wastewater to feedstock at this plant is generally well below accepted values.  Wastewater
flow may be further reduced through:

� conversion to air cooling;
� the reuse of some of the treated effluent for cooling, steam generation, service water, wash water, or

pump gland cooling water; and
� the use of evaporative technology to obtain "zero-discharge" of effluent.

Novacor has examined evaporative technology and does not consider it a viable option due to the technical
challenges and the questionable benefit to the environment.  There is currently insufficient information to
determine whether this technology can be successfully retrofitted into an existing plant.

Reduction of Contaminants

Most contaminants measured in the effluents from Novacor were found at very low concentrations, except for
suspended solids on a few occasions.  Contaminant levels could be further decreased through the use of:

� GAC polishing of final effluent (already in place, but not always used);
� ozone and ozone/UV technologies to remove phenolics; and
� reverse osmosis or ultrafiltration of final effluent.

Many of these technologies have not been demonstrated for use in refineries, and extensive study of their
applicability to any particular facility would be required.

Shell Canada Products Ltd. - Sarnia Manufacturing Centre

Plant Description

Shell's Sarnia Manufacturing Centre comprises an oil refinery and a chemical plant.  The refinery has a crude oil
handling capacity of 10,300 m3/day.  The following products are produced at the plant:

� benzene � toluene
� xylene � diesel fuel
� propane � butane
� stove oil � furnace oil
� hydrogenated aliphatic solvents � isopropyl alcohol
� polypropylene nibs � gasolines
� bunker fuel � sulphur
� aromatic solvents � naphtha mix

The major processes at the refinery/chemical plant are distillation, catalytic cracking, thermal cracking,
hydrocracking, catalytic reforming, solvent hydrogeneration, aromatics extraction, hydrotreating, propylene
polymerization, and propylene hydrolysis.
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Shell takes about 265,000 m3/day of fresh water from the St. Clair River, of which approximately 35,000 m3/day is
pumped to the adjacent Ethyl Corporation.

Discharges and Evidence of Toxics

The sewers at Shell's Sarnia Manufacturing Centre are separated into five systems:

� process wastewater,
� potentially oily once-through cooling water,
� uncontaminated once-through cooling water,
� storm water, and
� sanitary wastewater.

There are three outfalls from the refinery.  Approximately 60,000 m3/day of uncontaminated once-through cooling
water flows directly to Talfourd Creek.  Approximately  163,000 m3/day of potentially oily cooling water
undergoes primary treatment before being discharged to Talfourd Creek through a second outfall.  Process
wastewater, storm water, and sanitary wastewater are discharged at a rate of about 12,000 m3/day to Talfourd
Creek after primary and secondary treatment.  Talfourd Creek flows into the St. Clair River.

Effluent from the biological oxidation unit is tested for suspended solids, ammonia, pH, phenolics, and sulphides.
The pH of the oily water separator inlet stream is measured continuously.  During the 1989 MISA monitoring
program all of the parameters included in the OEQO (See Table 3.7.2) were monitored.  Effluents were found to
be non-lethal to Rainbow Trout.  If the U.S. EPA BPT/BAT limitations had been applicable, the refinery would
have exceeded limits on TSS, oil and grease, sulphides, and COD.  The loadings of oil and grease, ammonia-
nitrogen, and TSS discharged by Shell have decreased by over 80% between 1989 and 1992.

The Certificate-of-Approval specifies that biotreated effluent from Shell Canada must meet certain limits for
volatile suspended solids and phenols.  Storm water must meet limits for volatile suspended solids, phenols, oil and
grease, and ammonia.  The 1990 Direct Dischargers report for Industrial dischargers in Ontario (MOE, 1992f)
reports that Shell was in compliance with its federal and provincial limits in 1988, 1989, and 1990.

Wastewater Treatment

Removal of Oil and Solids

Process wastewaters and storm waters are fed into oil separators.  The water is combined with ballast water and
then sent to the dissolved air floatation (DAF) unit where emulsified oil and suspended solids are further removed.
Potentially contaminated once through cooling water from the heat exchangers is passed through a rectangular API
gravity separator and then sent to Talfourd Creek.  Uncontaminated cooling water is discharged directly.

Removal of Organics and COD

After oil separation and DAF, the process wastewater, storm water, and ballast water are sent to an equalization
basin, and then treated with biological oxidation.  Effluent from the biological oxidation unit is clarified and then
discharged to Talfourd Creek either directly or after passing through the potentially oily water API gravity
separator.  Sanitary sewage is treated in a septic tank and then sent to the biological treatment system.

Sulphides and Ammonia

Sour waters are collected and steam stripped to remove sulphides and ammonia before being combined with other
process wastewater.
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In-Place Initiatives

Reduction of Contaminants

� A third clarifier has been installed for improved TSS removal.
� An API separator was installed to treat potentially oily cooling water.
� An on-going program is in place to achieve 100% sewer segregation.
� Water use reduction programs are underway.
� Process control of the BIOX unit is being completed in 1993.
� On-line leak detection is in place.
� Chromate and zinc chemicals have been eliminated from the cooling tower.

Training

� Formal classroom training at Lambton College is currently conducted for wastewater treatment operators.

Spills

� Shell Canada has a vacuum truck to clean up spills.  A boom on Talfourd Creek can remove spills from
the surface of the water if required.

� Spills can be diverted the storm pond if necessary.

Studies

� Two studies have been performed to assess the performance of Shell's wastewater treatment plant.  They
were carried out to identify opportunities for better process operation and control to improve effluent
quality.

Technical Options

Many of the following technical options have alreay been examined by the plant and eliminated on economic or
technical grounds, while others are planned or currently being implemented.

Reduction of Wastewater Flow

Water usage could be reduced through the following measures:

� replace pump glands with a closed cooling system;
� reuse or recycle stripped sour water, for example, as cooling tower make-up, or make-up for the

Catalytic Reformer Scrubber;
� complete the segregation of sewers so that only storm water falling in process areas is treated;
� convert to 100% air cooling or recirculated cooling water; and
� use evaporative technology to obtain zero-discharge.

Reduction of Suspended Solids

Suspended solids can be decreased through the use of:
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� a polishing pond after the BIOX plant;
� GAC polishing after the BIOX plant;
� reverse osmosis or ultrafiltration of effluent streams; and
� improved control of the BIOX plant.

Reduction of Contaminants

The discharge of contaminants in Shell's wastewater could be reduced using:

� ozone and ozone/UV technologies to remove phenolics and other toxics;
� improved leak detection and spill management practices to reduce toxics in cooling water

discharges;
� improved control of the BIOX plant; and
� granular activated carbon treatment after biological treatment to remove trace contaminants and

some TSS.

Suncor Inc. Sarnia

Plant Description

The Suncor refinery is a conventional petroleum refinery.  In 1989, approximately 11,076 m3/day of crude oil was
processed into the following products:

� benzene � toluene
� xylene � gasolines
� kerosene � jet fuel
� stove oil � diesel fuel
� furnace oil � bunker fuel
� sulphur � asphalt

The refinery processes include atmospheric and vacuum distillation, catalytic cracking, hydrocracking, catalytic
reforming, and aromatic extraction (benzene, toluene and xylene).

Water is supplied to the plant from the St. Clair River at a rate of about 86,000 m3/day.

Discharge and Evidence of Toxics

In 1990, the average process wastewater discharge from the Suncor refinery was 8,168 m3/day, while the total
effluent discharge averaged 104,653 m3/day (MOE, 1992g).  The sewers are separated into four systems:

� once-through cooling water,
� sanitary sewage,
� process water, and
� storm water.

Landfarm leachate is collected in a basin and hauled by truck to the wastewater treatment facility.

The plant has a single outfall near the shore of the St. Clair River.  Process wastewater is tested three times per
week for oil and grease, suspended solids, ammonia, sulphides and total organic carbon (TOC), and is tested once
per day for pH, phenols, volatile suspended solids, and flow.
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During the 12-month MISA monitoring program in 1989, the refinery met the OEQO limits on an averaged basis,
but occasionally exceeded daily maximum limits for ammonia and suspended solids.  If U.S. EPA BPT/BAT limits
had been applicable, the refinery would have exceeded limits for total suspended solids.

Suncor was in compliance with the federal and provincial effluent quality guidelines in 1988 and 1989, however it
exceeded the Ontario guideline for ammonia on one occasion in 1990.  To correct the problem, the company
modified the sour water/ammonia stripping system, and it is now in compliance.

Wastewater Treatment

Solids and Oil Removal

Process wastewater including ballast water and landfill leachate flows to an API separator, followed by a Vertical
Tube Coalescer (VTC) oil separator, and then an equalization basin.  From the equalization basin, the effluent is
sent to an induced air floatation unit.  Once- through cooling water is sent to an API separator before joining
biologically treated process water in the outfall to the St. Clair River.

Removal of Organics, Metals and COD

After the induced air floatation, process wastewater flows to two activated sludge aeration basins in series and then
to clarification.  Clarified effluent is sent to an impounding basin equipped with a rope skimmer to remove any
surface oil.  Treated wastewater is discharged to the St. Clair River if it meets effluent quality standards, or
recycled to the biological treatment system if it does not.  Sanitary sewage is also treated in the aeration basins.

Storm Water

Storm water collected from potentially contaminated areas passes through a separator for removal of oil.  It is then
treated in an induced air floatation unit before being sent to the biological treatment system.  Large flows are
buffered through the use of an equalization basin.  Clean storm water is also sent to the biological treatment system
on a controlled basis.

Sulphides and Ammonia

Sour wastewater is pre-treated by stripping to remove hydrogen sulphide and ammonia.

Removal of Trace Contaminants

The caustic solution used in absorbing off gases during the regeneration of the Catalytic Reformer reactors is
treated for removal of dioxins by filtration through an activated carbon filter.  The aqueous phase is sent to the
wastewater treatment system.

In-Place Initiatives

Water Reduction

� The plant has an on-going program to reduce overall water use.  This includes a study of water flows with
the objective of decreaseing the discharge of process wastewater.

� A sour water recovery system was recently built which will reduce the amount of river water used by 350
m3/day.

� Steam condensate is collected and returned to the steam plant wherever possible.

Reduction of Contaminants
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� Once-through cooling water is kept at a pressure greater than that of the hydrocarbon side of the heat
exchangers so that leaks will not contaminate the cooling water;

� Recirculated cooling water is treated with an organic phosphate treatment system.
� A sensor on the influent to the API separators handling once-through cooling water alerts operators if

there is an oil emission to the system.

Spills

� A vacuum truck is available on site for cleaning up spills.  For spills which reach the St. Clair River, there
is one work boat and one transportation boat to expedite clean-up.

Training

� Wastewater treatment plant operators undergo a two-week training program, and then three to four
months of on the job training as an apprentice.  This training will be augmented by training at Lambton
College.

Technical Options

Reduction of Wastewater Flow

The amount of wastewater discharged from this plant could be decreased by:

� replacing pump glands with a closed cooling system as the flow of cooling water to the pump glands
presently contributes almost 13% to the wastewater flow;

� converting to 100% air cooling;
� using evaporative technology to obtain zero-discharge; and
� completing the segregation of sewers so that only storm water falling in process areas is treated.

Reduction of Contaminants

Effluent is generally of high quality, however contaminants discharged from this plant could be further reduced
through:

� granular activated carbon treatment after biological treatment;
� reverse osmosis and ultrafiltration of effluent streams; and
� ozone and ozone/UV technologies to remove phenolics and other toxics.

3.7.3.2 Inorganic Chemicals

There are 27 plants in the Ontario inorganic chemical sector.  Seven of them lie within the St. Clair River AOC.
They are:

� Cabot Canada Ltd.;
� Terra International Canada (formerly ICI Nitrogen Products);
� Liquid Carbonic, Courtright;
� Partek Insulations Ltd.;
� Praxair Canada Inc. (Union Carbide), Moore Township;
� Praxair Canada Inc. (Union Carbide), Sarnia; and
� Welland Chemical.
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An eighth facility, Standard Aggregate, will be briefly discussed in this section as well.

With one or two exceptions, the eight facilities have very little in common in terms of size, products manufactured,
and wastewater management.  Facilities belonging to the Inorganic Chemical Sector are regulated by their C-of-As
for discharges of contaminants.  Regulated parameters vary from site to site.  A description of each facility follows.

Cabot Canada Ltd.

Plant Description

Cabot Canada manufactures carbon black using the oil furnace process.  Aromatic tars and natural gas are burned
in the presence of air at 1600 �C, producing carbon and hydrogen.  The carbon is separated from the flue gases,
pulverized, palletized and dried before being distributed to customers.  The plant has an annual capacity of
150,000 tonnes.

Chlorinated water is supplied to the plant by Polysar, Sarnia at a rate of 2,227 m3/day.  It is used in the six
scrubbers, in the laboratory, as boiler feed water, as once through cooling water, as process wash water, and is
added to the pelletizing process.

Discharges and Evidence of Toxics

Wastewater produced at Cabot Canada is treated in the wastewater treatment system, and then discharged to the
Kenny St. Ditch and subsequently to the Cole Drain.  In 1989, the effluent flow rate was 2,070 m3/day.
Wastewater includes boiler blowdown, air conditioning cooling water, spent scrubber liquor, laboratory
wastewater, process wash water, and storm water.

Cabot Canada must meet effluent requirements for oil and grease, suspended solids, and phenols.  The 1989
average concentrations were considerably lower than the specified limits.  Effluents were consistently non-toxic to
Daphnia magna, and four out of six trout toxicity tests gave non-toxic results.

During the 1989 MISA sampling program, the following contaminants were observed at elevated levels in the
effluent:

� sulphide;
� oil and grease;
� aluminum; and
� cyanide.

These contaminants were singled out, not because they exceeded C-of-A limits, but because their levels exceeded
those of the facility representing Best Available Technology in Ontario.  In 1992, oil and grease and TSS levels
were below detection limits 90% of the time.

Wastewater Treatment

Solids and Oil Removal

Storm water runoff from the process areas, boiler area, and the boiler blowdown passes through oil containment
booms in storm water collection ditches and gravity oil/water separators.  The oil separator effluent and other plant
effluent is combined and treated with alum slurry enroute to a settling lagoon.  After the settling lagoon, the
wastewater is filtered by gravity through a sand filter.
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Sanitary Waste

Sanitary wastewater is discharged to the sanitary sewer system for treatment at the Sarnia WPCP.

In-Place Initiatives

Wastewater Reduction

Cabot considered using treated plant effluent in the process, in order to achieve zero-discharge.  This option was
reported to be not feasible, however, Cabot may re-evaluate it in greater detail in the future.

Technical Options

Reduction of Wastewater Flow

The amount of wastewater discharged could be decreased by:

� altering the process to eliminate effluents completely; and
� using some of the treated plant effluent in the process.

Oil and Grease

Oil and grease in the effluent could be further reduced using:

� an oil absorption column; and
� Best Management Practices.

Sulphide and Cyanide

An audit of the sources of cyanide and sulphide should be done within the plant.  Further reduction or elimination
of sulphide and cyanide could be achieved using source controls such as:

� improved air emission quality;
� materials substitution;
� Best Management Practices; and
� storm water management.

Aluminum

The aluminum concentration in the final effluent could be decreased using:

� alternative coagulants to alum, such as ferric chloride or a polymeric coagulant;
� additional chemical treatment to form insoluble aluminum complexes that can be removed by

settling/filtration; and
� pH adjustment by acid addition in order to precipitate aluminum.

Terra International Canada Inc. (Formerly ICI Nitrogen Products)

Plant Description
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Terra International Canada Inc. purchased ICI Nitrogen Products in April 1993.  The facility is one of the largest
fertilizer manufacturers in Canada, with a capacity in excess of 1,150,000 tonnes per year.  It produces the
following products:

� anhydrous ammonia;
� urea;
� sulphur coated urea;
� ammonium nitrate;
� ammonium nitrate prills;
� nitrogen solutions; and
� liquefied carbon dioxide.

Ammonia is produced by the reaction of hydrogen gas with nitrogen gas over a catalyst at elevated temperatures
and pressures.  Hydrogen is supplied from natural gas, while nitrogen is supplied from the air.  Carbon dioxide is
formed as a by-product.

Urea is manufactured by the reaction of ammonia with carbon dioxide to form ammonia carbamate, which is then
dehydrated to give a urea solution.  Solid urea is formed by subjecting this urea solution to granulation.  Some of
the urea is then coated with liquid sulphur, to be sold as sulphur coated urea.

Nitric acid is produced by reacting ammonia with air over a catalyst at high temperature to give nitrogen dioxide,
which is then absorbed in water to give nitric acid.

Ammonium nitrate is manufactured by neutralizing ammonia with nitric acid in a reactor to form ammonium
nitrate solution.  The solution is then `prilled' to form solid grains or prills of ammonium nitrate.

The plant uses 171,000 m3/day of water from the St. Clair River for once through non-contact cooling, cooling
tower make up water, wash water, barometric condenser cooling water and boiler feed water.

Discharges and Evidence of Toxics

Sources of wastewater include:

� steam condensate from the ammonia plant;
� wash water;
� spills, leaks. etc.;
� non-contact steam condensates;
� once-through cooling water;
� cooling tower blowdown;
� boiler blowdown; and
� neutralized ion exchanger wastewater.

All of the plant effluents are combined for final discharge to the St. Clair River.  The average wastewater flow in
1990 was 168,977 m3/day (MOE, 1992g).

Terra must meet provincial guidelines for the discharge of dinitrotoluene, fluoride, ammonia-nitrogen, total nitrite
plus nitrate-nitrogen, and phosphorous.  The company was in compliance with its provincial effluent discharge
limits in 1988, 1989, and 1990.  Toxicity data collected during the first six months of the MISA monitoring
program showed that the final effluent was essentially non-lethal.  A comparison was made between U.S. EPA
BAT/BPT effluent limits and effluent loadings from ammonia, urea, nitric acid, and ammonium nitrate
manufacturing.  It was found that U.S. limits were not being met for average and maximum concentrations of
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ammonia and nitrate discharged from the ammonium nitrate plant in 1990.  The maximum estimated loading of
ammonia from the urea plant at Terra was higher than the U.S. limit as well.

Low levels of several priority pollutants were found in in-plant streams, but not in the final combined effluent.
These contaminants include cyanide, phenolics, chloromethane, and chloroform.

Wastewater Treatment

Ammonia Removal

Process condensate from the ammonia plant is treated by steam stripping prior to discharge.  The stripped
ammonia is vented to atmosphere, and the condensate is discharged with the combined plant effluent.  Steam
generated in the ammonium nitrate evaporator at Terra International is removed using a surface condenser.  The
ammonia-rich condensate is recycled into the process.

In-Place Initiatives

Reduction of Nitrogen Loading

An audit of nitrogen sources was carried out in 1989 and followed by changes that resulted in an 80% reduction in
ammonia-nitrogen discharge.

Wastewater Reduction

� Floor washings and contaminated water from the ammonium nitrate prill plant are recovered and
recycled.

� Process waters from the urea plant are recycled and reused in the manufacture of liquid nitrogen
solutions.

� There are no routine process related discharges from the production of nitric acid at ICI.
� Wash water and spills from this area are reused in the production of liquid nitrogen solutions.

Reduction of Toxic Discharges

� The barometric ammonia condenser was replaced by a surface condenser.
� Non-chlorinated biocide has replaced chlorine for cooling water treatment.
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Technical Options

Reduction of Wastewater Flow

The quantity of wastewater discharged from the plant could be improved by:

� evaluating water use in the clay bin washing operation, and either eliminating water use, or reusing
water in the production of products.

Ammonia Removal

Ammonia concentrations in steam stripper effluents could be reduced using:

� ion exchange;
� break point chlorination;
� biological nitrification-denitrification.

Cyanide and Phenolics Reduction

An audit of the possible sources of cyanide and phenolics should be done, and reduction or elimination should be
based on:

� process changes;
� materials substitution; or
� other Best Management Practices.

Spills Control

Implement in-plant controls and Best Management Practices to reduce spills and leaks.

Liquid Carbonic Inc.

Plant Description

Liquid Carbonic produces purified liquid carbon dioxide in a two-stage compression and cooling process.  Water
from the St. Clair River is used for once through non-contact cooling of compression and condensing systems.

Discharges and Evidence of Toxics

There is one discharge point from the plant which includes:

� non-contact cooling water;
� roof storm water;
� treated compressor condensate; and
� treated wash water.

The average flow of combined effluent is approximately 3,000 m3/day.  Effluent discharges to the South Ditch
which flows into the St. Clair River.
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Toxicity data collected during the MISA monitoring period in 1989 showed that effluent from Liquid Carbonic is
non-lethal to rainbow trout and Daphnia magna.  None of the contaminants present in the effluent was found at a
concentration significantly exceeding that of raw water.

Wastewater Treatment

Oil Removal

Compressor condensate and wash water are treated in an oil/water separator prior to being discharged with storm
water and cooling water.

Recent Initiatives

� A burm was installed at the outfall.
� Water use has decreased by 40% since 1989, following a water usage study.
� High/Low alarms are being installed on the oil recovery drum.

Technical Options

Because contaminant levels are so low, this plant is not considered a major source of pollutants requiring technical
improvements

Praxair Canada Inc., Moore Township

Plant Description

Nitrogen gas is produced from air at the Praxair plant (formerly the Linde plant) in Moore Township.  The process
involves air compression and distillation, with the remaining gaseous components being vented to atmosphere.

Cooling tower make up water is supplied by the Sarnia municipal water treatment plant.

Discharges and Evidence of Toxics

Wastewater from the plant includes:

� spills;
� sanitary wastewater;
� cooling water;
� storm water; and
� process wastewater.

Spills and sanitary wastewater are directed to a sanitary sewer and treated through an on-site weeping tile system.
The only process wastewater is 2.7 m3/day of air compressor condensate.  This stream is reused in the plant as
cooling water make up.  Cooling tower blowdown and storm water are combined and discharged to Concession
Road No. 8 Ditch, which eventually discharges to the St. Clair River.  During the 1989 MISA monitoring period,
the effluent flow rate was 12 m3/day.

Effluent was found to be non-lethal to rainbow trout and Daphnia magna during the MISA monitoring period.  A
review of contaminants found in plant effluents indicated that most were probably present in the raw water influent
to the plant.

Wastewater Treatment
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Solids Removal

Cooling tower blowdown passes through a sump to settle some of the solids before mixing with storm water.

In-Place Initiatives

The following practices are in place to reduce the chance for discharge of toxic compounds:
� floor drain hubs are covered;
� a spill response plan is in place;
� the chemical storage area is dyked;
� residual chlorine and bromine have been reduced in the cooling water; and
� a study is underway to use ozone for cooling water treatment instead of chlorine or bromine.

Technical Options

Because of the very low loadings of contaminants from this facility to the St. Clair River, technological
improvements are not a priority.

Praxair Canada Inc., Sarnia

Plant Description

The Praxair plant in Sarnia produces nitrogen gas by extraction from air using a compression and distillation
process.  The remaining gaseous components are vented to atmosphere.  There are three production units on the
plant site.

Cooling water is provided by the Sarnia water treatment plant.
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Discharges and Evidence of Toxics

There are two sewer systems in the plant: the sanitary sewer and the storm sewer.  The sanitary sewer collects
sanitary wastewater, compressor condensate from two of the three units, and spills from all the process buildings.
The sanitary sewer is discharged to the Sarnia municipal WPCP.  The storm sewer collects the following
wastewater:

� Plant #2 compressor condensate;
� cooling tower blowdown;
� storm water runoff;
� roof runoff;
� steam heater condensate; and
� steam condensate from the nitrogen vaporizing pit.

The storm  sewer discharges an average of 173 m3/day to the Cole Drain, which eventually discharges to the St.
Clair River.  Plant #2 compressor condensate is the only process wastewater generated, and has a flow rate of
approximately 2.7 m3/day.

During the MISA monitoring period in 1989, plant effluent was found to be toxic to rainbow trout and Daphnia
Magna, however a review of priority pollutants in the effluent showed no obvious toxicity source.  Subsequent
trout and Daphnia testing have shown no mortality during acute toxicity tests.  Effluents are monitored regularly.
A comparison of contaminant loadings from the Praxair plant with U.S. EPA BAT/BPT limits showed that oil and
grease loadings and pH sometimes exceed recommended levels.

Wastewater Treatment

Solids Removal

Cooling tower blowdown passes through a sump to allow some settling before being sent to the storm sewer.

Oil Removal

Compressor condensate from Plant #2 is treated using a gravity oil/water separator prior to mixing with storm
water and cooling tower blowdown.

In-Place Initiatives

The following pollution control measures are used at Praxair:
� floor drains are kept covered;
� there is a spill response plan in place;
� chemical storage areas are dyked;
� oil/water separators on all floor drains;
� residual chlorine and bromine have been reduced in the cooling water; and
� a study is underway to use ozone for cooling water treatment instead of chlorine or bromine.

Technical Options

Oil and Grease

Oil and grease in the wastewater could be controlled through:

� identification of the source; and
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� implementation of a storm water management program.

Toxicity

� a Toxicity Reduction Evaluation (TRE) should be performed to determine the source of toxicity.

Partek Insulations Ltd.

Plant Description

Partek Insulations Ltd. is located in Sarnia.  It manufactures fibre insulation materials for use as roof and pipe
insulation, insulating boards and blankets, and marine insulation.  Fibre insulation is made by combining dolomite,
slag, coke, and basalt rock, and melting the mixture in a furnace at about 1400 �C.  The molten mixture is blown
into fibres, formed, and a phenolic resin binder is added.  The blown fibre is fired to cure the binder.

Water is supplied to the plant by the City of Sarnia's municipal system, and used for contact cooling, washing, dust
suppression, in processing solutions, and as once through cooling water.

Discharges and Evidence of Toxics

Process wastewater, including contact cooling water, binder room and raw materials wash water, and storm water
runoff from raw materials storage areas, is recycled back into the process.  There is only one outfall which
discharges once through non-contact cooling water at a rate of 31 m3/day.

Effluent was found to be toxic to Daphnia magna and rainbow trout during the 1989 MISA monitoring program.
No obvious sources of toxicity were found in the plant process, but residual chlorine from the municipal water
supply is a probable toxicity source.  Contaminants found in the plant effluent probably originate in the intake
water.
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Wastewater Treatment

Recycle and Reuse

Wastewater is recycled back into the process

Planned Initiatives

The non-contact cooling water effluent will be eliminated in 1993 with the installation of a cooling tower and
complete recycle of cooling water.  This will virtually eliminate emissions from Partek Insulations Ltd.

Technical Options

Reuse of the cooling water, as planned, will eliminate the need for other technical options.

Welland Chemical Ltd.

Plant Description

Welland Chemical Ltd. in Sarnia produces anhydrous aluminum chloride and sodium hypochlorite, and re-
packages liquid chlorine into cylinders.  There is one operating unit for each of the product lines.

Anhydrous aluminum chloride is used in petroleum, pharmaceutical, and other industries.  It is produced by
melting aluminum ingots in a furnace and passing gaseous chlorine through the melt.  The gaseous aluminum
chloride is then condensed and crystallizes on the condenser walls.  The crystals are crushed, screened, and
packaged.

Sodium hypochlorite solution is produced by combining residual chlorine, caustic, and water.

Liquid chlorine is received in tank cars and re-packaged into smaller cylinders for sale.

Water is supplied by the Sarnia municipal water supply for equipment washdown, steam generation, and sanitary
purposes.  The use of municipal water for non-contact cooling ended in 1992.

Discharges and Evidence of Toxics

Wastewater comes from three main sources:

� sanitary wastewater;
� process wastewater; and
� surface runoff from the aluminum chloride unit and plant property.

Until 1992, once-through cooling water was another source of wastewater, however it has been eliminated through
the installation of air-cooled compressors.

Sanitary waste goes to an on-site septic system.

Process wastewaters from the chlorine filling unit and the sodium hypochlorite unit are discharged to Lagoon #2
(East lagoon) which is transferred into Lagoon #1 (West lagoon) for treatment.  Wastewater from the aluminum
chloride unit (comprised of wash water and water from floor drains) and surface runoff are collected in the on-site
drainage and holding tank system and transferred to the Lagoons for treatment.  After treatment and analysis to
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ensure compliance with MOEE guidelines, the Lagoon #1 is periodically discharged to the Scott Road Ditch.  The
MOEE gives approval prior to each Lagoon discharge, based on the results of the analysis.

The storm water collection system discharges to the Scott Road ditch from two outfalls.  The ditch drains to
Talfourd Creek, and eventually flows to the St. Clair River.

Toxicity data collected during the 1990 MISA monitoring program showed that effluents from all five discharge
points which existed at that time (three cooling water and two lagoon discharges) were toxic to Daphnia magna
and to rainbow trout.  Moreover, a single test carried out on the municipal intake water to the plant showed that it
too was toxic.  Toxicity in the intake water and the cooling water was thought to be due to residual chlorine.  The
sources of toxicity in the lagoon effluents were probably chlorine, aluminum, and sulphide.  In 1992, one of the
original lagoons, the South Lagoon, was taken out of service, and once-through cooling water was eliminated by
conversion to air-cooling.  Lagoon #1 became the sole wastewater discharge point.  Effluent discharges from
Lagoon #1 were found to be non-lethal in 1992.

Other contaminants found in the plant effluents in 1990 were:

� chloride;
� phenols;
� cadmium; and
� chlorinated organics.

Following improvements in wastewater handling and treatment, two MOEE studies in 1992 indicated significantly
decreased levels of the above contaminants.  For example, cadmium was found to tbe virtually non-detectable, and
phenolics decreased by almost 90%.

Wastewater Treatment

New Treatment System

Welland Chemical recently replaced the South Lagoon with concrete holding tanks from which collected
wastewater is pumped to Lagoon #1 for treatment.  Lagoon #2 collects wash waters from the hypochlorite plant
and from chlorine cylinder washing before discharging into Lagoon #1 for neutralization and treatment.  In Lagoon
#1, wastewater is neutralized with lime or hydrochloric acid, and residual chlorine is removed by treatment with
sodium metabisulphite.  Most of the solids are settled prior to discharge, and an in-line filtration system removes
residual solids during discharge.  Solids accumulated in the Lagoons will be analysed, classified, and disposed of
in an appropriate manner as required.

Initiatives

Reduction of Contaminants

� The new wastewater treatment system started up in 1992.  A 1992 study by the MOEE showed that
phenols, cadmium and chlorinated organics had been reduced to trace levels, possibly due to the new
treatment system and changes in practices.

� Sulphide is being eliminated by its reaction with chlorine in the new treatment system.
� Aluminum and trace metal concentrations have decreased (probably through precipitation) by adjusting the

pH of the Lagoon contents.

Water Usage

Compressors were converted to air cooled, reducing water consumption and the toxicity from residual chlorine.
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Technical Options

Phenols Reduction

The low levels of phenols present are probably associated with the small amounts of oil and grease which are
present in the effluent.  Oil and grease could be best controlled at this facility through:

� an audit of sources; and
� Best Management Practices for source control.

Chlorides  Reduction

Chlorides can be removed using:

� reverse osmosis, ion exchange, or electrodialysis to preconcentrate the waste stream, followed by
further concentration using vapour compression evaporation or steam-driven evaporation;
crystallization of the concentrated waste stream using spray dryers or equivalent; disposal of the
resulting solids; and

� a review of process operations to identify strategies for controlling the degree of contamination of
wash waters.

Reduction of Wastewater Flow

An evaluation should be made of the possibility of recycling treated effluents back into the process to reduce water
usage and wastewater flow.

Standard Aggregate

Plant Description

Standard Aggregate is a sand and gravel handling and transfer station located on the St. Clair River.  Discharges
from this facility are not considered to be significant and, as such, have not been addressed herein.

3.7.3.3 Organic Chemicals

The organic chemical sector in Ontario is comprised of 27 plants,  11 of which are located in the St. Clair River
AOC.  The 11 plants are:

� AKZO Chemicals Ltd.;
� AMOCO Canada Resources Ltd.;
� BASF Canada Inc.;
� Chinook Group Ltd.;
� Dow Chemicals Canada Inc.;
� Dupont Canada Inc.;
� Ethyl Canada Inc.;
� Imperial Oil, Chemicals Division (formerly Esso Chemical);
� Novacor Chemicals Ltd., Mooretown;
� Novacor Chemicals Ltd., Styrene I & II; and
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� Polysar Ltd.

Effluent Limits in Ontario

Companies producing organic chemicals are generally regulated through their Certificates of Approval.  Limits are
established on a site specific basis for parameters such as phenols, suspended solids, total organic carbon, oil and
grease, and ammonia.  Regulations will be developed by the MOEE as part of the MISA program (MOE, 1986b,
MOE, 1992e).

The following section describes the companies in the Organic Chemicals Sector which are located in the St. Clair
River AOC.

AKZO Chemicals Ltd., Sarnia

Plant Description

AKZO Chemicals is located south of Sarnia, about 1 km from the St. Clair River.  The plant produced the
following products:

� quaternary ammonium salts;
� tallow imidazoline; and
� amides.

  It has been shut down since 1992.
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AMOCO Canada Resources Ltd.

Plant Description

The AMOCO Sarnia plant produces mainly propane, isobutane, n-butane, and condensate from natural gas.  Much
of the processing is done with distillation columns and condensers.  Some isomerization of butanes is also carried
out on site.  Feed stocks and product are stored in underground salt caverns.

Hydrocarbon streams at this facility operate in a closed loop and do not contact water, so that no process
wastewater is generated.

Discharges and Evidence of Toxics

A combined process and storm water sewer collects equipment washdown water, cooling tower blowdown, and
stormwater runoff from the processing area.  This stream is sent to an API oil/water separator, and then discharges
into the Cole Drain which in turn discharges to the St. Clair River.  The average flow in 1989 was 377 m3/day.
Storm water runoff from undeveloped parts of the facility is collected and discharged directly to the Cole Drain.
Sanitary sewage is collected and discharged to the municipal sewer.

During the MISA monitoring program, the plant's combined final effluent was non lethal to rainbow trout and
Daphnia magna.  Contaminants detected at elevated levels, relative to other facilities, in effluent from the API
separator include:

� COD;
� aluminum;
� molybdenum;
� 1,2-dichlorobenzene; and
� benzene.

Wastewater Treatment

Removal of Oil and Suspended Solids

Effluent from the combined process and stormwater sewer flows into a surge pond, and then undergoes oil/water
separation in an API separator.

In-Place Initiatives

Reduction of Contaminants

A waste audit study is currently underway to identify contaminant sources.  This will provide  a foundation for
evaluating the various treatment options available.  Factors being monitored in the study include:

� contaminant source;
� contaminant concentration; and
� stream volumetric flow.

A leak abatement program is underway to minimize contamination of surface runoff by leaking process valves.

Technical Options

Removal of Organics and Metals
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This may be accomplished using:

� multimedia filtration; and
� granular activated carbon treatment.

Elimination of Molybdenum

Implement Best Management Practice to reduce/eliminate at source.

BASF Canada Inc.

Plant Description

BASF Canada Inc. manufactures liquid dispersants used in the pulp and paper, textile, flooring, and adhesive
industries.  The facility consists of two plants:

� the Number 1 Plant is used for loading rail cars, tank cars, and drums; and
� the Number 2 Latex Plant is situated at the north end of the property and serves as the main

manufacturing facility for styrene-butadiene latex.

Latex is made in a batch process using a mixture of styrene, butadiene, water, and chemical additives.  The
monomers are converted to polymerized latex in agitated, cooled reactors.  Unreacted styrene and butadiene are
stripped from the product and incinerated off site.

Water is supplied to the plant from the St. Clair River via a neighbouring plant at a flow rate of approximately
5,500 m3/day.

Discharges and Evidence of Toxics

There are four sewer systems in the plant:

� the process sewer;
� storm water and cooling water from Number 1 plant;
� storm water and cooling water from Number 2 plant; and
� the sanitary sewer.

There is currently no water, wastewater, or process effluent treatment on the BASF site, however a primary
treatment facility will start up in June 1993 to remove rubber.  The effluent will then be sent by pipeline to Polysar
for biological treatment.  Spent cooling water and storm water are discharged to the Cole Drain from outfalls at
Number 1 Plant and at Number 2 Plant.  The effluent flow from Number 1 Plant is approximately 150 m3/day, and
the flow from Number 2 plant averages 5,200 m3/day.  Sanitary sewage is discharged to the municipal sanitary
sewer system.

Toxicity data indicated that the plant's two discharges to the Cole Drain are not acutely lethal.  Contaminants
detected at somewhat elevated levels during the MISA monitoring program in 1990 included:

� acrylonitrile;
� styrene; and
� oil and grease.
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Acrylonitrile and styrene were detected in the spent cooling water effluent from Number 2 Plant, while oil and
grease were found in the stormwater.  Oil and grease is thought to originate from a non-point source.

Wastewater Treatment

Beginning in June 1993, a primary treatment facility will remove rubber from BASF's process effluent, which will
then be piped to Polysar and biologically treated.

In-Place Initiatives

Reduction of Water Usage

On-going water conseravtion programs have decreased water usage and discharge by almost fifty percent since
1990.  Further reductions are planned.

Reduction of Contaminants

The non-contact cooling water was examined for sources of contaminants, and several process-related
improvements were instituted between July 1990 and November 1992.  From July to September 1990, acrylonitrile
concentrations decreased by 50%.

Testing of effluents and influent streams is currently underway.  Preliminary results show that acrylonitrile and
styrene are present in non-contact cooling water at levels less than or equal to levels in the intake stream.  Oil and
grease was found in stormwater at 1 - 2 ppm.

A new vertical condenser was installed in November 1992 with the water at a higher pressure than the process
stream.  This practically eliminates the opportunity for clean cooling water to be contaminated by process liquids.

Technical Options

Reduction of Oil and Grease

� Best Management Practices (BMP); and
� improved leak and spill response plan.

Chinook Chemicals Company

Plant Description

The Chinook plant, located south of Sarnia near Sombra, produces:

� monomethylamine;
� dimethylamine;
� trimethylamine;
� dimethylformamide; and
� choline chloride.

Methanol and ammonia are reacted under high pressure and temperature to produce monomethylamine,
dimethylamine, and trimethylamine.  After the reaction is completed, the unreacted materials are recycled.  The by-
product water is separated from the amines by distillation.
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Dimethylformamide (DMF) is formed by reacting dimethylamine and methyl formate.  The reaction is
spontaneous, and heat-generating.  The product stream contains methanol and DMF which are separated by two
stages of distillation.

Choline chloride is produced in a batch process in two steps.  In the first step, anhydrous trimethylamine is reacted
with aqueous hydrochloric acid.  In the second step, ethylene oxide is added to the reactor to produce choline
chloride.  Choline chloride is used as a vitamin supplement for poultry.

Water is pumped to the plant from the St. Clair River at a rate of 820 m3/day.  It is filtered, chlorinated and
softened before being used as boiler makeup, cooling water makeup, and sanitary water (except for drinking
water).
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Discharges and Evidence of Toxics

There are three types of sewers in the plant:

� a combined process and storm sewer;
� a cooling water sewer; and
� a sanitary sewer.

The combined process and storm sewer discharges to a holding pond where it is treated with chemicals and then
either used as spray irrigation water (summer), or discharged to the St. Clair River (winter).  The approximate flow
is 0.2 m3/day.

The cooling water sewer contains cooling water blowdown, boiler blowdown, and sand filter backwash.  This
stream is discharged directly to the St. Clair River without treatment at a flow rate of about 134 m3/day.

Sanitary sewage goes to a septic system and then to a tile bed under the front lawn of the plant.

Toxicity data collected in 1989 showed that the cooling water effluent is acutely lethal to both rainbow trout and
Daphnia magna.  A Toxicity Investigation Evaluation (TIE) is underway to determine the source of the toxicity.
Analysis of the effluent showed elevated concentrations of:

� COD;
� some metals;
� some chlorinated organics; and
� some organics.

Wastewater Treatment

Zero-Discharge

In the summer, there is no discharge of process wastewater to the St. Clair River, because it is sprayed on an on-
site irrigation field.

In-Place Initiatives

Chinook has carried out the following studies in an effort to improve effluent quality:

� improved aeration of collected rainfall water holding pond;
� a Toxicity Investigation/Evaluation to determine toxicity sources;
� UV/ozone treatment for organics removal; and
� a groundwater and soil survey.
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The following process changes are planned at Chinook:

� a revision of the Dimethylformamide process to reduce contaminants in the final discharge streams;
and

� the implementation of a new Methylamine production technology.

Technical Options

Reduction of Organics and Metals

Organics and metals can be removed through:

� biological treatment of the cooling water effluent;
� ozone/ultraviolet treatment of wastewater; and
� treatment with granular activated carbon (GAC) followed by multimedia filtration.

Dow Chemical Canada Inc.

Plant Description

The Dow Chemical plant at Sarnia is an integrated inorganic and organic chemicals producer with ten separate
production units, a research laboratory, a tank car washing station, a biological wastewater treatment facility, and a
power plant.  Most of the units were built prior to 1960, and updated since then.  Principal products and
intermediates include:

� chlorine;
� sodium hydroxide;
� hydrochloric acid;
� ethylene dichloride;
� vinyl chloride;
� propylene oxide derivatives;
� ethylbenzene;
� styrene and polystyrene;
� high and low density polyethylene;
� styrene/butadiene latexes; and
� DerakaneTM, a family of epoxy resins.

The Caustic, Chlorine II, solvents, and Chlorothene plants have been permanently shutdown, All other units related
in any way to chlorine chemistry - proplylene oxide, vinyl chloride, and Chlor Alkali I will be shut down by June
1993.  After 1993, Dow, Sarnia will no longer manufacture chlorine, sodium hydroxide, hydrochloric acid,
ethylene dichloride, vinyl chloride, propylene oxide derivatives, nor styrene/butadiene latex.  The latex plant is
being converted to acrylic latex, and will start up in 1993.

Dow uses about 818,000 m3/day of water from the St. Clair River for cooling and processing purposes.

Discharges and Evidence of Toxics

Effluents are currently discharged from the site through six outfalls.  The 42 Inch outfall to the St. Clair River
(MISA control point CO 0200) was shut down in 1992.  The remaining outfalls are:

� 54 Inch Sluice Outfall to the River (CO 0500);
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� 2nd Street Outfall to the River (CO 0600);
� 3rd Street Outfall to the River (CO 0700);
� 4th Street Outfall to the River (CO 0900);
� 48 Inch Outfall to the River (OT 0300); and
� 5th Street Outfall to the River (OT 1000).

The wastewater flow from each of the outfalls is shown in Table 3.7.3.  The average combined wastewater flow in
1990 was 964,216 m3/day.  The six outfalls were tested for toxicity in 1990 and determined to be not acutely lethal
to rainbow trout or to Daphnia magna.  Contaminants found in elevated concentrations in the outfalls include:

� organic pollutants;
� oil and grease;
� boron; and
� zinc.

Contaminants found in elevated concentrations in in-plant streams include Volatile Organic Compounds (VOCs)
and metals.  Other contaminants of concern were:

� COD;
� octachlorodibenzo-p-dioxin;
� octachlorodibenzofuran;
� phenolics; and
� dissolved solids.

Dow was in compliance with its provincial guidelines for phenols, pH, suspended solids, and Total Organic
Carbon (TOC) in 1988, 1989 and 1990.

Wastewater Treatment

Neutralization

Scrubber water and stormwater are collected and sent to a neutralization pit prior to discharge wherever required.



2763.1

3.7.44

Removal of Chlorinated Organics

Potentially contaminated stormwater is collected and treated in the Chlorinated Products Ecology Centre (CPEC).
The treatment process involves, sodium sulphite reduction, pH adjustment, and distillation to remove the
chlorinated organics.  The objective is to maintain a concentration of less than 2 mg/L of any chlorinated organic in
the still bottoms.  If the bottoms meet the specifications, they are discharged to a holding pond and then to the 4th

Street sewer.  The overheads are returned to the process.

Oil and Hydrocarbon Removal

The wastewater from the production of ethylbenzene is directed to an oil/water separator.  The recovered oil is sent
to the power plant for combustion, and the water phase is processed in a distillation column and then sent to the
BIOX plant.  Wastewater generated in the production of styrene is directed to the same distillation column.  The
oil stream passes through a distillation train to remove light hydrocarbons.  The heavier organics in the still
bottoms are sent to the power plant.

Steam stripping used to take place in the latex plant, but the styrene/butadiene process has been discontinued and
the plant is being converted to an acrylic latex process.  There is no longer a steam stripping operation at this plant.

Removal of Organics and COD

Wastewater from many parts of the site is ultimately treated in Dow's BIOX treatment facility.  The facility consists
of an equalization tank, and an activated sludge treatment system.  The BIOX system used to treat wastes with a
relatively high concentration of salts, but with the shutdown of the propylene oxide plant, the majority of the salt
loading will disappear.

Planned Initiatives

Dow is currently implementing a multi-million dollar River Separation Project, with the objective of ultimately
removing the plant from direct contact with the St. Clair River.  The key components of this project are:

� separation of non-contact cooling water (NCCW) from storm water collected inside the battery
limits of each processing unit
- NCCW will be piped to combined NCCW and storm water sewers outside the process area
- collected surface water will be tested before being treated or discharged
- this will reduce the likelihood of a spill reaching the combined sewers;

� assessment of the risk of spills from each of the water-cooled heat exchangers; and
� reduction of the process wastewater by recycling and reusing as much water as possible.

Technical Options

Reduction of Organics

� multi-media filtration of various in-plant streams, as well as the Scott Road treated runoff; and
� Granular Activated Carbon (GAC) treatment of final effluent, Scott Road treated runoff and in-plant

streams.

Reduction of VOCs

� steam stripping of high VOC streams; and
� GAC treatment of final effluent or in-plant streams.
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Removal of Metals

� chemical precipitation; and
� multimedia filtration.

Boron Reduction

Boron reduction will probably have to be accomplished through Best Management Practice to eliminate sources.

Total Dissolved Solids

� evaporation of in-plant streams;
� membrane processes;
� electrodialysis; and
� vapour compression distillation of BIOX plant effluent.

Oil and Grease

� Oil separation of Scott Road treated runoff to the St. Clair River in an API separator

Reduction of Chlorinated Dioxins/Furans

� GAC treatment of effluent will remove chlorinated dioxins and furans.
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DuPont Canada Inc.

Plant Description

The DuPont Canada Inc. plant at Corunna manufactures a complete range of low to high density linear
polyethylene resins using a modified Ziegler process. There are two parallel production lines using the same
technology.  Initially ethylene and cyclohexane are combined with a coplymer, butene or octene.  The solution
reacts in the presence of a catalyst under moderate pressure.  The product is refined in several stages and then the
molten polyethylene is transferred to the extruders for finishing.  In the finishing process, the polymer is extruded
through a die and pelletized.

In addition to producing polyethylene resins, Dupont has a small facility for the production of modified polymers.
Modified polymers are made by combining various pellets or powders, melting them and extruding.

The plant produces about 220,000 tonnes of product per year.  Water is supplied to the plant from the St. Clair
River at a flow rate of about 48,600 m3/day.

Discharges and Evidence of Toxics

In the process and storage areas, there are three sewer systems:

� the flooded sewer system;
� the overhead sewer system; and
� the storm sewer system.

The overhead sewer system contains non-contact cooling water.  Volatiles that may be present are vented to the
flare stack.  The flooded sewer system collects all the wastewater streams from the hydrocarbon processing area,
with the exception of storm water.  The flooded sewer and the overhead sewer are combined before being
discharged to a skimming pond.  The storm sewer system mainly collects wastewater from the finishing area,
surface runoff, boiler blowdown, equipment washwater, and once-through cooling water.  There is a single outfall,
with an average flow of 55,465 m3/day in 1990, to the St. Clair River.  About 97% of this flow is non-contact,
once-through cooling water.

Toxicity data collected during the 12-month MISA sampling program showed that the effluent was not acutely
lethal to Daphnia magna or rainbow trout.   Most contaminants were found at concentrations as low as or lower
than comparable plants in North America.  An exception was the level of octachlorodibenzodioxin.

Dupont was in compliance with provincial guidelines for the organic chemical sector in 1988, 1989, and 1990.
Dupont must meet a phenols limit of 20 ug/L.
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Wastewater Treatment

Removal of Hydrocarbons

Highly contaminated wastewater is disposed of by Laidlaw Environmental Services.  Contaminated steam from
polyethylene steam injection is sent to a decanter and disengaging drum to separate hydrocarbons from wastewater.
All of the wastewaters produced pass through a final skimming pond.

Removal of Solids

The storm sewer wastewater is directed to the pellet removal pond prior to the final skimming pond.  The pellets
removed by this process are collected, cleaned and sold.

pH Control

Wastewater from the Extruder No. 2 vacuum pump is neutralized with sodium bicarbonate prior to discharge to the
storm sewer system.

Sanitary Sewage

Sanitary wastewater is discharged to the Town of Corunna WPCP.

In-Place Initiatives

Water Usage

Recycled water is used through the underground pelletizer, screener, and spin dryer units in the finishing area.
Water use reduction is hampered by the corresponding increase in effluent temperature.

Contaminants

Effluent from a collection box is tested for cyclohexane four times per day to detect leaks.  The final effluent is
sampled once per hour for volatile organics by an on-line analyser.  Improvements have been made to pump seals,
making them more reliable.  Containment curbs have been constructed around critical pumps.

A study was conducted to determine the sources of dioxin in DuPont's effluents.  It was found that detectable
dioxin levels were associated with storm events, and that dioxins could be found in muddy storm water runoff from
fields and in municipal ditches remote from the plant site.  Another study linked total suspended solids
exceedences to storm events.  Dupont reports that the quantity of solids leaving the plant is only three percent
greater than the load entering the plant.

Spills

� There is a spill response plan in place so that the source of a leak or a spill can be determined
quickly; and

� All hydrocarbon storage areas are dyked.

Training

The operators follow a formal set of standard operating procedures which include spill control.

Technical Options
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Reduction of Organic Contaminants

� install multi-media filtration on the pellet removal pond effluent to reduce the concentration of
contaminants in that wastewater stream.

Reduction of Wastewater Flow

� The amount of wastewater generated could be decreased by separating process wastewater from
cooling water lines.

Ethyl Canada Inc.

Plant Description

Ethyl Canada is located in Corunna, along the St. Clair River.  It consists of 4 major production units:

1. Lead Antiknocks - Tetramethyl lead (TML); Tetraethyl lead (TEL); mixed TML/TEL;
2. Ethyl chloride (EtCl);
3. Diesel ignition improvers (DII); and
4. Industrial chemicals.

The lead antiknock process consists of alloying lead with sodium, followed by reaction with ethyl chloride or
methyl chloride.  The product is steam distilled, filtered, and combined with ethylene dichloride or ethylene
dibromide to yield the antiknock compound.

The ethyl chloride process involves the reaction of hydrogen chloride with ethylene in the presence of a catalyst.

In the DII Unit, 2-ethylhexanol or hexanol is nitrated with mixed nitric and sulphuric acids.  The product stream is
centrifuged, separated, and treated with caustic.  The resulting product is dried and filtered.

The Industrial Chemicals Unit involves blending and repackaging operations only.

Water is supplied to the plant from Shell, Corunna.

Discharges and Evidence of Toxics

There is only one outfall for storm, cooling, and process wastewaters.  Its flowrate averages 38,200 m3/day.
Process wastewater is generated from the TML/TEL units, the EtCl unit, and the DII unit.  Wastewater from the
TML/TEL unit comes from the:

� lead recovery furnace scrubber water;
� steam still condensate;
� lead recovery furnace dryer vacuum jet; and
� air sample vacuum system water.

The main source of wastewater from the DII unit is water used in the fume scrubber.  A small amount of caustic is
used to wash the nitrated product.  These two streams are discharged to the neutralization pit along with
wastewater from the EtCl unit.

High levels of the following contaminants were found in the neutralization pit effluent during the 1990 MISA
sampling program:
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� aluminum;
� copper;
� lead;
� nickel;
� zinc;
� 1,1-dichloroethane;
� chloromethane;
� methylene chloride;
� 1,2-dichloro-ethane;
� toluene; and
� chloroform.

The TEL process effluent was found to contain high levels of:

� COD;
� aluminum;
� lead;
� boron;
� 1,2-dichloroethane;
� chloromethane;
� methylene chloride; and
� toluene.

The final effluent contained elevated levels of:

� aluminum;
� lead;
� 1,2-dichloroethane;
� methylene chloride; and
� toluene.

In 1986, it was found that Ethyl was responsible for 66% of the lead discharged from all sources to the St. Clair
River.  The loadings of lead discharged by Ethyl have decreased substantially since that time; from 19.1 kg/day in
1989, to 8.3 kg/day in 1990, and an estimated 5 kg/day in 1993.

Ethyl Canada must meet provincial discharge limits for:

� diesel ignition improver;
� total lead;
� 1,2-dichloroethane;
� 1,2-dibromoethane;
� 1,1-dichloroethylene; and
� alkyl lead.

Although Ethyl was in compliance with these limits in 1988, 1989, and 1990, effluents were found to be acutely
lethal to Daphnia magna and rainbow trout in the 1989 MISA sampling program.  The lethality was traced to
chlorinated cooling water, and a dechlorination system has since been added.  Ethyl's new C-of-A specifies a total
lead limit of 120 �g/L, a significant decrease from the previous target of 500 �g/L.  The plant reports that new limit
is currently being met.



2763.1

3.7.50

Wastewater Treatment

Lead Antiknock (TEL/TML) Unit Effluent

A new wastewater treatment system started up in the last quarter of 1992 to treat effluent from the TEL/TML unit.
Lead recovery furnace scrubber water and blowdown are directed to a recycle lead reservoir (sludge pit) for the
settling of solids, while steam condensate is recycled and reused.  Effluent from the sludge pit is then treated in the
wastewater treatment plant.   The treatment plant includes:

� a mix tank for adding sodium borohydride, polyelectrolyte, and ferrous sulphate;
� a Lamella solids settler;
� secondary clarifier with built in flocculator;
� an air stripper to remove VOC's; and
� hold-up tanks for testing effluent prior to discharge.

Solids from the Lamella settler and the secondary clarifier are recycled back into the process.  If the effluent
quality in the hold-up tanks is unacceptable, the effluent is sent back through the wastewater treatment process.  If
the effluent meets standards, it is discharged to the plant combined sewer system.

EtCl and DII Production Effluent

Effluent from the EtCl and DII production is treated in an API oil-water separator.  After removal of oil, the
effluent is neutralized in a limestone pit and discharged to the combined sewer system.

In-Place Initiatives

Reduction of Toxics

� Dechlorination facilities were installed to treat cooling water; and
� A new wastewater treatment system for the lead antiknock process water was designed and installed in

1992, reducing lead and VOC discharges significantly..
� The ethyl chloride production unit is scheduled to shut down on May 15, 1993, drastically reducing the

aluminum and VOC loadings in Ethyl's wastewater.

Training

� Wastewater treatment plant operators receive on the job training under the guidance of an experienced
operator.

Water Usage

� Wastewater is extensively recycled, with about 65% of it being reused in the process.

Technical Options

Metal Removal

A further decrease in the concentration of metals discharged from Ethyl could be achieved by decreasing the
amount of effluent discharged.  This would require:

� further recycle of in-plant streams;
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� reuse of treated effluent as process water.

These options have been evaluated by Ethyl and are thought to be technically unfeasible at the present time due to
the build-up of contaminants in the process as more water is recycled.

Organics Removal

The quantity of organics discharged by Ethyl could be decreased by:

� Best Management Practices for storm water and cooling water;
� multi-media filtration of effluent from limestone pit;
� multi-media filtration of overflow from the secondary clarifier; and
� GAC treatment of final treated effluent.

Ethyl studied the possibility of implementing GAC and/or multimedia filtration, but decided it was unnecessary at
this time since effluent quality currently surpasses C-of-A requirements.

Imperial Oil Chemicals Division, Sarnia

Plant Description

Imperial Oil Chemicals Division, Sarnia, operates manufacturing units within the Imperial Oil Products Division,
Sarnia Refinery, as well as on a separate site east of the refinery.  Currently the Chemicals Division operating
plants, known as Area #3 operating plants, include the Polyvinyl Chloride (PVC) Resin Manufacturing Plant, the
Polyethylene Resin Manufacturing Plant (SPEP), and the Aromatics Plant (ARIS).  Products manufactured at
Imperial Oil Chemicals Division include:

� polyvinyl chloride (PVC);
� high density and medium density polyethylene (HDPE and MDPE);
� naphthas;
� lube oil additives;
� C5 to C15 olefins;
� aromatics; and
� ethylene and propylene.

The PVC Plant has the ability to produce various grades of PVC resin.  The resin is made by combining vinyl
chloride monomer (VCM) with water, surfactants, reaction initiators, and other compounds in agitated reactors
where VCM is polymerized to PVC.  The slurry is degassed and stripped to remove unreacted compounds for
recycle, and then it is dried in centrifuges and driers.

The Sarnia Polyethylene Plant (SPEP) produces both medium and high density polyethylene using UNIPOL
technology.  The facilities include raw materials supply and purification, catalyst preparation, reaction, resin
degassing and cooling, additive addition, resin transfer and storage, resin pelletizing, and resin loading and
shipping.

The Aromatics Plant (ARIS) produces high purity benzene, toluene, and xylene as its principal products.
Secondary products are returned to the other site operating units for further upgrading to finished products.  The
three main processing steps in the ARIS are as follows:

� Liquid-liquid extraction - separation of the aromatic from the non-aromatic hydrocarbons;
� Clay Treating - removal of trace quantities of olefins and di-olefins; and
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� Fractionation - distillation.

Water is supplied from the St. Clair River via Imperial Oil Products Division at a rate of 17,000 m3/day.

Discharges and Evidence of Toxics

Area #3 has five separate sewer systems.  They are:

� Chemical Sewer;
� Oily Wastewater Sewer;
� Uncontaminated Surface Water;
� Clean Wastewater Sewer; and
� Sanitary Sewer.

All sanitary waste is discharged to the sanitary sewers and treated at the Sarnia WPCP.

Concentrated chemicals and highly contaminated wastewater in the ARIS unit is sent to the chemical sewer.  The
wastewater collected in the chemical sewer is directed back through the processes whenever possible.  If it is not
possible to reuse this wastewater, then it is either sent for recovery/treatment at the BIOX treatment plant, or to
Laidlaw for disposal.

The oily wastewater sewer passes through an API separator before flowing into the oily impounding basin.  After
several stages of wastewater treatment, the wastewater flows to the clean impounding basin.  The clean wastewater
sewer flows directly to the clean impounding basin.

Uncontaminated surface water from undeveloped areas is discharged to the county ditch which flows into the St.
Clair River.  Potentially contaminated stormwater from process areas is sent to the oily wastewater sewer system.
The rest of the stormwater is sent to the clean wastewater sewer system.

There is only one discharge point to the St. Clair River.  Effluent is pumped from the clean water impounding
basin via a pressure sewer to the St. Clair River.  The outfall is approximately 60 m from shore.

Most of the process water and storm water from the Polyethylene Plant (SPEP) are routed to a SPEP retention
pond.  Resin is collected from the pond, and the wastewater flows to the clean wastewater sewer system.  The PVC
wastewater stream is directed to the clean wastewater sewer, and then to the clean water impounding basin.  This
stream is tested for VCM.  Other contaminants are monitored at the discharge point to the St. Clair River.

MISA monitoring at Imperial Oil Chemicals from 1989 to 1990 showed that the final effluent contained
contaminants including the following:

� hexachlorobutadiene;
� vinyl chloride;
� zinc; and
� Benzene, toluene, and xylene (BTX).

Toxicity data collected for the MISA program showed that the Area #3 effluent was toxic to Daphnia magna on
one occasion.  A retesting of that sample gave a non-toxic result.  As a result, consistent with the MISA protocol,
the sample is considered non-toxic.  One year of subsequent testing showed the effluent to be consistently non-
toxic to Daphnia magna.  No probable causes for toxicity were noted.  Imperial Oil Chemicals Division is subject
to provincial limits for suspended solids, total phenolics, oil and grease, and ammonia-nitrogen.  It was in
compliance for all of its limits in 1988, 1989, and 1990 (MOE, 1992f).
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Wastewater Treatment

Removal of Hydrocarbons

Water from the oily wastewater sewer is pumped to two circular oil/water separators.  Any free hydrocarbon would
be pumped to the waste oil system for reprocessing.  The water from the separators flows to the oily water
impounding basin, where any remaining free oil is allowed to separate.  Wastewater from the oily water
impounding basins flows by gravity through dual media filters.  The effluent from the filters passes through an
activated carbon contactor, and then flows to the clean water impounding basin, which discharges to the St. Clair
River.

Storm Water

Stormwater from potentially contaminated areas is sent to the oily water impounding basin and then through the
treatment process.
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Spills

In the case of a significant spill, the discharge to the St.Clair River is shut down, and flow from the oily water
impounding basin is stopped.  The contaminated water is then routed to and stored in the oily water impounding
basin and the holding pond.  When the filters and carbon contactor are restarted, water from the impounding basin
and the holding pond is slowly processed through the treatment system.

In-Place Initiatives

Spill Control

� Area #3 uses on-line monitoring and on-site laboratories to quickly analyze for spill contaminants.
� There is an investigation after every `incident'.
� Area #3 has a `Spill Clean-Up team'.
� Area #3 has an oily water impounding basin and backup holding pond for the stormwater and spill

handling capacity.
� The effluent from Area #3 to the St. Clair River is shut down during abnormal conditions.

Training

� Employees are taught to be individually responsible for environmental control.
� Training manuals and program are established.

Reduction of Water Use

River water is recycled through three operating unit cooling systems.

Reduction of Contaminants

� The reliability of the wastewater treatment plant has increased.
� Improvements have been made in early detection systems which warn of abnormal conditions, and enable

the plant to respond quickly to minimize environmental impact.

Technical Options

Reduction of Trace Contaminants

All substances detected in Imperial Oil Chemical Division's effluent were present in concentrations well below the
provincial limits.  Further removal could be best accomplished using continuous in-plant strategies including:

� increased recycle and reuse of process wastewater;
� best management practices.

Novacor Chemicals (Canada) Ltd., Mooretown

Plant Description

Novacor Chemicals Ltd. operates the former Union Carbide plant in Mooretown, south of Sarnia.  The plant was
built in 1977, and produces low density polyethylene (LDPE) and high density polyethylene (HDPE).  In most
cases, the products are packaged and sold in pellet form.
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Low density polyethylene is produced by compressing gaseous ethylene and adding small amounts of catalysts.
About 25% of the ethylene is polymerized in this manner, and the unreacted gases are separated and recycled.
Molten polyethylene is combined with additives and pelletized.  After pelletization, the final product is blended
and air purged of residual hydrocarbons, and then packaged or stored for shipment.

High density polyethylene is produced by the UNIPOL gas phase fluidized bed reaction process.  The main
reactants are gaseous ethylene, hydrogen, nitrogen, butane and/or hexane, and a catalyst.  Before the reaction, the
feedstream is purified using molecular sieves and catalytic beds to remove trace impurities.  Polymerization into
HDPE base resin takes place in the reactor.  The base resin is then formulated with additives and pelletized.  Water
is a severe poison to the catalyst and reaction process, so none comes in contact with the reactants.

Water is supplied to the plant from the Corunna and Point Edward municipal water systems at a rate of 2400
m3/day.

Discharges and Evidence of Toxics

Sources of wastewater from the LDPE area include:

� steam condensate - condensate from ethylene preheaters and plant water;
� contact cooling water - untreated plant water is used mainly for contact cooling of the resin pellets,

and for washing hopper cars.  This wastewater is collected in the resin recovery sump.  Excess
wastewater from the resin recovery sump is pumped to the retention ponds, and overflow from the
retention ponds flows to the process wastewater pond; and

� reject stack scrubber overflow - plant water is used to cool the reject stack scrubber through which
reactor ingredients may be discharged during upset situations.

These wastewaters flow to the process wastewater pond.
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Sources of wastewater from the HDPE area include:

� steam condensate - this flows to either the process wastewater pond or the retention pond;
� contact cooling water - untreated cooling water is used in the same manner as in the LDPE area for

contact cooling of resin pellets and for washing hopper cars.  This water is collected in the same
recovery sump which is pumped to the retention ponds; and

� air conditioning system water - plant water is used for this purpose in the process analyzers building.

Treated recycled cooling water never contacts the process materials in the LDPE or the HDPE units directly.  This
water is recycled back through a cooling tower.

There are four water handling systems in the plant:

� process sewer;
� boiler/cooling tower blowdown sewer;
� sanitary sewer; and
� stormwater ditches.

The process sewer collects runoff, washdown, and plant process wastewater from areas where the possibility of
contamination exists.  This sewer flows into the process wastewater pond.  The blowdown sewer collects
wastewater from the utilities area.  It consists mainly of cooling tower blowdown, boiler water blowdown, boiler
auxiliary process water, and clean steam condensate.  During routine operation, it joins the process sewer influent
to the process wastewater pond.  The sanitary sewer stream is biologically treated and chlorinated prior to
discharge to the process wastewater pond.  It is possible to bypass the process wastewater pond if required.
Effluent from the process wastewater pond is discharged to the St. Clair River through a submerged diffuser in the
mainstream of the River.

The stormwater system consists of open ditches and conduits which collect runoff from developed and
undeveloped areas on site.  The ditches drain into the retention ponds after screening to remove pellets.

Novacor was out of compliance with its TSS limits in 1988, 1989, and 1990 (MOE, 1992f), due to the presence of
large quantities of clay particulate in the wastewater.  This was thought to be caused by the natural design of the
process wastewater pond and retention ponds.  A geomembrane consisting of fibre webbing and gravel was
installed in the process wastewater pond to reduce the TSS discharge.  Following this installation, there have been
few exceedences.  Final effluent from Novacor was found to be non lethal to Daphnia magna and rainbow trout.
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Wastewater Treatment

Removal of Solids and Oils

Wastewater directed to the retention ponds passes through a series of screens, weirs, and floating booms to collect
resin pellets.  The pellets are either sold or sent to a landfill.  Solids settle from the wastewater in the retention
ponds.  The ponds have never been dredged.

After the retention ponds, wastewater is usually sent to the process wastewater pond.  The banks of this pond are
lined with a geomembrane to reduce the TSS discharge.  Wastewater then flows to a sump and then into a solids
filter.  The solids filter is an inert packed bed of crushed walnut and pecan shells.  The filter bed is periodically
backwashed.  Backwash water flows back to the process wastewater pond.

Removal of Organics

Natural biodegradation takes place in the retention ponds.  Every three months, the ponds are emptied into the
process wastewater pond, unless the wastewater pond level is too high. In that case, effluent is tested to make sure
that the TOC is at an acceptable level, and then directed to Baby Creek or to the 6th Line Ditch.

Sewage   

Sanitary sewage undergoes aeration, biological treatment, clarification, and chlorination prior to discharge to the
process wastewater pond.

Stormwater

Stormwater from the process areas is screened and then discharged to the retention ponds.  Stormwater from non-
process areas discharges directly to Baby Creek via municipal ditches.

In-Place Initiatives

Organic Contaminants

Wastewater collected in the sumps within process units is tested regularly for contamination before entering the
wastewater treatment system.  If the wastewater collected at these sumps is too highly contaminated, Laidlaw is
contracted to remove and dispose of the wastewater.
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Spills

A series of spill control practices are in place at Novacor.  They include the process area wastewater testing
described above, as well as other preventive measures.

Training

Operators receive one-on-one training and group training seminars.  Procedures for the control of deleterious
discharges are well documented.

Maintenance

A computer software program is used to systemize the maintenance program.  All critical equipment is listed in this
computer program.

Technical Options

Solids Reduction

� implement a Best Management Practices plan; and
� utilize multi-media filtration to remove solids from final effluent.

Novacor Chemicals (Canada) Ltd. - Styrene I & II, Sarnia

Plant Description

Novacor Chemicals Ltd. purchased the entire Polysar Sarnia Complex in 1988, and then sold everything but the
Styrene I and II units to Bayer in 1990.  Bayer operates the rest of the complex under the Polysar name, while
Novacor Chemicals (Canada) Ltd. operates the Styrene II unit.  The Styrene I unit has been shut down since 1991.

The Styrene II unit manufactures styrene from benzene and ethylene.  Ethylene and benzene are reacted in the
presence of an aluminum chloride catalyst to form ethylbenzene.  The reactor effluent is a two phase liquid which
is cooled and decanted in the settler.  The heavy, catalyst containing phase is recycled to the reactor, and the light
phase is treated to remove any traces of catalyst.  Ethylbenzene is dehydrogenated to produce styrene using a
catalyst and superheated steam for a heat source.  The Styrene II plant has a capacity of 303,000 tonnes/year.
Styrene is loaded into tank trucks, railcars, or boats for shipment.

Process water is purchased from Polysar.  Drinking water is supplied by the municipal water system.



2763.1

3.7.59

Discharges and Evidence of Toxics

Novacor's process and cooling waters are not directly discharged, but are sent to Polysar, Sarnia for treatment.

Styrene II has a separate collection and storage system for storm water runoff from non-active plant areas.  This
system utilizes two networks which serve the north and south sides of the plant.  Underground concrete tanks can
contain wastewater for treatment in the pretreatment train and discharge to the Polysar wastewater treatment
system.

Process and stormwater from active plant drainage is collected and fed to the pretreatment train.

Sanitary sewage is collected and integrated with the sanitary sewer at Polysar Sarnia.  Information on toxics in
Novacor's effluent is part of the Polysar data.

Wastewater Treatment

A number of pretreatment processes are used before wastewater is sent to Polysar's wastewater treatment system.

Removal of Oil and TSS

Oil and solids are removed using hydrocarbon separation and recovery, and oil skimming.

Organics

After removal of oil, volatile organics are stripped using an air stripper with an incinerator.  Any wastewater or
area drainage that may contain phenolic compounds is collected separately for  treatment in a batch ozonation unit.
This treated water is neutralized and sent to the Polysar wastewater treatment system.

pH Control

Air stripped effluents are neutralized before discharge to Polysar.

Stormwater

Stormwater from Styrene II is collected in underground tanks before pretreatment.  Pretreatment includes
hydrocarbon separation in a storage/settling drum, and steam stripping using 25 psig steam.  The underflow from
the steam stripper is routed to an ozonator which reduces phenolics and other organics.  Treated water from the
ozonator is neutralized, then sent to Polysar's wastewater treatment system.
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Planned Initiatives

Discharge

Novacor is considering running its own ditch or pipe to the river for direct discharge of runoff from the Styrene I
unit.  They would then block the outlet of the existing ditch to the 66 inch Polysar sewer.  The ditch could then be
used for a storm or spill retention system.

Treatment System

Novacor is evaluating treatment technology for their own treatment system.  It would include oil removal,
filtration, and carbon adsorption.

Process Changes

New process technology is being considered that would replace the Friedel-Crafts EB process with a permanent
catalyst system which produces virtually no process wastewater.

Spills

Novacor Chemicals Ltd. has developed a spill prevention strategy which includes specific identified initiatives and
a timetable.

Technical Options

The initiatives being examined by Novacor form options which may improve the effluent quality of effluent sent to
Polysar for treatment.

Polysar Rubber Corporation

Plant Description

Polysar produces a wide range of synthetic rubbers including:

� nitrile-butadiene;
� styrene-butadiene;
� polybutadiene; and
� butyl and halobutyl rubbers.

The site consists of ten major units, four producing rubber products, three producing petrochemicals, and three
providing support services.

Water is supplied from the St. Clair River.  Polysar uses 388,000 m3/day, while approximately 163,760 m3/day is
supplied to neighbouring companies.  Most of the water used on site (94%) is used as once through cooling water.

Discharges and Evidence of Toxics

There are five sewer outfalls to the St. Clair River.  Most process water is treated at the central secondary treatment
facility (BIOX unit) before discharge.  Landfill runoff and leachate are also collected and treated.  The five outfalls
are:

� the Cole Drain;
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� the 72" sewer;
� the 66" sewer;
� the 54" sewer; and
� the 36" sewer.

The Cole Drain (the Township Ditch) receives once through cooling water, storm water runoff, and BIOX plant
effluent from Polysar.  It also receives treated and untreated runoff and process discharges from other industrial
sites.

The 72" sewer receives once-through cooling water, stormwater, and process wastewater from the crumb
separator.

The 66" sewer receives once-through cooling water, stormwater, and process wastewater from Polysar's Butyl II
unit.

The 54" sewer discharges once-through cooling water, stormwater, and boiler blowdown (from the steam plant) to
the St. Clair River.

The 36" sewer discharges once-through cooling water and some storm water.

Toxicity data showed that, of forty samples submitted to the MOEE for toxicity testing, two of the samples from
the 72" sewer and the 54" sewer were acutely toxic to Daphnia magna and/or rainbow trout.  No cause for the
toxicity was identified.  A subsequent toxicity audit by the MOEE determined that the effluents were not toxic.
Pollutants found in significant concentrations include:

� benzene;
� chloromethane;
� toluene;
� bromomethane;
� chloroform;
� aluminum; and
� cobalt.

Effluent from the BIOX plant exceeded phenol guidelines on two occasions and TSS guidelines on five occasions
in 1990 (MOE, 1992g).

In-Place Initiatives

Polysar has announced a program to improve environmental performance in the future.  Recent initiatives include:
� the company has prepared a spill prevention strategy which has been submitted to the MOEE for

approval;
� secondary cooling is being implemented

- cooling water will be partially re-cooled and recirculated prior to discharge
 � stormwater and fire water will be contained and tested prior to discharge as part of the unit

containment program currently underway;
� two effluent streams - the butyl rubber finishing separator and the API separator effluents - are being

re-routed through the BIOX plant;
� dechlorination facilities have been installed;
� benzene use has been partially replace by cyclohexane; and
� environmental training has been stressed for employees.
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Polysar suggested to the MOEE in September 1992 that an equalization basin prior to the BIOX plant would help
stabilize flows (and presumably improve performance).

Recent engineering studies include:

� optimization of the BIOX plant;
� sludge dewatering; and
� unit containment studies.

Technical Options

Toxicity Reduction

� A Toxicity Reduction Evaluation (TRE) study should be conducted to determine the sources of toxicity
within the plant

Removal of Contaminants

� steam stripping to remove VOC pollutants of crumb separator effluent stream, Butyl II effluent stream, and
the halobutyl unit effluent;

� chemical precipitation to remove metals;
� GAC and multi-media filtration for removal of metals, organics, and conventional pollutants from the

crumb separator effluent, BIOX effluent, and the neutralization sump effluent; and
� an equalization basin prior to the BIOX plant to stabilize flows.

3.7.3.4 The Electric Power Generation Sector

There are six fossil-fuelled thermal generating stations in Ontario.  One of them, the Lambton Thermal Generating
Station, is a direct discharger to the St. Clair River.  Currently, the Electric Power Generation (EPG) Sector
stations are required to monitor and report on certain standard parameters and conventional pollutants.  There are
currently no regulations for specific toxic and persistent pollutants in this sector.  As part of the MISA program, an
effluent limits regulation is being developed, based on the results of the recent effluent monitoring program and a
review of the Best Available Technology Econonically Achievable (MOE 1989b).

The Lambton Thermal Generating Station

Plant Description

Ontario Hydro operates the Lambton Thermal Generating Station south of Courtright, Ontario on the St. Clair
River.  It is a coal-fired facility which came on line in 1969.  Its current capacity is 2,000 MW.  The production of
electricity from fossil fuels generally begins with the burning of the fuel (coal in this case) in boilers to produce
high pressure steam.  This steam is used to drive steam turbines which power turbo generators.  Electricity is
generated in these turbo generators.  Once the high pressure steam has expended its energy on the turbine blades, it
is reheated and fed to a second turbine at lower pressure to maximize the efficiency of its use.  Large heat
exchangers using river water as the coolant, are used to condense the steam back to water and the water is sent
back to the boilers to repeat the cycle.  Demineralized water is continuously added to the closed steam system to
make up for leaks and boiler blowdown.

Discharges and Evidence of Toxics

Pollutants are discharged from a variety of effluent streams:



2763.1

3.7.64

� the coal pile;
- low pH (acidic)
- suspended solids
- dissolved metals
- organic compounds

� wet ash handling system;
- high pH (basic)
- suspended and dissolved solids
- metals
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� boiler blowdown; and
- altered pH
- suspended and dissolved solids
- metals
- water treatment chemicals

� water treatment plant wastes.
- altered pH
- dissolved and suspended solids

Drain systems may contain suspended solids, oil and grease, and spilled chemicals.

There are two major discharge points from this generating station.  The once-through cooling water sewer collects
filtered effluent from the water treatment plant and the wet ash handling system.  The cooling water flow rate
averaged 2,548,286 m3/day in 1990.  The second discharge point is from the ash disposal pond, which also collects
runoff from the coal pile.  The ash disposal pond is siphoned to a ditch which runs along the perimeter of the site to
the St. Clair River.

Cooling water is monitored for total suspended solids and temperature.  In 1990, the Lambton Thermal Generating
Station consistently met its monthly temperature and solids guidelines.

Wastewater Treatment

Backwash from the water treatment system is neutralized and then combined with the boiler bottom ash sluice for
discharge to the settling basins and subsequent filtering.  The discharge from the filter is directed to the once-
through cooling water sewer.

Coal pile runoff is directed to the ash disposal pond.

Technical Options

Metals Removal

� multi-media filtration for coal pile runoff
� coagulation
� metals precipitation

Organics

� GAC filtration or multimedia filtration
� biological treatment
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Solids Removal

� Dissolved air flotation
� filtration
� flocculation and settling

3.7.4 Costs of Technical Options

The following tables summarize the technical options available for reduction of the contaminant loadings from
direct industrial dischargers on the St. Clair River and list the options available to remediate problems from the
four industry sectors discussed in the preceeding sections.  Detailed explanations of many of the options are
provided in Appendix C.  The estimated costs of the technical options identified for the petroleum refining sector,
the inorganic chemicals sector, the organic chemicals sector; and the power generating sector are presented in
Tables 3.4.4, 3.4.5, 3.4.6 and 3.4.7 respectively.  Costs are highly dependent on the following plant characteristics:

� flowrate;
� wastewater characteristics;
� age of facilities; and
� layout of plant.

Because technical options were not eliminated based on whether they were proven technology or whether they
were economically achievable, the costs of some options were unavailable, and the costs of other options appear to
be extremely high.  In most cases, prohibitively expensive options will be eliminated during the screening process.

Cost estimates were made using the following references:

1. Best Available Technology for the Ontario Petroleum Refining Sector (MOE, 1992d);
2. Performance and Cost Evaluation of Best Available Technology Options for the Ontario Inorganic

Chemical Sector (MOE, 1992i);
3. Draft Report on the Best Available Technology for the Organic Chemicals Sector (MOE, 1992h);
4. Best engineering judgement
5. Global Search for BAT Options Applicable to Inorganic Chemical Sector Plants (MOE, 1992k);

and
6. Inventory and Costing of Best Available Pollution Control Technologies for the Iron and Steel

Sector in Ontario (Beak, 1992).

Flowrates used in making cost estimates were selected based on the maximum flowrate that might be expected to
be subjected to that technology from facilities in that industry sector.  Estimates are based on 1992 Canadian
dollars.

PART C: SEDIMENT  AND  HABITAT

3.8 Contaminated Sediments

3.8.1 Review of Sources

For the past 25 years, contaminated sediments in the St. Clair River have been recognized as an environmental
problem affecting the aquatic communities of the river.  The distribution of contaminants in the sediments is
strongly related to industrial and municipal point sources on the Ontario side of the River.  As a result, the zones of
elevated contaminant levels are found along the Ontario shoreline from the Sarnia industrial area, `Chemical
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Valley', to downstream of Stag Island.  The distribution of individual contaminants through this reach of the river
generally reflects the effluent characteristics of individual point sources.  The Stage 1 RAP Report identified the
sediments from the Cole Drain to Stag Island as moderately to heavily polluted with metal and organic
contaminants.  The sediments on the Michigan side of the river were relatively uncontaminated in comparison.

To evaluate the available data and to delineate zones of unpolluted, moderately polluted and heavily polluted
sediment, the RAP Team used the U.S. EPA Guidelines for the Classification of Great Lakes Harbour Sediments
(U.S. EPA, 1977) and the MOE Open Water Disposal Guidelines (MOE, 1976).  For substances with no available
relevant guideline, sediment concentration were compared to background concentrations and elevated levels
identified.  These guidelines were used as there were no biologically based sediment guidelines available at the
time the Stage 1 RAP Report was prepared.  However, in 1992, the MOE released the Provincial Sediment Quality
Guidelines (PSQG) (MOE, 1992j) for the evaluation of sediment quality relative to the protection of benthic
organisms.

The contaminants which exceeded both the Ontario Open Water Disposal Guidelines and the U.S. EPA heavily
polluted criteria included; oil and grease, mercury, iron, copper and arsenic.  Contaminants which were found in
concentrations associated with moderately polluted sediment included; total Kjeldahl nitrogen (TKN), total
phosphorus, cadmium, chromium, manganese, lead, nickel and PBCs.

A sediment quality monitoring program conducted by Environment Canada in 1985 (Environment Canada/MOE
1986, Oliver, 1988) provided data on the concentrations of chlorinated organics and 16 priority PAHs.  This
survey identified a number of organic contaminants (for which a relevant sediment guideline did not exist) that
were elevated above background levels.  These contaminants included:  octochlorostyrene, hexachlorobenzene,
phenathrene, hexachlorobutadiene, tri-, tetra- and pentachlorobenzene, hexachloroethane, tetrachloroethylene,
carbon tetrachloride, tetrachloroethanes, pentachloro-ethane, chlorobutenes, heptachlorostyrene,
octachloronapthalene, alkanes, diphenylether, biphenyl, 4-ethylbiphenyl and diethyl biphenyl, dibenzofurans and
dibenzo-p-dioxins.

The contaminants in the sediments of the St. Clair River have been tested for toxicity to aquatic organisms, and
sediments associated with the petrochemical industries were found to be acutely lethal to minnows and mayflies.
As noted in Section 3.4, toxicity testing will be required and has been undertaken through the MOE MISA
monitoring program for the industrial effluents discharging to surface waters.

As stated above, the source of contaminants and resulting impacts is strongly associated with individual industrial
and municipal point sources to the St. Clair River and its tributaries.  Elevated concentrations in the effluent
generally correspond to elevated sediment concentration near and downstream of the outfall.  Relationships
between individual industries and contaminants in sediments are, in many cases, well documented; for example,
Ethyl Canada Inc., which manufactures lead products, has historically been associated with elevated lead
concentrations in the sediments downstream of their outfall.  Municipal point sources, such as the Sarnia WPCP,
are also associated with elevated nutrient and metal concentrations in sediments.  In addition, urban non-point
sources have been identified as significant contributors of metals and some organic contaminants.

While the deposition of contaminants in the sediments of the St. Clair River is the result of existing and historic
contaminant loadings from sources within and outside the AOC, the accumulation of these sediments represents an
available source to the ecosystem, and thereby contributes to the impairment of beneficial uses.  Contaminants in
the sediments can be made available to the ecosystem through transport mechanisms such as resuspension, bedload
transport, biological uptake and biomagnification through the food chain.

The significance of bedload transport to the movement of contaminants within the River was investigated (Oliver,
1988) and the results indicated that bedload transport was insignificant in the St. Clair River and, therefore, does
not represent a likely source of contaminants to the ecosystem.



2763.1 3.8.68

3.7.68

Biological uptake and biomagnification of the contaminants in sediments is directly related to the degradation of
benthic habitat, which was identified as an impaired use in the Stage 1 RAP and may also be related to restrictions
on fish and wildlife consumption and bird and animal deformities as contaminants are passed up through the food
chain.  Resuspension of sediments and associated contaminants has resulted in restrictions on dredging activities,
which has also been identified as an impairment to a beneficial use within the AOC.

The resuspension of sediments and associated contaminants may have a significant influence on ambient water
quality measurement as the contaminants adsorbed to the sediment particles are analyzed as part water chemistry
analysis.  Resuspended sediment, therefore, represents a contained source of contaminants to the water column
which may be available to the biological community depending upon the physical and chemical conditions and
species.
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Unfortunately, there is little quantifiable information available which would allow for an estimate of contaminant
loadings through resuspension and its potential for impacts.  For this reason no attempt has been made in this
report to assess sediment conditions relative to potential resuspension loading.

3.8.2 Impaired Beneficial Uses

There are two impaired beneficial uses associated with the contaminated sediment:

� degradation of benthic habitat; and
� restrictions on dredging activities.

The contaminants in the sediment were correlated to the impaired uses so that remedial options could be identified
which would target the specific contaminants associated with the established impaired uses.  The following
sections describe the impaired use and the specific contaminants associated with impairment.

3.8.2.1 Degradation of Benthic Habitat

The contaminated sediments in the St. Clair River have resulted in the impairment of the benthic community from
the Sarnia industrial area to downstream of Stag Island.  In 1968, the zone of benthic impairment extended along
the Ontario shoreline from the City of Sarnia to below Channel Ecarte.  This zone has been significantly reduced
over the past 25 years.  The contaminants in the sediment are associated with the loss of benthic habitat and
degradation of community structure, as well as with providing a source for biological uptake of these contaminants
and accumulation through the food chain.

A 1990 benthic survey of the River (Tarandus Associated Limited, 1992) identified four environmental quality
zones based on the characteristics of the benthic community and on empirical water quality and sediment quality
data.  Based on this information, areas of the river were classified as:

� unimpaired;
� intermediate;
� impaired; and
� degraded.

These zones are illustrated in Figure 3.8.1.

The degraded zone was restricted to three areas along the St. Clair River:  (1) downstream of Nova Petro
Chemicals Inc. (Sarnia), (2) downstream of Suncor, and (3) near DuPont and Nova Petrochemicals (Corunna).
Bioassay results from sediment samples collected in the degraded zone ranged from `very highly toxic' to
`moderately toxic'.

The impaired zone was found in several areas of the River:  below the Cole Drain, below Dow 3rd Street sewer;
near the Shell dock and intake at Corunna; and below the Corunna WPCP.  Bioassay results from sediment
samples collected in the impaired zone at the Cole Drain and the Shell dock indicated the sediment to be `highly
toxic'.

It should be noted, however, that the size of the degraded and impaired zone was substantially smaller than that
reported in 1989 (Griffiths, 1989).

Historically, degradation of the benthic communities has been correlated to sediment quality; however, until
recently, there were no guidelines available which related specific contaminant concentrations in the sediment to
benthic community effects.  The PSQG released by the MOE (MOE, 1992j) are based on chronic, long term
effects of various contaminants on benthic organisms.  These guidelines replace the Open-Water Disposal
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Guidelines previously used in the assessment of sediment quality, and will provide the basis for all sediment
evaluations in Ontario.  The PSQG define three effect levels of ecotoxic effect to benthic organisms.  These levels
are:

� A No Effect Level at which no toxic effects have been observed on aquatic organisms.  This is the
level at which no biomagnification through the food chain is expected.

� A Lowest Effect Level indicating a level of sediment contamination that can be tolerated by the
majority of benthic organisms.

� A Severe Effect Level indicating the level at which pronounced disturbance of the sediment
dwelling community can be expected.  This is the sediment concentration of a compound which
would be detrimental to the majority of benthic organisms.

In order to identify the contaminants associated with the degradation of benthic habitat, the most recent sediment
studies for the St. Clair River (1990) (Tarandus Associates Limited, 1992) were assessed relative to the PSQG, and
contaminant levels which exceeded the Lower Effect Level (LEL) and the Severe Effect Level (SEL) were
identified.  Through this assessment, the contaminants associated with the greatest effect to the benthic community
were identified.

Table 3.8.1 provides a comparison of the sediment data from 1990 with the PSQG.  The table highlights
exceedances of the LEL and SEL for the sediment samples collected from the Cole Drain to downstream of Stag
Island along the Canadian shoreline, which represents the areas of greatest contaminant deposition.  Figure 3.8.1
shows the 1990 sediment sampling stations referred to in Table 3.8.1.

The comparison of the 1990 sediment data to the PSQG indicated exceedances of both the LEL and SEL.  The
SEL was exceeded for copper, mercury, lead, total organic carbon (TOC) and hexachlorobenzene.  Mercury levels
were elevated above the SEL almost consistently from upstream of Nova Petrochemical Inc. (Sarnia) to
downstream of Novacor.  Copper exceeded the SEL only at Station 29, which is located upstream of the
confluence with Talfourd Creek.  Hexachlorobenzene also exceeded the SEL at only one station (IS14),
downstream of Nova Petrochemical Inc. (Figure 3.8.1).  Lead also exceeded the SEL at one location, downstream
of Ethyl Canada Inc.  TOC exceeded the SEL at ten stations downstream of the Cole Drain.  The elevated TOC is
likely representative of a variety of organic contaminants in the sediment, which were not analyzed in this survey
and which do not have established PSQGs.

The LEL was exceeded for an extensive list of contaminants including cadmium, copper, mercury, nickel, lead, oil
and grease, TOC, TKN, arsenic, hexachlorobenzene and PAHs.  The contaminants with the greatest frequency of
exceedance of LEL included hexachlorobenzene, PAHs, TOC, TKN, copper, mercury and lead.

Many of the organic contaminants noted in Section 3.8.1 as elevated above background, do not have established
PSQGs and were not included in the 1990 monitoring program.  As a result, their concentrations cannot be
evaluated relative to their effect on the benthic community.

Based on the PSQG and the levels of effects on benthic organisms, parameters of concern may be prioritized.  The
contaminants associated with severe effects are:

� copper � mercury
� total organic carbon (TOC) � hexachlorobenzene
� lead

Of these contaminants, mercury and TOC most frequently exceeded the SEL in the St. Clair River from the Cole
Drain to downstream of Novacor.
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The contaminants associated with effects to the benthic community which are in excess of the lower effects level,
but below the severe effects level are:

� arsenic � cadmium
� mercury � copper
� oil and grease � TOC
� lead � nickel
� TKN � PAH
� hexachlorobenzene

In considering goals for sediment remediation and available remedial options, the areal deposition of contaminants
and existing ecological habitats should be considered.
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3.8.2.2 Restrictions on Dredging Activities

In order to maintain the requirements of the navigational channel, dredging has been undertaken in the St. Clair
River.  Based on the PSQG which replaced the Open Water Disposal Guidelines, most of the river's sediments are
unsuitable for open water disposal, and require disposal in a confined disposal facility (CDF).  Transport Canada
operates a CDF on Seaway Island in the St. Clair River for the disposal of dredge spoil.

In addition to the navigational channel, dredging is periodically required in Sarnia Harbour.  These sediments are
tested and, if required, disposed of at Seaway Island.

Since the PSQG replaced the Open Water Disposal Guidelines in 1992, the sediment contaminants identified as
being in excess of the LEL (in Section 3.8.2.1) also represent contaminants causing restrictions to dredging
activities.

The dredging of contaminated sediments represents a source of contaminants to the ecosystem through their
resuspension in the water column.  Dredging of contaminated sediments, necessary to maintain navigational routes,
should employ silt curtains and control booms to limit resuspension and sedimentation to other parts of the River.
In addition, ecologically sound dredging techniques should be employed in these instances.  A review of technical
dredging options is provided in Section 3.8.4.2.

3.8.2.3 Summary of Impaired Uses and Associated Contaminants

Contaminated sediments in the upper reaches of the St. Clair River have resulted in the degradation of benthic
habitat and restrictions on dredging activities.  The contaminants associated with these impairments include
mercury, TOC, copper, lead, hexachlorobenzene, arsenic, cadmium, oil and grease, nickel, lead, TKN and PAHs.
These contaminants are found in highest concentrations along the Ontario shoreline from the Cole Drain to
downstream of Stag Island.  The primary source for the majority of the identified contaminants, including metals,
organic and nutrients is industrial and municipal point sources on the Ontario side of the St. Clair River.

3.8.3 Planned and In-Place Initiatives

While no remediation projects have been undertaken for the contaminated sediments of the St. Clair River, the
concentrations of contaminants in the sediments have generally been decreasing over the past two to three decades.
This may be attributed to in-place initiatives by industrial dischargers.  These changes in sediment concentration
over time represent a significant trend in the sediment quality which should be considered when selecting remedial
options.  Significant reductions have been noted in concentrations of mercury, lead, oil and grease, and total PCBs.
These reductions are generally the result of changes in industrial processes, additional effluent treatment, and the
closure of problem manufacturing facilities.  Over the past decade, however, the further reduction in the
concentrations of these contaminants has been limited.

3.8.4 Remedial Options

Of the 43 AOCs identified by the IJC, 42 have contaminated sediments associated with impaired beneficial uses.
A Canadian initiative to address contaminated sediments is Environment Canada's Great Lakes Clean-up Fund,
which is a program to provide funds and support for the development, demonstration and subsequent full-scale
implementation of selected technologies to clean up the AOCs.  Funding is provided for clean-up initiatives within
Canadian boundaries and/or U.S. boundaries provided the initiative/proposal is supported by the RAP Team of a
binational AOC.  The Wastewater Technology Centre (WTC) administers the portion of funds dedicated to the
development and demonstration of contaminated sediment treatment technology.  The WTC formed the
Contaminated Sediment Treatment Technology Program (CoSTTeP) to achieve its mandate.  In addition, the Great
Lakes Clean-up Fund, Contaminated Sediment Treatment Technologies Program developed the Sediment
Treatment Technologies Database (SEDTEC) to provide information on new and existing technologies.
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Since 1990, the CoSTTeP has been researching and demonstrating sediment remediation technologies.  Twelve
bench scale demonstrations were completed in 1992 and four additional demonstrations are planned for 1993
(Wardlaw and Bucens, 1992).  Three pilot scale demonstrations were completed in 1992 and one commenced in
October 1992 (Wardlaw and Bucens, 1992).  These demonstrations used sediments from the Welland River, St.
Marys River, Hamilton Harbour, Toronto Harbour and Thunder Bay.  Many of the pilot-scale and full-scale
sediment remediation projects have been undertaken in lake and harbour environments and may not be transferable
to the river environment of the St. Clair without considerable modification.

The result of these investigations was the identification of innovative and environmentally responsive techniques
for sediment remediation.  However, the CoSTTeP has not identified any technologies which economically address
all types of contaminants found in the sediments (Wardlaw and Bucens, 1992).  For this reason, the most viable
approach to remediation is through a `train of processes' which address the site specific contaminants and
conditions.  Most treatment processes involve the delineation, removal, separation and treatment of contaminants.

This section will review different technologies available for each stage of treatment process.

Prior to initiating any course of action for remediation, a management strategy should be prepared which addresses
components critical to the success of the remediation program.

The management plan should address the following items:

� identification and control of contaminant sources;
� delineation of type and extent of contamination;
� evaluation of the potential for natural restoration;
� costs, funding and issuance of permits;
� physical (i.e., depth, current, sediment types) and chemical (organics, metals) conditions of cleanup

area relative to technical options available; and
� pre- and post-cleanup monitoring for evaluation of effectiveness.

Each of these components is critical to the selection and successful implementation of a remedial action plan.
However, of these, the identification and subsequent control of source loading is of most importance.  Many of the
remedial options available for contaminated sediments are very costly, and to undertake a cleanup program without
the elimination or significant reduction at the source may prove to be a poor allocation of resources, as the
sediments would only become contaminated again.

Having identified and put in place measures to control the sources of contaminants to the sediments, remediation
may still be desirable for specific locations.  There are a number of available technical options which may be
implemented through the establishment of a sediment management plan.  These options generally include removal,
separation and treatment.  Included in the technical options is capping, which is a process where clean sediments
are deposited over contaminated areas.

In the following sections, a brief overview of the options available is provided, together with the contaminants
targeted by the process and a review of emerging technologies for:

� capping;
� removal;
� separation; and
� treatments.

3.8.4.1 Capping
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The basic principle of capping is to place cleaner sediments over moderately polluted sediments.  This is to prevent
the contaminated sediments from interacting with aquatic organisms and the water column.  This technique is being
used in the Great Lakes in conjunction with restricted open water disposal (Figure 3.8.2).

3.8.4.2 Removal/Dredging and Disposal

Dredging of sediments is generally undertaken for two purposes:  for maintaining navigation requirements, and to
remove contaminated sediments.  The dredging of sediments to remove contaminants should be undertaken only in
areas which have be delineated based on site specific sampling and established criteria for removal.  This section
will describe a number of dredging techniques, as well as direct disposal options for uncontaminated and
contaminated sediments.
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Dredging

There are three conventional dredging techniques (Bewtra et al., 1992):

1. mechanical dredges which remove sediments through the direct application of mechanical force to
dislodge sediment materials;

2. hydraulic dredges which use centrifugal pumps to remove sediments in a liquid slurry form; and
3. pneumatic or suction dredging which is a subcategory of hydraulic dredges that uses compressed air

or hydrostatic pressure instead of centrifugal force to remove sediments.

In addition to these techniques, two environmentally innovative techniques have recently been used in a
demonstration project.

The Toronto Harbour Sediment Treatment Pilot Scale Project used the Cable Arm 100E bucket manufactured by
L.B. Tanker Inc., Pickering, Ontario (Buchberger, 1992).  The dredge allows for the passage of water on descent
and thereby limits the disruption and resuspension of sediment.  The Cable Arm is distinctive in that it utilizes
cables to control the opening and closing, lowering and raising of the bucket.  The use of the cable increases the
control over sediment removal and allows for a greater volume to be removed in a single bucket, thereby reducing
the disruption of the sediments.  Upper moveable plates on the bucket allow for the decanting of water from the
surface and a solids concentration of 80 to 85%.  This technique was used in combination with a silt curtain and
containment boom as a contingency measure to contain sediment resuspension.

In the Welland River, a sediment remediation demonstration project was undertaken to address contaminated
sediments associated with Atlas Steel Company (Bewtra et al., 1992).  As part of this project, a Mud Cat dredging
technique was employed.  Mud Cat is a portable dredge designed to operate in shallow waters and utilizes a
horizontal auger and centrifugal pump.  The Mud Cat was used to remove approximately 1,000 m3 of Welland
River sediment.

Table 3.8.2 summarizes the effectiveness of available dredging techniques (Bewtra et al., 1992).

Disposal

The disposal options for the dredge spoils will depend upon the quality of the material relative to the PSQG (MOE,
1992j).  Contaminated sediments may require treatment for removal or reduction of specific constituents.  Since
treatment options may be relatively costly, it is generally cost-effective to separate the material which requires
treatment from the rest of the dredge spoils.  Separation and treatment technologies are discussed in Sections 3.8.5
and 3.8.6, respectively.  Material classified as uncontaminated may be disposed of through a number of options.

Uncontaminated sediments (those with concentrations below the LEL designated in the PSQG) may be disposed of
in unconfined disposal sites.  These sites may include open-water disposal, unconfined upland or nearshore areas
(Bewtra et al., 1992).  This type of dredge material may also be used in the restoration and creation of wetland
habitats and beach enhancement projects.

Contaminated sediments which are not classified as hazardous waste may be disposed of in confined disposal
facilities (CDF) (BEAK, 1988).  A CDF can be an upland or in-water structure.  Upland CDFs may be formed by
the construction of earthen dykes or through the use of existing pits or fill areas.  In water, CDFs are constructed
with stone fill dykes similar to a breakwater.  The structure of a CDF is site-specific, depending on the size and
physical factors of the site.  In Canada, CDFs are maintained and operated by Transport Canada and are used
solely for the disposal of contaminated sediment dredged by Transport Canada for navigation purposes (Paul
Herage, pers. comm., 1993).  This means that CDFs are not readily available for contaminated sediment
remediation projects.
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The closest CDF to the AOC is located in the St. Clair River on Seaway Island.  Transport Canada does undertake
periodic dredging projects in the St. Clair River, and the dredge spoil is usually disposed of at Seaway Island CDF.

3.8.4.3 Separation

Separation of dredged materials is undertaken as a pre-treatment step in remediation of contaminated sediment.
Separation is generally conducted in order to gain a treatment cost saving through the isolation of specific
contaminants.

Contaminants are separated from the dredged material through two primary mechanisms:

� dewatering; and
� size fraction separation.

Dewatering can be a cost-effective pre-treatment option as the treatment of water is significantly less costly than
the treatment of solid material.  Table 3.8.3 provides a summary of dewatering techniques.

In incidences where large volumes of sediment are dredged or the treatment of the contaminants in the sediment is
very costly, separation by particle size represents a viable option.  Studies have demonstrated (IJC, 1988) that
pollutants tend to cling to fine particles and the organic fraction of the sediment.  After confirmation of this through
subsampling of the sediments, treatment cost savings may be achieved through particle size separation.

Two techniques have been successfully documented in the literature (Bewtra et al., 1992):  the Hydrocyclone and
the Acres/Derrick Pre-treatment.

Hydrocyclone

The Hydrocyclone uses two flow patterns to separate the sediment into two fractions:

� silt, with the higher distribution of pollutants (overflow); and
� sand, with the lower distribution of pollutants (underflow).

This method was employed for a pilot project in the Saginaw River.  The distribution of contaminants in the
sediments should be clearly understood prior to the use of such a method.

Acres/Derrick Pre-treatment

This technique was designed to separate the sediment into four different sizes and treat the water portion of the
dredged material.  In a pilot project with sediments of the Welland River which were identified as highly
contaminated with metals, the Acres/Derrick pre-treatment technique was utilized.

The method uses a scalping screen to separate material greater than 2 mm in size.  A magnetic separator is used to
recover any recyclable metals such as iron.  Sediments are then further separated through screw classifiers and
vibrating screens to isolate materials less than 75 µm.  The remaining material is treated to settle out the suspended
material which is further reduced in volume through centrifuge dewatering.

3.8.4.4 Treatment

Once the dredged material has been separated and the contaminants are isolated, treatment options may be
considered.  A number of factors should be evaluated in the selection of a treatment option for contaminated
sediments. These factors include:
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� the characteristics of the sediments;
� the contaminants and concentrations;
� the bioavailability of the contaminants;
� the physical attributes of the water system;
� the goals for cleanup based on potential risk; and
� cost and priorities.

Sediment treatment options found in the literature include:

� biological treatment;
� extraction;
� alternative heat process; and
� conventional incineration.

Biological Treatment

Biological treatment utilizes microorganisms to break down organic pollutants.  However, the application of this
treatment method depends on degradation rates and whether the pollutant is biodegradable.  This technology is
presently being used in pilot projects and represents a promising alternative to existing treatment options because:

� biodegradation does not employ chemicals to treat other chemicals, and therefore, biologically
treated sediments are more environmentally sound;

� it represents a more cost-effective option than other treatment methods; and
� it has the potential to reduce the toxicity of contaminated sediments through in situ or ex situ

applications.

In situ bioremediation of sediments is presently being employed on sediments from the Sheboygan River,
Wisconsin.  In situ bioremediation involves:

� separation of fine and coarse sediments (hydrocyclone);
� bioreactor/CDF for fine (contaminated) particles;
� land farming or beach enrichment for coarse (uncontaminated) particles; and
� aerated lagoon for resuspended fine particles.

Extraction

Extraction methodologies separate the contaminant from the sediment through chemical treatment.  This process
uses either a solvent application to treat chlorinated organics or an acid/ion exchange resin to treat metal
contaminants.

With solvent extraction methods, a solvent such as triethylamine (TEA) is used to break the bond between the
sediment particle and the organic contaminant such that the contaminant becomes associated with the solvent.
After application, sediments are removed from the liquid and dried to evaporate any residual solvent.  The liquid
(solvent and contaminants) is then treated to remove the contaminants and the clean solvent is reused in the
process.  This method has been found effective (98%) in the removal of PAHs and oil (Bewtra et al., 1992).

The acid/ion exchange resin has been proven effective (90%) in the reduction of metals, especially zinc and
cadmium found in ionic form.  This method uses acid leaching by a strong acid such as hydrochloric acid (HCl) to
separate the metal contaminants from the sediments.  The liquid is extracted from the sediment and the sediments
dried to volatilize any residual acid.  The leaching liquid is then run through an ion exchange resulting in a
concentrated metal solution which may be reused or disposed of after dewatering.  This method does not appear to
be effective for the treatment of metals in particulate form.  However, this should not be of concern as particulate
forms are generally not bioavailable.
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Alternative Heat Process (AHP)

Alternative Heat Processes employ low-to-moderate heat and include methods of thermal extraction and steam
stripping of volatile organic compounds.  Two examples of AHP are the Aostra Taciuk Process (ATP) and the
Ecological Waste destructor.

Aostra Taciuk Process (ATP)

ATP is based on thermal extraction of PAHs, PCBs and oil.  This method does not incinerate contaminants, but
rather uses low to moderate heat to remove organics from sediments.  In thermal extraction, heat is used to
vapourize organic contaminants and water, leaving decontaminated dry sediments (Bewtra et al., 1992).

This process has been successfully applied on the bench scale to Thunder Bay and Hamilton Harbour sediments.
A full-scale treatment has been employed at two U.S. Superfund sites for the removal of PCBs.  The ATP method
is effective (90%) in the removal of oil and grease and organic contaminants.  However, the resulting solids from
the application of ATP have had elevated metal concentrations.  This method can provide very good treatment
when used in association with separation (pre-treatment) and a metal removal process.

Ecological Waste Destructor

This method has been used in the cleanup of Hamilton Harbour sediments.  Basically, the ecological waste
destructor is a mobile unit designed to work at high efficiency without the production of dioxins and furans.  This
method is based on the theory that, at elevated temperature, hydrogen gases react with organic contaminants to
produce smaller, lighter and less toxic molecules (Bewtra et al., 1992).

Sediments are preheated and pumped into a high temperature (850�C) anoxic reactor chamber filled with hydrogen
and nitrogen.  Solid wastes (heavier) exit downward and are captured in a quenching tank, while the gases and
contaminants exit upwards through a scrubber for particulate removal.  The scrubbed gas is recirculated, as is the
scrubber water.  This method was found to have destruction efficiencies greater than 99% (Bewtra et al., 1992).

Steam Stripping

This method can be applied to the removal of volatile organic compounds (VOCs) such as vinyl chloride,
chlorinated hydrocarbons, ammonia and hydrogen sulphide.

This method works on the principle of counter-current flow.  Contaminated sediment flows down through packing
material, while steam flows upwards.  The volatile chemicals with a propensity for the gaseous state leave the
sediment for the gas phase (Major and Fitchko, 1990).  The VOCs undergo steam distillation, and are collected for
further treatment.

Incineration

Incineration does not represent a treatment option that produces clean, treated sediment which may be returned to
the environment, but rather a disposal option.  Incineration is generally used for destruction of hazardous organic
chemicals.

3.8.5 Evaluation of Sediment Remediation Technologies

There are a number of innovative technologies available for the remediation of contaminated sediments.  Table
3.8.4 provides a summary of the full-scale application of contaminated sediment treatment, with Table 3.8.5
providing a summary of evaluation criteria for those options.  Table 3.8.6 provides a summary of the bench and
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full-scale demonstration projects with Table 3.87 giving a summary of evaluation criteria for demonstration
projects.  These tables provide information which may be used  for the comparison and evaluation of the remedial
options presented.

Information on cost is based on the cost per ton of removal and/or treatment in Canadian dollars (1992).  The cost
is either presented in dollars/ton or as low, medium or high.  The cost per ton for each of these ratings is provided
below:

Full-Scale Technologies

� low < $   50/ton
� medium < $ 100/ton
� high > $ 100/ton

Pilot-Scale Technologies

� low < $ 100/ton
� medium < $ 200/ton
� high > $ 200/ton

Indication of the effectiveness of each removal and/or treatment technology is based on percent removal of
contaminants and represents the same percentage ranges for both full scale treatment and pilot-/bench-scale
treatment technologies.  These rages are:

� extremely effective > 99.9999%
� highly effective > 99.99%
� very effective > 90.0%
� effective > 80%
� moderately effective > 50%
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In addition, information has been provided on which contaminants the technology addresses and the estimated
availability of pilot-scale technologies.  Availability refers to:

� short-term = within 1 year
� medium-term = 1 to 5 years

Should the RAP Team and BPAC identify sediment restoration as a viable option relative to the goals for the
AOC, then this information may be used to compare treatment train processes.  The actual selection of any options
will require a feasibility study to assess the appropriateness of the method to the environment and will also require
a sediment management plan.

The management plan should include:

� goals and criteria for sediment quality;
� identification of all required permit and applicable regulations;
� a clear understanding of the sources of contamination;
� the delineation of contaminated zones;
� physical characteristics of the system, including current depositional rates, depth, etc.; and
� a pre- and post-monitoring program.

It is essential that, prior to the allocation of funds to undertake remedial measures, the source of the contaminant is
eliminated or significantly reduced and the opportunities for natural restoration are considered.

In the design and implementation of a sediment remediation plan, the applicability of available technologies to the
existing environment should be evaluated through bench scale and pilot projects.  The success of the remediation
program should be evaluated through a pre- and post-treatment monitoring program.

3.9 Physical Habitat Disruption along Watercourses

3.9.1 Location of Habitat Disruption

The loss of wetland resources and other fish and wildlife habitat is considered a major concern within the AOC
(MOE et al., 1991).  Wetlands have been lost by drainage of land for agricultural purposes; dredging or filling for
navigation, marina and housing developments; and impairment by dykes hydrologically separating the wetland
from the main channel.  Quantitative estimates of wetland loss indicate that, on the Michigan side, a 72% decrease
in aerial extent between 1873 and 1973 occurred while in Ontario 2,630 acres were lost between 1965 and 1984
from the mouth of the Thames River to Chenal Ecarte, including channels of the Walpole Island Indian Reserve
(see Figure 3.9.1).  Agricultural drainage accounted for 92% of the losses - an activity found to be of definite
concern among those charged with preserving the resources of Walpole Island (I. Burnet, pers. comm., Feb. 1993).
Marine and cottage development has accounted for the remaining portion (8%) of the loss of wetland.

Industrial, agricultural and urban development, involving extensive bulkheading and infilling, have altered
shoreline configurations and minimized spawning, rearing and feeding sites of many fish species (MOE et al.,
1991).  This alteration in the natural flow dynamics of the system can hinder the inherent ability of the river and its
tributaries to deal with other disturbances (L. Halyk, pers. comm., Feb. 1993).  The delta area, popular for
waterfowl, has seen increased use by waterfowl species in general (between 1968-1982) but a decrease in use by
diving ducks specifically during the fall season.  Spring use of the area has seen little change in terms of peak
number of waterfowl, but a decrease of 79% for dabbling ducks is documented as occurring between 1968 and
1982 (MOE et al., 1991).  Reduction in use may be attributed to drainage and the subsequent loss of wetlands,
including boat traffic, hunting on portions of wetlands owned by the Walpole Island Indian Band and population
declines of certain species.
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The decline in fish and wildlife populations within the AOC has been addressed in a document entitled Draft Fish
Community Goals and Objectives, compiled by MNR and MDNR.  The goals for fish habitat rehabilitation for the
St. Clair River include:

i) achieving no net loss of the productive capacity of habitats supporting Lake St. Clair and St. Clair/Detroit
Rivers fisheries; and

ii) restoring the productive capacity of habitats that have suffered damage.

The St. Clair River-Lake St. Clair system provides valuable habitat for at least 91 species of warmwater, coolwater
and coldwater fish and the wetlands of the delta represent important habitat for at least 48 species of fish (MOE et
al., 1991).  Spawning and nursery habitats are found in the main river, its tributaries and the delta which also
provide food and shelter for juveniles and adults and for the migration of fish between lakes Huron, St. Clair and
Erie (Edwards et al., 1989; Griffiths et al., 1991 in RAP).  The major fish spawning areas are shown in Figure
3.9.2.  These mainly focus on shoals, shallow areas around islands and river shoulders where water velocities are
lower or in deeper channel sections where substrate is hard, channel edges bulkheaded, water velocities high and
vascular plants absent.  Most walleye spawning occurs in the Thames River, a tributary to Lake St. Clair.

The St. Clair fishery has been on the decline since the turn of the century, due in part to carp introduction,
overfishing, and mercury levels (MOE et al., 1991).  Today there is no commercial fishing within the St. Clair
River north of Walpole Island.  There are three current fishing licenses on Lake St. Clair, but they are inactive due
to the abundance of coarse fish caught and the lack of a market for these species (K. Breault, pers. comm., Jan.
1993).  Baitfishing and sportfishing remain popular on the river (MOE et al., 1991).

The wetlands of the St. Clair River and delta have been identified as important to wildlife, fish, commercial and
sport fishing, hunting and trapping, Native consumptive uses and naturalist values.  The delta provides habitat for a
variety of mammals, reptiles, amphibians and birds, with the delta marshes supporting nesting, feeding and staging
areas for waterfowl (Limno-Tech, 1985 in RAP).  The area represents a number of recognized valuable habitats
including a portion of the Atlantic and Mississippi flyways, the second most important staging area in southern
Ontario and internationally recognized habitat for ducks, geese and swans.  A complete listing of mammals,
amphibians, reptiles and birds found within the St. Clair AOC is provided in the Stage 1 RAP Report.  As noted in
that document, there is no information on changes in wildlife populations, their usage of the river and associated
wetlands, the impact of chemicals nor of physical habitat changes on mammals, amphibians and reptiles, though,
historically, impacts have resulted from dredging, infilling, bulkheading, drainage and other development
activities.

Phytoplankton density studies reported in the Stage 1 RAP Report reflect an oligotrophic to mesotrophic condition
of lower Lake Huron.  Because this is thought to be typical of this portion of Lake Huron, the Stage 1 RAP
document recognizes this beneficial use as not impaired.  Alternatively, the RAP report regards fish and wildlife
habitat loss as an impaired beneficial use.  It is stressed that wetlands and littoral areas in the AOC are in need of
protection, and management options should adhere to fish community goals and objectives that target the concept
of `no net loss' and habitat restoration.

In summary, present indications of physical habitat disruption reflect the loss of wetlands and shoreline integrity,
mainly due to a number of factors which include:

� agricultural drainage;
� dredging or filling for navigation;
� marina and housing development;
� dyke construction; and
� bulkheading.
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These are known causes of habitat disruption on a more general level, but actual specific locations of habitat
disruption within the AOC were not identified in the Stage 1 RAP document.

3.9.2 Mitigative Options Planned or Underway

While habitat degradation is a known concern within the St. Clair River AOC, the planning of mitigative options at
this stage is preliminary at best, considering the lack of specific data on actual habitat loss locations.  A major
source of information on sites where habitat could be rehabilitated or created, is being prepared by the MNR and
will target areas with potential for habitat management work.  This information was unavailable at the time this
Technical Options Report was prepared.

Within the scope of Remedial Action Plans, the MNR plays a significant role in addressing beneficial uses
associated with fish and wildlife habitat, plankton and benthos, and the physical, chemical and biological habitats
linked to their life cycles.  In response to this, the Chatham Office of MNR is currently involved in a survey of the
St. Clair and Detroit Rivers to identify and evaluate potential fisheries and wildlife sites for habitat rehabilitation/
enhancement.

The field work component of this study was conducted in summer 1992, in conjunction with literature searches,
extensive mapping, video taping and aerial photography of existing habitat conditions.  This information, along
with knowledge of specific biological habitat requirements, formed the basis for the development of conceptual
plans targeted at maximizing the amount and quality of habitat that the rivers could produce.  A total of 75 major
rehabilitation sites have been identified, accompanied by formal drawings, engineering input, and information on
relevant legislation and approvals associated with implementation.  The final report of this study is expected to be
released in the spring of 1993.

The status of the project to date indicates positive results in the form of new initiatives with other agencies and
partners and the planning of a public relations and implementation phase.

While this report will provide a much more relevant basis upon which to recommend viable technical options, the
following section provides a brief overview of suitable options for mitigation that are available and should be given
consideration once specific habitat degradation concerns are more clearly defined.

The MNR has also submitted a request to the Great Lakes Cleanup Fund and the COA RAP Steering Committee
for funding to improve and/or create habitat at a number of sites in the St. Clair River.  One of these sites is the
Chenal Ecarte/Sydenham Marsh.  This is a long-term marsh recreation project on a distributary channel of the St.
Clair River involving dyke breaching to increase marsh land and fish habitat (open system), as well as the creation
of inland waterfowl habitat (closed system) and upland habitat.  Potential project partners include Ducks
Unlimited, Great Lakes Cleanup Fund, St. Clair Region Conservation Authority and the Canadian Wildlife
Service.

3.9.3 Technical Options Available

An array of options are available to address the problems presented in Section 3.9.1.  They range from the
implementation of bank stabilization techniques to wetland construction, but without a clear definition of habitat
areas disrupted, there is no need for a detailed discussion of these options herein.  As a reference to available
techniques, Table 3.9.1 has been provided.  A selection of these options is discussed below based on the known
issues of concern identified within the AOC.  It should be noted that certain techniques are more suited to
particular watercourse environments.  For example, turbulence in the St. Clair River may preclude the
implementation of a certain technique that may work very successfully in a smaller tributary.

Public Participation and Education
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Depending on site-specific information, particularly the type and magnitude of the problem, it may be possible to
employ volunteer effort and natural materials to implement the appropriate measure(s).  Programs such as the
MNR's Community Fisheries Involvement Program (CFIP) and Community Wildlife Involvement Program
(CWIP) can provide funding and expertise to local community groups wishing to remediate problems and
rehabilitate habitat.  Many CFIP and CWIP projects have proven to be a cost-effective means of habitat
rehabilitation.

Stewardship programs are another means of addressing habitat damage problems.  Typically, stewardship
programs involve a community organization which assumes responsibility for the maintenance and improvement of
a local watercourse or reach, e.g., `adopt a stream' groups, such as the Speed River Project and Friends of the Don.
The local Conservation Authority (St. Clair Region C.A.) may wish to implement programs which encourage the
establishment of such groups.

In some cases, the St. Clair C.A. may wish to consider programs to assist landowners in the implementation of
riparian-focused measures, such as streamside fencing, cattle crossings, armouring, etc.  At other sites, engineering
constraints, requirements for heavy machinery, high material costs or the shear magnitude of the operation may
preclude the use of volunteers.  These projects are more costly, but not necessarily more effective than a number of
small-scale volunteer/stewardship programs.

Rock Rip Rap

Proper installation of rock rip rap along a bank will effectively halt erosion.  Fish of various sizes can find living
space in the crevices and eddies formed by the rip rap.  Figure 3.9.3 shows a typical rip rap installation.  The
submerged rock will provide substrate for the macroinvertebrate benthic community.
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Riparian Plantings

Vegetation within the riparian zone is widely regarded as a major determinant of fish habitat quality in streams.
The riparian community influences stream temperature, erosion and sediment loadings, cover and food for fish.
Disruption of riparian communities is known to induce degradation of stream habitats.  In these cases, it may be
appropriate to conduct riparian plantings to restore habitat.

It is highly recommended that qualified professionals be consulted in the planning, design and implementation of
riparian plantings.  The St. Clair Region C.A. and the Chatham District office of the MNR should be able to assist
in this regard.  Riparian planting techniques include seeding, sods, stakes, wattles, transplants and nursery stock.
These techniques are generally manual in nature, and can be accomplished using volunteer labour.  Site
preparation is critical to the success of riparian plantings.

Techniques for Wetland Creation and Enhancement

Wetland creation and enhancement techniques are useful means of restoring spawning, nursery and rearing habitats
for many warmwater fish species.  Numerous methods have been employed to construct wetlands for fish habitat.
In some instances, it should be possible to combine constructed wetlands for the combined purposes of fish habitat
and stormwater (urban and rural) quality enhancement.

Wetlands for fish habitat have been created by damming the mouths of inflowing tributaries.  Earthen dykes with
fish passage facilities allow control of water levels and fish access to the created habitat.

Primary considerations in the design of constructed wetlands are grade, water levels and vegetation.  Establishing
suitable grades and water level regimes are critical for success.  Both of these factors are major determinants of
vegetation patterns and utilization of the habitat by fish and wildlife.  Suitable spawning substrates are flood-
resistant, slender emergent vegetation such as grasses, sedges and spikerush.  The preferred vegetation may be
introduced to the wetlands by a variety of methods, e.g., natural succession, broadcast seeding, propagate
plantings, transplanting, and vegetation control.

4.0 EVALUATION METHODOLOGY

4.1 The Proposed Evaluation Methodology

In developing an evaluation methodology for the assessment and short listing of technical options, the primary goal
was to provide a method or approach which would yield an objective evaluation while allowing for sufficient
flexibility to incorporate any specific issues within the AOC.  The methodology provided herein is semi
quantitative and is based on the targeting and prioritizing of contaminants of concern, sources and associated
technical options.  The methodology is based on a ranking and weighting scheme and consists of three major tasks:

1. identify and prioritize the contaminants of concern;
2. identify and prioritize the significant sources of each contaminant; and
3. identify and prioritize the technical options for each source.

The philosophy of the methodology proposed is that if the contaminants of greatest concern are reduced through
reductions by the most appropriate sources using sound technical options, the restoration of beneficial uses which
these contaminants impair will be restored.

Because the approach is contaminant based it does not address physical habitat disruption which was identified as
an impairment of a beneficial use in the Stage 1 RAP.  However, the MNR has recently completed an evaluation of
the river which identifies and prioritizes suitable areas for fish and wildlife restoration opportunities.  These studies
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were not completed in time to be incorporated into this report, but are expected to be released in the spring of
1993.  The results of the MNR studies should be utilized to address the selection of technical options for the
restoration of fish and wildlife habitat.  Section 3.9 provides a brief review of the available technical restoration
options for fish and wildlife habitats.

As with any method of evaluation, there are a number of limitations associated with the method presented herein.
These limitations are described below:

1. As noted above the methodology addresses technical options for the control or prevention of
contaminants from identified sources and does not address physical habitat disruption options for
the restoration.

2. In order to target the technical options which will result in the reduction of those contaminants of
most concern, only significant sources, i.e. those groups (urban non-point, industrial point,
municipal point etc) which contribute greater than 5% of the total loading of a contaminant of
concern are considered.  This will cause insignificant sources (less the 5%) such as agricultural,
waste sites and public sources to be excluded from the evaluation.  However, this exclusion should
not prevent the technical options available for these sources from being addressed, but rather some
alternative review of these technical options should be employed.  Section 3.0 provides a
description of available technical options for all contaminant sources within the AOC as well as
evaluation information where available.  Effort should be made to support and encourage the
adoption of public initiatives which by themselves may not result in significant reductions of any
one contaminant but cumulatively will work toward contaminant reduction and resource
conservation within the AOC.

3. Because the scope of this project was to develop technical options for sources within the Ontario
portion of the AOC, the information is not specifically available within this report to address and
evaluate options for sources outside the AOC and within the Michigan portion of the AOC.

4. The methodology is semi quantitative, which means that numerical values are used to rank/prioritize
contaminants, sources and technical options.  While this may promote a more objective approach, it
is not free from bias and therefore it should be kept in mind that these values are not absolute and
may be based on relatively subjective assignment of values or scores.  For this reason small numeric
differences between contaminants, sources and options should not be interpreted to represent
significant and distinguishable differences.

5. The information provided on the cost of the technical options identified in Section 3.0 are estimates
and are intended only to identify the magnitude of cost relative to other options.  These cost
estimates are not suitable for use in decision-making on the allocation of financial resources,
funding or budgetary commitments.  More detailed cost information has not been provided as the
cost for options are generally site-specific and based on existing conditions and final design.  For
this reason, more detailed feasibility studies should be considered to compare shortlisted options.
Discussions of this type must involve responsible  parties not only to ascertain more specific costing
information, but more importantly site specific feasibility.

6. The methodology is designed to yield a short list of technical options and an initial prioritization of
those options.  However, the final selection of technical options to be implemented to achieve
environmental goals for the AOC should be based on feasibility studies and cooperative discussion
between the group(s) responsible for contaminant sources and the RAP and BPAC teams.

The methodology consists of six steps:

1. Establish Goals/Criteria for the contaminants of concern.
2. Identify and rank those contaminants which exceed the criteria.
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3. Identify the significant source groups (i.e.; urban non-point, industrial point sources) for each of the
contaminants which exceed the established criteria.

4. Identify and rank individual sources of the contaminants of concern.
5. For each ranked source of each contaminant identify the technical options available.
6. Rank the technical options for each sources.

At the end of Step 6, the top ranked options to reduce the loading of each contaminant of concern will be
identified.  Not all options will need to be implemented or be necessarily feasible and the decision on the
implementation of remedial options will need to reflect the available resources and the short and long terms goals
for the AOC.

A description of each of the evaluation steps is provided in the following section.

4.1.1 Step 1:  Establish Goals/Criteria

For each contaminant of concern identified through the Stage 1 RAP, goals/criteria should be developed.  These
may already exist for the AOC and, if so, may be incorporated into the evaluation.  Criteria should be established
for the various contaminant receptors, including water, sediment and biota.  These contaminant criteria should
relate to factors such as toxicity (acute and chronic), human health, biomagnification potential, recreation and
aesthetics.  The use of existing guidelines and objectives may be appropriate such as the Provincial Water Quality
Objectives (PWQO) (MOE, 1984), the Provincial Sediment Quality Guidelines (PSQG) (MOE, 1992j) and the
Canadian Water Quality Guidelines (CWQG) (Environment Canada, 1987).  Some contaminants may have a zero
tolerance and these should be incorporated into the criteria.  Where objectives are not available or not relevant to
the goals for the AOC, new criteria may be developed based on the available literature.  These criteria should be
achievable and consider the natural contributions associated with the soils and geology of the basin.

4.1.2 Step 2:  Identify and Rank Parameters which Exceed the Criteria

Using the established criteria make a list of all contaminants which exceed the criteria at any time or space.  These
parameters will be ranked based on weighting factors.  The recommended ranking factors are:

� associated impaired uses, and
� magnitude of exceedance.

Establish a `Step 2 Matrix Table' with the contaminants in the left hand column and a column for each of the
weighting factors noted above, with a "totals column" on the right hand side.  An example is provided in Table
4.1.1.

Associated Impaired Uses

Identify all the beneficial use impairments associated with each contaminant of concern and establish a weighting
scheme for impaired uses relative to each contaminant.  Assuming all beneficial use impairments are of equal
importance, sum the total number of impaired uses associated with the contaminant and divide this number by the
total number of possible impaired uses (14) (X/14 = Weighting).  This will produce a number between 0.0 and 1.0
and should be used as the weighting value for each parameter.  An example is provided in Table 4.1 under the
column `weighting'.

It will be at the discretion of those undertaking the evaluation to determine which chemicals are associated with
which impaired uses.  Table 2.2.1 in this report and information obtained from the Stage 1 RAP Report may be
utilized to identify the contaminants associated with impaired uses.

Magnitude of Exceedance
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Considering the magnitude of exceedance is importance in ranking contaminants relative to one another.  This
weighting factor should be based on the degree of exceedance (i.e., 100 x the criteria or 2 x the criteria) and the
frequency both spatially and temporally (i.e., occurring over the entire AOC, all the time, or over half the AOC,
occasionally).  Since criteria should be established for a number of media including water, sediment and biota, the
evaluation of exceedance should relate to all of these media.

Establish three or more weighting intervals to represent magnitude of exceedances, such as:

� high level,
� medium level, and
� low level.

For each exceedance interval assign a weighting value between 0.0 and 1.0 with the greatest weight assigned to the
maximin exceedance range.  Review the data available and determine the appropriate weighting or each parameter
based on concentrations and frequency of exceedance.  Where exceedance for a given contaminant fluctuates
between the established weighting ranges, establish a rule to use either the maximum (worst case) or mean
(average) data.  An example of weighting assignments is provided below:

Range Weight

� High Level 1.0
� Medium Level 0.6
� Low Level 0.2

Input the appropriate weight for each contaminant into the `Step 2 Matrix'.

Ranking the Chemical Parameters

Once the weighting data have been entered into the Step 2 Matrix, there are two methods which may be employed
to rank the chemical parameters.

1. The first assumes equal emphasis of both ranking factors and is an additive approach.  The weights
of each contaminant ranking factor are added together and the sum placed in the "total" column.
The contaminant with the highest numerical value should represent the contaminant of most concern
within the AOC relative to impairment of beneficial uses and the established goals for the AOC.
List the contaminants in descending order from the highest to lowest value, and this list will
represent the ranking order of contaminants within the AOC.

2. The second allows for greater emphasis to be placed on one of the ranking factors through the use of
multipliers.  For example, those undertaking the evaluation may want to place greater emphasis on
the magnitude of exceedance than the other ranking factor.  To apply greater emphasis to one or
more ranking factors a multiplier (1.0 to 2.0) should be used on all weights for that factor.  For
example (Table 4.1), a weighting of 0.8  assigned to zinc for magnitude of exceedance would be
multiplied by a designated value between 1.0 and 2.0 (1.5) and this would skew the weighting
relative to the other factor.

4.1.3 Step 3: Identify Significant Sources

It is important in ranking and evaluating technical options to be able to prioritize these options relative to
contaminants of most concern and the sources which represent the most significant loading.  Significant sources of
the contaminants of concern within the AOC are identified in Table 2.2.1.  For each contaminant, the source
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groups (i.e., urban non-point, industrial point, etc.) which constitute a significant (>5%) source of loadings should
be identified and a list of the various individual sources within each source group compiled.
As noted in Section 4.1, through addressing only the significant source groups, effective targeting and prioritizing
of sources may be accomplished; however, many of the relatively insignificant sources, such as public sources,
waste sites and agricultural sources, may be eliminated from further assessment.  It is important to establish an
alternative/secondary mechanism to address these sources and assess the available technical options.  The
cumulative impacts of insignificant sources should not be ignored nor should the potential cumulative reductions
associated with the adoption of remedial options.

Many of the public initiatives identified in Section 3.1 may be implemented at low cost, and will promote
reduction of contaminants, resource conservation and public awareness.  These types of options should be
promoted.  While it is important to recognize the need to address insignificant sources, nevertheless, in order to
achieve the greatest contaminant reductions, it is essential to target technical options for the control, prevention and
reduction of contaminants by the most significant sources.

4.1.4 Step 4: Identify and Rank the Individual Sources

For each ranked contaminant, list each of the individual sources and construct a `Step 4 Matrix' which will be used
for the ranking of individual sources of each contaminant.  Based on the requirements of the BPAC and RAP
Team, the contaminant list established in Step 2 may be used to reflect a preselected number such as 10 or all of
the contaminants may be carried through to the Step 4 Matrix.  An example of a Step 4 Matrix is provided in Table
4.1.2.

In order to rank the sources, establish weighting intervals based on the relative contribution to the total loading by
each source, such as:

� primary,
� secondary,
� moderate, and
� minor.

This information is available in Section 3.0 and in the Stage 1 RAP Report; however, the information in the Stage
1 RAP Report is more dated than Section 3.0.  In addition, more detailed information is generally available for
point sources than non-point sources, and this should be kept in mind when assigning weightings to sources.

For each interval, assign a weighting value between 0.0 and 1.0 with the highest weighting being assigned to the
primary contributors.

Through ranking sources based only on their relative contribution of a contaminant, inequities may result in the
prioritizing of sources.  For example, the second or third largest source of a contaminant may be able to more cost
effectively reduce loadings than the largest source.  These inequities should be considered when selecting technical
options for further assessment.  Potential implementation strategies which address these inequities are described in
Section 4.3.  These strategies draw on some relatively new concepts which are presently being utilized within
various jurisdictions across North America.

Ranking the Sources

Complete the Step 4 Matrix filling in the designated weight for the ranking factor and order the sources according
to weighting.  This step should produce a list of ranked sources (priority) for each contaminant of concern.

4.1.5 Step 5:  Identify Technical Options
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For each source identified and ranked through the Step 4 process, identify and list the technical options.  Technical
options have been provided for each source in Section 3.0 of this report.  The evaluation and selection of these
options will be undertaken through Step 6 and will render a ranked list of technical options which reflects the
conditions and priorities within the AOC.

4.1.6 Step 6:  Ranking Identified Technical Options

For each ranked contaminant and associated ranked sources list the identified technical options.  The goal of this
step is to prioritize (rank) the technical options by source and by contaminant such that the technical options may
be shortlisted and identified for detailed consideration.  Technical options should be evaluated and ranked based
on factors such as:

� effectiveness, and
� cost/affordability.

Additional ranking factors may be added to those provided above based on the RAP Team and BPAC goals for
evaluation.  In order to evaluate the technical options, establish a `Step 6 Matrix' as shown in Table 4.1.3 such that
designated weightings may be recorded.

Effectiveness

In evaluating the available technical options, it is important to factor into the evaluation the effectiveness of each
option into the evaluation.  How effective will each options be at reducing the loading of the specific contaminant?
The more effective (i.e the greater the percent reduction) an option, the more desirable it becomes for
implementation.  Information on effectiveness has been provided where available, in Section 3.0.  The assessment
of effectiveness should incorporate expected reductions, whether the technology is well-established or not, the time
to implement, and perhaps maintenance and operation considerations.

Establish a set of intervals which represent relative effectiveness.  For example:

� highly effective,
� effective,
� moderately effective, and
� not very effective.

As in Step 4, assign a weighting between 0.0 and 1.0 to each interval with the interval representing maximum
effectiveness having the greatest weighting.

Cost/Affordability

The cost of various technical options is frequently a limiting factor in their implementation and should be
incorporated into the evaluation of technical options.  Cost may be determined as the cost per unit of reduction or
the entire capital cost of the project regardless of the reductions.  Since reduction/effectiveness has already been
incorporated into the evaluation process, a capital cost evaluation is proposed.  Where information is available, an
estimate of the capital cost of the technical options is provided in Section 3.0.  In addition to evaluating capital
costs, some effort should be made to consider affordability.  However, affordability should not be incorporated in
such a manner that those sources which best manage their financial resource are penalized for being able to afford
more.
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Establish cost intervals through review of cost ranges for options within the AOC.  Cost intervals should represent
relative costs and not absolute costs.  An example of cost intervals are:

� <$100,000
� $100,000 to $1,000,000
� >$1,000,000

Assign a weighting between 0.0 and 1.0 to each interval with the interval representing the lowest cost having the
greatest weighting.  For example:

Interval Weight

� <$100,000 0.8
� $100,000 to $1,000,000 0.5
� >$1,000,000 0.3

Since the costs associated with the technical options incorporate private and public funds and the estimates
represent broad dollar ranges, it is important to involve the sources in the confirmation of costs.

Ranking the Technical Options

Complete the Step 6 Matrix filling in the designated weight for each ranking factor.  As with the Step 4 Matrix, the
RAP Team and BPAC may wish to apply greater emphasis to one or more of the ranking factors such as
effectiveness or cost.  To accommodate the increased emphasis, a multiplier (between 0.0 and 2.0) should be
applied to the factor which requires greater emphasis in the ranking.  Sum the weights (including multiplied
weights) of each option and rank the options for each source for each contaminant.  This step should produce a list
of ranked technical options (priority) for each sources of each contaminant of concern.

4.2 Assessing the Ranked Technical Options

From Step 6, a list of prioritized or ranked technical options should be available for each contaminant source.  This
list should be considered as a means to shortlist technical options.  However, the final selection of a technical
option will, in many cases, require some type of feasibility study.  In addition, opportunities where technical
options may address several contaminants at a given source should be considered over several different options to
address the same contaminants.

In the final assessment of technical options, sources should be consulted and cooperative discussions held to reach
a consensus on the selection of the best technical options to address the contaminants of concern.

4.3 Technology Implementation Strategy

To address the inequities created by targeting and listing/ranking of sources, a number of options may be
considered, including:

� pooled financial resources,
� the issuance of pollution permit and trading, and
� shared technical options.

Pooled financial resources refers to the joint payment by all sources into a trust whereby the money is used to
undertake the best options regardless of the source.  This type of solution requires cooperation and consensus
amongst sources.
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Pollution permits and trading refer to the allocation of pollution units to various sources based on acceptable
loading values and targeted reductions.  Sources which are most efficient and reduce their loading below their
permit allocation may sell the excess unit to a less efficient source.  Each time the units are transferred, they are
reduced, thereby resulting in long-term total load reduction.  This system is not suitable for zero tolerance
contaminants.  In this type of system, the RAP Team and BPAC would need to establish total acceptable loadings
(via modelling) such that units may be issued.  The distribution of units may require some evaluation of Best
Available Technology such that a source is not provided with less units than achievable or so many it does not
promote reduction of pollution.

Shared technical options refer to the development on a common treatment or technology which may be used by a
number of sources, and the cost for development is shared amongst those sources.  For example, a number of
petrochemical industries in the same region may be able to share an effluent treatment system that would otherwise
be unaffordable for each individual source.

These are some options which could be considered when addressing issues of contaminant sources and
responsibilities.  Regardless of the implementation of this evaluation methodology or an alternative evaluation
methodology, groups responsible for sources should be involved in the process and cooperation and consensus
achieved.
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Storm and Sanitary Sewer Use By-Laws

Sewer use by-laws are municipal by-laws for regulating discharges to sanitary and storm
sewers.  These by-laws control the discharge of several pollutants which include:  bacteria,
nutrients, solids and heavy metals to the sewer system.  Violation of sewer use by-laws is
primarily from industrial sources and impact dry weather conditions.

Roof Downspout Disconnection By-Laws

The roof downspout disconnection by-law is a municipal by-law for reducing direct discharges
to storm sewers.  Runoff from roof surfaces can contain various contaminants either from
atmospheric deposition or bird faecal droppings.

Litter Control By-Law

The litter control by-law is a municipal by-law for reducing the deposition of waste materials. 
During rainfall events waste materials are subject to washoff and the watercourses untreated
through the storm sewer systems.

`Poop-Scoop' By-Law

The `Poop-Scoop' by-law is a municipal by-law reducing bacterial deposition by domestic pets.
 The result is a reduction in bacteria entering the watercourses by washoff during rainfall
events.

Erosion/Sediment Control By-Law

The Erosion/Sediment Control by-law is a municipal by-law primarily relating to construction 
works to minimize erosion both of watercourses and of disturbed soils and to minimize
sediment entering the watercourses.

APPENDIX B:

Glossary of Terms
Municipal Point Sources
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Source Control

Source control includes industrial pre-treatment, process or chemical substitution, water
conservation and recycling, application of sewer use by-laws and enforcement, regulatory
control and public education.

Industrial pre-treatment would reduce discharges from industry which are eventually treated by
WPCPs.  The substitution of processes or chemicals which generate toxic effluents by others
which are less toxic, both in-plant and at WCPCs (e.g., replacements for chlorination such as
ultraviolet, ozonation), would decrease the discharge of contaminants such as metals and
chlorinated organics.  Water conservation would reduce the hydraulic loadings and improve
effluent treatment, as well as reducing the potential for overflows and the subsequent release of
untreated discharges.  Water recycling by industry would reduce contaminant loadings. 
Regulatory control, such as legislated reductions in phosphorus concentrations in detergents,
would decrease phosphorus loadings to WCPCs.  Public education in water conservation, the
use of phosphate-based detergents and impacts and control of household contaminants would
also decrease loadings to WPCPs.

Separation of Combined Sewer Overflows 

During peak storm events sewers may overflow resulting in discharges of untreated domestic
waste.  Separation of the storm and sanitary sewers would ensure treatment of domestic and
industrial wastes.               

Biological Treatment

The following is a brief description of several biological processes for the reduction of
contaminant loadings from WPCPs.

Activated Sludge Treatment

Activated sludge systems are popular for the treatment of domestic sewage.  The activated
sludge process uses recycled microorganisms (activated sludge) to oxidize the organic
compounds, in the presence of air, to carbon dioxide, water and new cells.  In the activated
sludge reactor wastewater along with the recycled sludge flows under constant aeration in the
presence of activated sludge and exits at the other end of the tank after four to eight hours of
residence time.  There are many different types of activated sludge processes including
conventional, step aeration, contact stabilization, and extended aeration.  To remove ammonia
the activated sludge treatment can be enhanced to include nitrification and denitrification
processes.  In nitrification ammonium is oxidized to nitrate via the nitrosomonas and
nitrobacter bacteria.  Denitrification is the reduction of nitrate to elemental nitrogen and would
require a separate reactor and settler.   
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Rotating Biological Contractor

A rotating biological contractor consists of a group of molded polystyrene discs suspended in a
cylindrically bottomed tank containing the wastewater.  The discs are supported by a shaft
which passes perpendicularly through the centre of the discs.  The discs are rotated so that a
biological growth will form on them as the surfaces are alternately exposed to the wastewater
and air.  The treated effluent can flow to another unit or to a clarifier to remove the suspended
solids.
 
Trickling Filter Pretreatment

Trickling filter plants are considered for populations less than 10,000 (Sundstrom and Klei,
1979) and are popular because of their low operating cost.  However, they do not have the
same BOD removal efficiencies as activated sludge plants and require more land. 

The trickling filter process is similar to the activated sludge process in that both are primarily
aerobic processes in which the removal of soluble organics depends on the action of
microorganisms.  The microbial mass is located on a support media, i.e., the filter, which is
usually composed of crushed stone, slag, or plastic grid packings.  Generally, a primary settler
treats the influent before being pumped to the trickling filter and its associated  secondary
clarifier.

Effluent Polishing Ponds

Effluent polishing ponds are used as biological reactors where land is available and odour will
not cause a nuisance.  Ponds intentionally grow algae for photosynthesis to supply part of their
oxygen requirements.  Ponds also act as the clarifier.   Long residence times and endogenous
respiration are used to remove the waste and biological solids from the water.

Wetland Polishing Treatment

Wetland polishing treatment or artificial marshlands work by directing wastewater through
aquatic plant systems.  Organics and nutrients in the wastewater are absorbed and biodegraded
by plants and the microorganisms that thrive on plant roots and systems. 

Improved Clarification Performance and Increased Capacity

Clarification is required to decrease the concentration of suspended solids.  Improved
clarification performance will ensure lowered suspended solids concentrations discharging
from the WPCPs.  This will also aid in heavy metals and phosphorus removal since these
compounds are often bound to suspended solids or are themselves settleable.
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Discharge of contaminants from WPCPs may also be due to exceedance of the design capacity.
 Increasing the capacity of the WPCP will enable thorough treatment of the wastewater.

Final Filtration

Filtration is increasingly used as a tertiary treatment.  The filter removes residual biomass or
chemical precipitates from the wastewater before chlorination and discharge.  Several different
filters can be used including sand filters, multimedia filters, precoat filters, microstraining
filters and vacuum filters. 

Coagulation

Coagulation is the process whereby chemicals are added to a solution to combine small
dispersed particles into large agglomerates which can then be removed via sedimentation, air
flotation or filtration.  This process enables improved sludge settling through addition of
compounds such as alum, ferric chloride, organic polymers, etc.  Better removal of sludge
decreases suspended solids, BOD, phosphorus and metal concentrations.

Air Stripping

Ammonia can be stripped from wastewater after the wastewater is treated with lime to increase
the pH to 10.5 to 11.5.  The waste gases are removed in a packed tower where the wastewater
at the desired pH is fed at the top and the stripping gas, i.e., air, is introduced at the bottom
giving countercurrent gas-liquid contact.

APPENDIX C: GLOSSARY OF TERMS FOR INDUSTRIAL POINT SOURCES

Air Stripping

Air stripping can be used to remove ammonia from water by bringing the liquid into contact
with air.   The process usually takes place in a column or tower packed with inert objects which
help to improve the contact between liquid and gas.  Wastewater at elevated pH is pumped to
the top of a packed tower and flows downward, while air enters at the bottom and flows
upward.  Lime or caustic is used to raise the pH to between 10.8 and 11.5 prior to stripping,
converting ammonium ions to free ammonia gas which can be stripped by air.  Free ammonia
is stripped from the falling water droplets into the air stream which is discharged to atmosphere
or recovered.  Removal is highly dependent on air temperature and air/water ratios.  As air
temperature drops, the efficiency decreases.

Anthracite Filters
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Anthracite is a hard coal with a low volatile content.  It has a low density compared to sand,
allowing it to be used in a coarse size in the top layer of a downflow sand filter.  This makes
coarse to fine filtration possible, as the anthracite will not sink below the sand, and remains in
place after backwashing.

API Separators

API (American Petroleum Institute) Separators are primary oil removal devices used to remove
floatable (non-emulsified) oil from wastewater.  The API separator provides a quiescent area
where the oil is allowed to float to the surface of the separator.  As the oil droplets rise and
collect on the water surface, a travelling skimmer pushes the oil towards an oil collection baffle
and rotatable oil skimming pipe.  Treated wastewater, free of non-emulsified oil, flows under
the collector baffle and out of the separator effluent pipe at the bottom of the tank.  Emulsified
oil will not be removed, nor will there be removal if density differences are insufficient to
bring about separation.  Heavy materials are removed through gravity settling to the bottom of
the API separator.

Biological Treatment - Activated Sludge

Activated sludge is a type of aerobic biological treatment that has been used for decades to
treat municipal sewage, and is often used to treat industrial waste as well.  In the activated
sludge process, organic waste is introduced into a reactor where an aerobic bacterial culture is
maintained in suspension.  The reactor contents are referred to as mixed liquor.  In the reactor,
the bacterial culture consumes the dissolved organic compounds in the incoming wastewater,
producing water, carbon dioxide, and new cells as by-products.  The aerobic environment is
maintained by the use of diffused or mechanical aeration.  After a specified period of time, the
mixture of cells (also called sludge) and treated wastewater flows into a settling tank where the
cells are separated from the wastewater.  A portion of the settled cells is recycled to maintain
the desired concentration of organisms in the reactor, and the rest is wasted.  The treated
wastewater is subjected to tertiary treatment or discharged directly to the environment.

Breakpoint Chlorination

Chlorine reacts with ammonia to form chloramines, which may be further oxidized by more
chlorine to trichloramine, nitrogen trichloride, and to nitrogen and its oxides.  During
breakpoint chlorination, almost all of the ammonium is oxidized to nitrogen gas.  Hydrochloric
acid is co-produced, and must be neutralized.  The breakpoint is reached when these reactions
are complete so that continued addition of chlorine produces free residual chlorine.

Coagulation

Coagulation is the addition of chemicals, such as metal hydroxides, to waste water to remove
tiny suspended particles.   The chemicals lessen the surface charge of the suspended matter, so
that the particles can stick together.  Coagulants must help to settle the solids, while forming
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flocs themselves so that subsequent filtration or settling stages work effectively.  The most
common coagulant is alum, which precipitates as aluminum hydroxide under alkaline
conditions.  Polyelectrolytes may also be added in small quantities.

Chemical Precipitation of Metals

Chemical precipitation in wastewater treatment involves the addition of chemicals to alter the
physical state of dissolved and suspended particles to facilitate their removal.  Precipitation is
usually accomplished by the addition of coagulants such as alum, lime, iron salts, and organic
polymers.  One of the disadvantages of chemical precipitation is that it often increases the
concentration of dissolved solids in the wastewater being treated.  Another disadvantage is the
generation of a large amount of sludge which may contain toxic compounds and which
requires treatment and disposal.

Condensers

Condensers are heat-transfer devices used to liquefy vapours by removing their latent heats. 
The latent heat is removed by absorbing it in a cooler liquid called the coolant.  Condensers fall
into two classes.  In the first, called barometric condensers, the coolant and vapor streams
come into direct contact with each other and leave as a single stream.  The second type of
condenser is a surface condenser, or a shell and tube condenser, where the condensing vapour
and coolant are separated by a tubular heat transfer surface.

Barometric Condensers:  Barometric condensers are the most common type of direct contact
condenser, in which vapour is condensed by rising against a shower of cooling water.  The
condenser is set high enough that water can discharge by gravity from the vacuum in the
condenser.  Such condensers are inexpensive, and economical on water consumption.

Surface Condensers:  Surface condensers are used when direct mixing of condensate with
condenser cooling water is not desired.  They are usually shell and tube heat exchangers with
vapour on the shell side and a multipass flow of cooling water on the tube side.  Surface
condensers are much more expensive than direct contact condensers, and use a lot more
cooling water, so they are never used when a direct contact condenser is suitable.

Dechlorination

Dechlorination is the practice of removing the total combined chlorine residual that exists after
chlorination to reduce the toxic effects of chlorinated effluents.  Sulphur dioxide, sodium
sulphite, and sodium metabisulphite are commonly used for dechlorination.  When sulphur
dioxide reacts with residual chlorine, the products are sulphate ions, hydrogen ions, and
chloride ions.  The reaction is nearly instantaneous, and requires good mixing at the point of
application.

Dialysis
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Dialysis is the transfer of solute molecules across a membrane by diffusion from a concentrated
solution to a dilute one.  It is similar to reverse osmosis, except that the driving force is the
concentration difference between the two sides of the membrane, rather than applied pressure. 

Dissolved-air Flotation

Dissolved air flotation, or DAF is a method of separating oil and fine solids from aqueous
solutions.  The wastewater is first saturated with air, and then flows to a tank where the air
comes out of solution in tiny bubbles that float the solids and oil globules and enable them to
be skimmed off.  Coagulants may be added to help form flocs which float with the air bubbles
more easily.

Distillation

Distillation is a method of separating a liquid mixture into individual components or groups of
components using vaporization.  Distillation is easiest when applied to liquids whose
components have very different boiling points.  The liquid mixture is heated, and the more
volatile components will vaporize first.  The vapour is collected and condensed.

Electrodialysis

Electrodialysis has been used in the desalination of sea water.  It employs ion-exchange
membranes to separate ions in aqueous solution based on their charges.  When salt water is
electrolysed, the cations travel to the cathode and the anions to the anode, theoretically leaving
desalted water in between.  This process is made more efficient by dividing the electrolytic cell
with cationic and anionic membranes alternately.  When voltage is applied to the electrodes,
the ions move toward their electrodes, but the membranes concentrate all of the ions into one
stream, and desalinated water into another.

Equalization Basin

Flow equalization is often done prior to a treatment system in order to dampen the fluctuations
in flow that might naturally occur in a process.  An equalization basin will often have a
retention time of several hours, with variable flows entering it and steadier flows leaving. 
Fluctuations in contaminant concentration and pH are also levelled out in the equalization step.

Evaporation in Multi-effect Evaporators

Evaporators serve the same purpose as vapour compression distillation, but use leass
electricity, and more steam.  In a multi-effect evaporator, two or more evaporation stages are
present.  Each stage is made up of a closed tank with steam tubes running through it.  Steam
produced from wastewater in one stage is condensed in the heating coils of the subsequent
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stage, which operates at lower pressure.  Multi-effect evaporators use much less steam per
volume of wastewater evaporated than single effect evaporators.

Flocculation

Flocculation is the grouping of solids in water, resulting in flocs or clumps.  It can be promoted
by gentle stirring or by adding chemicals such as polyelectrolytes.

Granular Activated Carbon (GAC) Adsorption

Adsorption is a separation process in which certain components of a  fluid phase are transferred
to the surface of a solid adsorbent such as granular activated carbon (GAC).  GAC is a highly
porous material, and adsorption takes place primarily on the walls of the pores or at specific
sites inside the particle.  GAC adsorption is particularly effective at removing organic
compounds.  The small particles of carbon are usually held in a fixed bed, and the liquid is
passed continuously through the bed until the solid is nearly saturated and separation can no
longer take place.  Spent GAC can be regenerated by steam treatment at 1000 C.      

Ion-Exchange

Ion exchange is a water treatment in which one ion in the water, such as NH4
+ is exchanged for

another that is less harmful.  The process usually takes place on synthetic resin beads packed
into a column.  Beads with anions permanently attached to them (such as SO3

- or COO-) will
accept and exchange cations such as Na+, H+, Ca+2, and NH3

+.  The solution to be treated is
passed through the column.  The ions to be removed from solution attach themselves to the
resin, changing places with ions formerly attached to the resin.

Once saturated, the ion-exchange bed can be regenerated with a 2% NaCl solution.  The
effluent from regeneration usually contains more than 300 mg/L of ammonia which can be
recovered by air or steam stripping.

Lamella Solids Settler

In most gravity clarifiers, the mean water depth through which particles must fall is between
one and two metres.  The time required for sludge to fall this distance is a critical factor in
limiting the clarifier capacity.  A modification to the standard design of gravity clarifiers
reduces the distance of fall from metres to centimetres, reducing the space requirements for
clarification.  The tube settler, or lamella settler, uses a series of inclined tubes, connected at
the inlet to a flocculation chamber, and at the outlet to a clear well.  The angle of inclination is
varied to suit the required duty.  These units are ideally suited for localized treatment of
individual waste streams in cramped locations.

Multi-media Filtration
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A multi-media filter is a downflow sand filter that uses coarse to fine filtration with three or
more media, often anthracite at the top (the coarsest), sand in the middle, and garnet (the finest)
at the bottom.  Polystyrene may be added as an extra layer on top, and magnetite as a finer,
denser layer at the bottom.  The grain size varies from 1 to 2 mm at the top to less than 0.5 mm
at the bottom.  Compared with conventional sand filters, flow rates can be 2.5 times higher
while producing cleaner water.  Multi-media filtration is used to remove fine particles and
emulsified oils from wastewater.

Nitrification/Denitrification

Ammonia can be removed from wastewater using bacteria known collectively as nitrifiers,
which oxidize ammonium to nitrate in a two-step reaction.  In the first reaction, ammonium is
oxidized to nitrite by Nitrosomonas.  In the second step, Nitrobacter  oxidizes  nitrite to nitrate.
 A population of nitrifiers can be established in the aeration basin of an activated sludge plant
or in an aerated lagoon.

Denitrification involves the conversion of nitrate ions into nitrogen gas by bacteria.  Anoxic
conditions (low dissolved oxygen), an organic carbon food source, and an energy source are
required for this.  Denitrification is optimized at relatively high temperature (40�C), neutral pH
(6.5 to 7.5), and under anoxic conditions.  Denitrification can take place in an activated sludge
plant if the return sludge is not fully aerated in the first compartment of the aeration tank. 
Alternatively, a separate, anoxic activated sludge step may be added after the secondary
clarifiers of the activated sludge plant.

Oil Absorption Column

Small wastewater streams containing low concentrations of oil and grease can be treated using
a granular sorbent material in a fixed bed contact column, similar to activated carbon.  The
advantage is that the sorbent can be much less expensive than GAC, although it cannot be
regenerated.  The exhausted sorbent is disposed of by incineration of landfilling.  The
technology is applicable to small flows of wastewater with relatively low concnetration s of oil
(10-50 mg/L).

Ozonation

Ozone is a very strong oxidant which may be used to remove residual dissolved organics in
secondary effluent.  The rate of oxidation is temperature and pH dependent.  Reaction rates
increase with increasing temperature.  Ozone breaks down to elemental oxygen in a relatively
short period of time, consequently, it must be generated on site.  Ozone is a good oxidant for
removal of cyanide, phenol, and other dissolved toxic organic materials.

Ozone and Ultraviolet Light
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Radiation emitted from ultraviolet (UV) light sources has been used to a limited extent since
the early 1900's for disinfection of water supplies.  Ultraviolet radiation can be used in
conjunction with ozone to reduce organic contamination 10 to 100 times more effectively than
ozone alone.  The low-pressure mercury arc lamp is the principal means of generating UV
energy used for organics destruction.  Treatment with UV light is not effective on water which
contains large quantities of suspended solids.

Polishing Ponds

Effluent polishing removes residual suspended solids, especially biological solids following a
biological treatment system.  Biological solids can contribute BOD and some toxic organic
compounds to the final effluent if they are not removed.  Polishing ponds allow solids to settle
before the effluent is discharged.  They are sometimes equipped with baffles and oil skimmers
on overflows to remove traces of free oil which may have escaped earlier treatment.  Some
facilities have provisions for recycling polishing pond effluent back to the start of the
wastewater treatment train if the effluent quality is not acceptable.

Reuse of Treated Effluent

High quality waste streams can sometimes be reused within the process for:

� cooling water;
� firewater;
� wash water;
� service water; and
� pump gland cooling.
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Reverse Osmosis

Osmosis is the phenomenon of the diffusion of solvent molecules through a membrane from a
dilute solution to a more concentrated one.  A simultaneous diffusion of solute molecules
occurs through the membrane in the opposite direction.  Reverse osmosis is a membrane
process in which the direction of flow is reversed by the application of pressure to the surface
of the stronger solution.  This forces solvent to flow from the concentrated solution to the more
dilute one, producing a very clean solvent permeate.  In reverse osmosis, the solute particles
are approximately the same size as the solvent.  Reverse osmosis has been used extensively in
the desalination of seawater.

Sand Filtration

Sand filtration is used as a final treatment stage to remove suspended solids from relatively
clean water.  A sand filter consists of a layer of sand supported on a bed of gravel that usually
contains underdrains to draw off the water quickly.  Sand filters may be contained in open
concrete tanks or even within earth walls.  Downflow, or rapid gravity sand filters are common
in water treatment.

Separation of Wastewater Streams

The segregation of contaminated wastewater streams from relatively clean ones allows for the
reuse of clean water with little or no treatment, and the opportunity for pretreatment of dirty
water.  Pretreatment can be less expensive than final effluent treatment because the volumes to
be processed are often much smaller.  

Steam Stripping

Steam stripping of gas from water works much like air stripping, however less steam is
required to obtain the same removal efficiency.  The cost of steam can be significant, and the
process must be designed to minimize its use.

Wastewater from the desulphurization, nitrogen removal, and hydrotreating processes are often
contaminated with hydrogen sulphide and ammonia.  The wastewaters from these processes
are called sour water condensates and are treated in a sour water stripper where steam is used
as the stripping agent.  Phenols and other organic compounds can also be stripped from
solution with various degrees of effectiveness.  Dissolved organics are concentrated in the
stripper bottoms, and it is these bottoms that are eventually treated in the biological treatment
plant.

Most sour water strippers involve a single tower equipped with trays or some kind of packing. 
Sour water enters the top of the tower, and steam is introduced at the bottom.  Hydrogen
sulphide is readily stripped from solution at temperatures as low as 38�C.  Higher
temperatures, often in excess of 110�C, are required to remove ammonia.  Sour water strippers
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can be operated in a single stage or a two-stage process.  The two-stage process is used to
maximize sulphide and ammonia removal using stripping followed by recovery.

Toxicity Reduction Evaluation (TRE)

A Toxicity Reduction Evaluation (TRE) is a step-wise method devised by the U.S. EPA for
identifying the cause of effluent toxicity, and the corrective actions required to reduce or
eliminate it.  A TRE begins with the acquisition of any information and effluent data relevant
to effluent toxicity.  This is followed by an evaluation of facility operations and maintenance in
order to determine whether the facility is consistently well run, and whether the toxicity is due
to periodic upsets or some other operational deficiency.  A three-stage Toxicity Investigation
Evaluation (TIE) is then performed to identify the specific contaminants responsible for the
effluent toxicity.  The results of the TIE are used to decide whether source reduction or effluent
treatment is the best method for reducing effluent toxicity.

Ultrafiltration

Membrane processes are used to separate mixtures of liquids, solids, or gases using pressure or
concentration as the driving force.  In general, the use of gas or liquid-permeable membrane
separation techniques is beneficial when separating:

� mixtures of compounds of similar chemical and physical properties;
� mixtures of isomers; or
� mixtures containing thermally unstable compounds.

Ultrafiltration is a membrane process for the separation of materials on the basis of molecular
size and shape.  A semi-permeable membrane is used as the separation medium, and pressure
is the driving force.  In an ultrafiltration process, a solution is fed into the membrane unit
where solvent and small solute particles pass through the membrane and are collected as
permeate, while larger solute species are retained as concentrated retentate.  Ultrafiltration
usually involves solutes whose molecular dimensions are ten or more times larger than those of
the solvent, and are usually below 0.5 �m in size.  The solutes usually have molecular weights
greater than 500, such as macromolecules, colloidals dispersions, and oil-water emulsions.

Vapour Compression Distillation

Vapour Compression Distillation is technology used to evaporate wastewater and produce a
high volume, high purity stream for recycle, and a small volume, highly concentrated residue
stream.  The process consists of a heater, boiling chamber, vapour compressor, and a heat
exchanger.  The wastewater stream is boiled in the chamber, and the steam evolved is passed
through the cmpressor where its pressure is raised slightly.  Upon returning to the chamber, the
steam condenses, giving off energy that is used to evaporate the incoming water.  Condensate
leaving the system passes through the heat exchanger to heat the incoming wastewater.  The
concentrated evaporator bottoms are usually dried, disposed of, or sold.



TABLE 3.2.1: ESTIMATED CONTAMINANT LOADINGS FROM CSOs AND
TOTAL CITY OF SARNIA STORMWATER (Loadings are in kg/day
unless otherwise noted)
(Paul Theil Associates, 1988)

Parameter CSO Stormwater

Fecal Coliform1 1.04 X 1015 4.26 X 1014

Suspended Solids 186 2131

BOD 55 191

Total Phosphorus 2.5 7.1

Cadmium 0.0055 0.0273

Copper 0.1093 0.71

Lead 0.36 3.06

Zinc 0.36 3.39

1 counts per 100 mL



TABLE 3.2.2: COMPARISON OF URBAN SOURCE CONTROL ALTERNATIVES

Potential Municipal/
Pollution Prevention/ Level of Technical Public Cost Conflict
Source Control Improvement Feasibility Acceptance Effectiveness Potential Comments

1. Public Education _ � � $ � Initiate on an ongoing basis
Programs

2. Spill Prevention _ � � $ � Tie in existing programs with
and Management Public Education

3. Street Sweeping and � _ _ $$ _ Not cost-effective
Catch Basin Cleaning

4. Sewer Use By-Law _ � � $ � Continue existing by-law enforcement
Enforcement program

5. Water Conservation _ � _ $ � Help reduce overflows and improve
treatment efficiency

6. Residential Programs _ _ _ $ � Should be carried out where feasible

7. Sediment Control � � _ $ � Sediment loads from construction sites
Construction Sites may significantly impact the

environment

� high or good ranking $ -  relatively low cost
_ fair or modest ranking $$ -  moderate cost
� poor or low ranking

A - recommended for implementation



TABLE 3.2.3: RECOMMENDED STRATEGY AND APPROXIMATE COSTS

Item Description Cost
(millions)

On-going-Proposed
Studies

Infrastructure Need and Pollution Control Plan Studies 2

Pollution Prevention-
Source Control

On-going Practices (e.g., public education, catch basin cleaning)
for storm and combined sewer systems (see Table 3.2.1)

12

Pollution Control
Works - Combined

On-going-Proposed Works for the combined and sanitary systems
(see Table 3.2.3, Niagara)

200

Pollution Prevention -
Control Works - Storm
- Existing Areas

Long-term measures to reduce loadings from storm sewers in
existing areas (see Table 3.2.3 and 3.2.4)

300

Pollution Prevention -
Control Works - Future
Urban Areas

Measures to be implemented as new urban areas are developed
(Table 3.2.4)

N/C

TABLE 3.3.4: PERTINENT LEGISLATION AND STATUTORY REQUIREMENTS FOR SPILL RESPONSE PLANNING

Legislation/Policy Requirement
Component

Relevance to Spill Response Planning

Canadian
Environmental
Protection Act
(CEPA)

Spill
Prevention

� Section 2 of Act identifies responsibilities of Government of Canada within this Act regarding
preventative/remedial measures for environmental protection; acting in cooperation with the provinces;
establishing standards of quality; protecting environment from release of toxic substances, etc.

� identifies chemicals subject to regulation

Fisheries Act Spill
Prevention

� Section 36(3) of Act provides powers to protect fish, fish habitat and human use of fish by prohibiting the
"deposit" of deleterious substances to Canadian Fisheries waters and is legally enforceable when an impact on
fish or fish habitat can be shown ("deposit" refers to "any discharging, spraying, releasing, spilling, leaking,
seeping, pouring, emitting, emptying, throwing, dumping or placing")

Canada Shipping Act Spill � Part XV of Act controls and regulates pollutants carried on board ships (fuel, cargo or waste) to prevent their



TABLE 3.3.4 (Cont'd): PERTINENT LEGISLATION AND STATUTORY REQUIREMENTS FOR SPILL RESPONSE PLANNING

Legislation/Policy Requirement
Component

Relevance to Spill Response Planning

Prevention discharge into Canadian Waters and requires ships to clean up pollutant or any action to control or contain the
pollutant

� Part XVI identifies civil liability for pollution as belonging to owner of the ship

Ontario
Environmental
Protection Act (EPA)

Spill
Prevention

� Spills Bill (Part X) establishes notification requirements, responsibilities and compensation mechanisms
� for an offense to occur, the spill of the pollutant must cause or be likely to cause an "adverse effect" (difficult to

prove for small spills)
� when spill occurs, MOE can prepare a Control Order that relates to cleanup and restoration

Ontario Water
Resources Act
(OWRA)

Spill
Prevention

� maintains quality and quantity of surface and groundwaters
� PWQOs and guidelines established under regulations of this Act
� water Part of Act specifies prohibition of polluting material into any place that may impair the quality of the

water of any waters and allows for the development of Director's Order to prevent, reduce or alleviate any
impairment of water quality

Gasoline Handling
Act

Spill
Prevention

� the Act and Regulation 439 under this Act outlines licensing and handling requirements for any person(s) or
corporation using or selling gasoline

� any person or corporation who fails to comply may be subject to prosecution and is liable to a fine,
imprisonment or both

� refers to pipelines, tank cars, tank vehicles, above ground storage tanks and their potential for leakage or
spillage

� with regard to marina operations, product storage tanks must be kept 15 feet from annual high water mark and
pipelines should have an easily accessible shut off valve within 6 feet of approach to structure

� appropriate warning labels needed

CEPA Spill
Notification

� Section 36 � person responsible for notification is one who owns or has charge of a substance immediately
before its release; one who causes or contributes to the initial release or increases the likelihood of the initial
release

� involves release or reasonable likelihood of release of substance specified on List of Toxic Substances.

EPA Spill
Notification

� Section 14 � person responsible for notification is one who discharges a contaminant "out of normal course of
events"

� Part X Section 92 � person responsible for notification is one in control and who causes or permits a spill of
pollutant "abnormal in quantity and quality in light of all circumstances"

� Reg. 308 � person responsible for notification is owner or operator of stationary source of air pollution

OWRA Spill � Section 30 � person responsible for notification is person who discharges to water "not in the normal course of



TABLE 3.3.4 (Cont'd): PERTINENT LEGISLATION AND STATUTORY REQUIREMENTS FOR SPILL RESPONSE PLANNING

Legislation/Policy Requirement
Component

Relevance to Spill Response Planning

Notification events"

Pesticides Act Spill
Notification

� Section 29 � person responsible for notification is person who deposits pesticides "out of the normal course of
events"

� Reg. 751 � with regard to fire, accidental release, theft or loss of pesticides, person responsible for notification
is person responsible for pesticides

CEPA Response and
Cleanup

� Section 36(1)(b) states that any person who owns, has charge of or causes or contributes to release of toxic
substance shall "take all reasonable emergency measures consistent with public safety to prevent the release or,
if it cannot be prevented, to remedy any dangerous condition or reduce or mitigate any danger to the
environment or to human life or health that results from the release of the substance or may reasonably be
expected to result if the substance is released

Canada Shipping Act Response and
Cleanup

� for marine spills and spills within Canadian waters of the Great Lakes, the Canadian Coast Guard (CCG) is lead
agency responsible for cleanup of ship-based spills

� Pollution Prevention Officers of CCG are empowered under the Act to inspect, prevent, mitigate spills and
obtain evidence to prosecute.

EPA Response and
Cleanup

� Under Part X, person having charge, management or control of spilled pollutant and owner to clean up spill
(Section 97), provide for loss, damage and expenses (Section 99) and allow for rights of municipalities to
respond to spills and be compensated (Section 100).

� Part II Section 17 - specifies remedial measures to be carried out by person who has caused or permitted the
discharge.

� EPA is only legislation which specifically addresses the responsibilities and requirements of discharges in event
of a non-ship based spill.

OWRA Response and
Cleanup

� OWRA does not specify discharger obligations for spill response and cleanup.
� Water Part of Act allows for preparation of Director's Orders to alleviate affects of impairments to water quality

(defined in Section 32)

Federal Policy on
Land Use

� developed to guide other federal policies and programs as to their affect on land use and to guide management
of federal lands

� governments must be accountable for current impact and long-term effects of their land policies and programs

Federal Water Policy � policy serves as a statement of federal government's philosophy and goals for nation's freshwater resources
� goals include (1) protection and enhancement of the quality of the water resource, and (2) promotion of the wise

use and efficient management and use of water



TABLE 3.3.4 (Cont'd): PERTINENT LEGISLATION AND STATUTORY REQUIREMENTS FOR SPILL RESPONSE PLANNING

Legislation/Policy Requirement
Component

Relevance to Spill Response Planning

Great Lakes Water
Quality Agreement

� based on premise that the best means to preserve the aquatic ecosystem and achieve improved water quality
throughout the Great Lakes system is by adopting common objectives, developing and implementing
cooperative programs and other measures, and assigning special responsibilities and functions to International
Joint Commission

Green Plan � actions identified in Green Plan that relate to spills include protection/restoration of water, federal
environmental stewardship and  environmental emergencies

Policy on Peacetime
Emergency Response

� although provincial and federal governments have distinct or overlapping jurisdiction over environmental
matters, the two governments share responsibilities to ensure effective environmental management; requires
significant cooperation for emergency response

Federal Contingency
Plan for
Environmental
Pollution
Emergencies

� identification of federal requirements and responsibilities with respect to spill notification and response
� spills or releases of federal interest include those (1) from federal departments, agencies, crown corporations,

works or undertakings; (2) on federal lands or into federally administered waters; or (3) impacting or
threatening to impact federal lands, or lands, waters or air along an international or interprovincial boundary

EARP Guidelines
Order

� orocedural guidelines for environmental assessment of development proposals
� applies to any proposal (1) to be undertaken directly by an initiating government department; (2) that may have

an environmental affect on an area of federal responsibility; (3) for which the Government of Canada makes a
financial commitment: (4) that is located on lands, including the offshore, that are administered by the
Government of Canada

� EARP requires proposal be reviewed for its environmental and social affects

Fertilizer Act � legal requirements exist for registration, applicable standards, composition, labelling and sampling for analysis
of fertilizers proposed for use in Canada

� no regulations exist that pertain specifically to spills.

Pest Control
Products Act

� this Act provides department of Agriculture with powers of inspection and seizure of a pest control product
� primary prohibition relating to spills is the storage of pesticides and herbicides.

Migratory Birds
Convention Act

� gives federal government responsibility for migratory species but there are no habitat provisions unde the Act
and, therefore, is not directly relevant to spills

� North American Waterfowl Management Plan (signed by Canada and U.S.) gives federal government the
responsibility for habitat protection (e.g., wetlands)



TABLE 3.3.4 (Cont'd): PERTINENT LEGISLATION AND STATUTORY REQUIREMENTS FOR SPILL RESPONSE PLANNING

Legislation/Policy Requirement
Component

Relevance to Spill Response Planning

Navigable Waters
Protection Act

� intent of Act is to maintain navigable waters free from obstructions that could interfere with safe passage of ship
traffic

� does not define roles or responsibilities with regard to spills or other forms of pollution

TABLE 3.4.1: SUITABILITY  OF  TILLAGE-PLANTING  SYSTEMS  FOR  CORN, SOYBEANS  AND  CEREAL  ON 
GENERAL  ONTARIO  SOIL

TYPES

Table 3.3.1: Spill events to the St. Clair River, 1989 to 1992

Discharger 1989 [Material (Quantity)]1 1990 [Material (Quantity)]2 1991 [Material (Quantity)]2 1992 [Material (Quantity)]2

AMOCO Canada
Petroleum Co. Ltd.

�suspended solids (4 kg) and nitrates
(7.8 kg)

Barge �diesel fuel (N/A)

Barge (Hannah
Cleveland)

�diesel fuel (2 L) �diesel fuel (0.25 L)

Cabot � oil, heavy (1 kg)

Chesapeake and Ohio
Railroad

�wood preservative (N/A)

Canadian National
Railway

�hydraulic oil (13 L)
�hydraulic oil (0.25 L)

DOW Chemical
Canada Inc.

� oil, lube (81 kg)
� hydrochloric acid (45 kg)

(three reports)
� styrene (300 kg)

� carbon tetrachloride and
perchlorethylene (on-going)

� polyhydric alcohols (N/A)
� hydrochloric acid (14 kg)
� brine water (14,000 L)
� carbon tetrachloride (100 ppb)

and perchlorethylene (N/A)

� ethylbenzene (155 kg)
� petroleum oil (1 L)
� sodium hydroxide (120 kg)
� sodium hydroxide (sol'n)

(70 kg)
� sodium hydrosulfide (N/A)
� sodium hydroxide (solid)

� ethylene glycol (850 L)



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Discharger 1989 [Material (Quantity)]1 1990 [Material (Quantity)]2 1991 [Material (Quantity)]2 1992 [Material (Quantity)]2

� ethyl benzene and benzene
(N/A)

� ethyl benzene (3,600 kg)
� polyetherpolyol(30 kg)

(681 kg)

Dupont Canada Inc. � diphenyl-biphenyl ether (3
kg) (two reported)

� phenolics (5 kg)

� cyclohexane (2,100 kg)

Esso Chemical
Canada

� toluene (11.7 kg)
� brine (100,000 kg)

� benzene (<1 kg)
� vinyl chloride monomer

(17 kg)
� petroleum oil (N/A)

� vinyl chloride monomer
(7.9 kg)

� vinyl chloride monomer
(16 kg)

� vinyl chloride monomer
(11 kg)

� brine water (<500 kg)

Ethyl Canada Inc. � ethylchloride (30.66 kg)
� oil, hydropolymer and water

(150 kg)

� sodium hydroxide (sol'n)
(1,922 kg)

� ethylene dibromide (275 kg)
� ethylene dibromide (N/A)

Esso Petroleum
Canada

� benzene (37.4 kg)
� ethyl benzene (14.9 kg)
� ammonia (66.4 kg)
� total PAHs (3.5 kg)
� oil (5 kg) (four reports)
� oil, Lube (N/A)
� toluene (7.1 kg)
� xylene (8.1 kg)
� Biox Feed (9,816 kg)

� naphtha solvent (22.93 kg)
� diesel fuel (2 L)
� styrene monomer (1.5 kg)
� waste/process water (1,000 L)
� BTX (N/A)
� oily material (100 L)
� petroleum oil (N/A)

� monoethanolamine (450 L)
� activated sludge (5,600 kg)
� suspended solids (2,045 kg

and 1,782 kg)
� varsol (N/A) and lube oil/
   grease (N/A)
� sludge (2,910 kg)
� fuel oil (1 L)
� petroleum distillate (N/A)
� BTX (4.29 kg) and

ethylbenzene (0.41 kg)

Ferry (Margaret
Yorke)

� gear oil (130 L)

Fiberglas Canada Inc. � oil (4 kg)
� phenolics (0.334 kg) (six

reports)

� water-based emulsion (750 L)

ICI Autocolor � ammonia (sol'n) (66 kg)
� ammonia (sol'n) (65 kg)



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Discharger 1989 [Material (Quantity)]1 1990 [Material (Quantity)]2 1991 [Material (Quantity)]2 1992 [Material (Quantity)]2

Imperial Oil � bunker fuel oil (5 L) � light oil (5 L)

Land � oil (45.46 kg)

Linde Canada � Dearside 735 (1.5 kg) and
water (80.5 m3)

� water (27 m3) with bromine
(1 kg)

Liquid Carbonic Inc. � oil (150 kg) � synthetic oil (<0.5 L) � carbon dioxide (N/A) � petroleum oil (N/A)

Marine tanker
(Eastern Shell)

� diesel fuel (N/A)

Marine tanker (Esso) � light petroleum distillate (1 L)

Marine tanker (A.G.
Farquharson)

� hydraulic oil (0.25 L)

Marine tanker (Lake
Anina)

� lubricating oil/grease (N/A)

Marine tanker (Le
Freme)

� motor oil (90 L)

Marine tanker (Shell) � diesel fuel (0.25 L)

Marine vessel
(Bedford)

� light oil/grease (5 L)

Marine vessel
(Enerchem Catalyst)

� diesel fuel (<1 L) � bunker fuel oil (1,200 L)

Marine vessel
(Enerchem
Travailleur)

� vacuum gas oil (9 L)

Marine vessel (Kihu) � bilge water (50 L)

Marine vessel (Kiisla) � toluene (45 L) � hydraulic oil (N/A)
� petroleum oil (oil sheen)
� petroleum oil (5 L)
� styrene monomer (20 kg)



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Discharger 1989 [Material (Quantity)]1 1990 [Material (Quantity)]2 1991 [Material (Quantity)]2 1992 [Material (Quantity)]2

Marine vessel � detergent-phosphate (N/A)

Marine vessel
(Manitoulin)

� diesel fuel (15 L)

Marine vessel (Phyllis
Yorke)

� lubricating oil/grease (5 L)

MOE (Corunna
WPCP)

� raw sewage (45 L)

MOE - sewage lagoon � partially treated sewage
(N/A)

� partially treated sewage
(N/A)

� partially treated sewage
(2,023,000 L)

Novacor Chemicals
(Canada) Limited,
Petrochemical
Division Corunna

� butadiene (11 kg)
� sodium hydroxide (sol'n) (11.8

tons)
� lubricating oil/grease (300 L)

Novacor Chemicals
Canada Ltd.
(Mooretown)

� ethylene glycol (0.8 kg) � ethylene glycol (2500 L) � effluent (high phenols) (150-
200 ppb)

Novacor Chemicals
Canada Ltd.
(Sarnia)

� petroleum oil (N/A) � ethylbenzene (98 kg)
� benzene (3 kg) and oily water

(N/A)

Ontario Hydro � aqua ammonia (60 L)
� lubricating oil/grease (5 L)
� chromate water (3 L)
� coal dust (1000 L)
� rinsewater (900,000 L)
� lubricating oil/grease (23 L)
� chromated water (4 L)
� wet ash/waste water (N/A)

� coal dust (200 L)
� fly ash solution (16 L)
� grey water (25 L)
� lubricating oil/grease (1 L)

� acidic water (3,000 L)
� lubricating oil/grease (1 L)
� ignition oil (0.5 L)

Ontario Hydro � ammonia, aqueous (0.32 kg) � wet ash/waste water (N/A) � diesel fuel (5 L) � coal dust (N/A)



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Discharger 1989 [Material (Quantity)]1 1990 [Material (Quantity)]2 1991 [Material (Quantity)]2 1992 [Material (Quantity)]2

(Lambton Generating
Station)

� wet ash/waste water (3,000 L)
� chromate water (225 L)

� diesel fuel (1 L)
� sealant (2 L)
� chromate water (0.39 kg)

Polysar Rubber Corp. � benzene (40.79 kg) (four
reports)

� diethyl benzene (93 kg)
� ammonia (3,000 kg)
� ammonia (1.6 ppm) (0.02 kg)
� oil, Aromatic (1 kg)
� oil, Lube (65 kg)
� oil, Other (190 kg)
� phenolics (0.024 kg) (three

reports)
� acetonitrile (5 ppm)

(0.0685 kg)
� acrylonitrile (0.5 kg)
� aromatics (10 kg)
� styrene (46.5 kg)
� TOC (3.8 kg) (three reports)

� acrylonitrile (25 L) � tertiary butyl alcohol (15 kg)
� dearborn 685 (2.7 kg) and

sodium phosphate (0.8 kg)
� acrylonitrile (23 kg)
� cooling water (195,500 L)

� tertiary butyl alcohol
(1,200 kg)

� water and BTX (N/A)
� tertiary butyl alcohol

(217 kg) and sulphuric acid
(475 kg)

� isobutene (1,500 kg)
� isobutene (245 kg)
� benzene (30 kg)
� methyl chloride (N/A)
� isobutene (650 kg)

Private Owner (car -
fuel tank)

� gasoline (9 L)

Private owner
(pleasure craft)

� gasoline (N/A) and oil (45 L)

Sarnia WPCP � ferrous chloride (2,700 L)

Shell Canada Products
Ltd.

� gasoline (N/A)
� hydrocarbon (7.5 kg) (seven

reports)
� hydrocarbon, aromatic (N/A)

(two reports)
� oil (1 kg)
� oil, gasoline, light (3 kg)

(three reports)
� oil, lube (4.55 kg)
� oil, stove (5 kg) (two reports)

� benzene (1.17 kg) and xylene
(<1 kg)

� petroleum oil (<2 L)
� diesel fuel (68 L)

� crude oil (BTX) (18.28 kg)
� lubricating oil/grease (1 L)
� light hydrocarbon product (5 L)
� petroleum oil (1 L)
� diesel fuel (1 L)
� oily material (5 L)
� gasoline (0.25 L)

� BTX (N/A)
� toluene (1 kg) and xylene

(1.2 kg) and ethylbenzene
(0.2 kg)



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Discharger 1989 [Material (Quantity)]1 1990 [Material (Quantity)]2 1991 [Material (Quantity)]2 1992 [Material (Quantity)]2

Ship (M.T. Chippewa) � xylene (1.5 L)

Stolt Castle � light hydrocarbon (20 L)

Suncor � benzene (16 kg)
� diesel (1 kg)
� oil (2 kg) (two reports)
� oil, diesel (454.6 kg) (two

reports)
� oil, fuel (1,000 kg)
� xylene (N/A)

� oily water (N/A)
� silt and oil (N/A)
� petroleum oil (N/A)

� ethylene dichloride (15 L)
� BTX (5.4 kg)
� oily material (150 L)
� aromatic solvent (80 ml) and

phenolic distillate (0.3 kg)
� ethylene dichloride (14.4 L)
� BTX (N/A)

� caustic regeneration water
(1,500 L)

� MTBA (octane enhancer) (2.1
kg)

� fuel oil (5 L)
� petroleum oil (1 L)

Tetra International
(Canada) Inc.,
formerly,
CIL Inc.

� ammonium nitrate (3.4 kg)

Tetra International
(Canada) Inc. formerly
ICI Canada Inc.

� ammonical nitrogen (219 kg)
(three reports)

� organic phosphate (150 kg)
� dimethyl ether of polyentylene

glycol (8,500 kg)

� ammonia gas (10 kg) � ammonia (sol'n) (81 kg)
� lubricating oil/grease (1 L)
� ammonia gas (113 kg)
� ammonia (sol'n) (21 kg)
� aqua ammonia (5.4 kg)
� ammonia (sol'n) (50 kg) (two

reports)
� ammonia (sol'n) (250 kg)
� liquid ammonia (72 kg)
� formaldehyde (sol'n) (275 kg)
� ammonia gas (100 kg)
� wastewater with ammonia

(345 kg)

� urea ammonia nitrate (43 kg)
� liquid ammonia (92 kg)

Unknown � oil (1.5 kg)
� oil, sheen (N/A)
� oil, slick (N/A)

� petroleum oil (N/A) (two reports)
� diesel fuel (150 L) (two reports)

� petroleum oil (N/A)
� petroleum oil (20 L)
� methylene chloride (N/A)
� oily material (N/A)

Vessel � gasoline (15 L)

Vessel (La Frenne) � gasoline (4,500 L)
� sewage (raw) (N/A)



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Discharger 1989 [Material (Quantity)]1 1990 [Material (Quantity)]2 1991 [Material (Quantity)]2 1992 [Material (Quantity)]2

Vessel (St. Clair) � paraffinic oil (N/A)

Notes:

N/A = Not available.
sol'n = solution.
ppb = parts per billion.
BTX = benxene/toluene/xylene.
1  = MOE et al., 1991
2  = MOEE, 1993

TABLE 3.3.2: CONTAMINANTS FROM SPILLS ASSOCIATED WITH
IMPAIRED USES OF THE ST. CLAIR RIVER

Impaired Use Contaminants Responsible

Degradation of Benthos oil and other hydrocarbons

Restrictions on Dredging Activities oil, other hydrocarbons, ammonia

Restrictions on Drinking Water Consumption or Taste and Odour
Problems

oil and gas products, ammonia

Degradation of Aesthetics oil and other hydrocarbons

Added Cost to Agriculture and Industry oil and other hydrocarbons

Restrictions on Fish and Wildlife Consumption hydrocarbon and other organic contaminants

TABLE 3.3.3: SPILL RESPONSE PROGRAMS FOR INDUSTRIES LOCATED IN THE ST. CLAIR RIVER DRAINAGE AREA



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Spill Response
Program:

Initiated by:

Source Plan Downriver
Water

Supply Plan
Alerting

Staff
Alerting
Agencies

Alerting
Public Operator Foreman Source

Air Products
Amoco1

BASF
Cabot
Chinook
Dow
DuPont
Esso Chemical
Esso Petroleum
Ethyl
ICI
Lambton Fire
Liquid Carbonic

� Courtright
� Sarnia

Linde
Novacor

� Corunna9

�

Mooretow
n

� Sarnia
Ontario Hydro
Partek
Polysar
Shell
Suncor
Welland13

E
X
E
E
E
E
E
E
E
E
E

P/E

X
E
E

E
E
E
E
E
E
E
E
E

X
X
X
X
E
E
E3

E
E
E
E8

X

X
X
X

X
X
X

NA
X
E
E
E

E
E
E
E
E
E
E
E
E
E
E
E

X

E

E
E
E
E
E
E
E
E
E

E
E
E
E
E
E
E
E
E
E
E
E

X
X
E

E
E
E
E
E
E
E
E
E

E
X
E
E
E
E
E4

E
E
E
E8

X

X
X
E

E
E
E
E
X
E

NA
E
E

E
E
E

NA
E
E
E5

E
E
E
X
E

X
E
E

E
E

E
X

E11

NA
E
E

X
E
E
E

NA
E
E5

E6

E
E
E
X

X
E

NA

E
E
E

NA
E
E
E
E
E

X
X
X
E

NA
E2

E5

E6

E7

E
X
E

X
E

NA

E
E10

E
NA
X
E
X

E12



TABLE 3.3.1: SPILL EVENTS TO THE ST. CLAIR RIVER, 1989 to 1992

Notes:

1 Effluent from the plant is checked twice per shift by foreman.  Flow from the separator would be shut down if a problem arose.

2 Can be initiated by anyone on site.

3 Plan has not been tested with a dry run.

4 Local municipality notified downstream and MOE Sarnia office is relied on to notify downstream water users.

5 The Spill Response Program is initiated by the person(s) who discover the spill.

6 All employees are responsible for "initiating" a spill response if they become aware of a spill.  Sarnia Chemical Plant Emergency Response Coordinators
and Shift Supervisors work directly with operating personnel as part of Site Spill Response Program.

7 Any employee.

8 Not in print.

9 Alerting system is clearly described in the Emergency Response and Spill Procedures.

10 Moore plant has both internal and external emergency response procedures for spills.

11 Operator alerts shift emergency coordinator who alters security, who alerts Environmental Control person who is "on-call".

12 Any employee.

13 Local Emergency Plan as well as an "On the Road Response Team".

E Existing

P Planned

C Under construction

NA Not applicable



X Not in place

TABLE 3.4.1 IMPAIRED USES AND THEIR ASSOCIATED CAUSES IN THE ST.CLAIR RIVER AOC

Impaired Use Associated Contaminants Sector

Restrictions on fish and wildlife
consumption

mercury, PCB's, octachlorostyrene,
hexachlorobenzene

inorganic chemicals, power
generating, organic chemicals

Bird or animal deformities or
reproductive problems

further assessment required

Degradation of benthos heavy metals, chlorinated organic
compounds, benzene, oil and grease,
ethylbenzene, styrene, PAHs

inorganic chemicals, organic
chemicals, WPCPs, petroleum

Restrictions on Dredging Activities PCB's, Mercury, chromium, copper,
iron, nickel, phosphorous, arsenic,
cadmium, lead, zinc, and oil and
grease

organic chemicals, inorganic
chemicals, WPCPs

Restrictions on drinking water
consumption or taste and odour
problems

ethylbenzene, chemical spills organic and inorganic chemicals

Beach Closings coliform bacteria WPCPs, CSOs

Degradation of Aesthetics scums, oils, and odours CSOs, industrial spills



Added Cost to Agriculture or
Industry

spills, contaminated sediment (heavy
metals & organics)

organic chemicals, inorganic
chemicals, WPCPs

Loss of Fish and Wildlife Habitat filling, draining and dredging
activities; loss of wetlands

industrial, municipal, agricultural,
and navigational

TABLE 3.4.2: PRELIMINARY LIST OF OPTIONS FOR REMEDIATION OF AGRICULTURAL PROBLEM SOURCES

Sources Remedial Option Description

Agricultural Public Education Foster understanding of benefits of conservation practices and the need to control non-point source contamination by silt, pesticides and the impact of
soil loss to the farming operation and the environment.

Conservation Tillage Promote the further application of soil conservation practices, such as those under development by OMAF and Agriculture Canada, to reduce soil and
pesticide loss.

No-tillage A method of planting crops that involves no seedbed preparation other than opening the soil for the purpose of placing the seed at the intended depth.

Reduced Tillage May include chisel plowing or modified mold board plowing which mechanically prepares a seedbed while maintaining some crop residue on the soil
surface.

Contour Farming Conducting field operations, such as plowing, planting, cultivating, and harvesting on the natural field contour.

Mechanical Cultivation Use of mechanical weeding devices in order to reduce the need for herbicides.

Crop Rotation The growing of different crops in recurring succession on the same land.  Rotations offer advantages for erosion, pesticide and nutrient control.

Streambank Protection Protection of the streambank may occur by limiting livestock access, providing a riparian buffer strip along the banks or via structural measures.

Terraces Embankments or combinations of embankments and channels constructed across a slope to control erosion, and or store surface runoff on high gradient
farmland.

Improve Soil Structure and Improving soil structure results in better nutrient management in soil, can reduce soil Organic Matter Fraciton erosion and loss of nutrients and
pesticides.

and Contents

Eliminate Excess Ensure application rates are based on crop requirements.  Apply under correct conditions Application of Nutrientsin terms of weather, season and
specific requirements.

or Pesticides

Restrict Stream Access Promote the restriction of stream access by livestock to conserve riparian vegetation and reduce erosion, and prevent direct contamination of surface
waters and loss of instream habitat.



Establish Buffer Strips Encourage farmers to protect stream-side vegetation to stabilize banks and maintain aquatic habitat.

Construct Control Ponds Installation of sediment traps (ponds, wetlands) along agricultural and drainage systems
Wetlands will reduce downstream siltation and sediment transport.

Implement Watershed Measures to protect or enhance fish habitat such as maintenance or establishment of Management Practices in wooded buffer strips,
stabilization of eroding stream banks, etc.  May require financial

Agricultural Areas incentives to promote implementation.

Replace Toxic Products Use less toxic forms of pesticides to achieve acceptable control.  Use alternatives such as
with other Chemical biological controls as they become available.
or Biological Controls

Develop Stricter Pesticide To ensure new chemicals approved for use are not persistent and have minimum toxicity
Registration Requirements to non-target organisms.

TABLE 5.1 PRELIMINARY LIST OF OPTIONS FOR REMEDIATION OF AGRICULTURAL PROBLEM SOURCES

Sources Remedial Option Description

Agricultural Public Education Foster understanding of benefits of conservation practices and the need to control non-point source contamination by silt, pesticides and the impact of
soil loss to the farming operation and the environment.

Conservation Tillage Promote the further application of soil conservation practices, such as those under development by OMAF and Agriculture Canada, to reduce soil and
pesticide loss.

No-tillage A method of planting crops that involves no seedbed preparation other than opening the soil for the purpose of placing the seed at the intended depth.

Reduced Tillage May include chisel plowing or modified mold board plowing which mechanically prepares a seedbed while maintaining some crop residue on the soil
surface.

Contour Farming Conducting field operations, such as plowing, planting, cultivating, and harvesting on the natural field contour.

Mechanical Cultivation Use of mechanical weeding devices in order to reduce the need for herbicides.

Crop Rotation The growing of different crops in recurring succession on the same land.  Rotations offer advantages for erosion, pesticide and nutrient control.

Streambank Protection Protection of the streambank may occur by limiting livestock access, providing a riparian buffer strip along the banks or via structural measures.

Terraces Embankments or combinations of embankments and channels constructed across a slope to control erosion, and or store surface runoff on high gradient
farmland.



Improve Soil Structure and Improving soil structure results in better nutrient management in soil, can reduce soil Organic Matter Fraciton erosion and loss of nutrients and
pesticides.

and Contents

Eliminate Excess Ensure application rates are based on crop requirements.  Apply under correct conditions Application of Nutrientsin terms of weather, season and
specific requirements.

or Pesticides

Restrict Stream Access Promote the restriction of stream access by livestock to conserve riparian vegetation and reduce erosion, and prevent direct contamination of surface
waters and loss of instream habitat.

Establish Buffer Strips Encourage farmers to protect stream-side vegetation to stabilize banks and maintain aquatic habitat.

Construct Control Ponds Installation of sediment traps (ponds, wetlands) along agricultural and drainage systems
Wetlands will reduce downstream siltation and sediment transport.

Implement Watershed Measures to protect or enhance fish habitat such as maintenance or establishment of Management Practices in wooded buffer strips,
stabilization of eroding stream banks, etc.

Agricultural Areas May require financial incentives to promote implementation.

Replace Toxic Products Use less toxic forms of pesticides to achieve acceptable control.  Use alternatives
with other Chemical such as biological controls as they become available.
or Biological Controls

Develop Stricter Pesticide To ensure new chemicals approved for use are not persistent and have minimum
Registration Requirements toxicity to non-target organisms.

TABLE 3.5.1: ONTARIO INDUSTRIAL WASTE DISPOSAL SITES IN THE
ST. CLAIR RIVER AREA OF CONCERN

Company Name Description of Waste or Waste Site Active in 1992 ?

AMOCO brine disposal well Yes

Dow - Scott Rd. chlorinated hydrocarbons No

Dow - LaSalle Rd. non-hazardous waste
registered waste

Yes

Dupont spent aluminum catalyst No

Esso Petroleum - Scott Rd. non-hazardous refinery waste,
construction debris

Yes



Esso Petroleum landfarm for lime sludge Yes

Fiberglas phenol-formaldehyde/glass fibre
insulation waste

No

ICI Courtright gypsum and radioactive waste No

Nova Petrochemicals, Corunna landfarm for oily waste Yes

Ontario Hydro, Courtright flyash and trash Yes

Polysar Rubber Co. - Scott Rd. inert sludge, alkali, inorganic, and rubber
waste

Yes

Shell Canada Products lime disposal ponds No

Shell Canada Products landfarming biosludge and oil waste
lead sludge disposal sites

Yes
No

Suncor Inc. landfarming oily waste, sludge Yes

Welland Chemicals Ltd. anhydrous aluminum chloride No

Unitec Disposals Inc. non-hazardous industrial waste
spray irrigation of leachate

Yes

K & E Solid Waste Management non-hazardous solid waste Yes

Sussex Environmental Services Inc. construction debris Yes

Laidlaw Environmental Services industrial solid and liquid waste Yes

C & R Sand and Gravel Ltd. logs, brush, construction debris Yes

Ladney Waste Disposal Site unknown industrial wastes No

Canflow Services waste oil, liquid waste Yes

Canflow Services, Petrolia caustics, fuels, oily wastes, spent lime,
construction waste

Yes



TABLE 3.5.3: SUMMARY OF POTENTIAL CONTRIBUTION TO IMPAIRED USES OF THE ST. CLAIR RIVER BY WASTE DISPOSAL
SITES

Name of Site Contaminants of Concern Potential Impaired Uses

AMOCO inadequate information *

Dow - Scott Rd. � chlorinated aromatic
  hydrocarbon
� dichloromethane
� chloroform

� restrictions on fish
  consumption
� drinking water quality
� degradation of benthos

Dow - LaSalle Rd. � lime sludge � unknown

Dupont inadequate information

Esso Petroleum - Scott Rd. no evidence of problems **

Esso Petroleum Landfarm inadequate informtion

Fiberglas � phenols
� dichloromethane
� chloroform

� drinking water quality
� degradation of benthos
� restrictions on fish consumption

ICI Courtright inadequate information

Nova Petrochemicals, Corunna no evidence of problems

Ontario Hydro, Courtright inadequate information

Polysar Rubber Co. - Scott Rd. � dissolved organic carbon
� phenols
� 1,2-dichloroethane
� 1,1,2-trichloroethane
� 1,1,2,2-tetrachloroethane
� dichloromethane
� chloroform

� drinking water quality
� degradation of benthos
� restrictions of fish consumption

Shell Canada Products inadequate information



Shell Canada Products
Landfarm

no evidence of problems

Suncor Inc. no evidence of problems

Welland Chemicals Ltd. � aluminum chloride � unknown

Unitec Disposals Inc. inadequate information

* inadequate information - the sources reviewed did not specifically state whether there were any problems associated with the site, and did not say whether any
contaminants had been found in groundwater or surface water

** no evidence of problems -   reviewed sources specifically stated that there were no groundwater or surface water contamination problems associated with the site
TABLE 3.5.3: SUMMARY OF POTENTIAL CONTRIBUTION TO IMPAIRED USES OF THE ST. CLAIR RIVER BY WASTE

DISPOSAL SITES (Cont'd)

Name of Site Contaminants of Concern Potential Impaired Uses

K & E Solid Waste
Management

� chloride
� sodium
� organic nitrogen
� iron
� BOD and COD
� specific conductance

� drinking water quality
� restrictions on dredging
� degradation of benthos
� restrictions on fish consumption

Sussex Environmental Services
Inc.

inadequate information *

Laidlaw Environmental
Services

inadequate information

C & R Sand and Gravel Ltd. inadequate information

Ladney Waste Disposal Site inadequate information

Canflow Services (formerly
P&E Oil Recyclers)

no evidence of problems **

Canflow Services, Petrolia inadequate information

City of Sarnia Landfill inadequate information



Walpole Island Indian Reserve
Landfill

inadequate information

Moore Township Landfill inadequate information

Sombra Township Landfill no evidence of problems

* inadequate information - the sources surveyed did not specifically say whether there were any problems associated with the site, and did not say whether any
contaminants had been found in groundwater or surface water

** no evidence of problems -   reviewed sources specifically stated that there were no groundwater or surface water contamination problems associated with the site

TABLE 3.5.4: SUMMARY OF REMEDIAL OPTIONS FOR ONTARIO WASTE DISPOSAL SITES LINKED TO IMPAIRED USES IN THE ST. CLAIR
RIVER AOC

Name of Site Problems or Contaminants Remedial Options Comments

Dow - Scott Rd. off-site groundwater flow � dig trenches around the perimeter of
the site to collect leachate; treat
leachate with biological treatment and
carbon adsorption to remove
chlorinated organics
� conduct regular goundwater
monitoring
� cap the site with a material which
prohibits infiltration

Dow - LaSalle Rd. surface runoff of lime sludge to
CN property

� dig perimeter ditches
� construct a surface water containment
pond
� treat runoff (pH adjustment) prior to
discharge

� completed
� completed

Fiberglas dichloromethane and
chloroform inputs to the Cole
Drain

� conduct extensive surface and
groundwater monitoring to determine
whether Fibreglas is responsible for
inputs

Polysar Rubber groundwater contaminated � conduct further analysis of



with dissolved organic carbon
and phenols; surface runoff
contaminated with chlorinated
organic compounds

groundwater to confirm that
contamination exists
� contain seepage from the flyash pond
� construct a surface runoff collection
system; treat runoff to carbon
adsorption to remove chlorinated
organics

Welland Chemicals
Ltd.

surface runoff contaminated
with leachate, possibly
containing aluminum chloride

� construct a surface water collection
system
� treat surface water
� conduct monitoring program to
determine whether contamination still
exists

� completed

� completed

K & E Solid Waste
Management

surface water contaminated
with chloride, sodium, iron,
organic nitrogen, BOD and
COD

� construct a surface water collection
system
� treat surface water with biological
treatment

TABLE 3.5.5: FACTORS AFFECTING THE COST OF TECHNICAL OPTIONS

Technical Option Cost Factors

Landfill Design
� excavation of Trenches below the weathered

zone
- area to be excavated, i.e., the size of the

landfill
- type of material to be excavated, rock, loam,

and or sand

� impermeable liner - size of the landfill
- availability of liner material at or near the site

� drainage tile - size of the landfill
- availability of land

� capping - size of the landfill
- availability of capping material on or near the

site



Monitoring
� groundwater - installation of monitors number and depth

- training, reporting
- laboratory analysis require (i.e, PAH vs.

chloride)

� surface water - type of laboratory analysis required

Alternative Treatment
� waste removal - type of waste

- size of the landfill
- hauling and disposal charges

� solidify materials - type of waste materials
- disposal of bi-products

Reduce, Reuse and Recycle - size of service area, (i.e., population)

TABLE 3.1.10: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Most Effective Remedial Options

Most _ Least
Effective Effective

1 2 3 4 5 Total
                                                           

MOEE increase enforcement 5
� Household sewage 1 1

(prevent direct discharge)
� Improved legislation and 1 1 1 1 4

enforcement

Industry 7
� River separation 2 2 4
� Eliminate chemical/petroleum 1 1 2

discharges
� Spill prevention/control 1 1



Municipality 12
� Upgrade sewage gathering, 6 1 1 8

handling and treatment
� Sewer separation 3 3
� Extend sewage systems to rural 1 1

and lakefront households

Agricultural 4
� Manure handling 1 1
� Tillage practices 1 1
� Reduced pesticide use 1 1
� Unspecified 1 1

Education (on severity of water quality 1 1 1 1 4
problems, causes of problems and
solutions available)

Public 3
� maintain adequate septic systems 1 1 2
� boycott certain product and 1 1

purchase the most
environmentally friendly

TABLE 3.1.1: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Beneficial Use Impairments of Most Concern

Most _ Least
Concern Concern

1 2 3 4 5 Total
                                                           

Beach closings/prevention of 5 1 6
swimming (primarily due to
sewage problems)



Fish advisories/restrictions 2 1 1 4

Habitat disruption/destruction 4 1 1 6
(wetlands, fish spawning,
wildlife habitat areas)

Contamination of drinking 3 2 5
water/shutdowns of water
distribution plants

Human health (including 3 3
peace of mind regarding
efforts of other stakeholders)

TABLE 3.1.2: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Public Initiatives

Yes No Possibly

Can public pollution prevention initiatives 8 2
lead to significant improvements in water
quality?

Could the public be doing more? 10

Has the public been sufficiently
educated in:

� Water quality problems in the AOC? 4 6
� Severity of water quality problems? 4 6
� Cause of water quality problems? 5 5
� Public control options? 2 8
� Other

� Cost/benefit of pollution



control measures? 4
� Septic tank maintenance? 1
� Agricultural runoff effects? 1
� Pollution priorities? 1
� Risks associated with pollution

control measures? 1
� Efforts of municipal dischargers? 1

TABLE 3.1.3: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Most Effective Forms of Public Involvement

Most _ Least
Effective Effective

1 2 3 4 5 Total
                                                           

Sewage system upgrades 15
� Replace septic or 5 1 6

direct discharging
� Stop/control CSOs 2 2 4
� Upgrade municipal 1 2 2 5

STP (Sarnia)

Waste Disposal/Collection 1 1 2
Improvements

Improve Agricultural Practices 5
� Reduce pesticides 1 1 2
� Improve tillage practices 1 1
� Careful handling of manure 1 1
� Forcing off streams in 1 1

pastures along rivers



Reduce fertilizers/use natural 1 1 2
growing materials

Water conservation 1 1

Wetlands restoration 1 1

Stop/control dumping from boats 1 1

Establish performance objectives 1 1

Influence industrial discharges 1 1 1 3
(apply pressure)

None (public measures will 1 1
have a low impact)

Letters to MOEE, members of 1 1
Parliament, newspapers, editors,
etc.

TABLE 3.1.4: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Most Effective Means of Educating the Public

Most _ Least
Effective Effective

1 2 3 4 5 Total
                                                           

Education of/by service groups, 2 1 1 1 5
pubic advisory committees



Education by government 1 1

Seminars/workshops 1 1 1 3

Media 17
� Newspapers 3 3
� Information displays/ 1 1 1 1 4

resource centres
� TV/radio 2 2 4
� Newsletters/mailouts 1 1 1 3
� Tours of AOC and 1 1

contributors
� Prominent organization 1 1

participation/involvement
� Generally (unspecified) 1 1

School system (educate the young) 2 1 3

Workplace 1 1

Don't know 2 2

TABLE 3.1.5: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Public Involvement Measures

Most _ Least
Effective Effective

1 2 3 4 5 Total
                                                           

Education 18
� Displays in malls 1 1



� Tours of watersheds 1 1
� Resource centres 3 3
� School books 1 1
� Local newspaper/TV 2 2 1 5
� Speakers bureau, workshops 1 1 2
� Newsletters/mailouts 1 1
� Identify/publicize concrete 1 1

results of measures (lower
taxes, reduced health risk,
improve ecosystem)

� Education (unspecified) 2 2
� Appeal to civic pride 1 1

Increase waste disposal costs 3 3

Photo contests promoting river 1 1

Competition with neighbouring communities 1 1

Involvement of prominent organizations 1 1

Involvement in joint remediation 1 1
projects

Increased government legislation 1 1

Making AOC issue election campaign 1 1
issues

Creation of public advisory 1 1 2
committees

Activities for children 1 1

Don't know 1 1



TABLE 3.1.6: ALTERNATIVE PRODUCTS LIST
(Source:  Canadian Institute for Environmental Law and Policy, 1991)

The following alternatives to common household products are cheaper and safer for you, your family, your pets and the environment.

Product Hazardous Ingredients Alternative

Silver Polishes acidified thiourea Soak in 1 quart of warm water with 1
tsp of baking soda and a small piece of
aluminum.

Oven Cleaners potassium or sodium hydroxide,
ammonia

Use baking soda and water for
scouring.

Toilet Cleaners muriatic (hydrochloric) or oxalic
acid, paradichlorobenzene

Scrub with toilet brush and baking soda
or mild detergent.

Disinfectants diethylene or methylene glycol;
phenols

Use 1/2 cup borax in 1 gallon water.

Drain Cleaners sodium or potassium acid,
petroleum distillates

Use plunger, flusher with boiling water,
1/4 cup baking soda and 2 oz vinegar.

Rug and
Upholstery
Cleaners

naphthalene, perchloroethylene,
oxalic acid

Sprinkle dry cornstarch on the rug and
vacuum.

Floor and Furniture
Polish

diethylene glycol, petroleum
distallates, nitrobenzene

Use 1 part lemon juice, 2 parts olive oil
or vegetable oil.



Mothballs naphthalene,
paradichlorobenzene

Use lavender flowers.

Ammonia-based
Cleaners

ammonia ethanol Use vinegar, salt and water or banking
soda and water.

Abrasive Cleaners
or Powders

trisodium phosphate, ammonia
ethanol

Rub the area with 1/2 lemon dipped in
borax.  Rinse and dry.

Paint Thinner,
Turpentine

n-butyl alcohol, acetone,
methylisobutyl ketone,
petroleum distallates

Use water with water-based paints.

Furniture Strippers acetone, methyl ethyl ketone,
alcohols, xylene, toluene,
methylene chloride

Use sandpaper or a heat gun.

Wood
Preservatives

chlorinated phenols, copper or
zinc
naphthenate creosote

Use naturally rot-resistant wood.

TABLE 3.1.7: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Public Influence on Others

Yes No

Do you believe the public can be influential in
promoting pollution prevention initiatives of
other stakeholders?:

� Industry 9 1



� Agricultural community 8 2
� Other members of public 8 2
� Government 8 2
� U.S. stakeholders 7 3
� Other

� Environmental groups 1
� Municipalities 2

Are you familiar with 'Good Neighbour Agreements'? 2 8

If so, do you feel they are effective? 1 1

Do you believe more government involvement is 8 2
required to address problems in AOC?

If so, what forms of government involvement do
you recommend:

� Increased public education 6 2
� Increased regulation 4 4
� Increased enforcement 6 2
� Increased funding to undertake pollution 6 2

prevention measures
� Other

� Restrictions on building permits until 1
environmental issues addressed

TABLE 3.1.8: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Effective Methods of Promoting Involvement of All Stakeholders

Most _ Least
Effective Effective



1 2 3 4 5 Total
                                                           

Cooperation among groups 2 2

Positive reinforcement of 1 1 2
successful efforts

Technical understanding of 1 1 1 1 4
problems and solutions
(informed decision-making)

Provide choices 1 1

Lead by example 1 1
(particularly industry)

Increased public pressure 1 1 1 3

Increased communication of 1 2 3
results of efforts
(particularly to government)

Leadership by informed knowledgable 1 1
persons (e.g., scientific community)

Increased government legislation 2 1 3
and enforcement

Financial assistance 1 1

Don't know 2 2



TABLE 3.1.9: ST. CLAIR RIVER AREA OF CONCERN
(BPAC Questionnaire)
Stakeholder Responsibility

Most _ Least
Significant Significant

1 2 3 4 5 Total
                                                           

MOE 4
� Lack of enforcement 1 1

(raw sewage)
� Lack of understanding of problems 1 1
� Biasing data/reports against 1 1 2

addressing real issues

Industry 12
� Waste management 1 1
� Spill control/prevention 1 1 2
� Studies/monitoring 1 1 2
� Unspecified 4 1 2 7

Municipality 9
� Lack of control of CSOs 1 1 1 3
� STP upgrade/maintenance 2 1 3
� Beach monitoring 1 1 2
� Unspecified 1 1

Public 7
� Septic systems 2 1 3
� Unspecified 1 2 1 4

Agricultural 4
� Runoff 1 1



� Unspecified 2 1 3

Various Groups 2
� Historical problems 1 1

(contaminated sediments)
� Overfishing 1 1

TABLE 3.2.1: ESTIMATED CONTAMINANT LOADINGS FROM CSOs AND
TOTAL CITY OF SARNIA STORMWATER (Loadings are in kg/day
unless otherwise noted)
(Paul Theil and Associates, 1988)

Parameter CSO Stormwater

Fecal Coliform1 1.04X 1015 4.26 X 1014

Suspended Solids 186 2131

BOD 55 191

Total Phosphorus 2.5 7.1

Cadmium 0.0055 0.0273

Copper 0.1093 0.71

Lead 0.36 3.06

Zinc 0.36 3.39

TABLE 3.2.2:  URBAN SOURCES QUESTIONNAIRE



QUESTIONNAIRE

The objective of this technical options study is to clearly define the present contaminant sources within each AOC and identify planned, in place and

achievable technical options for the mitigation of each source.

Municipal infrastructure has been identified as one potential source of pollutant loading to the receiving body of water.  For the purpose of this

project, municipal infrastructure is defined as storm, sanitary and combined sewers (and appertances e.g., pumping stations) which directly or

indirectly discharge to the receiving body of water.

A separate questionnaire, dealing with sewage treatment plants, lagoons etc., will be forwarded, to the municipality in the upcoming weeks. 

In order to assist us in carrying out this study we would appreciate it if you could provide answers to the following questions:

i) Approximately (i.e., ± 10%) how may kilometres of storm, sanitary and combined sewers do you have?

� ____ km storm sewer

� ____ km sanitary sewer

� ____ km combined sewer

How many pumping stations are there? ____________



TABLE 3.2.2:  URBAN SOURCES QUESTIONNAIRE (cont'd)

ii) Are there any records of:

� combined sewer overflows? yes ____ no ____ unsure ____

� pumping station overflows? ____ ____ ____

� sanitary sewer overflows? ____ ____ ____

If yes, please provide specifics (e.g., five overflows per year, at the Main Street pumping station overflow, no records of volume

of overflow).

�

____________________________________________________________________________________________________

______________________________________________________________________________________________________

_______________________________________________

iii) What studies relating to the infrastructure have you carried out since 1987 (e.g., flood relief study Greenpark Area, Lifelines

study, Main Street Sanitary Pumping Station Capacity Study)?  Are copies of these studies available?

�

____________________________________________________________________________________________________

_________________________

�

____________________________________________________________________________________________________

_________________________



�

____________________________________________________________________________________________________

_________________________



TABLE 3.2.2:  URBAN SOURCES QUESTIONNAIRE (cont'd)

iv) What ongoing operation/maintenance practices are currently being carried out (please specify e.g., catch basin cleaning

once/year)?

Practice Frequency

� catch basing cleaning _________________________________

� street sweeping _________________________________

� sewer flushing _________________________________

� other - please specify _________________________________

______________________ _________________________________

______________________ _________________________________   ______________________

_________________________________  

v) What by-laws relating to the municipal infrastructure are in place?

By-law In place?  Proposed? (yes/no)

� Storm Sewer Use By-law __________________________________

� Sanitary Sewer Use By-law __________________________________

� Roof Downspout Disconnection __________________________________

By-law

� Level of enforcement and

Compliance __________________________________

� Surcharging Arranging __________________________________

� other - please specify __________________________________



______________________ __________________________________

______________________ __________________________________

______________________ __________________________________



TABLE 3.2.2:  URBAN SOURCES QUESTIONNAIRE (cont'd)

vi) What other environmental programs are in place? i.e.,

Program In place? (yes/no)

� waste conservation __________________________________

� spill prevention program __________________________________

� public education (please specify) __________________________________

� litter control by-laws __________________________________

� "poop-scoop" by-laws __________________________________

� other - please specify __________________________________

______________________ __________________________________

______________________ __________________________________

______________________ __________________________________

vii) Are there any other programs which should be listed?  If so, please list.

� ______________________________________________________________

� ______________________________________________________________

� ______________________________________________________________

� ______________________________________________________________

viii) Does the municipality have an erosion/sediment control program and/or by-law in place for areas under development?



yes______ no ______ unsure ______



TABLE 3.2.2:  URBAN SOURCES QUESTIONNAIRE (cont'd)

If yes, please describe:

�

_________________________________________________________

______________________________________________________________________________________________________

___________________________

ix) Please list any ongoing or proposed capital works (short, medium and long-term) which will reduce or eliminate any known

pollution problems (e.g. expansion of Main Street sanitary pumping station to eliminated existing sanitary overflows; storm

sewer separation project along Main Street to reduce combined sewer overflows?

�

_________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

__________________________________________________

x) Please add any other comments or information that you feel is relevant.

�

_________________________________________________________

______________________________________________________________________________________________________



______________________________________________________________________________________________________

_________________________________________________

Thank you, in advance, for your time and effort.

TABLE 3.2.3:  URBAN SOURCES SUBSEQUENT QUESTIONNAIRE

Municipal By-Law Questionnaire

Storm and Sanitary Sewer Use By-Laws

Does your municipality follow the Ministry of Environment and Energy (MOEE) model sewer use by-laws (Y/N)?

                 

Has your municipality added any limits which are not part of the MOEE model (please identify)?

                                                                                                                                                                                                                                                    

                                                                                              Has your municipality raised or lowered any of the MOEE model requirements (please

identify)?

                                                                                                                                                                                                                                                    

                                                                                              Does your municipality currently require control manholes to monitor discharges (Y/N)?

                  

By-Law Enforcement, Surcharging and Sewer Charges



Which infrastructure by-laws are actively enforced by your municipality (ie. storm and sanitary sewer use by-laws, roof downspout disconnection by-

law, etc.)?

                                                                                                                                                                                                                                

How many municipal staff are assigned to by-law enforcement (please list the staff positions)?

                                                                                                                                                                                                                                                    

                                                                                                                                                                                                                                                    

                                                                         

Approximately how many infrastructure by-law enforcement charges are successfully laid per year and to which by-law?

                                                                                                               

                                                                                                               

                                                                                                               

                                                                                                               



TABLE 3.2.3:  URBAN SOURCES SUBSEQUENT QUESTIONNAIRE (Cont'd)

Are surcharging practices used in your municipality and to what extent (ie. number of industries)?

                                                                                                                                                                                                                                                    

                                                                                                                                                                                                             

Please forward by mail a copy of the sewer use by-laws for your municipality.

Address: Beak Consultants

14 Abacus Road

Brampton, Ontario

L6T 5B7

Attention: Mr. William A. Dainty

TABLE 3.2.4: COMPARISON OF URBAN SOURCE CONTROL ALTERNATIVES

Potential Municipal/
Pollution Prevention/ Level of Technical Public Cost Conflict
Source Control Improvement Feasibility Acceptance Effectiveness Potential Comments

1. Public Education _ � � $ � Initiate on an ongoing basis
Programs

2. Spill Prevention _ � � $ � Tie in existing programs with
and Management Public Education



3. Street Sweeping and � _ _ $$ _ Not cost-effective
Catch Basin Cleaning

4. Sewer Use By-Law _ � � $ � Continue existing by-law enforcement
Enforcement program

5. Water Conservation _ � _ $ � Help reduce overflows and improve
treatment efficiency

6. Residential Programs _ _ _ $ � Should be carried out where feasible

7. Sediment Control � � _ $ � Sediment loads from construction sites
Construction Sites may significantly impact the

environment

� high or good ranking $ -  relatively low cost
_ fair or modest ranking $$ -  moderate cost
� poor or low ranking

TABLE 3.2.5: COMPARISON OF URBAN POLLUTION CONTROL
ALTERNATIVES

Potential Municipal/
Level of Technical Public Cost Conflict

Pollution Control Improvement Feasibility Acceptance Effectiveness Potential Comments

1. Sewer Separation � � _ $$$ � May increase pollutant loadings

2. Storage-Treatment � � � $$ � Cost-effective, environmental
compatible

3. Infrastructure � � � $$$ � Minimizes extraneous flows to plants



Rehabilitation

4. Upgrading of _ � � $$$ � Beneficial in specific locations to reduce
Infrastructure overflows

5. Alternative _ _ _ $$ � Feasibility to be defined in future studies
Technologies (RTC,
Swirls, Dunkers)

6. Best Management � � _ $$ � Beneficial in improving long-term
Practices (existing environmental health
and proposed
developments, see
Table 3.2.6)

� high or good ranking $ -  relatively low cost
_ fair or modest ranking $$ -  moderate cost
� poor or low ranking $$$ -  relatively high cost

TABLE 3.2.6:     ALTERNATIVE BEST MANAGEMENT PRACTICES

Soft BMPs

� Site Planning
� Fisheries and Wildlife Habitat Protection
� Wetlands Creation
� Groundwater and Baseflow Protection
� Reforestation
� Urban Retrofitting
� Natural Channel Design
� Erosion and Sediment Control Techniques During Construction
� Conservation Measures
� Vegetative Measures



Hard BMPs

� Detention/Retention Ponds
� Infiltration Facilities
� Oil/Grit Separators
� Filter Strips
� Vegetated Swales

TABLE 3.2.7: RECOMMENDED STRATEGY AND APPROXIMATE COSTS

Item Description Cost
(millions)

On-going-Proposed
Studies

Infrastructure Need and Pollution Control Plan Studies 2

Pollution Prevention-
Source Control

On-going Practices (e.g., public education, catch basin cleaning)
for storm and combined sewer systems

7

Pollution Control
Works - Combined

On-going-Proposed Works for the combined and sanitary systems 41

Pollution Prevention -
Control Works - Storm
- Existing Areas

Long-term measures to reduce loadings from storm sewers in
existing areas

300

Pollution Prevention -
Control Works - Future
Urban Areas

Measures to be implemented as new urban areas are developed N/C

TABLE 3.3.3: CONTAMINANTS FROM ONTARIO MUNICIPAL POINT
SOURCE WHICH ARE ASSOCIATED WITH THE IMPAIRED



USES OF THE ST. CLAIR RIVER

Impaired Use Contaminants Responsible

Restrictions on Fish Consumption chlorinated organics

Degradation of benthos PAHs

Beach closures Bacteria

Ambient water quality BOD
phenols
ammonia
phosphorous
bacteria
heavy metals

TABLE 3.3.4: TECHNICAL  OPTIONS  FOR  TREATMENT  OF
THE  SPECIFIED  CONTAMINANTS  FROM  MUNICIPAL  POINT
SOURCES  IN  THE  ST. CLAIR  RIVER  AOC

Technical Option Contaminants

Source Control BOD, phosphorus, metals

CSO - combined sewer separation BOD, phosphorus, ammonia, metals

Improved sludge settling through chemical addition suspended solids, phosphorus

activated sludge treatment (*including
nitrification and denitrification processes)

BOD, ammonia*

rotating biological contractor BOD



trickling filter pretreatment BOD

polishing ponds BOD

wetland polishing treatment BOD, suspended solids, phosphorus,
ammonia

improved final clarification performance/ increased capacity BOD, suspended solids

filtration after final clarification BOD, suspended solids, phosphorus

air stripping ammonia

public education BOD, phosphorus, metals

TABLE 3.8.3: SUMMARY OF DIFFERENT DEWATERING TECHNIQUES
(Dewtra et al., 1992)

Techniques Applications Limitations Secondary Impacts Cost

Confined
Disposal
Facility

Dewatering sediment of any grain size to a solids content of
up to 60% and up to 99% solids removal

� Requires large land areas
� Requires long set-up time
� High labour costs associated with removal or

dewatering sediments
� Systems using gravity drainage are prone to

clogging

� Potential for groundwater
� Potential for localized odour and air

pollution problems

Low to
High

Belt Filter
Press

Used to dewater fine grained sediments.  Capable of
obtaining relatively dry filter cake containing up to 45 to 70%
solids; able to achieve solids capture of 85 to 95%

� Performance is very sensitive to incoming feed
characteristics and chemical conditions

� Generates a substantial amount of
wastewater that requires treatment

Medium

Chamber
Filtration

Used to dewater fine grained sediments.  Capable of
obtaining relatively dry filter cake with solids content up to
50 to 80%; able to achieve a high solids capture rate up to
98%

� Costly and energy intensive
� Replacement of filter media is time consuming

� Generates a washwater that requires
treatment

High

Vacuum
Rotary
Filtration

Used to dewater fine grained sediments.  Capable of
obtaining a filter cake of 35 to 40% solids and a solid capture
rate of 88 to 95%

� Least effective of the filtration methods for
dewatering

� Energy intensive

� Generates a washwater that must be
treated

High

Solid Bowl Thickening or dewatering sediments; able to obtain a
dewatered sledge with 15 to 35% solid; solids capture

� Not as effective in dewatering as filtration or
lagoons

� No significant secondary impact Medium to



Centrifuge typically rages from 90 to 98% � Process amy result in a build-up of fines in effluent
from centrifuge

� Scroll is subjected to abrasion

High

Basket
Centrifuge

Thickening or dewatering sediments; able to obtain a
dewatered sludge with 10 to 25% solids.  Solids capture
ranges from 80 to 98%.  Good for hard to dewater sludges

� Not as effective in dewatering as solid bowl
centrifuge, filtration or dewatering lagoons

� Process may result in a build-up of fines in effluent
from centrifuge

� Units requires continuously complex controls

� To significant secondary impacts Medium to
High

Gravity
Thickening

Thickening of sediment slurries to produce a concentrate that
can then be dewatered using filtration or dewatering lagoons.
 Final solids concentration of 15 to 20%

� Least effective method for dewatering sediment
slurries

� Requires use of substantial amount of land

� Potential for localized odour and air
pollution problems

Low to
Medium

TABLE 3.4.1: IMPAIRED USES ASSOCIATED WITH DIRECT DISCHARGERS
TO THE ST. CLAIR RIVER

Impaired Use Contaminants Responsible Dischargers Responsible

Restrictions on Fish and Wildlife
Consumption

mercury, PCBs,
octachlorostyrene,
hexachlorobenzene

inorganic chemicals, WPCPS,
organic chemicals

Restrictions on Drinking Water
Consumption

chemical spills organic and inorganic chemicals

Drinking Water Taste and Odour
Problems

ethylbenzene organic chemicals

Beach Closings coliform bacteria SWTPs, CSOs

Added Cost to Agriculture or
Industry

spills, contaminated sediment
(metals and organics)

organic chemicals, petroleum,
inorganic, SWTPs

Loss of Fish and Wildlife Habitat filling, draining and dredging
activities; loss of wetlands

industrial, municipal, agricultural,
and navigational

Bird or animal deformities or
reproductive problems

unknown

Degradation of Benthos mercury, hexachlorobenzene, organic, inorganic petroleum



octachlorostyrene, oil and grease

Restrictions on Dredging Activities PCBs, mercury, chromium, copper,
iron, nickel, phosphorous, arsenic,
cadmium, lead, zinc, and oil and
grease

organic, inorganic, power
generation, petroleum

Degradation of Aesthetics scums, oils, and odours CSOs, industrial spills

TABLE 3.4.4: SUMMARY OF TECHNICAL OPTIONS FOR THE
PETROLEUM SECTOR, ST. CLAIR RIVER AOC

Industrial Sector Contaminants or Problems Technical Options

Petroleum persistent toxics � Chemical precipitation
� GAC filtration after

biological treatment
� reverse osmosis and

ultrafiltration
� ozone and

ozone/ultraviolet
treatment to remove
phenolics

� improve leak detection
and spill management

toxicity � dechlorination of
cooling water using
sulphide or sulphite
compounds

� use organic water
treatment chemicals

water use � convert once-through
cooling water systems
to air-cooled



� increase cooling water
recirculation

� storm sewer
segregation

� replace pump glands
with a closed cooling
system

� recycle and reuse
stripped sour water as
cooling tower makeup
or scrubber water

� evaporative
technologies to achieve
zero-discharge

oil and grease � Oil/water separation in
an API separator

� Oil serparation in a
vertical tube coalescer

suspended solids � dissolved air floatation
� induced air floatation

TABLE 3.4.5: SUMMARY OF TECHNICAL OPTIONS FOR THE INORGANIC
CHEMICALS SECTOR, ST. CLAIR RIVER AOC

Industrial Sector Contaminants or Problems Technical Options

Inorganic Chemicals oil and grease � oil absorption column
� source identification
� best management

practice
� stormwater

management program



metals � alternative coagulants
to alum

� chemical
precipitation

� precipitation through
pH adjustment

� source control

sulphide and cyanide � materials substitution
� improved air

emission quality
� best management

practice
� storm water

management

water use � reuse treated plant
effluent in the process

� replace barometric
condenser with a
surface condenser

� reuse cooling water
� convert to air cooling

ammonia � ion exchange
� break point

chlorination
� air stripping
� biological

nitrification-
denitrification

chlorinated organics � use a non-chlorinated
biocide for cooling
tower makeup water

chlorides � preconcentration via



reverse osmosis, ion
exchange, or
electrodialysis;
followed by
evaporation and
crystallation

toxicity � perform a toxicity
investigation-
evaluation (TIE)

� dechlorination of
cooling water effluent

TABLE 3.4.6: SUMMARY OF TECHNICAL OPTIONS FOR THE ORGANIC
CHEMICALS AND POWER GENERATING SECTORS, ST. CLAIR
RIVER AOC

Industrial Sector Contaminants or problems Technical Options

Organic Chemicals metals � best management
practice

� multimedia filtration
� chemical

precipitation
� vapour compression

distillation and
recycle

organics and chlorinated
organics

� GAC treatment
� multimedia filtration



� biological treatment

oil and grease � best management
practice

� oil separation

volatile organics � steam stripping
� GAC treatment

toxicity � perform a TIE

dissolved solids � evapouration
� membrane processes
� electrodialysis
� vapour compression

distillation

water use � separate cooling and
process water

Power Generating suspended solids � filtration
� dissolved air

floatation
� chemical-assisted

settling

metals � multimedia filtration
� chemical

precipitation
� coagulation

organics � GAC treatment
� biological treatment
� multimedia filtration



TABLE 3.5.4: SUMMARY OF REMEDIAL OPTIONS FOR ONTARIO WASTE DISPOSAL SITES LINKED TO IMPAIRED USES IN THE ST.
CLAIR RIVER AOC

Name of Site Problems or Contaminants Remedial Options Comments

Dow - Scott Rd. off-site groundwater flow � dig trenches around the perimeter of
the site to collect leachate; treat
leachate with biological treatment and
carbon adsorption to remove
chlorinated organics
� conduct regular goundwater
monitoring
� cap the site with a material which
prohibits infiltration

Dow - LaSalle Rd. surface runoff of lime sludge to
CN property

� dig perimeter ditches
� construct a surface water containment
pond
� treat runoff (pH adjustment) prior to
discharge

� completed
� completed

Fiberglas dichloromethane and
chloroform inputs to the Cole
Drain

� conduct extensive surface and
groundwater monitoring to determine
whether Fibreglas is responsible for
inputs

Polysar Rubber groundwater contaminated
with dissolved organic carbon
and phenols; surface runoff
contaminated with chlorinated
organic compounds

� conduct further analysis of
groundwater to confirm that
contamination exists
� contain seepage from the flyash pond
� construct a surface runoff collection
system; treat runoff to carbon
adsorption to remove chlorinated
organics

Welland Chemicals
Ltd.

surface runoff contaminated
with leachate, possibly
containing aluminum chloride

� construct a surface water collection
system
� treat surface water
� conduct monitoring program to

� completed

� completed



determine whether contamination still
exists

K & E Solid Waste
Management

surface water contaminated
with chloride, sodium, iron,
organic nitrogen, BOD and
COD

� construct a surface water collection
system
� treat surface water with biological
treatment

Note: The absence of a site on this table means that either there is inconclusive information about the site, or the site has shown no evidence of
problems.  See Table 3.5.3 for a complete list of waste disposal sites and their status.   

TABLE 3.6.1: CONTAMINANTS CONTRIBUTED  FROM  ONTARIO  MUNICIPAL POINT  SOURCES  IN  THE  ST.  CLAIR  RIVER  AOC,  AND
THEIR  PERCENT  OF  TOTAL  CONTAMINANT  LOADING

Contaminant % of Total Loading

Oil and grease 9

Total phosphorus 26

Ammonia* 64

BOD (five-day)* 60

Copper 8

Iron 21

Lead 23

Mercury 15

Nickel 13

Zinc 59

Cadmium 64

Cobalt* 45



Phenols 61

PAHs 18

PCBs 48

* Not identified as a contaminant of concern in the St. Clair River AOC.

TABLE 3.6.2: LOADINGS  OF  BOD5,  SUSPENDED  SOLIDS,  AMMONIA, AND  TOTAL  PHOSPHORUS  FOR  THE  SIX  ONTARIO WPCPs  WHICH 
DISCHARGE  TO  THE  ST. CLAIR  RIVER

Facility Flow
(m3/d)

BOD5
(kg/d)

SS
(kg/d)

Ammonia
(kg/d)

Phosphorus
(kg/d)

Point Edward1

Sarnia2

Corunna2

Courtright2

Sombra2

Port Lambton2

1,569

34,095

2,262

601

210

419

5.6

1,807

10.7

2.0

73.32

26.08

27.8

1227.4

18.6

4.0

346.5

468.1

 0.28

--

4.2

7.6

1.98

2.2

1.28

--

0.46

0.10

2.18

1.88

1 Based on October-December 1992 data.
2 1992 data.

TABLE 3.6.3: CONTAMINANTS  FROM  ONTARIO  MUNICIPAL  POINT
SOURCES  WHICH  ARE  ASSOCIATED  WITH  IMPAIRED
USES  OF  THE  ST. CLAIR  RIVER



Impaired Use Contaminants Responsible

Restrictions on Fish Consumption chlorinated organics

Degradation of benthos PAHs, heavy metals

Beach closures Bacteria

TABLE 3.6.4: TECHNICAL OPTIONS AND COSTS FOR
TREATMENT OF THE SPECIFIED CONTAMINANTS
FROM WPCPs

Contaminants Technical Option Costs Ref.

Heavy Metals � Source Control
 - by-law enforcement
� Corrosion Control

$$
$$$

1
1

Total phosphorus � Source Control
 - public education
 - regulatory control
� Chemical precipitation
� Chemical precipitation with filtration
� New Hamburg process (Lagoon upgrade)
� Secondary Treatment
� Secondary Treatment with biological
    phosphorus removal

$$
$$
$$$
$$$
$$$
$$$$

$$$$

1
1
2
2
3
4,5

4,5

Ammonia � Secondary Treatment with nitrification
� Ammonia Stripping

$$$$
$$$

4,5

Bacteria � Disinfection
 - chlorination
 - ozonation

$$
$$$

1
1



 - ultraviolet radiation $$$ 1

Oil & Grease � Source Control
 - by-law enforcement $$ 1

$ < $100,000
$$ $100,000 - $1,000,000
$$$ $1,000,000 - $ 10,000,000
$$$$ > $10,000,000

Costs based on 1992 Canadian dollars, except where otherwise noted.

Cost Estimates were made using the following references:

1. Best Engineering Judgement
2. XCG Consultants Ltd., 1991 (1991 Canadian dollars)
3. R.V. Anderson Assoc. Ltd., et al., 1993.
4. Hickling Corporation, 1992.
5. UMA Engineering Ltd., 1992.

TABLE 3.7.10 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE POWER GENERATING SECTOR IN THE ST.CLAIR RIVER AOC

Contaminant Technical Option Estimated
Flowrate, m3/d

Estimated Cost
    $

Metals Multi-media filtration of coal pile
runoff

1000

Chemical precipitation 1000

coagulation 1000

Organics GAC filtration 1000

Multi-media filtration 1000

biological treatment 1000



Suspended solids multi-media filtration 1000

dissolved air flotation 1000

chemically-assisted settling 1000

NA = not available

TABLE 3.7.1 IMPAIRED USES AND CONTAMINANTS ASSOCIATED WITH
INDUSTRIAL DISCHARGES IN THE ST. CLAIR RIVER AOC

Impaired Use Associated Contaminants Sector

Restrictions on fish and wildlife
consumption

PCB's, chlorinated organics inorganic chemicals, organic
chemicals

Bird or animal deformities or
reproductive problems

further assessment required

Degradation of benthos heavy metals, chlorinated organic
compounds, benzene, oil and grease,
ethylbenzene, styrene, PAHs

inorganic chemicals, organic
chemicals, WPCPs, petroleum
refining

Restrictions on Dredging Activities PCB's, Mercury, chromium, copper,
iron, nickel, PAH's phosphorous,
arsenic, cadmium, lead, zinc, oil and
grease, and chlorinated oragnics

organic chemicals, inorganic
chemicals, WPCPs, petroleum
refining

Restrictions on drinking water
consumption or taste and odour
problems

ethylbenzene, chemical spills organic and inorganic chemicals,
petroleum refining

Degradation of Aesthetics scums, oil and grease, spills CSOs, organic chemicals, petroleum
refining

Added Cost to Agriculture or spills, heavy metals, and organics organic chemicals, inorganic



Industry chemicals, WPCPs

Loss of Fish and Wildlife Habitat filling, draining and dredging
activities; loss of wetlands

industrial, municipal, agricultural,
and navigational

TABLE 3.7.2: ONTARIO EFFLUENT QUALITY OBJECTIVES (OEQO) FOR
PETROLEUM REFINERIES

SUBSTANCE MONTHLY AVERAGE CONCENTRATION
mg/L

Oil and grease 10

Phenols 0.020

Suspended Solids 15

Ammonia Nitrogen 10

Chemical Oxygen Demand (COD) 200

Chromium 1

Copper 1

Nickel 1

Lead 1

Zinc 1

pH 5.5 - 9.5

Toxicity LC50 = 100%



TABLE 3.7.3: SUMMARY OF OUTFALLS FROM DOW CHEMICAL CANADA
INC., IN THE ST. CLAIR RIVER AOC

Outfall Flow, m3/day Sources of Wastewater

CO 0500 55,276 � scrubber water from propylene oxide plant
� cooling water and storm water from propylene oxide

plant

CO 0600 53,837 � cooling water and storm water from the polystyrene plant
� cooling water and storm water from the propylene oxide

derivatives plant

CO 0700 108,457 � cooling water and storm water from the
ethylbenzene/styrene plant

� cooling water and storm water from the HDPE plant
� cooling water and storm water from the latex plant

CO 0900 583,277 � Biological Treatment System (BIOX) effluent
� cooling water and storm water from the LDPE plant
� cooling water and storm water from the chlor-alkali plant
� contaminated wash water and storm water from the tank
car wash plant
� cooling water and storm water from the

ethylbenzene/styrene plant
� contaminated process wastewater and storm water from

the Block 90 pond
� cooling water and storm water from the epoxy plant
� backwash from sand filters, from the power generating

facility



OT 0300 59,360 � cooling water and storm water from the vinyl
chloride/chlorothene and solvents plants

OT 1000 13,867 � cooling water and storm water from the power generating
facility

TABLE 3.7.4: SUMMARY OF TECHNICAL OPTIONS FOR THE
PETROLEUM SECTOR, ST. CLAIR RIVER AOC

Industrial Sector Contaminants or Problems Technical Options

Petroleum Organic Contaminants � GAC filtration
after biological
treatment

� reverse
osmosis and
ultrafiltration

� ozone and
ozone/UV
treatment to
remove
phenolics

� improve leak
detection and
spill
management



water use � convert once-
through
cooling water
systems to air-
cooled

� reuse stripped
sour water

� increase
cooling water
recirculation

� storm sewer
segregation

� replace pump
glands with a
closed cooling
system

� reuse treated
effluent

� evaporative
technologies to
achieve zero-
discharge

suspended solids � GAC polishing
� membrane

treatment
� polishing pond



TABLE 3.7.5: SUMMARY OF TECHNICAL OPTIONS FOR THE INORGANIC CHEMICALS SECTOR, ST. CLAIR RIVER
AOC

Industrial Sector Contaminants or Problems Technical Options

Inorganic Chemicals oil and grease � oil absorption column
� source identification
� stormwater

management program

metals � alternative coagulants
to alum

� chemical
precipitation

� precipitation through
pH adjustment

� source control

sulphide and cyanide � audit of potential
sources

� materials substitution
� improved air

emission quality
� storm water

management

water use � reuse treated plant
effluent in the process

� reuse cooling water

ammonia � ion exchange
� break point

chlorination
� biological



nitrification-
denitrification

chlorides � reverse osmosis;
� ion exchange; or
� electrodialysis;
� followed by

evaporation and
crystallation

toxicity � perform a toxicity
reduction evaluation
(TRE)

TABLE 3.7.6: SUMMARY OF TECHNICAL OPTIONS FOR THE ORGANIC CHEMICALS AND POWER GENERATING SECTORS,
ST.CLAIR RIVER AOC

Industrial Sector Contaminants or problems Technical Options

Organic Chemicals metals � multimedia filtration
� chemical precipitation
� vapour compression

distillation and recycle

organics and chlorinated organics � GAC treatment
� multi-media filtration
� biological treatment
� flow equalization prior

to treatment

oil and grease � in-plant management

volatile organics � steam stripping
� GAC treatment



toxicity � perform a TRE

dissolved solids � evapouration
� membrane processes
� electrodialysis
� vapour compression

distillation

suspended solids � multi-media filtration

water use � separate cooling and
process water

� reuse treated effluent
� recycle in-plant streams

Power Generating suspended solids � filtration
� dissolved air floatation
� chemical-assisted

settling

metals � multimedia filtration
� chemical precipitation
� coagulation

organics � GAC treatment
� biological treatment
� multimedia filtration

TABLE 3.7.7 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE PETROLEUM REFINING SECTOR IN THE ST.CLAIR
RIVER AOC

Contaminant Technical Option Estimated
Flowrate,
m3/d

Estimated
Cost
    $

Organic Contaminants GAC filtration  8,200
28,200

 3,900,000
11,400,000

$$$
$$$$



reverse osmosis and ultrafiltration 11,200
28,200

$$$
$$$

ozone  8,200
28,200

$$$
$$$

ozone/ultraviolet  8,200
28,200

$$$
$$$

improved leak detection 11,300
28,200

 2,200,000
 2,800,000

$$$
$$$

Water Use convert to air cooling 300,000 77,000,000 $$$$

increase CW recirculation rate 300,000     37,000 $

reuse stripped sour water 11,300

storm sewer segregation 8,200 20,000,000 $$$$

closed cooling for pump glands 1,000 $$

reuse treated plant effluent 11,400

evaporative technology to achieve
zero-discharge

11,400
28,200

34,500,000
150,000,000

$$$$
$$$$ +

Suspended Solids GAC polishing 28,200 11,405,000 $$$$

membrane treatment 28,200 $$$

polishing ponds 11,300 253,000 $$

$  =  < $100,000 $$$  =  $1,000,001 - $10,000,000
$$ =  $100,001 - $1,000,000 $$$$ =  > $10,000,000

NA = not available

TABLE 3.7.8 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE INORGANIC CHEMICALS SECTOR IN THE ST.CLAIR
RIVER AOC



Contaminant Technical Option Estimated
Flowrate, m3/d

Cost Range
    $

Estim.
Cost

Oil and grease absorption column 2070 $$

in-plant management practices N/A 25,000 $

source ID N/A

stormwater management N/A

Metals replace alum 2070 $

chemical precipitation 2070 $$

precipitation through pH
adjustment

2070 $$

source control N/A

Sulphide and Cyanide audit sources N/A 25,000 $

materials substitution N/A

improved air emission quality N/A

storm water management N/A

Water use reuse treated plant effluent 2070

reuse wash water 39

reuse cooling water 31 25,000 $

ammonia ion exchange 326 $$

break point chlorination 326 $$

biological
nitrification/denitrification

326 $$$

chlorides reverse osmosis 150 $$

ion exchange 150 $$



electrodialysis 150 $$

evaporation & crystallization 150 $$

toxicity TRE N/A $

$  =  < $100,000 $$$  =  $1,000,001 - $10,000,000
$$ =  $100,001 - $1,000,000 $$$$ =  > $10,000,000

NA = not available

TABLE 3.7.9 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE ORGANIC CHEMICALS SECTOR IN THE ST.CLAIR
RIVER AOC

Contaminant Technical Option Estimated
Flowrate, m3/d

Estimated Cost
    $

Estimated
Cost

Metals Multi-media filtration 500
100,000

$$
$$$

Chemical precipitation 100,000 $$

vapour compression distillation 100,000 $$$$ +

Organics and
Chlorinated Organics

GAC filtration 500
100,000

$$
$$$

Multi-media filtration 500
100,000

$$
$$$

biological treatment 134 $$

Flow equalization before treatment 12,255 $$$

Oil and Grease in-plant management N/A 25,000 $

Volatile organics steam stripping 100,000 $$

GAC treatment 100,000 > 10,000,000 $$$$



Toxicity perform a TRE N/A $

Dissolved Solids evaporation and recycle 100,000 $$$$ +

membrane processes 100,000 $$$

electrodialysis 100,000 $$$

vapour compression distillation 100,000 $$$$ +

Suspended solids multi-media filtration 2400 $$

Water use separate cooling and process water 50,000 1,500,000 $$$

reuse treated effluent 38,000 13,000,000 $$$$

recycle in-plant streams 38,000

$  =  < $100,000 $$$  =  $1,000,001 - $10,000,000
$$ =  $100,001 - $1,000,000 $$$$ =  > $10,000,000

NA = not available

Table 3.8.2: Summary of the Effectiveness of different dredging options (Bewtra et. al., 1992)

Vessel Production

Technique Applications Limitations Secondary Impacts Availability/Transportability
Length/

Draft (m) (m3/hr)

Max.
Depth of
Use (m)

Relative
Cost

Clamshell
(Mechanical)

Small volumes of sediments;
confined areas and near

Low production rates; cannot
excavate highly consolidated

Considerable
sediment

Dredge head can be moved
over existing roads as-is and

N/A 23-460 30 Low



TABLE 3.8.2:    SUMMARY OF THE EFFECTIVENESS OF DIFFERENT DREDGING OPTIONS (Bewtra et al., 1992)

structures; removal of bottom
debris; non-consolidated
sediments; interior waterways,
harbours

sediments or solid rocks resuspension mounted on conventional
crane; widely available

Conventional
Excavation
Equipment
(Mechanical)

Small volumes of sediments in
shallow or dewatered areas

Restricted capacities and reach;
limited to very shallow water
depths

Considerable
sediment
resuspension

Can be moved over existing
roads; widely available

N/A 45-535 N/A Low

Portable Hydraulic
(including small
cutterhead)

Moderate sediment volumes;
lakes and inland rivers; very
shallow depths, about 18 in

Limited to waves of less than
0.3 m; depending on model, has
low production rates and limited
depth

Moderate sediment
resuspension

Readily moved over existing
roads, may require some dis-
assembling; widely available

8-15/
0.7-1.5

38-1,400 38 Low

Hand-held
Hydraulic

Small volumes of solids or
liquids in calm waters; for
precision dredging

Operated from above water
units only in shallow waters

Moderate sediment
resuspension

Easily moved over existing
roads; can be assembled using
commonly available
equipment

N/A 8-190 300 Low

Plain Suction
(Hydraulic)

Large volumes of free-flowing
sediments and liquids; shallow
waters and interior waterways

Dredged material 80-90%
water; cannot operate in rough,
open waters; susceptible to
debris damage; can cause water
traffic disruption

Moderate sediment
resuspension

Transport in navigable waters
only

30/
1.5-2

19-7,650 18 Medium

Cutterhead
(Hydraulic)

Large volumes of solids and
liquids; up to very hard and
cohesive sediments; calm waters

Dredged material is 80-90%
water; cannot operate in rough,
open waters; susceptible to
damage and weed clogging

Moderate sediment
resuspension

Transport in navigable waters
only; wide availability

15-75/
1-1.3

19-7,650 15 Medium

Vessel Production

Technique Applications Limitations Secondary Impacts Availability/Transportability
Length/

Draft (m) (m3/hr)

Max.
Depth of
Use (m)

Relative
Cost

Airlift (Pneumatic) Deep dredging of loose
sediment and liquids; for use in
interior waters

Not for consolidated sediments;
dredged material is 75% water

Low sediment
resuspension

Dredged head can be moved
over existing roads; not widely
available in the U.S.A.

30/
1-2

45-300 N/A Medium

Pneuma
(Pneumatic)

Non-consolidated solids and
liquids in interior waterways

Not for consolidated sediments;
not for shallow waters; may
cause obstruction to water
traffic

Low sediment
resuspension

Dredge head can be moved
over existing roads; not widely
available in the U.S.A.

30/
1.5-2

45-300 45 High



TABLE 3.8.2:    SUMMARY OF THE EFFECTIVENESS OF DIFFERENT DREDGING OPTIONS (Bewtra et al., 1992)

Oozer (Pneumatic) Soft sediments and liquids from
river beds or harbour bottoms;
relatively shallow depths

Modest production rates; may
cause obstruction to water
traffic

Low sediment
resuspension

Dredge head can be moved
over existing roads; not widely
available in the U.S.A.

37/2 380-610 N/A High

TABLE 3.8.3: SUMMARY OF DIFFERENT DEWATERING TECHNIQUES
(Bewtra et al., 1992)

Techniques Applications Limitations Secondary Impacts Cost

Confined
Disposal
Facility

Dewatering sediment of any grain size to a solids content of
up to 60% and up to 99% solids removal

� Requires large land areas
� Requires long set-up time
� High labour costs associated with removal or

dewatering sediments
� Systems using gravity drainage are prone to

clogging

� Potential for groundwater
� Potential for localized odour and air

pollution problems

Low to
High

Belt Filter
Press

Used to dewater fine grained sediments.  Capable of
obtaining relatively dry filter cake containing up to 45 to 70%
solids; able to achieve solids capture of 85 to 95%

� Performance is very sensitive to incoming feed
characteristics and chemical conditions

� Generates a substantial amount of
wastewater that requires treatment

Medium

Chamber
Filtration

Used to dewater fine grained sediments.  Capable of
obtaining relatively dry filter cake with solids content up to
50 to 80%; able to achieve a high solids capture rate up to
98%

� Costly and energy intensive
� Replacement of filter media is time consuming

� Generates a washwater that requires
treatment

High

Vacuum
Rotary
Filtration

Used to dewater fine grained sediments.  Capable of
obtaining a filter cake of 35 to 40% solids and a solid capture
rate of 88 to 95%

� Least effective of the filtration methods for
dewatering

� Energy intensive

� Generates a washwater that must be
treated

High

Solid Bowl
Centrifuge

Thickening or dewatering sediments; able to obtain a
dewatered sledge with 15 to 35% solid; solids capture
typically rages from 90 to 98%

� Not as effective in dewatering as filtration or
lagoons

� Process amy result in a build-up of fines in effluent
from centrifuge

� Scroll is subjected to abrasion

� No significant secondary impact Medium to
High

Basket
Centrifuge

Thickening or dewatering sediments; able to obtain a
dewatered sludge with 10 to 25% solids.  Solids capture
ranges from 80 to 98%.  Good for hard to dewater sludges

� Not as effective in dewatering as solid bowl
centrifuge, filtration or dewatering lagoons

� Process may result in a build-up of fines in effluent

� To significant secondary impacts Medium to
High



TABLE 3.8.2:    SUMMARY OF THE EFFECTIVENESS OF DIFFERENT DREDGING OPTIONS (Bewtra et al., 1992)

from centrifuge
� Units requires continuously complex controls

Gravity
Thickening

Thickening of sediment slurries to produce a concentrate that
can then be dewatered using filtration or dewatering lagoons.
 Final solids concentration of 15 to 20%

� Least effective method for dewatering sediment
slurries

� Requires use of substantial amount of land

� Potential for localized odour and air
pollution problems

Low to
Medium

Table 3.8.4:    Summary of the full-scale application of contaminated sediment treatement  (Bewtra et. al. 1992).

Location Technology Cost Comments/Notes

The Netherlands Indirectly Heated Thermal Desorption - Pretreated sediment (dewatered and
screened for oversize material) heated indirectly in a rotary dryer.  Solid
from the drier are heated externally in a furnace to 400-650�C in the absence
of O2.  The off gases from drier and furnace are passed through ceramic
filters for particulate removal followed by incineration at 1100-1200�C. 
The incinerator exhaust gases are recycled for heat utilization prior to
scrubbing and release to the atmosphere

$75-150
Cdn/t

Category:  AHP
Contaminant concentration in solid
residue below detection limit. 
Treatment cost depends on water
content.  the process has been in
operation commercially since 1987
and meets all regulations in The
Netherlands

Port of Hamburg,
Germany

Lurgi Travelling Grate Pelletizing Process - Pretreated (hydrocyclonage and
dewatered) sediments are heated for organic destruction.  Flue gas treatment
is incorporated in the process.  The residue is pelletized and suitable for use
as a gravel substitute.  Metals are fixed chemically in the residue

$40-48
MTDM

Category:  AHP
Target:  All organics and inorganics

Edegem &
Zoebrugge,
Belgium;
Bakhuistervaart &
Zoeterwoude, The
Netherlands

ABR/CIS Microbiological In-situ Treatment - Selected aerobic bacteria are
extracted form the contaminated sediment, cultured with a contaminant
(substrate) and returned to the sediment to accelerate the naturally occurring
decontamination process.  A blended natural mineral product, rich in
bioavailable O2 and nutrients is injected in the sediment

$50-74
Cdn/
MTDM*

Category:  BT
Two weeks set-up time, one month
breakdown time, volume reduction of
sediment in-situ is 20 to 50% in
approximately five months

Oil refineries and
Zeebrugge fishery-
harbour, Belgium

SILT Bacteriological Remediation - Can be applied in-situ or ex-situ.  For
both processes bacteria are injected, along with a stabilizing agent, and
thoroughly mixed.  The ex-situ process requires the construction of CDF for
the treatment of the dredged sediment.  The cleansed sediment is suitable for
unconfined disposal

$50-82
Cdn/
MTDM*

Category:  BT
Target:  Specified organics Bench-
scale tests are required to determine
operational parameters before full-
scale implementation

Schiedan, The IHC Rotary Kiln Incineration - Full-scale operation of thermal destruction $115-150 Category:  CI



TABLE 3.8.4: SUMMARY OF THE FULL-SCALE APPLICATION OF CONTAMINATED SEDIMENT TREATMENT
(Bewtra et al., 1992)

Netherlands are available with rotating kiln or other technologies Cdn/t Target:  All organics
100% DRE with SO2, NOx, CO2,
emission.  Feed rate 13 t/hr

Location Technology Cost Comments/Notes

Antwerp, Belgium SILT Fixation - A chemical reagent is added to stabilize the contaminated
sediment.  The process can be applied in-situ through injection or on
dredged sediment during its transportation

$50-82
Cdn/
MTDM*

Category:  FS
Target:  Metal
Bench-scale tests are required to
optimize the process parameters

Douglas County,
NA; Fort Irwin, CA

ToxCo Chemical Fixation And Stabilization (CFS) - ToxCo utilizes a two-
part chemical system based on sulfides, silicates and silicate setting agents to
form chemically and mechanically stable solids from waste matter

$10/t Category: FS
Target:  HCs and metals
Feed rate 310 t/day

Rotterdam,
Amsterdam, The
Netherlands;
Hamburg, Germany

Beaver Dredging Pre-treatment - Hydrocyclones employed to separate the
sediment into a coarse and a silt faction.  The coarser the materials, sand,
gravel and debris are considered relatively clean.  The utilization of belt
process, pressure filter, vacuum filters and/or decantation, along with
flocculating additives, are further employed to squeeze the water out of the
silt to produce a firm cake

$50/
MTDM*
$25/
MTDM@

Category:  Pre-treatment
Effectiveness depends on percent sand
fraction and percent contaminant
associated with sand fraction

Harbour sediments
in the Netherlands

Bergmann Soil/sediment Washing - Detergents, surfactants, chelating
agents, coagulants, flocculants and pH adjustments are employed to transfer
the contaminants from soil to wash water.  Wastewater requires further
treatment.  The clean soil can be redeposited or used beneficially

$160-215/
MTDM*

Category:  Pre-treatment
Target:  All contaminants

Belgium DJN Dewatering - Through the use of either Chamber Filter Press or the
Belt Press, dredged sediment is dewatered to reduce the quantity of material
to be treated

$10/
MTDM*

Category:  Pre-treatment

Moerdijk &
Waakijk, The
Netherlands

IHC Froth Flotation - `Special soaps' and air bubbles are employed to form a
foam containing the pollutant which can be scooped off.  Other pre-
treatment technologies that are employed include sieved belt presses,
decanter centrifuges, filter presses, settling tanks, hydrocyclones, vibrating
sieves and influent buffers

$200-250
Cdn/t

Category:  Pre-treatment
Target:  HCs, halogenated organics
and metals.
Volume reduction 1 to 15 %, mobile
unit, requires foam disposal

Location Technology Cost Comments/Notes
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Zwinjndrecht &
Antwerp, Belgium;
Hatten, The
Netherlands

Silt Fraction Separation and Dewatering - Silt n.v. has two plants for pre-
treatment, the Krankelon, which is a mobile pilot plant equipped with a
hydrocyclone for separation, a belt press for dewatering and a water
treatment basin; and the HSS 2000, a full-scale floating plant consisting of
36 hydrocyclones, six belt presses and water treatment facilities

$50 Cdn/
MTDM

Category:  Pre-treatment
Feed rate 18 m3/hr (pilot), 1000 m3/hr
(full-scale).  Silt n.v. also possess
various technologies, e.g.,
bioremediation, fixation and extraction

Chemical Waste
Management
projects locations
throughout U.S.A.

Vacuum and Pressure Filtration/Dewatering - The unit consists of the
solid/liquid phase separation by filtration employing a hydraulic, ram driven
recessed plate filter press.  The dewatering unit is operated manually on a
batch basis

$62-103/
MTDM*

Category:  Pre-treatment
Feed capacity 5-23 m3/batch.  meets
all US regulations and permit
requirements

Belgium DJN Flotation - The technology is designed to clean the sediment in the
dredging cycle.  As the sediment is dredged, the solids content is adjusted to
10 to 20% and flotation chemicals are added.  The chemicals enable the
formation of stable films and increase the sediment fines' hydrophobicity. 
After chemical addition, air flotation is applied and the contaminant
associated with the fines concentrate in the foam layer which is skimmed off

$65/
MTDM*

Category:  Other treatment
Feed rate 200 m3/hr.  PAH removal
has been good while heavy metal
removal has been moderate.  The
skimmed foam layer can be processed
through biological treatment or some
other technology

Europe and Japan Melt-All Electric Fusion Process - The process uses and electric current
conducted to the feed material through submerged electrodes to heat and
vitrify the material.  The solid product is chemically inert and can feasibly
be used for construction aggregate or spun into wool for use as insulation

$60-95/t Category:  Other treatment
Target:  Metals, radioactives and
specified organics.  Volume reduction
60 to 90%.  Require pre-treatment for
efficient operation

Lake Groot
Vogelenzang, The
Netherlands

Phosphate Fixation - The treatment employs a dilute solution of ferric
chloride to form inert and insoluble compounds with phosphates.  Through
injection 200 mm lake bed is affected thus preventing further release of
phosphates into the water.  Equipment is simple and small-scale, thus
facilitating treatment of difficult to reach areas.

- Category:  Other treatment
Target:  Specified organics
The process is extremely fast and
improvements are immediate

Location Technology Cost Comments/Notes

OES Research
Facility, San Diego,
CA; Luft Soil
Remediation, Ca;
Swanson, R.A

OES Circulating Bed Combustor Incinerator - Utilization of high velocity
air in a highly turbulent combustion loop for contaminant destruction. 
Temperatures 800-870�C reduces NOx, emission and operating costs. 
Baghouses installed for particulate removal

$100-175/t Category:  CI
Target:  All organics; DRE > 99.99%
US EPA permitted mobile unit.  Feed
rate 5 t/hr.  Full-scale commercial
availability
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Waukegan
Harbour, IL

Desorption and Vapour Extraction (DAVE) System - It is an integrated
processing train consisting of feed preparation, vapour extraction, gas
treatment and water treatment.  VOCs and inorganics are vaporized at 160-
170�C in a fluidized bed reactor.  Gas cleaning train consist cyclone,
baghouse, cooler and carbon adsorption.  HC condensates are centrifuged
for solid liquid separation.  The liquid phase contains water soluble organics
which are removed in carbon beds, while the pasty solid effluent is stored
for future treatment

- Category:  Extraction
Target:  VOCs and HCs
Contaminants concentrated to 0.1% of
original volume.  Feed rate 7-132 t/hr

New Bedford
Harbour, MA

Mobile Pit Cleaning Unit (PCU) - Solvent:  Liquified propane through high
pressure application.  Feed type and quantity is not a critical design
parameter

- Category:  Extraction
Target:  All organics
> 98% successful PCB extraction. 
Feed rate 27 t/day

CWM Fixed Base
Facilities and
various on-site
projects

Chem-Matrix Stabilization/Solidification - Controlled mixing of waste and
stabilization reagents.  Stabilized solids are granular and soil-like

2.5 z rgt.
cost/t

Category:  FS
Meets TSCA and RCRA regulation
standards for leachibility tests.  No
history of health and safety problems

Hamilton Harbour,
ON

Krofchak Solidification & Solidification - A variety of chemical reagents are
employed to solidity sediments.  The product, synthetic stone or soil is
disposed of as a non-hazardous material with MOE approval

$44/t Category:  FS
Target:  Metal
Feed Rate 40 t/day



Glossary of the abbreviations used in the table:

AHP Alternate heat process
BT Biological treatment
CT Chemical treatment
CI Conventional incineration
FS Fixation and stabilization
HCs Hydrocarbons
VOCs Volatile organic carbons
DRE Destruction efficiency
MTDM Metric ton dry matter
MTDM* Unit converted; 1 MTDM = 2.145 cu.yd. = 1.64 m3

MTDM@ Capital investment not included
rgt. reagent

TABLE 3.8.5: SUMMARY  OF  EVALUATION  CRITERIA  FOR  FULL-SCALE  CONTAMINATED
SEDIMENT  TREATMENT  OPTIONS  (Bewtra et al., 1992)

Technology Target Application Cost Effectiveness

Indirectly Heated Thermal
Desorption

All organics Europe Moderate to
high

Very effective

Lurgi Travelling Grate Pelletizing
Process

All organics and inorganics Europe Low Very effective

ABR/CIS Microbiological In Situ
Treatment

Selected organics Europe Moderate Moderately effective for
organics

SILT Bacteriological Remediation Selected organics Europe Low to
moderate

Very effective for organics

IHC Rotary Kiln Incinerators All organics Europe High Highly effective for organics

OES Circulating Bed Combustor
Incinerator

All organics U.S.A. High Highly effective for organics

Desorption and Vapour Extraction
(DAVE) System

VOCs and hydrocarbons U.S.A. N/A Very effective for organics

Mobile Pit Cleaning Unit (PCU) All organics U.S.A. N/A Very effective for organics



Chem-Matrix Stabilization/
Solidification

All substances North
America

N/A Very effective

Krofchak Solidification and
Stabilization

Metal Canada Low Very effective

Silt Fixation Metal Europe Low to
moderate

Effective

ToxCo Chemical Fixation and
Stabilization

Metals and hydrocarbons U.S.A. Low Effective

Beaver Dredging Pre-Treatment All contaminants Europe Low Effective

Bergman Soil/Sediment Washing All contaminants Europe Moderate to
high

Effective

DJN Dewatering All contaminants Europe Low Effective

IHC Froth Flotation All organics and metals Europe High Very effective

Silt Fraction Separation and
Dewatering

All substances Europe Low Effective

Vacuum and Pressure
Filtration/Dewatering

All substances U.S.A. Low to
moderate

Very effective

DJN Flotation All substances Europe Low Moderately effective

Melt-All Electric Fusion Process Organics, radioactives and
metals

Europe/
Japan

Moderate Effective

Phosphate Fixation Selected Europe N/A Very effective

N/A - not available.

TABLE 3.8.6: SUMMARY OF BENCH/PILOT SCALE PROJECTS FOR CONTAMINATED SEDIMENT TREATMENT (Bewtra et al., 1992)

Location Technology Cost Comments/Notes

California ENSOL and LANDTREAT Process
The technology utilizes ENSOL (a water-based product containing both silicate and a proprietary
agent) to stabilize metal contaminants in a chelated metal hydroxide silicate complex.  The
Landtreat, a synthetic polysilicate with a large adsorptive capacity, solidifies the metal hydroxide

$40-100/t site-
specific

Category:  CT
Target metals, over 99% reduction in metal's solubility.
 Treatment in an enclosed reactor.  Full-scale
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silicate complexes producing a non-leachable final product. commercial availability.

Saskatoon, Saskatchewan;
Alberta, British Columbia

Aqua-Guard Thermal Oxidizer
A full-scale existing Rotary Kiln Incinerator.  Waste material undergoes pyrolysis followed by
oxidation.  The unit can treat waste material up to 10% hydrocarbons and 40% water content at
10 t/h.

$220-$250/t Category:  CI
Target:  All organics.  Atmospheric emissions <100
ppm total HCs.  Temporary permits issued in Burnaby,
B.C. and Regina, Saskatchewan.

Butte, MT;
Muttenz, Switzerland

Tetech Plasma Centrifugal Furnace
Consists of two stacked reactors followed by a slag collection chamber and a gas treatment unit. 
Temperature is maintained at >1,200�C in the secondary combustion chamber in an oxygen-rich
environment

$25-$75/t Category:  CI
Target:  All organics, metals (exclude volatile),
radioactives.  Feed rate 20 to 1,200 kg/h (continuous). 
DRE 99.99 to 99.9999%.  Full-scale commercial
availability.

Welland River, ON
COSTTEP

ALTECH Mobile Soil Washer
Extraction of adsorbed contaminants from the particles through vigorous mechanical agitation of
the slurry, solid-liquid separation, followed by treatment of the water phase for the chemical
materials.  Carbon adsorption units for VOCs.

$75-$150/t Category:  Extraction
Target:  Organics, inorganics (excluding radioactive). 
Feed rate 4 to 20 t/day.  95 to 100% contaminant
removal.  Results are unimpressive when metals are in
particulate form.

Garden City, GA;
Superfund site, OH;
Saginaw River, MI;
ARCS

Basic Extraction Sludge Treatment (B.E.S.T.)
Solvent used:  TEA (triethylamine); feed separation into oil, water and solid fractions. 
Regeneration of solvent by heating at 77�C and cooling to 4�C.

$120/t Category:  Extraction
Target:  Specified organics.  Feed rate 100 t/day (full-
scale).  Successful treatment of VOCs, PAHs, PCBs
and pesticides.

Dofasco, Hamilton, ON;
Uniroyal Chemicals Ltd., Elmira,
ON; Casmalia Resources, CA

Zimpro Passavant Wet Air Oxidation
Sediments are subjected to aqueous phase oxidation of organic and inorganic substances at
elevated temperatures and pressure.  Contaminants can be fully oxidized to CO2 and water, or
oxidized to a level where standard biological treatment can be applied.  Halogens are converted to
halides, metals to their highest oxidation state and remain in aqueous state as dissolved or
suspended solids.

$13-$43/
MTDM

Category:  AHP
Target:  All substances.  PCBs and halogenated
organics without other non-halogenated groups are
relatively resistant to the process.  Full-scale
commercial availability.

Port Credit's Shale Pit Pond,
Canada

Biological Induced Degradation
Treatment of sludges (dewatered sediment) within bioreactors in aerobic environment for HC
degradation.  Completion of a 2,000 t pilot-scale landfarming project for HC degradation. 
Bench-scale testing for anaerobic dehalogenation.  PCB concentrations do not decrease;
however, transformation of long chain polymers into less toxic light isomers observed.

Category:  BT
Aerobic HC degradation is fully commercialized. 
Landfarming is applicable for less contaminated
substance.  In situ anaerobic toxicity reduction holds
promise as pre-treatment.

PCB-contaminated River
Sediment, NY

OHM Bioremediation
Treatment in bioreactors and landfarming.  Sequential batch reactor and liquid/solid reactor
(LSR) relies on the mobilization of the contaminants in the aqueous phase where they are
susceptible to biodegradation and volatilization.

$25-$75/t Category:  BT
Target:  Specified organics 6 to 12 months, in situ
application is presently being investigated.

Location Technology Cost Comments/Notes

Overland Park, KS;
Louisville, KY;
Diboll, TX;
Vancouver, B.C.

ReTec Bioremediation
Landfarming, liquid/solid treatment (slurry).  Successful implementation of bioremediation at
three Superfund sites.

Category:  BT
Target:  All organics; 90% removal of biodegradable
compounds.  Full-scale commercial availability.

Port Stanley, ON Waste Stream Bioremediation
Bacteria cultured in laboratory.  Large populations are prepared in an on-site bioreactor and then

$30-$140/t Category:  BT
Target:  HCs and specified organics.  Over 20 projects
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applied to the contaminated material under tailored optimal conditions for contaminants (HCs)
degradation.  Treatment is not seasonal.  Both in situ and ex situ applications are possible.

are currently underway.  Full-scale availability.

Leading Road, Rexdale, ON Agglo Thermo-chemical Recycling Process
Vacuum distillation of organic sludges; pelletization of inorganic waste, drying to less than 2%
water content (mass/mass) at temperature 750 to 1,150�C and controlled oxygen environment. 
Treatment of process gases to recover metal vapours.

$300/t Category:  AHP
Target:  Organics, inorganics (except radioactive), and
metals.  Designs are completed for a full-scale plant.

UMATAC, Calgary, AB;
Wide Beach, NY;
Waukegan Harbour, IL

Aostra-Taciuk Process (ATP)
Pyrolytic vaporization in stages:  preheat zone, temperature 200�C; thermal cracking zone,
temperature 500 to 600�C; and combustion zone.

Category:  AHP
Target:  HCs, halogenated organics.  WTC
recommended inclusion of pre-treatment process.

The Netherlands Ecogrind
Pre-treatment includes sand separation and dewatering, pelletization of the waste material. 
Sintering of the pelletized materials at 1,100�C in O2-rich atmosphere for 30 minutes. 
Purification of by-products before release to the environment.

$250/MTDM Category:  AHP
Target:  All substances.  Metals are fixed in the solid
residue.  The residue is ground to a gravel for reuse.

Hamilton Harbour, Hamilton,
ON
COSTTEP

EcoLogic Thermal Destructor
Thermo-chemical reduction of sediment at temperatures greater than 850�C within a hydrogen
environment.  Off gases are scrubbed for particulates and are recycled.

$500/t Category:  AHP
Target:  Organics.  DRE 99.9999%, no production of
dioxins and furans.

Geneva, IL;
Kettleman Hills, CA

XTRAX Low Temperature Thermal Desorption
Contaminated solids are heated indirectly up to 450�C in an inert medium to ..... oxidation.  Off
gases containing VOCs are condensed and separation of organics.

$150-$200/t Category:  AHP
Target:  Volatiles.  99.99% VOC removal, full-scale
commercial availability.

TABLE 3.8.7: EVALUATION OF PROMISING SEDIMENT REMEDIATION TECHNOLOGIES

Technology Target Application Cost Effectiveness

Agglo Thermo-chemical Recycling
Process

Organics, inorganics and
metals

Short term High Very effective

Aostra Taciuk Processor Hydrocarbons and
halogenated organics

Medium term N/A Effective

Ecogrind All Substances Medium term Medium Highly effective

EcoLogic Thermal Destructor Organics Medium term High Highly effective

X*TRAX Low Temperature
Thermal Desorption

Volatile organics Short term Medium Highly effective

Zimpro Passavant Wet Air
Oxidation

All Substances Short term Low Effective
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Biological Induced Degradation Organics Medium term N/A Effective

OHM Bioremediation Specified organics Medium term Low Effective

ReTec Bioremediation All organics Short term N/A Very effective

Waste Stream Bioremediation Hydrocarbons and
specified organics

Short term Low Very effective

ENSOL and LANDTREAT Process Metals Short term Low Very effective

Aqua-Guard Thermal Oxidizer All organics Short term Medium Very effective

Retech Plasma Centrifugal Furnace All organics, metals and
radioactives

Short term Low Highly effective

ALTECH Mobile Soil Washer Organics and inorganics Medium term Low to
medium

Mixed results

Basic Extraction Sludge Treatment
(B.E.S.T.)

Specified organics Short term Medium Effective

Acres/Derrick Pretreatment - Medium term N/A Effective

Polar Dewatering - Short term N/A Effective

Short term = within one year; Medium term = one to five years.

TABLE 4.1.1: STEP 2 MATRIX - RANKING OF CONTAMINANTS

                      RANKING FACTORS                     

         Associated Impaired Use                  Magnitude of Exceedance        
(A) (B) (AxB=C) (D) (E) (DxE=F) Total

Contaminant (Example) Weighting Multiplier Total Weighting Multiplier Total (C+F)

Metals

Cadmium 0.2 1.0 0.2 0.4 1.5 0.6 0.8
Copper 0.4 1.0 0.4 0.2 1.5 0.3 0.7
Chromium 0.4 1.0 0.4 0.2 1.5 0.3 0.7
Iron 0.8 1.0 0.8 0.8 1.5 1.2 2.0
Lead 0.6 1.0 0.6 0.6 1.5 0.9 1.5
Manganese 0.3 1.0 0.3 0.2 1.5 0.3 0.6
Mercury 0.2 1.0 0.2 0.1 1.5 0.15 0.35
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Nickel 0.2 1.0 0.2 0.2 1.5 0.3 0.5
Zinc 0.8 1.0 0.8 0.8 1.5 1.35 2.15

Oil and Grease
TKN
Total Phosphorus
Arsenic
Bacteria
Chloride
Phenols

Octochlorostyrene
Hexachlorobenzene
Hexachlorobutadiene
Tetrachloroethylene
Carbon Tetrachloride
Dieldrin
PCB
PAHs

TABLE 4.1.2: STEP 4 MATRIX - RANKING OF SOURCES

  RANKING FACTOR 

Example
Contaminant (Example) Sources (Example) Weighting Total

Zinc � WPCP 0.6 0.6
� Industry A 0.8 0.8
� Industry B 0.5 0.5

Oil and Grease � WPCP 0.7 0.7
� Industry A 0.4 0.4
� Spills 0.3 0.3

Bacteria � WPCP 0.8 0.8
� Urban 0.4 0.4
� Rural Areas 0.6 0.6
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TABLE 4.1.3: STEP 6 MATRIX - RANKING THE TECHNICAL OPTIONS

     Effectiveness               Cost         
Contaminant Source Technical A B AxB=C D E DxE=F Total
(Example) (Example) Option (Example) Weight "x" Total Weight "x" Total (C+F)

Zinc WPCP �  secondary treatment 0.6 1.5 0.9 0.4 1.0 0.4 1.3
�  physical/chemical
   treatment 0.4 1.5 0.6 0.6 1.0 0.6 1.2
�  final filtration 0.3 1.5 0.45 0.6 1.0 0.6 1.04
�  source control 0.7 1.5 1.05 0.8 1.0 0.8 1.85

Industry A �  chemical precipitation 0.7 1.5 1.05 0.6 1.0 0.6 1.65
�  multi-media filtration 0.8 1.5 1.2 0.7 1.0 0.7 1.9

Industry B �  GAC polishing 0.4 1.5 0.6 0.7 1.0 0.7 1.3
�  ozone/UV 0.6 1.5 0.9 0.6 1.0 0.2 1.1
�  reverse osmosis 0.8 1.5 1.2 0.7 1.0 0.7 1.9

Oil and etc. etc.
Grease

"x" - multiplier

TABLE 3.7.4 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE PETROLEUM REFINING SECTOR IN THE ST. CLAIR RIVER AOC

Contaminant Technical Option Approximate
Flowrate, m3/d

Estimated
Cost

Ref.1

Organic Contaminants GAC filtration  8,200
28,200

$$$
$$$$

1
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reverse osmosis and ultrafiltration 11,200
28,200

$$$
$$$

4

ozone  8,200
28,200

$$$
$$$

4

ozone/ultraviolet  8,200
28,200

$$$
$$$

4

improved leak detection 11,300
28,200

$$$
$$$

1

Water Use convert to air cooling 300,000 $$$$ 1

increase CW recirculation rate 300,000 $ 1

reuse stripped sour water 11,300 N/A

storm sewer segregation 8,200 $$$$ 1

closed cooling for pump glands 1,000 $$ 4

reuse treated plant effluent 11,400 N/A

evaporative technology to achieve zero-
discharge

11,400
28,200

$$$$
$$$$ +

1

Suspended Solids GAC polishing 28,200 $$$$ 1

membrane treatment 28,200 $$$ 4

polishing ponds 11,300 $$ 1

1 See page 3.7.66 for references.

N/A = not available
$  = < $100,000
$$ = $100,001 - $1,000,000
$$$  = $1,000,001 - $10,000,000
$$$$ = > $10,000,000

TABLE 3.7.5 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE INORGANIC CHEMICALS SECTOR IN THE ST. CLAIR RIVER AOC

Contaminant Technical Option Approximate
Flowrate, m3/d

Estimated
Cost

Ref.1

Oil and grease absorption column 2070 $$ 5
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in-plant management practices N/A $ 2

source ID N/A N/A

stormwater management N/A N/A

Metals replace alum 2070 $ 5

chemical precipitation 2070 $$ 1

precipitation through pH adjustment 2070 $$ 2

source control N/A N/A

Sulphide and Cyanide audit sources N/A $ 2

materials substitution N/A N/A

improved air emission quality N/A N/A

storm water management N/A N/A

Water use reuse treated plant effluent 2070 N/A

reuse wash water 39 $ 2

reuse cooling water 31 $ 2

ammonia ion exchange 326 $$ 2,5

break point chlorination 326 $$ 2

biological nitrification/denitrification 326 $$$ 2,5

chlorides reverse osmosis 150 $$ 4

ion exchange 150 $$ 4

electrodialysis 150 $$ 4

evaporation & crystallization 150 $$$ 2,5

toxicity TRE N/A $ 4

1 See page 3.7.66 for references.

N/A = not available
$  = < $100,000
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$$ = $100,001 - $1,000,000
$$$  = $1,000,001 - $10,000,000
$$$$ = > $10,000,000

TABLE 3.7.6 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE ORGANIC CHEMICALS SECTOR IN THE ST. CLAIR RIVER AOC

Contaminant Technical Option Approximate Flowrate,
m3/d

Estimated Cost Ref.1

Metals Multi-media filtration 500
100,000

$$
$$$

1,3

Chemical precipitation 100,000 $$$ 1

vapour compression distillation 100,000 $$$$ + 1

Organics and Chlorinated
Organics

GAC filtration 500
100,000

$$
$$$$

1,3

Multi-media filtration 500
100,000

$$
$$$

1,3

biological treatment 134 $$ 1

Flow equalization before treatment 12,255 $$$ 1

Oil and Grease in-plant management N/A $ 2

Volatile organics steam stripping 100,000 $$$ 2

GAC treatment 100,000 $$$$ 1

Toxicity perform a TRE N/A $ 1

Dissolved Solids evaporation and recycle 100,000 $$$$ + 1,2

membrane processes 100,000 $$$ 4

electrodialysis 100,000 $$$ 4

vapour compression distillation 100,000 $$$$ + 1

Suspended solids multi-media filtration 2400 $$ 1,3

Water use separate cooling and process water 50,000 $$$ 6
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reuse treated effluent 38,000 $$$$ 3

recycle in-plant streams 38,000 N/A

1 See page 3.7.66 for references.

N/A = not available
$  = < $100,000
$$ = $100,001 - $1,000,000
$$$  = $1,000,001 - $10,000,000
$$$$ = > $10,000,000

TABLE 3.7.7 ESTIMATED COSTS OF TECHNICAL OPTIONS IDENTIFIED FOR THE POWER GENERATING SECTOR IN THE ST. CLAIR RIVER AOC

Contaminant Technical Option Approximate
Flowrate, m3/d

Estimated Cost Ref.1

Metals Multi-media filtration of coal pile runoff 1000 $$ 1,3

Chemical precipitation 1000 $$ 1

coagulation 1000 $$ 2

Organics GAC filtration 1000 $$ 1,3

Multi-media filtration 1000 $$ 1,3

biological treatment 1000 $$ 1

Suspended solids multi-media filtration 1000 $$ 1,3

dissolved air flotation 1000 $$ 1

chemically-assisted settling 1000 $$ 1

1 See page 3.7.66 for references.

N/A = not available
$  = < $100,000
$$ = $100,001 - $1,000,000
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$$$  = $1,000,001 - $10,000,000
$$$$ = > $10,000,000
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1. BACKGROUND

 • Results of the 1990 Ministry sediment quality-benthic macroinvertebrate community assessment
showed that overall, sediment habitat conditions in the nearshore of the river had improved
substantially since the previous surveys of 1985 and 1977 (Pope, 1993; St. Clair River Remedial
Action Plan Team, 1991; St. Clair River RAP Addendum, 1993).  Nevertheless, in 1990 a number
of areas of impaired sediment quality and benthic macroinvertebrate community structure were
still present in the upper river along the Sarnia (Chemical Valley) nearshore.  Sediments in these
areas exceeded the Provincial Aquatic Sediment Quality 'Severe Effect Level' Guideline for one or
more contaminants and in some cases there was also evidence of benthic community
degradation.  These findings were also corroborated with laboratory sediment toxicity data for
selected stations.     

 • Based on the 1990 study results, the Sediment and Habitat Task Team Subcommittee of the St.
Clair River Remedial Action Plan has identified three distinct 'sediment impact zones' along the
Ontario shoreline of the upper river (minutes of April 26, 1993 meeting).  The Priority 1 Zone,
composed of six stations distributed among three sub-areas (see Fig. 1), is characterized by
sediment SEL exceedences, a degraded benthos and greater than 80% toxicity to laboratory test
species.  Other, less impacted zones defined as Priority 2 (with SEL exceedences and impaired
benthos), and Priority 3 (with SEL exceedences only) were also identified.  As part of their RAP
Stage 2 sediment remediation decision process, the Task Team identified the need to collect
further detailed information which will permit a comprehensive characterization of each of the
three Priority 1 impact zone sub-areas.

 • Following delineation of both the extent (area and depth) and severity (e.g., toxicity) of
contamination within the Priority 1 Zone, the Sediment and Habitat Task Team will be in a positon
to assess remedial options for these contaminated sediments.

 • It is noteworthy that the Lambton Industrial Society is initiating an ambitious assessment of the
sediments within the above-noted zones which will continue over the next several years
(Pollutech, 1993).  Since this will involve sampling of a number of the same stations, this will
provide an opportunity for partnership.

2. OBJECTIVES

2.1  Specific Questions to be Addressed

 (i) What is the extent and severity of sediment contamination (inorganic and organic) in the
Priority 1 Zone adjacent to Polysar and Dow in the upper St. Clair River and how does this
correlate with the degree of benthic macroinvertebrate community impairment?
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 (ii) How toxic are contaminated sediments to indigenous sediment-dwelling biota and to
laboratory test organisms, and is sediment quality still a limiting factor to improvement of
the benthic macroinvertebrate community in the Priority 1 Zone? 

(iii) Are the sediment-associated contaminants biologically available for accumulation by
aquatic organisms in the field and in the laboratory?

 2.2  Project Timetable

Final Sampling Date - mid-July/94;
Completion of Laboratory Toxicity Tests - Sept/94;
Receipt of Sediment and Biota Analytical Data - Febr/95;
Reports:  (i)   MOEE Surficial Sediment/Biota Chemistry data report, Apr/95;
             (ii)  consultant's Benthic Community/Sediment Quality report, Apr/95.             

2.3  Users of the Study Results

(i) St. Clair River Remedial Action Plan Sediment and Habitat Task Team - to assist
in determining the required remedial measures for these contaminated
sediments.

(ii) Lambton Industrial Society - as a basis for remedial measure options for
sediments and point source controls.

(iii) MOEE Southwestern Region
(iv) MOEE Environmental Monitoring and Reporting Branch

2.4  Limitations of the Study

Due to resource limitations, only one of the three Priority 1 sub-areas will be studied during the
1994/95 field year.  This sub-area will include the three Priority one stations located along the
Polysar and Dow properties, as well as appropriate upstream and downstream locations and
additional stations in between. 

Samples for sediment quality and benthic community analysis, and for sediment bioassays will be
obtained somewhat differently in this study (by diver, see Sections 5.2, 5.3 and 5.4) than in the
1990 study (Shipek and Ponar, respectively). 

The observed benthic community can reflect the effects of habitat (e.g., sediment type), sediment
contamination from ongoing or historical inputs, or the impact of a more recent short-duration spill
of high acute toxicity (e.g., a chloride, ammonia or phenol spill) that may leave little detectable
effect on sediment quality, but nevertheless have persistent negative effects on the associated
benthic community.

3. DATA REQUIREMENTS

3.1  Magnitude and Extent of Impacted Zone

To further define the extent of the most upstream Priority 1 Zone sub-area associated with
Polysar and Dow, sediment chemistry - both surficial and with depth (arsenic, cyanide, metals,
chlorinated industrial organics, PCBs and organochlorine pesticides, polycyclic aromatic
hydrocarbons, oil and grease, nutrients) and benthic macroinvertebrate community sampling will
be conducted by survey vessel at up to 13 station transects (each comprised of three sampling
locations at increasing distances from shore, resulting in a total of up to 39 sampling locations). 
Preference for sampling locations will be given to areas of soft sediments along the nearshore
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(Fig. 2).  To ensure comparability with previous Ministry studies (OMOE, 1977; Griffiths, 1989;
Pope, 1993), sampling will take place at the same time of year (May-June) and using the same
field methodologies.  Locations of 7 of the 13 station transects will be the same as in the previous
1990 survey.  The 6 new "infill" stations have been added to provide additional definition of the
extent (area and depth) of the Priority 1 Zone in this sub-area.  Final locations of all transects and
in particular these infill transects will be determined during the initial field reconnaissance. 

Sediment chemistry data will be compared to OMOEE Aquatic Sediment Quality Guidelines
(Persaud et al., 1993) as well as to data from upstream or background stations.
Statistical analysis (PCA) will be used to identify groups of stations with significantly different
characteristics.  Data from the 1994 survey will also be compared to the 1990 survey results.  

Benthic fauna associated with the surficial sediments will also be collected at each of the 39
sampling locations, identified and enumerated, and the different communities determined using
cluster analysis; the benthic invertebrate community results will also be analyzed relative to
sediment physical and chemical characteristics using principal components and discriminant
function analysis to identify any significant relationships.  The spatial distribution of different
benthic communities in 1994 will also be compared graphically to the 1990 survey results to
determine if there has been any marked change during the four year interval.

3.2  Toxicity and Bioavailability of Sediment Contaminants

The <2,000 µm diameter fraction of surficial sediment collected at all 13 stations will be used to
conduct static laboratory toxicity tests (Bedard et al., 1992) using juvenile fathead minnows
(Pimephales promelas), burrowing mayfly nymphs (Hexagenia limbata) and midge larvae
(Chironomus tentans).  These stations will include the original three Priority 1 Zone stations,
additional 'infill' stations and an upstream reference or background station.

After the bioassays are completed, surviving Pimephales of sufficient biomass will be analyzed for
contaminants to determine if they are biovailable and if so, the magnitude of bioaccumulation. 

3.3  Inputs and Bioavailability of Contaminants

To help identify any ongoing inputs and bioavailability of organic and inorganic contaminants in
situ, caged mussel biomonitors (Elliptio complanata), which have been used previously (Kauss &
Hamdy, 1985), as well as rock cages to attract amphipods (e.g., Gammarus sp.) will be set out at
the middle location of each of the 13 station transects.  After an exposure period of three weeks,
the organisms will be recovered and submitted for contaminant analysis.  Differences between
stations will be compared using an ANOVA/multiple range test and PCA.  This should provide a
useful comparison, since contaminants accumulated by unionid mussels and amphipods are
derived from different components of the aquatic environment (i.e., water filtration versus
epibenthic grazing).  These field bioaccumulation data will be compared to the data obtained from
sediment biassay organisms (Section 3.2).    
Bottom water chemistry sampling will also be performed at each of the 39 sampling locations. 
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4. SAMPLING REQUIREMENTS

4.1  Station Locations and Sampling Requirements

Body of Station TestNeeds
Water Type Number Priority

Status
Transect Location Metres

from shore
Latitude (N) Longitude (W) Sediment

Cores
Benthic

Invertebrates
Biomonitors

(Field)
Sediment
Bioassays

Water

15 02 0134 (18) - just upstream of Imperial Oil (Esso) intake; between two red brick buildings TBD 42�57'16.0" 82�25'25.0" x (s) x x x
" " " - " " " " x (s) x x x x
" " " - " " " " x (s) x x x

15 02 0044 (--) TBD downstream of Esso intake and upstream of Esso BIOX plant discharge TBD TBD TBD x (s) x x x
" " " " " " " " X (s) x x x x
" " " " " " " " x (s) x x x

15 02 0073 (20) 2 upstream of Cole Drain and Polysar fence; off first building N. of fence with brown roof TBD 42�56'54.0" 82�25'42.0" x (s) x x x
" " " " " " " " x (s) x x x x
" " " " " " " " x (s) x x x

15 02 0136 (IS 9) 2 just downstream of Cole Drain discharge; upstream of first crib TBD 42�56'52.0" 82�25'46.0" x x x x
" " " " " " " " x x x x x
" " " " " " " " x x x x

15 02 0045 (--) TBD inside N. end of Polysar dock & off stack; upstream of Polysar 54" sewer TBD TBD TBD x (s) x x x
" " " " " " " " x (s) x x x x
" " " " " " " " x (s) x x x

15 02 0046 (--) TBD inside S. end of Polysar dock; ~95 m downstream of Polysar 54" sewer TBD TBD TBD x (s) x x x
" " " " " " " " x (s) x x x x
" " " " " " " " x (s) x x x

15 02 0094 (IS 12) 1 at S. end of Polysar dock; ~200 m downstream of Polysar 54" sewer TBD 42�56'45.0" 82�25'53.0" x x x x
" " " " " " " " x x x x x
" " " " " " " " x x x x

15 02 0047 (--) TBD opposite Polysar flare; upstream of Polysar 66" & 72" sewers TBD TBD TBD x (s) x x x
" " " " " " " x (s) x x x x
" " " " " " " x (s) x x x

15 02 0074 (22) 1 downstream of small Polysar (storm?) sewer; ~2 m above Polysar-Dow fence TBD 42�56'51.0" 82�25'59.0" x x x x
" " " " " " " " x x x x x
" " " " " " " " x x x x

15 02 0095 (IS 14) 1 ~50 m downstream of Dow 1st St. sewer; off first white sign on railing TBD 42�56'35.0" 82�26'08.0" x x x x
" " " " " " " x x x x x
" " " " " " " " x x x x

15 02 0048 (--) TBD downstream of Dow 1st St. sewer; off third white sign on railing TBD TBD TBD x (s) x x x
" " " " " " " " x (s) x x x x
" " " " " " " " x (s) x x x

15 02 0049 (--) TBD downstream of Dow 1st St. sewer; off fifth white sign on railing TBD TBD TBD x (s) x x x
" " " " " " " " x (s) x x x x
" " " " " " " " x (s) x x x

15 02 0096 (IS 15) 3 downstream of Dow 2nd St. sewer; off third tree at shoreline TBD 42�56'30.0" 82�26'15.0" x x x x
" " " " " " " " x x x x x
" " " " " " " " x x x x

NOTES: - Stations are listed in geographical order, i.e., from upstream to downstream.
- Shaded cells indicate that samples are to be analyzed during 1994/95 survey year; this also applies to only the surficial layer of core sediment samples from stations with an "(s)" in the sediment cell.  The remaining core                   sections
are to be analyzed during 1995/96.
TBD = to be determined; unknown at present.
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4.2  Physical Measurements

Current velocity, water temperature, conductivity, pH and dissolved oxygen will be measured at
~15 cm off bottom at each station. 

4.3  Sediment Chemistry

At each of the 3 sampling locations along the 13 station transects, three replicate sediment cores
will be obtained and each sectioned at regular (5 cm) intervals in the field (with the exception of
the first or surficial section, this increment is subject to modification as a result of field
observations).  At all but two of the station transects, the corresponding core intervals from the
three replicates will be composited and homogenized before submitting for analysis (SAMPLE
TYPE 52).  At the remaining two station transects (randomly selected), nine replicate cores will be
obtained at each of the three sampling locations; corresponding section increments will then be
composited in threes to permit submittal of three replicates for analysis (SAMPLE TYPE 52).

With the exception of archive samples (see below), all sediment samples will be analyzed for the
following parameters:

Parameter Test/Test Group

Particle Size Distribution scan SMPART

Moisture (MOIST), Loss on Ignition (RSTLOI) and
Total Organic Carbon (TOC)
Nutrients (NNTKUR, NNOTUR, NNHTFR, PPUT)
Chloride, extractable (CLEW) GLPK4S             
Major Ions (CAUT, NAUT, KKUT)
Metals (ALUT, ASUT, CDUT, COUT, CRUT, CUUT,

                      FEUT, PBUT, MGUT, MNUT, HGUT, NIUT, ZNUT)
Cyanide, available (CCNAUR)

Solvent Extractables (includes oil & grease) SOLSXT, IDSI

Chlorinated Industrial Organics scan PECB

PCBs and Organochlorine Pesticides scan PEOC

Polycyclic Aromatic Hydrocarbons scan LSPAH
-----------------------------------------------

** Selected samples from Priority 1 Zone stations will also be submitted at a later date for:

Polychlorinated Dioxins and Dibenzofurans scan PEDIOX

Polychlorinated Diphenyl Ethers scan  ? (by contractor)

Polychlorinated Naphthalenes scan  ? (by contractor)

Chlorostyrenes scan  ? (by contractor)
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The above parameter selection is based on data from previous OMOE surveys (OMOE, 1977;
Griffiths, 1989; Pope, 1993) and other studies (Oliver & Nicol, 1988).

4.4  Benthic Macroinvertebrates

Grab benthic fauna samples will be collected in triplicate at each of the 3 distances along the 13
station transects and removed from the associated sediments using a screen with 600 µm mesh
size.  This will retain the macroinvertebrate fraction.  Identification and enumeration of organisms
and interpretation of benthic communities relative to sediment quality will be performed under
contract to the OMOEE, probably the Southwestern Region office.

4.5  Laboratory Sediment Bioassay
  

In addition to core sediment samples, samples of surficial sediment (top 5 cm) will also be
collected at each of the 3 sampling locations along the 13 station transects (see Section 4.1). 
Sufficient material will be obtained to perform the toxicity and biaccumulation tests described in
Section 3.2.  These stations will include an upstream control station as well as sediment from
Honey Harbour, where Hexagenia nymphs are collected (Bedard et al., 1992).

Fathead minnows surviving the toxicity test will be frozen (-20�C) and if there is sufficient biomass,
subsequently analyzed (SAMPLE TYPE 21) for the following parameters: 

Parameter Test/Test Group

Metals (ASUT, CDUT, CRUT, CUUT,
  HGUT, PBUT, MNUT, NIUT, ZNUT) FT6 + ASUT

Chlorinated Industrial Organics scan PECB

PCBs and Organochlorine Pesticides scan (incl. % Lipids) FT3

Polyclic Aromatic Hydrocarbons scan                                CFPAH

4.6  Introduced (Field) Biomonitors

Mussels (SAMPLE TYPE 24 for those exposed in the river; SAMPLE TYPE 23 for Balsam Lake)
and rock cages to attract epibenthic invertebrates (SAMPLE TYPE 21), preferably amphipods
(SAMPLE TYPE 26), will be placed on the river bottom at 1 of the 3 sampling locations (probably
the middle location) along each of the 13 station transects for three weeks (see Section 4.1). 
After recovery and processing, these will be frozen (-20�C) in the field and submitted for analysis
of the same parameters as those indicated for laboratory sediment bioassay organisms in Section
4.5, but with the addition of Polychlorinated Dioxins and Dibenzofurans scan (PEDIOX). 

4.7  Water Chemistry

Concurrent with sediment and benthos sampling, a whole water grab sample (SAMPLE TYPE 11)
will be collected at ~15 cm off bottom at each of the 3 sampling locations along the 13 station
transects.  Additionally, 2 randomly-selected stations will be sampled again, in triplicate, at two
later dates, so that the interval between each of the three samplings is ~5 to 7 days.  Chemical
analysis will include the following parameters:

Parameter Test/Test Group
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Suspended Solids (RSP)
Conductivity @25 C (COND25)
Alkalinity, total (ALKT)
Chloride, reactive (CLIDUR)
Calcium, reactive (CAUR) GLPK4W
Carbon, dissolved organic (DOC)        
Nutrients (NNTKUR, NNHTFR, NNOTFR, PPUT)
Metals (ALUT, ASUT, CDUT, CRUT, CUUT, FEUT, HGUT, 
        MGUT, MNUT, MGUT, PBUT, NIUT, ZNUT)

Cyanide, available CCNAUR

Phenols, total reactive PHNOL
------------------------------------------------------
** Only at the middle sampling location at each of the 13 station transects, large volume water
samples will be collected in pre-cleaned 19 litre stainless steel canisters and analyzed by
contractor (Novamann) for:

Chlorinated Industrial Organics scan

PCBs and Organochlorine Pesticides scan GLLVOL

Polycyclic Aromatic Hydrocarbons scan

4.8  QA/QC Requirements

(i)   Sediment Chemistry

At 4 sampling locations randomly selected from the total of 39, enough surficial sediment (top 5
cm) will be collected to submit, after homogenization, blind triplicate (split) samples (SAMPLE
TYPE 51) for all of the analytical requests listed in Section 4.3.  This will provide data on sample
handling/preservation and transport effects, in combination with analytical reproducibility.  Also, as
noted in Section 4.3, the replicate core sections from 6 randomly-selected sampling locations out
of the total of 39 will be submitted as discrete samples (SAMPLE TYPE 52) to provide data on
within-station sediment chemistry variability (heterogeneity). 

(ii)  Benthic Macroinvertebrates

Appropriate quality control measures will be required of the consultant hired to analyze the benthic
macroinvertbrate samples.  These include but are not limited to:  re-picking of 10% of the
samples; checking of identifications by an outside authority, and retention of the picked sediment
material.

(iii)  Laboratory Sediment Bioassays

Duplicate toxicity tests using all three test species will be performed on sediments from 4
randomly-selected stations of the 39 stations to provide information on sample homogenization
efficiency and on test reproducibility.

(iv)   Water Chemistry
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For all parameters but trace organics, 3 split samples (SAMPLE TYPE 14) will be collected at 4
randomly-selected sampling locations out of the total of 39 and submitted for all analytical
requests listed in Section 4.7.  These will provide information on sample handling and analytical
reproducibilty. 

Also, to obtain information on potential field contamination effects, 3 sets of field procedural blank
samples (SAMPLE TYPE 15), each composed of three replicates, will be obtained on the three
different survey days by pouring distilled water through the collection system and submitted for all
chemical analyses. 

Finally, to provide data on potential sample container effects, three distilled water travel blanks
(SAMPLE TYPE 15) will be obtained by filling the required bottles for all chemical analyses at the
laboratory and transporting them to the field and back.

For the large volume trace organics samples, three replicate samples will be collected at 2
sampling locations selected from the total of 13 (SAMPLE TYPE 11).  In addition, 1 field blank
consisting of distilled water (SAMPLE TYPE 15) will also be collected.

4.9  Proposed Sampling Schedule

Mussel and Amphipod deployment:  week of June 20th
Sediment and Benthos sampling:  weeks of May 23rd to June 20th
Mussel and Amphipod recovery:  week of July 11th
Water sampling:  weeks of May 23 to June 6th

5. FIELD METHODS

5.1  Physical Measurements

Current velocity will be measured at each of the three sampling locations along the 13 station
transects at ~15 cm off bottom using a Marsh-McBirney or, alternatively, a mini-Anderaa meter
while the survey vessel is anchored for sampling.  Measurement period should be at least 30
minutes, with a minimum of three data points being recorded during that period.

Water temperature, conductivity, pH, and dissolved oxygen will also be measured at each
sampling locations at ~15 cm off bottom, using meters calibrated daily.

5.2  Sediment Chemistry Sampling

Three replicate sediment cores will be collected, preferably by diver, at each of three sampling
locations along the 13 station transects using a clean, 6.7 cm ID diameter plastic core tube of ~0.5
m length.  If a diver is not available, a Benthos corer will be used.  Individual cores will be
sectioned at ~5 cm intervals unless there are notable differences in sediment colour or texture. 

Any mixing of sample will be done in a clean, solvent-rinsed stainless steel, ceramic or glass
container and then thoroughly homogenized with a clean, solvent-rinsed stainless steel spatula. 
After a known subsample of each depth increment has been weighed (e.g., using an ointment jar
of known volume) and the field (wet) weight recorded, the remaining material will be distribute
among the required sample jars/containers and preserved as required (OMOE, 1989 and
updates).
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NOTE:  All of the sediment core sections from only five of the 13 station transects (three sampling
locations from each of station transects 136, 94, 74, 95 and 96) will be submitted for analyses
during 1994/95.  The surface layers (upper 5 cm) from the remaining eight station transects (24
sampling locations) will also be submitted in 1994/95.  The remaining samples will be kept frozen
(-20�C) in the short-term archive freezer and submitted for analyses at the beginning of the
1995/96 fiscal year.

NOTE:  Extra sediment from each depth increment will be put in an amber, solvent-rinsed jar
labelled with the sample number and "ARCHIVE" and kept frozen (-20�C) until all laboratory
analyses are completed. 

5.3  Benthic Macroinvertebrate Sampling

At each of the three sampling locations along the 13 station transects, three replicate samples will
be collected by a diver (from a 0.05 m2 area x 10 cm deep), using an airlift sampler equipped with
a 600 µm mesh Nitex bag or, alternatively, a stainless steel Ekman dredge (9" x 9" = 0.05 m2).  If
this is not feasible, the samples should be obtained from the survey vessel using a stainless steel
Ponar of 0.05 m2 sampling area.  In the case of the Ekman or Ponar samples, each replicate will
be washed through a 600 µm mesh Nitex bag on deck using clean river water.  Organisms and
detritus retained in the mesh bag will be preserved with buffered formalin (pH = ~7) in wide-mouth
glass or plastic jar with screw cap, resulting in three samples per station.  Benthic invertebrate
samples will be retained by Southwestern Region staff until transferred to a contractor retained for
the identification and enumeration of the organisms, statistical analysis and report production.

NOTE:  For each station transect location, record the percentage macrophyte cover and species,
sediment characteristics including presence of chemical odour or oil, and any obvious benthic
invertebrate fauna on field note sheets.

5.4  Sediment Bioassay Sampling

In addition to sediment for replicate benthic samples at each of the 3 sampling locations along the
13 station transects (see Section 4.1), enough additional material will be collected by the diver
using a solvent-rinsed stainless steel Ekman, or from the survey vessel using a clean, solvent-
rinsed Shipek or Ponar dredge to provide 6 to 8 litres of surficial sediment for laboratory
bioassays.  The three samples from each station transect will be individually bagged in a labelled
plastic bioassay bag and then placed in a pre-cleaned plastic pail with a food-grade polyethylene
liner, capped and kept refrigerated until delivered to the OMOEE Laboratory Services Branch
walk-in refrigerator in Etobicoke.   Label each pail to the attention of Donna Bedard.

5.5  Caged Mussel Biomonitoring

Only at the middle sampling locations of the 13 station transects (see Section 4.1), 20 clean
mussels (collected from Balsam Lake within 24-48 hours of deployment) of a uniform size class
(6.5 - 7.2 cm long) will be placed in two clean, solvent-rinsed galvanized wire cages (~30 cm x 36
cm x 10 cm).  These will be attached to a concrete block using rope and placed on the bottom in
water of at least 1 m depth.  

NOTE:  20 randomly-selected mussels will be selected from the Balsam Lake collection prior to
the beginning of the study and processed as outlined below.
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Cages will be recovered after three weeks' exposure and the surviving mussels immediately
shucked, the soft tissues rinsed with clean water, the fresh (wet) tissue weight recorded to the
nearest 0.1 g, and then individually wrapped in the following:

PECB + FT3 analysis - solvent (hexane)-rinsed foil placed in plastic Whirl-Pak; 3 mussels/station.
CFPAH analysis - solvent (hexane)-rinsed foil placed in plastic Whirl-Pak; 3 mussels/station.
PEDIOX analysis - solvent (hexane)-rinsed foil placed in plastic Whirl-Pak; 3 mussels/station.
Metals analysis - plastic Whirl-Pak; 3 replicates (mussels) per station.
Mercury analysis - plastic Whirl-Pak; 3 replicates/station.
Arsenic analysis - plastic Whirl-Pak; 3 replicates/station.
Archival - solvent (hexane)-rinsed foil placed in plastic Whirl-Pak; any extra mussels/station.

Mussel tissues will be frozen in the field using dry ice and kept frozen (-20�C) until submitted to
the OMOEE Laboratory Services Branch in Etobicoke for analysis.

NOTE:   Only the mussel samples from five of the sampling locations (stations 136, 94, 74, 95,
96) will be submitted for analysis during 1994/95.  Samples from the remaining eight locations will
be kept frozen (-20�C) in the short-term archive freezer and submitted at the beginning of the
1995/96 fiscal year.

NOTE:  Where mortality or vandalism limits the number of mussels available for analysis, priority
on analytical requests will be:  PECB + FT3 > CFPAH > Arsenic > Mercury > Metals > Archival.

5.6  Amphipod Biomonitoring

At the same 13 middle station sampling locations used for caged mussels (see Section 4.1
above), three rock cages (all tied off to a concrete block) will be placed on the bottom for
colonization by amphipods.  After three weeks, the cages will be carefully retrieved and any
amphipods retrived by rinsing the rocks with clean river water into a 600 µm Nitex mesh bag. 
After obtaining and recording the fresh (wet) biomass per replicate cage, 5 g samples per
analytical request will be processed as outlined for mussels in Section 5.5.                                     
                                                                                                                 NOTE:  The same
requirements on station submissions and on priority of analytical requests indicated above for
mussels also applies to amphipods.

5.7  Water Chemistry Sampling

Taking care to avoid the sediment resuspended during sediment chemistry and benthos sampling,
grab river water samples will be pumped from ~15 cm off bottom at each of the
3 sampling locations along the 13 station transects using a peristaltic pump or a March Model 5C
MD submersible pump and Teflon® hose system that has been cleaned (solvent and distilled
water) before each day's sampling.  The system will be flushed for 5 minutes with sample water
from the station currently being sampled prior to actually taking samples.  Except for those that
have been pre-cleaned or which already contain preservative (OMOE, 1989 and updates) sample
containers will be rinsed twice with sample water before filling with sample water.

6. SAMPLE COLLECTION FOR LIS / POLLUTECH

In the interests of study compatibility and reduction of overlap between studies in the Zone 1 area,
additional samples will be collected for the Lambton Industrial Society study being conducted by
Pollutech while at the 6 middle sampling locations on station transects 136 (IS9), 94 (IS12), 74
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(22) and 95 (IS14), and the two new station transects to be established between stations 136 and
94, and stations 94 and 74, respectively.

The additional samples will be collected using an appropriately-cleaned stainless steel Ponar
sampler.  Sample requirements are:  1 sediment sample of sufficient quantity for chemistry
analysis; 3 replicate samples for benthic invertebrates analysis; and 1 sample of sufficient volume
for sediment bioassay testing.  Sample handling will be overseen and/or performed by Pollutech
staff.

7. LABORATORY ANALYTICAL METHODS

Sediment, biological and water samples will be submitted to the Ministry laboratories in Rexdale
and analyzed according to documented procedures (OMOE, 1983 and updates).

Sediments collected for polychlorinated naphthalenes and chlorinated styrenes analysis will be
analyzed under external contract, with QA/QC overseen by OMOEE laboratory staff.

Laboratory bioassays of sediments will be performed according to documented procol (Bedard et
al., 1992).

Large volume water samples collected for trace organics analysis will be extracted and analyzed
under external contract, with QA/QC overseen by OMOEE laboratory staff.

8. RESOURCE REQUIREMENTS

1994/95/96 PROJECT RESOURCE REQUIREMENTS

Project Name:  St. Clair River Sediment Impact Zone Characterization                                             

Project Leader:  P. Kauss                                             

(A) Internal/External Staff Participation:

_x_ EMR Branch - Field Support ___ MNR

_x_ EMR Branch - Data Management etc. ___ Environment Canada

_x_ MOEE - Science and Technology Branch ___ Conservation Authority

_x_ MOEE - Southwestern Region

(B) Field Operations:   No. of Boat Days  __20__ 
      No. of Truck Days ___0__

(C) M.O.E.E. Laboratory Services (see separate lab. load spreadsheet summaries): 

   1994/95  

TOTAL TESTS/SCANS
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Water Sediment Biota

W. Q. Lab.      600 - -

I.T.C. Lab.      1,050  3,000 840

D.W.O. Lab. -      20         33   

T.O. Lab. -  240 / 380  225

   1995/96  

TOTAL TESTS/SCANS

Water Sediment Biota

W. Q. Lab.    - - -

I.T.C. Lab.     -   1,800  -

D.W.O. Lab. -      -         30   

T.O. Lab. -  144 / 216  234

(D) Direct Operating Expenses (ODOE) in current FY

 1994 Cost (2337) Item Description

Consultant $_30,000___                Benthos Analysis & Report
Consultant $_42,000___                Sediment Bioassays 
Equipment, etc. $__________                          
External Laboratories $_16,800___                Trace Organics analysis  
Other $__________                          

   TOTAL ODOE COST $_88,800___      
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the Ontario Ministry of the Environment, Detroit/St. Clair/St. Marys Rivers Project.  Sarnia, Ontario, 85 pp.
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1994/95 ANALYTICAL TEST LOAD AND COST SUMMARY

MATRIX

Sediment Biota (Field) Biota (Lab) Water

Test/Scan Number $ Cost Number $ Cost Number $ Cost Number $ Cost

SCSM - Sediment Metals, etc. (24 tests) 2,880 25,920 - - - - - -

SMPART scan 120 1,800 - - - - - -

SCBM - Biota Metals (8 tests) - - 264 2,376 576 5,184 - -

SCWM - Water Metals, etc. (20 tests) - - - - - - 1,500 6,000

CCNAUR - - - - - - 75 300

PHNOL - - - - - - 75 300

SOLSXT 120 4,800 - - - - - -

IDSI 120 4,800 - - - - - -

PECB scan 120 14,400 33 2,475 42 3,150 - -

PEOC scan 120 12,000 - - - - - -

FT3 scan - - 33 1,980 42 2,520 - -

CSPAH scan 120 30,000 - - - - - -

CFPAH scan - - 33 8,250 42 10,500 - -

PEDIOX scan 20 10,000 33 16,500 - - - -

PCDPE scan 20 6,000 - - - - - -

PECB/PEOC/PAH scan (ODOE) - - - - - - 16 4650

PCN scan (ODOE) 20 6,000 - - - - - -

Chlorostyrenes scan (ODOE) 20 6,000 - - - - - -

Total Costs - 121,720 - 31,581 - 16,170 - 11,250
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1995/96 ANALYTICAL TEST LOAD AND COST SUMMARY

MATRIX

Sediment Biota (Field) Biota (Lab) Water

Test/Scan Number $ Cost Number $ Cost Number $ Cost Number $ Cost

SCSM - Sediment Metals, etc. (24 tests) 1,728 15,552 - - - - - -

SMPART scan 72 1,080 - - - - - -

SCBM - Biota Metals (8 tests) - - - - - - - -

SCWM - Water Metals, etc. (20 tests) - - - - - - - -

CCNAUR - - - - - - - -

PHNOL - - - - - - - -

SOLSXT 72 2,880 - - - - - -

IDSI 72 2,880 - - - - - -

PECB scan 72 8,640 48 3,600 30 2,250 - -

PEOC scan 72 7,200 - - - - - -

FT3 scan - - 48   2,880 30 1,800 - -

CSPAH scan 72 18,000 - - - - - -

CFPAH scan - - 48 12,000 30 7,500 - -

PEDIOX scan 20 10,000 48 24,000 - - - -

PCDPE scan - - - - - - - -

PECB/PEOC/PAH scan (ODOE) - - - - - - - -

PCN scan (ODOE) - - - - - - - -

Chlorostyrenes scan (ODOE) - - - - - - - -

Total Costs - 66,232 - 36,000 - 11,550 - -
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CONSOLIDATED TAC/RAP/BPAC/TASK TEAMS COMMENTS/RESPONSES ON
ST. CLAIR RIVER RAP DRAFT STAGE 2 REPORT - APRIL 30, 1994

General Comments:

1. The concept of "yardsticks" as presented in the report is an excellent means of measuring
progress towards remediation of sediments.  While the lower Lake Huron levels of most
metals are considered suitable yardsticks, this has not been applied to all the metals.  The
report indicates that copper, iron and zinc "yardsticks" are not determined on the basis of
lower Lake Huron levels, but rather on published guideline levels.  These levels however,
appear to be lower than natural sediment levels as reported for lower Lake Huron.  Since it
will be difficult to attain and maintain a level in sediments that is below that of the
surrounding areas, I am concerned that this will result in the setting of unattainable and
therefore, unrealistic goals.  For the sake of consistency, it would seem that these three
metals should be dealt with in the same manner as the other metals.(10)

Response: Agreed.  Yardstick values for copper and iron will be adjusted to reflect
lower Lake Huron levels.  Zinc yardsticks are already higher than lower
Lake Huron levels.

2. In regards to the reference made in a number of places in the document to chironomid
mouthpart deformities.  The report indicates that the samples have not been analyzed as
yet.  Since no data are available on the St. Clair River, I would question the reference to
these under impaired uses.  The methodology itself has not been demonstrated
sufficiently to enable use of these in the assessment of impairment.(10)

Response: Assessment in the Stage 2 report is based on the work of Dermott, as
reported in the Stage 1 report.  Samples which have not yet be analyzed
are the 1992 samples collected from the St. Clair River.  These are
currently being assessed by Bill Warwick of Environment Canada.

3. It is my conclusion that groundwater issues are treated in an accurate, but minimal,
manner in this document.  The report identifies groundwater transport as a pathway linking
non-point contaminant sources to discharge to the St. Clair River and the associated
tributary waters.  I noted the mention of groundwater in conjunction with septic discharges
(pages 11 and 51), waste disposal sites (page 52), and deep-well injection (pages 54 and
56).  The treatment of groundwater issues among non-point contaminant sources seems
appropriate, as groundwater transport often tends to disperse even an initially
concentrated contaminant input such that the discharge of the contamination to surface
water bodies is widely distributed.(14)

Response: Agreed.  No changes will be made.

4. In formulating future documents, if may be desirable to attach an elevated importance to
the transmission of contamination by groundwater flow since this process represents a
significant and ubiquitous transport mechanism.  Also, future reports might explore the role
of groundwater in the transport of contaminants of agricultural origin (pesticides, feedlot
discharges, etc.).  Migration of these contaminants into groundwater flow systems is a
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pathway for the transport of contamination to surface water bodies that may add to the
rate of transfer by runoff from agricultural lands.  Finally, it is important to note that the
discharge of groundwater-borne contaminants to surface water bodies may occur long
after the input of these components to the groundwater and that the mass of the
contaminants that is ultimately transferred to the receiving waters may be attenuated. 
Both of these characteristics are the result of the tortuous nature of the groundwater
transport mechanism.(14)

Response: Agreed.  Studies currently underway by the Lambton Industrial Society
(University of Waterloo Institute for Groundwater Studies) as well as the
MOEE will be incorporated into RAP updates as they are produced.  The
nature of the clay overburden in this area would suggest that loadings of
agricultural contaminants into the groundwater and in turn the St. Clair
River, would be minimal.

5. Considerable research has been applied to the investigation of the mechanics of
groundwater transport, to the processes leading to groundwater contamination, and to the
technologies that can be applied in groundwater contamination remediation.  These
findings should be applied to all remediation efforts where a contaminant input of
groundwater origin is likely.  Failure to adequately account for contaminant loading from
the groundwater regime may bias the results of a remediation effort.  In a worst case
scenario, this could translate to apparent, less than desired performance of the
remediation effort.(14)

Response: Previous investigations have determined that contaminant fluxes from
groundwater to the St. Clair River are minimal (25 gm/day phenol).  Current
investigations however, are pursuing this issue further and will be reported
on in updates.

6. The discussion of the role of groundwater within the Remedial Action Plan is technically
accurate but somewhat lacking in the importance attached to this pervasive mechanism of
contaminant transport.(14)

Response: See response to General Comment #5 above.

7. Whenever a report uses available information, it is important to also indicate where
information is not available, in order to provide some effort at balance.  This is particularly
true when the purpose of the report is to set priorities for change.  For example, the report
provides incomplete lists of compounds that might be found in the effluents of various
industrial sectors, but no similar list for municipal effluents.  Similarly, detail on industrial
spills is included, but none on spills from other sources such as combined sewer
overflows, transportation accidents, etc.(16)

Response: All available information on effluent loads has been provided as part of the
Stage 1 report, the Stage 1 update and/or appendices to the draft Stage 2
report.  With respect to spills, the level of information reported in the Stage
2 document is limited to a summary of industrial spills.  For details of spills
from all sources, the reader is referred to the Stage 1 report and Stage 1
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update.  The purpose of the Stage 2 report is not to provide detailed
information on effluent performance standards and/or spills, it is however
intended to provide a summary of available information and make
recommendations based on priorities established by Task Teams. 
Paragraph 2 on Page 11 will be modified to read "The largest group of
pollutants spilled to the river from all Ontario sources..." to reflect spills from
sources other than industrial dischargers.

8. Editorial comment on information should be eliminated.  A few of the many examples are
words such as "significant quantities " (p 8)  (The word significant should not be used
unless it means statistically significant in any report where data are presented).; or
"relatively large" (page 11); or complete sentences such as "It does not degrade quickly
and thus may be more representative of historical usage." (page 11).  In this case, while
the sentence itself may be correct, it is one that could equally well stated at a number of
other places in the report, and is not, creating an imbalance.(16)

Response: Regarding specific examples referred to, the following changes will be
made: Page 8 - delete "significant quantities of"; Page 11 - the statement is
considered to be correct and an appropriate interpretation of the
information presented.  The reviewer is requested to provide specific
examples of imbalances elsewhere in the report.

Technical writer to review chapter two and update information.

9. At times, editorial comment creeps in, in the form of missing modifiers that should be
there.  For example on page 9, the statement "Wastewater generated by the inorganic
chemical sector contains..." should include the word "may" to modify contain.  Better still,
in view of the incompleteness and inaccuracy of the list that follows, delete the whole
reference.(16)

Response: This statement refers to the inorganic chemical sector as a whole, and not
to a particular facility.  It is considered to be correct in light of MISA
monitoring and other data collected from inorganic chemical sector
facilities.

10. Speculation should be eliminated.  For example, air quality monitoring is stated to indicate
loadings to the AOC via atmospheric pathways.  That is speculation unless and until the
pathway is demonstrated.  Statements containing multiple uncertainties are pure
speculation, and should be removed.  An example is found on page 12 "Contaminant
loads from waste sites have not been measured, however it is suspected that inputs of
contaminated groundwater to the St. Clair River may be significant in certain areas."(16)

Response: Agreed.  The last sentence will be changed to read "Contaminant loads
from waste sites have not been measured."  The reference to loadings to
the AOC via atmospheric pathways does not suggest that these loads are
coming from local sources.  First paragraph will be modified to read
"Atmospheric deposition monitoring undertaken at Walpole Island and air
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quality monitoring within Chemical Valley indicate that some organic and
metal contaminants...".

11. Information included in the report but not used in developing conclusions and
recommendations should be removed.  For example, a paragraph on p37 describes the
RECOVERY model, which was not used.(16)

Response: The model "recovery" will be used and activities are occurring in response
to a need expressed by both the Sediment and Habitat Task Team, as well
as at the April 23rd Stage 2 review Workshop.

12. The main items missing in this document are the commitments from the responsible
parties to carry out the actions that we recommend.  Our work during the rest of this year
should focus on obtaining definite commitments to carry out these actions.  This list of
commitments should then be added to the Stage 2 RAP before it is submitted to the
IJC.(17)

Response: Agreed.  Varied commitments received prior to submissions to the IJC
based on our current schedule, will be incorporated.

13. We also should spend the rest of this year completing some of the areas where we simply
have plans to work out action plans.(17)

Response: Agreed.

14. The descriptions of regulatory programmes are not particularly useful because there is no
assessment of the extent to which they will help us achieve our goals.  The regulatory
section in each chapter should be reduced to include only an assessment of how well they
will contribute to achieving our goals.  The actual descriptions should be put into the
appendices.  Over a tenth of the body of the Stage 2 RAP is dedicated to these
descriptions of regulatory programmes; they don't merit this much space.(17)

Response: It has been recognized by the RAP Team and BPAC that the inclusion of a
brief description of regulatory programs is necessary to provide a
framework for how goals and objectives are to be met.  In many cases at
this time, it is difficult to tie specific pieces of regulation to individual goals
and/or objectives.  It is felt important that this information be contained in
the Stage 2 report.  As the reviewer is aware, the RAP is largely based on
negotiated agreements based on consensus; however, regulations as
presented do provide a degree of protection which may ultimately be
sufficient to achieve our goals and objectives.

15. At the April Workshop I suggested that there be a specific action listed for "Persistent
Bioaccumulative Substances, no Yardstick Established", "Highly Toxic, Non-persistent,
Non-bioacc. Substances, no Yardstick Established", and "Non-persistent, Non-bioacc.
Substances, no Yardstick Established".  This recommendation met with general approval
at the Workshop, and I hope it can be incorporated in the report.(19)
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Response: This is contained in General Recommendation #3 under Point Sources
(Page 45).

16. It might be beneficial to have as an appendix, a list of what chemicals fall into each of the
categories, noting that this list may not be all inclusive.(19)

Response: As part of a review and revisions to the Stage 2 report, a means to
categorize these chemicals is/will be developed by the RAP Team.  This
will be incorporated into the document and can be used for all chemicals as
they emerge as a priority.

17. Does "Exceeding Yardstick" refer to water column, sediment or both?(19)

Response: "Exceeding yardstick" refers to exceeding either the water column and/or
sediment yardstick.  Additional explanation on the use of yardsticks will be
incorporated in Section 4.3.3.

18. I am a little disappointed in the amount of "planning to plan" that occurs in the report (page
80, items 1&2; page 85, item 1; page 92, items 1&2; page 97, item 2), but having been
involved in this process, I understand the reasons for this.  As these specific plans are
developed, will they be included in some sort of an update?(19)

Response: Yes, this will be addressed as part of the implementation plan described in
Chapter 10.

19. The report is attractive and well organized and appears reasonably thorough.(21)

Response: Agreed.

20. A statement of what being "listed" as an "Area of Concern" requiring a Remedial Action
Plan means.  Answers Who said it is sick?(38)

Response: This information is elaborated on in detail in the Stage 1 Report. 

21. A clear statement of the ground rules for delisting our area.  Answers Who will say when
it is healthy?(38)

Response: Specific delisting criteria are identified in Table 3.1.

22. An estimated $ cost to the public purse and to private industry.  Answers Who will
pay?(38)

Response: Where this information is available it is presented.  In cases where it is not
available or cannot be estimated at the present time, it will be included in
regular updates to the RAP.
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23. An assurance that if the public supports this initiative the delisting ground rules are
sensible and will not change.  Answers Will this delisting be subject to political or
interest group whims or pressures?(38)

Response: Delisting criteria are as specific and quatatative as possible.  Every effort
will be made to ensure that progress towards delisting is measured in a
subjective manner and delisting will be determined based upon measurable
improvements and defenceable scientific research. 

24. An overall timetable to de-list.  Answers When can the St. Clair Area have its good
name back?(38)

Response: See details in Table 3.1.

25. Assurances that even when the St. Clair Remedial Action Plan as specified today has
been carried out, there will be appropriate programs and procedures in place to ensure
that not only a "no further degradation policy", but one of continued abatement will take
place.  Answers How can we avoid being relisted?(38)

Response: Delisting criteria when met will demonstrate a sufficient level of
environmental quality making the St. Clair River comparable to other areas
within the Great Lakes basin.  RAP goals and objectives however are more
stringent and longterm than these specific delisting criteria.  These goals
and objectives will need to met over a much longer period of time and will
require further improvements beyond those achieved through meeting the
delisting criteria.  
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Specific Comments:

1. Title Page We are very disappointed to see that the US EPA is not listed as a partner in this RAP. 
The two Federal Governments signed Annex 2 of the Great Lakes Water Quality
Agreement, which provides for RAPs.  Therefore, they should take a primary responsibility
for the RAPs.  Canada is shown on the title page, for example, as being a partner, but the
US EPA is not.  This situation is not acceptable.(17)

Response: This issue has been discussed and addressed in Stage 1.

2. Index Page iii, Figure 4.2 should read - KETOX Model Output Results for Hexachlorobenzene in
Water.(3)

Response: Agreed.

2A. 1.4 Page 4 - The Executive Summary would be strengthened by including the rationale for the
contaminants selected for modelling (Page 4) and how that would be extended to
unmodelled contaminants.  The clarity would be improved if the text were not so laconic. 
For instance, change "employed to determine individual source contributions to ambient
impacts (based on exceedances of yardstick values)" to "employed to determine the
contributions of individual sources to contaminant levels in the water and sediment of the
river.  Where contaminant concentrations exceeded yardstick values the water or
sediment was considered impaired".  List the four different loading scenarios used in
modelling so that it means something when you say "based on the Stage 1 Update loading
scenario".(37)

Response: Agreed.  A brief description will added to Section 1.4 indicating that
contaminants were selected to be representative of various class of
compounds and were also determined based on availability of effluent and
receiving water information for model calibration.  Text will be reviewed for
clarity and remedy. 

2B. 1.4 Page 4 - I have read and re-read the sections on "parameter impact scores" in both the
Executive Summary and document and still do not understand what they are and why they
are being used.  Perhaps some clarification of purpose is needed.  Why are yardsticks all
compared with that of mercury - does this mean that somethings are less important if they
have a higher yardstick?  Isn't an exceedance more readily judged by comparing it to its
own yardstick?  How is loading related to exceedance in this impact score?  Surely, I am
not the only one that is this confused?(37)

Response: Further details on ranking of parameters is contained in Section 4.3.2 of the
main report.  Rankings were used in an attempt to related the number of
use imperiments with water quality standards/yardsticks and loadings.  A
"sensity analysis" was conducted on the ranking scheme and it was
determined that this method was no more or less effective than the other
methods tested. 
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3. Table 1.2 Could a column be added indicating parties responsible for completing actions?(19)

Response: Specific Comment #3 information is contained in Table 10.2.

3A. Table 1.8 Page 8, Table 1.2 highlights numerous activities, I will not comment on many.  A few that
raised wonder include how the RAP intends to control and/or eradicate exotic species, why
an in-situ pilot scale remediate was selected for sediment a priori, the method to correct
direct discharge of grey water.(23)

Response: Expansion of exotic species and control within the AOC is the goal. 
Introduction needs to be controlled at the St. Lawrence Seaway.

4. 2.1 Page 1, 2nd paragraph, 4th line - Statement on Chemical Valley seems to include paper
and salt producers which are located in the U.S.  Perhaps it should state:  "the area
between Lake Huron and Fawn Island which includes..."(3)

Response: Agreed.

5. 2.1 Page 1, paragraph 2, lines 6 & 7 - There are no paper companies or salt producers in the
area between Sarnia and Corunna, and the thermal electric generating facilities is south of
the area described.  The term "Chemical Valley" is colloquial and should be avoided.(16)

Response: See above response.  The term "Chemical Valley" is commonly used both
locally and elsewhere and was used in the Stage 1.

6. 2.1 Page 1, paragraph 2, lines 7 & 8 - Listing 23 industrial and four municipal waste sites in
the same sentence as "six sites of environmental contamination" implies that all waste
sites are contaminated - a conclusion not supported by the text of the document.(16)

Response: Text will be changed to read "...for municipal waste sites in Ontario.  In
Michigan 6 sites of 'environmental contamination'...".

7. 2.1 Page 1, 3rd paragraph, 5th line - "The" should read "They".(3)

Response: Agreed.

8. 2.1 Page 1, 3rd paragraph - The variety of uses supported by the river needs to include
reference to municipal and agricultural uses.(16)

Response: Agreed.  Text will be modified to read "The St. Clair River serves as a
shipping channel...".

9. 2.1 Wetlands Map - The quality of the wetlands map for St. Clair County in 2.1 is poor, the
shadings cannot be distinguished on my copy.(19)

Response: Maps are being updated and merged with Michigan GIS maps.
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10. 2.1 & 2.2 Wetland Enhancement/Restoration - I believe it essential that the RAP Stage 2 include a
description of the Walpole Island area.  This is probably the most critical wildlife area in the
AOC and receives very little attention in the report.  Comments should be specific and
appear on page 1 of the draft, as well as Figures 2.1 and 2.2 and in the Habitat Action
Plan summary on page 71.(5)

Response: Walpole Island wetland/land use is currently being incorporated into RAP
maps.  The actual plan summary on Page 71 reflects Task Team
consensus.  Detailed action plans are included in Stage 2 Appendices.

11. 2.2 Page 1, 1st paragraph, line 4 - Should read "...beneficial uses are impaired as a result of
physical disruption of habitat and/or elevated contaminant levels..." to emphasize that
impairments can be due to one or more mechanisms.  For this reason, it would also be
useful to mention the introduction of exotic species as contributors to impairment through
habitat disruption, etc.(16)

Response: Agreed.

12. Figure 2.1 This figure is not clear - needs colour or less complexity for clarity.  Why the artificial
border at the south end of the AOC, that includes part of Walpole.  As Walpole includes a
major remaining wetland area, it does not serve the purpose of RAP to show the Walpole
area simply as "First Nation Reserve".(16)

Response: See response to Comments #9 & 10.  Final report will include coloured
figures.

13. Figure 2.2 Same comment as for Figure 2.1 - including Walpole wetlands is essential to the RAP.(16)

Response: See above.

14. Figure 2.3 This Figure also needs colour, or less complexity to be of value in the document.(16)

Response: Figure 2.3 will be incorporated with Ontario information as a new Figure
2.1.

15. Figure 2.3 Page 4, Figure 2.3 - Is virtually unintelligible.  The wetland areas have to be more
effectively highlighted in terms of gross areas, rather than small areas - more like Figure
2.2.(5)

Response: See response for Comment #14.

16. Figure 2.3 Page 4, Figure 2.3 - Difficult to tell the difference between modern wetland areas and
modern urban areas in the legend.  Can this be clarified at all?(8)

Response: See response for Comment #14.
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17. Table 2.1 Page 5, Consumption of Wildlife - Delete editorial sentence "However, concentrations of
PCBs... highlight the need for these guidelines:.  The status is B - further basinwide study
required - is all that necessary or appropriate in a summary table.(16)

Response: Information in Table 2.1 is taken verbatim from the Stage 1 report.

18. Table 2.1 Page 5, Tainting - How can an impairment based on loose anecdotal reporting, such as
this, ever be removed?  There must be a mechanism for removing old anecdotal
information from the decision making process, such as no reports for a specified period of
time.(16)

Response: See response to Comment #17.  A controlled fish tainting evaluation is
planned for 1994.

18A. Formal tainting studies were completed in the early 1980's ending in 1985 when upstream
and downstream differences were marginal (Pollutech).(16)

Response: Studies planned for 1994 are intended to update and provide a more recent
quantitative tainting assessment through the evaluation of locally caught
fish.

19. Table 2.1 Page 5, Dynamics of Wildlife Populations - Data on wildlife populations badly need
updating - has there been any change since '82?  We do see some changes locally - e.g.
cormorants are now nesting locally.(16)

Response: Despite requests to the Canadian Wildlife Service, no new information has
been provided during preparation of the Stage 1 update.  If the reviewer
has information, it will be considered.

19A. Is there recent evidence to indicate that exotic species are changing the dynamics of fish,
wildlife or benthic populations?(16)

Response: Exotic species have been demonstrated to alter dynamics of fish wildlife
and benthic populations throughout the Great Lakes Basin.

20. Table 2.1 Page 6, Fish Tumours - It continues to be incorrect to reference an early neoplastic tissue
change in a single fish as evidence of tumours.  This has been raised in the past in
correspondence from the investigator reporting the reporting the statistically insignificant
finding.  Delete all of this comment, and show only that the status of impairment is 'A'.(16)

Response: Text is reproduced exactly from the Stage 1 report.  It does indicate the
"finding is not statistically significant".  Studies planned for 1994 will assess
tumour incidents in fish collected from the St. Clair River. In the interim, the
2nd sentence of this section will be deleted and reference to the 1994 study
will be made.
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21. Table 2.1 Page 6, Bird or Animal Deformities - The statement regarding chronomid mouthparts is
based on one study only.  That should be indicated, along with a comment that more study
regarding the mechanism leading to the deformity is required.(16)

Response: Text in Table 1.1 reflects consensus achieved in the development of Stage
1.  Benefits and limitations to this type of investigation are provided in detail
as part of the Stage 1 report.

22. Table 2.1 Page 6, Restrictions on Dredging Activities - The statements "Concentrations of total
Kjeldahl nitrogen, oil and grease,... exceed OMOEE disposal guidelines or PASQG." and
"There are currently no restrictions on dredging..." appear to be inconsistent.(16)

Response: The statement "There are currently no restrictions on dredging... for U.S.
waters" will be deleted.

23. Table 2.1 Page 7, Taste and Odour Problems - As the report recommends delisting after two years
of no closures (Table 3.1, page 15), it would be appropriate to remove reference to a 1990
incident in this table.(16)

Response: Delisting will occur during the implementation phase of Stage 2.

24. Table 2.1 Page 7, Beach Closings - In fact, there were beach closings due to coliform bacteria
levels, as recently as 1993, which should be included to be consistent with other data.(16)

Response: Information from the Stage 1 update and more recent information will be
incorporated into Table 2.1 as appropriate.

25. Table 2.1 Page 7, Degradation of Aesthetics - Again, the comment is so loose as to make removal
of the impairment almost impossible - what does "...have been periodically reported
mean"?(16)

Response: Delisting criteria will include reference to a 2-year time period during which
time waters are devoid of any substance...

26. Table 2.1 Page 7, Loss of Fish & Wildlife Habitat - Delete the "(Sarnia)" after industry.  There has
been habitat alteration by industry located along both sides of the river.(16)

Response: Agreed.

27. Table 2.2 The heading for Table 2.2 on page 10 includes the term "Impaired Uses" in two places. 
These should read "Use Impairments".(5)

Response: Agreed.

28. 2.2 Page 8, paragraphs 1&2 (Tables) - Carbon tetrachloride shows up in both the
contaminants of concern which have exceeded, and the additional contaminants of
interest - which is correct?(16)
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Response: Carbon tetrachloride should be deleted from the second listing.

29. 2.3 Page 8, 2nd paragraph, lines 4&5 - Change text to read "Ontario Hydro's Lambton
Thermal Generating Station is the only potential source...".  No list of contaminants is
provided for thermal generating stations on either side of the river.(16)

Response: The word "source" will be changed to "facility".

30. 2.3 Page 8, 3rd paragraph - Delete this paragraph.  It is an oversimplification that adds no
useful information to the report.  The accompanying table is incomplete and not accurate
for all refineries, and therefore misleading.  Use of editorial comment such as "containing
significant quantities of..." is particularly inappropriate for use when describing discharges
from refineries that are among the lowest in the world - see MISA report).(16)

Response: "Significant quantities of pollutants such" will be deleted.

31. Table Page 8, 1st Table - Align headings (i.e. Organic Contaminants).(3)

Response: Agreed.

32. 2.2 Page 8, Impairment of Beneficial Uses - Certain substances are listed at the top of the
page as "contaminants of concern."  Then eleven other substances are listed as "being of
interest."  "Of interest" is a very strange phrase to use.  What does this mean?(17)

Response: Contaminants "of interest" are listed because of their occurrence in effluent
and their presence on the EMPPL list.  Reference to this association will be
made on Page 8.

33. 2.3 Page 9, 1st paragraph, line 1 - Delete this paragraph.  It is an oversimplification that adds
no useful information to the report.  The accompanying table is incomplete and not
accurate for all inorganic chemical facilities, and therefore misleading.(16)

Response: The list of conventional pollutants are intended to be representative of the
industrial sector and not specific facilities.  If information is incomplete, we
would request that it be provided.

34. 2.3 Page 9, 2nd paragraph, line 1 - Delete this paragraph.  It is an oversimplification that adds
no useful information to the report.  The accompanying table is incomplete and not
accurate for all organic chemical facilities and therefore misleading.(16)

Response: See response to Comment #33.

35. 2.3 Page 9, 4th paragraph, line 1 - Delete the term Chemical Valley. (Also in line 4).(16)

Response: See response to Specific Comment #5.

36. 2.3 Page 9, 4th paragraph, lines 1&3 - The air quality monitoring undertaken is only that -air
quality monitoring.  That statement that it indicates loadings of organic and metal
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contaminants to the AOC via atmospheric pathways is simply speculation.  Delete the
speculation.(16)

Response: See response to General Comment #10.  First paragraph will be modified
to read "Atmospheric deposition monitoring undertaken at Walpole Island
and air quality monitoring within Chemical Valley indicate that some organic
and metal contaminants...".

37. 2.3 Page 9, 4th paragraph, lines 3&5 - Sulphates are not monitored in the area, and there is
no standard for sulphates - therefore no exceedance.  The annual average for suspended
particulate matter was not exceeded in the area in 1991, at any monitoring station, and
has not been for a number of years.(16)

Response: Sulphate will be changed to sulphur dioxide.  Sentence will be changed to
"...area during 1991 or 1992 for a number of parameters...".

37A. Ethylene does occasionally exceed the 24 hour standard, but is highly volatile and short
lived in the atmosphere.  Contribution to water in the AOC is unlikely, and ethylene is not
measurable in the river.  Delete the reference.(16)

Response: In the absence of loading data, air quality information is used to give an
indication of the potential impact on the watershed.  It is recommended that
ethylene and ozone remain in the report, as they may provide useful
information regarding contaminant pathways and design a future in
investigations. Scientific papers which suggest that ethylene and ozone are
unlikely to affect the water quality in the AOC will be considered.

37B. Ozone is not a contaminant of concern in the river, being an unstable component
dependent on the presence of precursors and sunlight to exist in air.  Over half of the
ozone and its precursors arrive in the area by long range transport from sources outside
the AOC.  There is no evidence to support a trans-media contribution of ozone.  Delete the
reference.(16)

Response: See response to Comment #37A.

38. 2.4 Page 9, paragraphs 1,3&4 - Replace "result in degraded water uses..." with "may
contribute to impaired water uses..." (16)

Response: Agreed.  Sentence will be changed to "make a tribute to use impairments".

39. 2.4 Page 9, Table of Areas and Populations - The Walpole population seems very low -
should be closer to 2,000?(16)

Response: This figure will be changed.

39A. Should include Chippewas of Sarnia.(16)

Response: Agreed.  This number will be verified.
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40. 2.4 Page 9, Urban Stormwater, Non-Point Sources and Related Impacts - The first paragraph
refers only to Ontario urban areas.  This should be revised to either say "urban areas
within the AOC" or "Ontario and Michigan urban areas."  We prefer that "urban areas
within the AOC" be used since this reflects the ecosystem approach, which requires a
breaking down of political boundaries.(17)

Response: Reference to Ontario will deleted from the first sentence.

41. Table 2.2 Page 10 - Change the title to be more inclusive - Municipal, Industrial and non-Point
Contributions to Impaired Uses.(16)

Response: Agreed.  Heading will be changed to read "...contaminants associated with
sources in the St. Clair River watershed".

41A. What does "modified from Beak 1993" mean?  If it means the table the Task team
created, it should be attributed to the team.(16)

Response: The reference is a standard notation used in literature and is accurate.

41B. Minor edits - PCB's, CSO's and WPCP's should be PCBs, CSOs and WPCPs.(16)

Response: Agreed.

41C. For the impaired use "Restrictions on fish and wildlife consumption", PCBs, dioxins and
furans are virtually absent now in the "sources" shown.  Hexachlorobenzene is not found
in discharges from inorganic chemical plants.  All may be found in discharges from
WPCPs and in CSOs.(16)

Response: WPCPs will be added to the associated source for restrictions on fish and
wildlife consumption.

41D. Under "Bird or animal deformities...", delete the term "data gap" under the associated
source column.  Further assessment required means just that - there may or may not be
an associated source.(16)

Response: Suggest leaving as is.

41E. Under "Restrictions on dredging activities", discharges of PCBs and PAHs are virtually
absent from organic, inorganic and petroleum refining sources.(16)

Response: No change.

41F. Under "Degradation of aesthetics", not all point sources have spills, nor do all have the
potential to create scums, or release oil and grease.  In addition, transportation and
recreational sources can and do release oil and grease, and create sheens and
scums.(16)
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Response: Delete "all".

41G. Under "Added cost...", not all point sources have spills.(16)

Response: Delete "all".

42. 2.4 Page 10, 1st paragraph, line 1 - Contamination as used here relates to non-point sources;
however because Table 2.2, located immediately above it, relates to point sources and
non-point sources, the distinction is lost.  Suggest beginning the sentence with "Non-point
contamination from urban areas...".(16)

Response: Table 2.2 will be moved to Page 9.  Also, see response to Specific
Comment #41.

43. 2.4 Page 10, 1st paragraph, line 2 & 2nd paragraph, line 4 - Why is the term "septic system"
modified by "urban"?  The comment applies to all septic systems.(16)

Response: Agreed.  Reference to "urban" will be removed.

44. 2.4 Page 10, 2nd paragraph, lines 2&3 - Is the city of Sarnia really the only city in Ontario with
CSOs, or should this reference be clarified to indicate the only one in the AOC?(16)

Response: No, this will be clarified.

45. Table 2.2 Page 10, Table 2.2 - Contains impaired uses and contaminants from industrial and non-
industrial sources.(3)

Response: Agreed, changes have been made to reflect this.

46. 2.4 Page 10, last line - This and the next line appear to be redundant and confusing.  Perhaps
it should read:  "Urban septic systems are of primary concern due to the possible
infiltration of untreated contaminants into either the storm sewer or groundwater
systems".(3)

Response: Agreed, changes will be made to reflect suggested text.

47. 2.4 Page 10 - "The City of Sarnia is the only Ontario municipality with combined sewer
overflows..." should read "The City of Sarnia is the only Ontario municipality within the
AOC with combined..."(8)

Response: See response to Comment #44.

48. 2.4 Page 11, lines 1&2 - Surely the concern with septic systems is infiltration directly into the
river or its tributaries.  Most areas relying on septic systems do not have storm sewers.(16)

Response: Add "and surface waters" to suggested change in Specific Comment #46.

48A. Does "groundwater" here mean the aquifer, or near surface water?  Clarify.(16)
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Response: Based on above changes refers to both groundwater and surface water.

49. 2.4 Page 11, Spills - Most of this section is misplaced.  Section 2.4 deals with Non-Point
Sources and Related Impacts, yet the discussion in these three paragraphs is almost
exclusively related to point sources.  Recommendations on spills are addressed in the
section on point sources.(16)

Response: Agreed.  The section will be carried over to point source section.

50. 2.4 Page 11, Spills, 1st paragraph, line 2 - How do spills in the tunnel get into the river?(16)

Response: In the statement "utilizing the CN Tunnel" will be deleted.

51. 2.4 Page 11, Spills, 1st paragraph, lines 4&5 - Insert the words "and size"  in "Since then, the
incidence and size of spills...." (16)

Response: Agreed.  Will be incorporated to read "and volume".

51A. Include spill statistics for 1993 - the number from Canadian industrial sources is 26 (check
with T. Erme).(16)

Response: Agreed.  Recent Michigan spills stats will also be incorporated.

52. 2.4 Page 11, Spills, 2nd paragraph, line 1 - Delete gas products - gases are not spilled to the
river.(16)

Response: Gas products will be changed to gasoline products.

53. 2.4 Page 11, Spills, 2nd paragraph, line 2 - Delete "representing a mix of substances".(16)

Response: A mix of substances will be changed to "a range of substances".

53A. BTX is not a substance - spell out benzene, toluene, xylene.(16)

Response: Agreed.

53B. Delete chlorinated hydrocarbons and say methyl chloride if it is the only recent
example.(16)

Response: Methyl chloride will be deleted.

54. 2.4 Page 11, Spills, 2nd paragraph, line 3 - Delete the editorial comment "Relatively large". 
How does brine spilled relate to the amount of brine reaching the river through salt used
for road deicing, for example?(16)

Response: Agree, delete "relatively large".
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55. 2.4 Page 11, Spills, 3rd paragraph - For consistency with Ontario spills, provide details on
chemicals spilled - what are various solvents?(16)

Response: Agreed.

56. 2.4 Page 11, Rural Runoff, 1st paragraph, line 2 - Particulate is an adjective - add the noun
"matter", or choose a different word.(16)

Response: The word "particulate" will be changed to "sediment".

57. 2.4 Page 11, Rural Runoff, 3rd paragraph, line 4 - Why reference orchards?  Also atrazine is
not used on beans and wheat - to which it is toxic.  It is primarily used on corn.(16)

Response: Agreed.  The second sentence will be deleted.

57A. There is limited data available for atrazine - see the attached excerpt from Pollutech,
Rainbow Trout Egg Hatching Trials 1989-1992, Summary of Results, 16/03/93.(16)

Response: The data will be reviewed.

58. 2.4 Page 11, Rural Runoff, 3rd paragraph, line 6 - Is an instantaneous loading one based on a
grab sample?  If so, say so.(16)

Response: A detailed description of how an instantaneous loading is determined will
be included in the glossary.

58A. Delete the editorial "only" - the amount may be significant.(16)

Response: Agreed.

59. 2.4 Page 11, Rural Runoff, 2nd paragraph, lines 4&6 - Delete the sentence "Soils on both
sides....long distances.", or prove referenced support for the conclusion.(16)

Response: This statement is based on generally accepted knowledge and scientific
principles.  It is recommended that it remain as is.

60. 2.4 Page 11, Rural Runoff, 3rd paragraph, lines 7&8 - Delete the editorial sentence "It does
not.....historical usage".  Similar comments about many sources and contaminants could
be made, but are not, throughout the document.(16)

Response: See response to General Comment #8.

61. 2.4 Page 11, Waste Disposal Sites, 1st paragraph, line 3 - There are six sites of
environmental concern in St Clair County, but how many waste disposal sites are there? 
As written, there is the implication that all Ontario sites are of environmental concern, or
that a decision has been made outside the RAP process as to what Michigan information
is of value to RAP.(16)
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Response: More information will be provided.

62. 2.4 Page 11, Rural Runoff, 2nd paragraph, last line - Insert the word "can" between the words
"and be".(3)

Response: Agreed.

63. 2.4 Page 11, 2nd paragraph - "...spilled to the River..." should read "spilled to the river..."(8)

Response: Agreed.

64. 2.4 Page 11 - Of the agricultural chemicals indicated only two - atrazine and methoxychlor are
used.  The report incorrectly relates atrazine to soybean and wheat crops.  The sentence
may need to be reworked to focus the use of atrazine on corn.  Some mention should be
made indicating methoxychlor is used as a seed treatment.  It should be pointed out that
the other chemicals have not been registered for some time; when they were deregistered
is not known.(6)

Response: See response to Specific Comment #57.

65. 2.4 Page 12, Waste Disposal Sites, 1st paragraph, line 2 -  Delete the purely speculative
sentence  "It is suspected...may be...in certain areas".  Does this comment refer to the
Michigan sites, or sites on both sides of the river?  There is little or no evidence to support
the expectation of groundwater input to the river - except shallow surficial infiltration.(16)

Response: This has been addressed under response to General Comments.

66. 2.5 Page 12, Sediments, 1st paragraph - This paragraph should begin with a strong statement
that there has been a strong recovery of the benthic community through much of the river.
 Here is an opportunity to demonstrate improvement that should not be missed.(16)

Response: Agreed.  A statement will be included.

67. 2.5 Page 12, Sediments, 1st paragraph, line 4 - Alter to read "Resuspended sediment may
represent an in-situ..."(16)

Response: No change.

68. 2.5 Page 12, Sediments, 2nd paragraph, line 2 - Quoting only the contaminant levels in
sediment is inadequate.  the reference study also uses toxicity and benthic studies to
describe the affected areas.  Taken together they suggest that no areas below Stag Island
are cause for concern.(16)

Response: Suggest no change.  There are exceedances of the Provincial Sediment
Quality Guideline lowest effect level along the entire length of the St. Clair
River.



- 21 -

69. 2.5 Page 12, Sediments, 2nd paragraph, lines 2&3 - Delete the sentence "The distribution of
individual contaminants.........characteristics of individual point sources".  The
contaminants in the sediment reflect the historical contributions of point and non-point
sources, and cannot be said to reflect current point source effluents.(16)

Response: Suggest inserting "current and/or historic effluent characteristics...".

70. 2.5 Page 12, Sediments, 2nd paragraph, line 4 - No source of information is offered to support
the statement "Sediments associated with the petrochemical industries....have been found
to be acutely lethal to minnows and mayflies"  Is this specific to the St. Clair river, or is it
from elsewhere.  If it is the St. Clair river, it should be restricted to identifying the area of
the river, not implying a source.(16)

Response: Information is based upon studies conducted and reported on in the Stage
1 update.

71. 2.5 Page 12, Sediments, 2nd paragraph, line 6 - What does relatively uncontaminated in
comparison mean?  In comparison to the Canadian sediment areas, or to standards?  If
the assessment work has been done, just provide the information, without the editorial
comment.(16)

Response: Agreed.  Information will be provided.

72. 2.6 Page 12, Habitat, 1st paragraph, lines 3&4 - Is impairment by dykes hydrologically
separating the wetland from the main channel a reference to the situation on Walpole?  If
so, are we calling the managed wetlands impaired?(16)

Response: References both to Walpole Island and St. Clair Flats.  Managed wetlands
are impaired.

73. 2.6 Page 12, Habitat, 1st paragraph, lines 4-9 - This is an odd comparison - a change over
100 years in %, and a change over 20 years in area.  To provide reasonable historical
perspective, this needs to be on the same basis.(16)

Response: Information will be presented and is as consistent as possible given
differences in collection of data between studies.  Note:  This will be aided
by the use of newly digitized wetlands information.

74. 2.6 Page 12, Habitat, 2nd paragraph, line 4 - What are examples of the "other disturbances"
referenced here?(16)

Response: Sediments will be deleted.

75. 2.6 Page 12, Habitat, 2nd paragraph, lines 4-10 - The waterfowl figures are badly dated, and
need updating - there seem to be more of both diving and dabbling ducks locally over the
past few years.(16)
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Response: Updated information will be solicited from CWS and MDNR Wildlife Division
and incorporated.

76. 2.6 Page 12, Habitat, 2nd paragraph, line 10 - Does "...declines of certain species mean in
general, or related to conditions in the AOC?(16)

Response: Sediments will be modified to read "...Walpole Island First Nation and local
and/or continent wide population declines...".

77. 3.1 Page 13, Goals and Objectives - The goals need to be highlighted to stand out clearly as
the overall expectations of the RAP - the objectives are the secondary level, supporting the
overall goals.  The goals should be prominent - bold, or larger type for emphasis.(16)

Response: Agreed.

78. 3.1 Page 13, Goals and Objectives, Objective C, line 8 - Although when developed the
objective did refer to achievement of environmental quality guidelines, subsequent work
developed the concept of yardsticks.  For consistency, and to recognize that development,
the objective should refer to yardsticks.(16)

Response: Agreed.

79. 3.1 Page 14 Sources of Contaminants, typo - "of" should be "or" in "(point of nonpoint)".(3)

Response: Agreed.

80. 3.1 Page 14, Sources of Contaminants - "(point of non-point)" should read "(point or non-
point)".(8)

Response: See Comment #79.

81. 3.1 Page 14, RAP Water Use Goals and Objectives - This objective refers to non-drinking
uses only.  We remember that the reason for this statement was that we were not setting
as an objective that you should be able to drink water straight out of the river.  But the way
this is worded it sounds as though we don't care about protecting drinking water supplies
at all.  Restrictions on drinking water supply is listed as an impairment on Table 1.1.  Also,
the delisting criteria in Table 3.1 include "no treatment plant shutdowns due to
exceedances of drinking water guidelines over a two year period."  This objective should
be revised to make it clear that we want to preserve drinking water supplies and quality,
even though we accept the need for treating drinking water supplies.  Perhaps, we could
say "river water will be of suitable quality to be used as a raw supply for drinking water
without using exceptional water treatment systems."(17)

Response: It is not appropriate to modify the wording of RAP and BPAC ratified goals
and objectives.  This will be revisited by BPAC at a future meeting.

82. 3.1 Page 13, RAP Water Use Goals and Objectives - You have presented an interesting list of
goals and objectives in Section 3.1.  This section would be more complete if it contained
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more information on how these goals were derived, and particularly on whether there was
some form of public input, and of so, how you went about it.  We will also be interested in
Appendix 3.1, which will presumably give more information on the sources of the values in
the tables.(18)

Response: Detailed information was provided in an earlier draft and removed, based
on comments received.  A brief sentence describing the level of input from
BPAC will be incorporated at the beginning of Section 3.1.

83. 3.1 Page 13 - We suggest labelling the goals in Section 3.1 to help distinguish them from
objectives; e.g. Aesthetics Goals, Ecosystem Health Goals, etc.(18)

Response: Agreed.

83A. We found the writing a bit choppy or stilted in spots.(18)

Response: We would be pleased to respond to specific comments.

83B. A list of acronyms would be helpful.(18)

Response: Acronyms are typically defined at their first use; however, they will be
incorporated in the glossary.

84. Table 3.1 Page 15, Restrictions on fish and wildlife consumption - The second sentence should be
clarified.  It should say "The St. Clair AOC can be delisted if restrictions on fish and wildlife
consumption within the AOC are solely caused by contaminants coming from sources
outside the AOC."(17)

Response: Agreed.  However, it is extremely difficult to make the distinction between
whether contaminants are while accumulated from sources within or
outside the St. Clair River study area.

85. Table 3.1 Page 15, Degradation of aesthetics - What does the word "persistent" mean under the
delisting guideline?  Using persistent here is very dangerous as it could completely
counteract the goal that the RAP has developed under aesthetics.(17)

Response: Delisting guideline has been modified to read "When over a 2 year
period...".

86. Table 3.1 Page 15 - Added cost to agriculture and industry - all points relate to industry.  Mention
should be made that chemical effects from agriculture have not been shown.  Most
negative statements regarding agriculture relate to loss of wetlands, natural habitats and
increased runoff.  Nutrients also are implicated.  Costs to farmers are not clearly
defined.(6)

Response: Added costs referred to those imposed on agricultural or industry, not as a
result of discharges from agriculture or industry.
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87. Table 3.1 Page 15 - "Contaminants levels in fish and wildlife must be due to contaminant input from
the watershed."  Does this mean that if it can be proven that a contaminant found in fish or
wildlife came from outside the watershed, then there is no need for consumption
advisory?(9)

Response: No; however, it is extremely difficult to make this distinction.  This sentence
will be deleted.

88. Table 3.1 Page 15 - The sentence "Contaminant levels in fish and wildlife must be due to
contaminant input from the watershed." is applicable to a number of use impairments, and
should be included in each of them, or the thought set out as a subheading to the
table.(16)

Response: See response to Comment #87.

89. Table 3.1 Page 15, Bird or Animal Deformities - The delisting criterion set out here may not be
achievable.  There is a need to include a mechanism to recognize results of further study if
studies show that the affected population will continue to demonstrate the alteration.(16)

Response: Although we don't know the mechanisms for the mouthpart anomalies, we
do have very good evidence that it is due to local contamination.  Knowing
what we know about chronomid life cycles, there is every reason to expect
that within a generation or two, given improvement in sediment and water
quality, that the chronomid mouthpart anomalies should be collected again
for this year.

90. Table 3.1 Page 16, item 4 - Should include some estimate for what can be achieved for the Ontario
side by the year 2000.  If Michigan can make a commitment on habitat rehabilitation,
Ontario should be able to as well.(5)

Response: Agreed by the RAP Team.

91. Table 3.1 Page 16, Loss of Fish and Wildlife Habitat - The delisting guidelines here are very different
for Michigan and Ontario.  The Michigan one is very specific with numeric objectives for
acquisition and restoration.  Ontario's objectives are very general.  Ontario's delisting
guidelines should be strengthened.(17)

Response: See response to Comment #90.

92. Table 3.1 Page 15, Delisting Guideline - The wording in Table 3.1 of the first delisting guideline is
very awkward.  Perhaps it could read "When contaminant levels due to contaminant input
from the watershed in fish and wildlife populations...", with the last sentence of the
guideline then omitted.(19)

Response: See response to Comment #87.
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93. Table 3.1 Page 15, Delisting Criteria - "Loss of Fish and Wildlife Habitat" Protection item 1, line 3 -
Should include draining as a degradation.  In the southern portion of the Area of Concern
(AOC) draining has been a major factor in habitat loss.(21)

Response: No change "diversely effecting the hydrology" is the same thing, or covers
off anyway, draining.

94. Table 3.1 Page 15, item 4, Restoration and Enhancement - Should be more specific about Ontario
projects.  Figure 3.1 is confusing, with arrows in each column and boxes in only one.(21)

Response: See response to Comment #91.  Figure 3.1 is intended to be
representative.  Adding more boxes would only add clutter and further
confusion.

94A. 3.2 Page 15 - I had a few difficulties with the delisting guidelines, mostly due to sentence
structure, I believe.  For example, the guideline for Beach Closing are based on fecal
coliform (MOEE HAS CHANGED THIS TO E. COLI, WAS THIS AN OVERSIGHT?) not to
exceed standards over a two year period.  Inherent in this is that after two years, it will be
acceptable to exceed the standard.  I doubt this is the intent, and you should probably
revisit your wording.(23)

Response: Agreed.

94B. 3.2 Page 15 - Again, relying on chironomid mouthpart deformities is highly contentious.  There
is a large scientific community that is simply not convinced, more nays than years.  And
what of wildlife and fish deformities?(23)

Response: Chironomid mouthpart deformities are being used by an increasing number
of investigators and is accepted by the scientific community as a useful
biomonitoring tool.  No evidence of fish and wildlife deformities.

94C. 3.2 Page 15 - For degradation of benthos, can you be more specific on how you will recognize
an unimpaired or "intermediate" benthos?  Perhaps the data exists for you to identify
indicator species or community types right into this table.  Results from toxicity tests are
also appropriate targets.

Response: Details regarding the distinction between "intermediate" or "unimpaired" are
made in the Stage 1 report and Stage 1 update.  The designation is based
upon the number of suffisticated statistical tests as well quantitative and
qualitative assessment of the data.  The identification of the community
types in this Table is too great a level of detail, however, the reviewer was
correct that indicator species and cummunity types are used in the
interpretation.  Toxicity end points are identified in point source
recommendations.   

94D. 3.2 Page 16 - One of the comments of another reviewer referred to the incompatibility of the
delisting criteria for habitat on the Michigan and Canadian sides of the AOC.  This has also
bothered me, but until now I did not have a good suggestion to improve on them.  The



- 26 -

problem really is the nebulousness of the objectives - not that, that is bad but that it makes
setting delisting criteria more difficult.  To me we will have accomplished the job when; 1)
we have restored what we can of present day wetlands and potential wetlands in public
hands; 2) legally protected all wetlands and natural shoreline areas; and 3) set up
mechanisms for long-term acquisition and rehabilitation of privately-owned wetlands and
potential wetlands.  I suggest that these might be more suitable delisting criteria for habitat
degradation.(37)

Response: Response in addition to the information contained in the delisting critiera
currently will also be indicated that in order to delist we will be required to
"develop and initiate a longterm strategy for habitat acquisition and
remediation".

95. App. 3.2 Task Team Workplans - Consider putting in main body of the report.  The workplans,
though rather cryptic at times, represent much of the bulk of the actual work done and I
feel it would be worthwhile to include them.(19)

Response: Task Team workplans are mainly process oriented and in the interest of
maintaining brevity, were placed in the Appendix.

96. 3.3 Page 17, list of yardsticks, 1st point - "Must be measurable by..." should read "Yardsticks
must be measurable by..."(8)

Response: Agreed, insert Yardstick.

97. 3.3 List of yardsticks, last 2 points - Do not make sense and are not consistent with the other
points.  "Do not consider those which..." should probably read "Do not consider those
yardsticks which...", if that is what the sentence is meant to indicate.  Or do you mean
"Yardsticks do not consider those criteria which..."(8)

Response: Wording in report is correct.

98. 3.3 Page 17, Yardsticks, 2nd paragraph, line 1 - There was only one agreed purpose to
development of the yardsticks - as implied in the choice of name - to assist in measuring
progress.(16)

Response: Wording will be changed to "...measure potential input... and assess the
need for additional...".

99. 3.3 Page 17, Yardsticks, 2nd paragraph, lines 5-7 - Delete the sentence "In the shorter
term......additional remediation."  Exceedance of a yardstick value is not a measure of
impact - the values chosen protect the most sensitive use by a wide margin of safety. 
There should be no implication in this document that exceeding a yardstick value
represents unacceptable performance.(16)

Response: See response to Comment #98.
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100. 3.3 Page 17, Yardsticks, 4th paragraph, bullet 1 - The agreement on setting MDLs was on the
basis of using accessible analytical techniques.  Non-routine ultra-trace methodology is
not routinely available, and would not therefore represent an agreed technique.(16)

Response: Table 3.4 will be changed.

101. 3.3 Yardsticks - No where in this description does it say that these criteria were set by taking
the lowest number used by the jurisdictions.  We need to put back in the first bullet that
appears in the earlier draft of the "Rationale for Selecting Numerical 'Yardsticks' for the St.
Clair River RAP":  "Selection of the lowest scientifically valid number from each of five
principle jurisdictions (Ontario, Michigan, Canadian and U.S. Federal Governments and
IJC).  Note: Resort to other jurisdictional numbers within the Great Lakes Basin in the
absence of a number from any of the five above."  We should, however, remove the words
"scientifically valid" from this paragraph; if a jurisdiction has adopted it, we should not
debate whether it is scientifically valid or not.(17)

Response: Agreed, insert in 3rd paragraph on Page 17.

102. 3.3 Page 17, 2nd paragraph - This paragraph should end by adding the exact wording from
the supplement to Annex 1 in the GLWQA:  for persistent toxic substances these are
"interim objectives."(17)

Response: No changes.

102A. 3.3 Page 17 - The intended and stated purpose of the yardsticks was to assist us in
measuring progress and must be measurable by standard analytical techniques.  The
yardstick levels should not be lower than standard detection limits.  Consideration of "non-
routine ultra trace methods" is not acceptable and is not helpful for the purposes of RAP
monitoring.  This is an issue for chosen yardstick values for As, Cd, Cr, Cu, Pb and total
P.(22)

Response: See response to Comment #100.

103. 3.4 Page 21, 1st paragraph, last sentence - This sentence needs to be reworded.  The intent
of the sentence is not clear.(17)

Response: Delete sentence.

104. 3.4 Page 21, 2nd paragraph - First sentence should be revised for clarity by adding "despite
the desired yardstick being lower" after "the lower Lake Huron levels have been adopted
as a 'yardstick'."(17)

Response: Needs to be reworded to reflect addition of MDL to Table 3.4.

104A. Last sentence should be put in a separate paragraph, probably at the end of section 3.4.(17)

Response: Agreed.



- 28 -

104B. Table 3.4 Page 18 - Background levels of As in the USA are 1-2 ppb in groundwater, 3 ppb for
surface water and 0.2-0.5 ppb for rain water (ATSDR 1993, PB93-182376).  In the St.
Clair River and elsewhere in Ontario industrial intakes and have recorded levels of 2 ppb
in surface water.  In the draft MISA limits regulations for the organic chemical
manufacturing sector, effluents will be limited to not higher than current discharges (10-18
ppb).  This can be achieved for this sector by restricting As through source control
efforts.(22)

Response: See response to Comment #100.

105. 3.5 Page 22, Remedial Action Development, 1st paragraph, line 5 - Extend the sentence
"Each Task team consisted of ......and expertise related to the task."  to include clear
reference to other experts from outside BPAC and RAP.(16)

Response: Agreed.
106. 3.5 Remedial Action Development - The use of task teams to develop Stage 2 was a very

good way to carry out the tasks.  It was extremely difficult, if not impossible, for our
members to play a full role in this process, however, because the task team meetings
were held during the day time, which made it impossible for us to be available.(17)

Response: Agreed; however, efforts were made to conduct workshops and special
meetings outside of regular working hours.

107. 4.0 Page 24, 1st bullet - Repetition from previous line of the word including: change the word
to "from" following the word "discharges".(3)

Response: Agreed, the sentence will be changed to "...directly to the St. Clair River or
its tributaries from industrial/municipal sources including: next bullet will be
deleted".

108. 4.0 Page 24, 1st bullet, last point - Remove (") from systems".(3)

Response: Quotes (") will be deleted from the definition of point source.

109. 4.0 Page 24, 2nd paragraph - "Develop a list of performance..." requires a bullet.(3)

Response: Agreed.

110. 4.0 Point Source - We are quite pleased with this section because it is consistent with the
goals in the GLWQA of zero discharge and virtual elimination.(17)

Response: Agreed.

112. Figure 4.1 Page 25, Figure 4.1 - Praxair Sarnia site is missing from the figure.(3)
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Response: The reviewer is asked to provide the location of Praxair Sarnia and it will be
added.

113. Figure 4.1 Fiberglas has been included therefore Akzo which closed after Fiberglas, should be
included as well.(3)

Response: We agree we will add Akzo back to the map.

113A. Under the proposed MISA regulations for the Organic Sector, Dow's LaSalle Road Waste
Disposal site discharge will be included in the daily plant loadings therefore, you may wish to
include this site in the figure.(3)

Response: There are so many waste sites that we can't possible include them all in
this map.  The ones considered to be of significance are included in Figure
5.1 and Dow is on there.

114. 4.1 Page 26, Regulatory Programs (also 5.1, 6.1 & 7.1) - I think it would be worthwhile to
consider putting the descriptions of Regulatory Programs in an Appendix rather than in the
main body of the report.  Much of this material was also covered in the Stage 1 and is
redundant here.(19)

Response: We agree that this is a little bit redundant; however, some of these
regulatory programs did require updates and this is a much briefer
summary of the regs., so we prefer to leave them here.

115. 4.1.1 Page 26 Ontario and Canada, 2nd last paragraph, 1st line - "Sewage" should read
"sewer".(3)

Response: We agree, its done.

116. 4.1.1 Page 26 Ontario and Canada, 2nd last paragraph - This paragraph and the following one
are contradictory.  A municipal sector Regulation has not been enacted therefore, under
the EPA, it is not yet a requirement for Municipalities to adopt a sewer use by-law.  The
second from last paragraph should be removed completely.(3)

Response: This will be followed up on.

117. 4.1.1 Page 26 Ontario and Canada, 3rd paragraph, 10th line - Change "petroleum refining
sector" to read "petroleum refining and pulp and paper sectors".(3)

Response: We will leave as is, because there are no pulp and paper sector facilities in
this AOC in Ontario.

118. 4.1.1 Page 26, Regulatory Programs, 2nd paragraph, lines 6-9 - The definition of spills is
incorrect.  Use the complete text of the definition found in the act.(16)

Response: Exact wording in the Act will be reviewed and changes made accordingly.
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119. 4.1.1 Page 26, Regulatory Programs, 4th paragraph, line 2 - Delete the word "industrial" - the
by-laws apply to all non-domestic users of municipal sewers.(16)

Response: Agreed.  Word "industrial" will be changed to "all non-domestic users of
municipal sewers".

120. 4.1.1 Page 27, Regulatory Programs, 2nd paragraph - Delete this paragraph, which is a wholly
inadequate description of Reg. 346.  The information is not used or further developed in
the report, and need not appear.(16)

Response: All regulatory programs have been edited in the interest of brevity.  Also,
see response to General Comment #14.

121. 4.1.1 Page 27, 1st complete sentence - Restructure this sentence to point form or bullet form.  It
rambles just a bit.(3)

Response: Will modify the sentence to say "the proposed regulations will require
municipalities to" and then further items will be separated by semi-colons.

122. 4.1.1 Acronym BMP should have "Best Management Practices" ahead of it.(3)

Response: Agreed.  Consider it done.

123. 4.1.1 Break this paragraph into two.  Start a new paragraph at "The second major thrust...".(3)

Response: We will leave as is, hopefully the punctuation changes in the previous
sentence will make this a little less complicated.  Justification for not putting
it into two paragraphs is that we have broken out each piece of legislation
as much as possible by paragraph.

124. 4.1.1 Page 27, 3rd paragraph - Although the Federal Petroleum Refinery Liquid Effluent
Regulation only applies to one refinery, the Existing Petroleum Refinery Liquid Effluent
Guidelines apply to refineries in operation prior to the regulation coming into force.(3)

Response: Thank you, we will modify accordingly.

125. 4.1.2 Page 27 - "...National effluent guidelines."  Is this a title?  If so, use upper case, i.e.
"Effluent Guidelines."  If not, then lower case only is needed for "national".(8)

Response: No its not a title, we will change that to lower case.

126. 4.1.2 Page 29, 1st paragraph, last line - Remove the comma from "dioxins, and furans".(3)

Response: Done.

127. 4.2.1 Page 29, 2nd paragraph, lines 3-5 - The Beak report details nothing.  It gives a superficial
overview of some general technologies.  Reword to "Overviews of these technologies
have been provided in the BEAK (1993) report..."  Because of its extremely general
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nature, it is of limited or no use to the point sources.  Therefore, delete "This information is
available to all industrial and municipal facilities discharging to the St. Clair river, however,"
and begin the sentence at "Rather than....".(16)

Response: We will modify this sentence to say "Many of these have been described in
the Beak report...".  Second portion of this comment - Agreed, it is done.

128. 4.2.1 Page 29, 2nd paragraph, lines 8-11 - The term "responsible agencies" needs to be
expanded to make clear that what is meant here is the existing regulatory structure - not a
new agency.(16)

Response: The term "responsible agencies" seems fairly straight forward and is
relevant to whatever regulatory structure exists at the time.

128A. Use of the KETOX model, and questions of its adequacy raise serious concerns about the use of
this model in attempting to establish site by site reduction requirements.(16)

Response: Shortcomings of the KETOX model have been noted in the text.  RAP
Team and Task Teams agreed that the benefits derived from this model
greatly outweigh the shortcomings.

129. 4.2.2 Page 29, Corunna WPCP - Operated by the Ontario Clean Water Agency.(3)

The Corunna WPCP continuously chlorinates therefore, change "continuous phosphorous
removal" to "continuous phosphorous removal and chlorination".(3)

Response: Change noted and will be made.

130. 4.2.2 Page 29, Courtright WPCP - Operated by the Ontario Clean Water Agency. (3)

Response: Agreed.

131. 4.2.2 Page 29 - Both Corunna WPCP and Courtright WPCP are operated by Ontario Clean
Water Agency.(15)

Response: Agreed.

132. 4.2.2 Page 29, Point Edward WPCP - Operated by the Municipality.(3)

Response: Agreed.

133. 4.2.2 Page 30, Sarnia WPCP - Operated by the Municipality and seasonally chlorinates the
effluent.(3)

Response: Agreed.

134. 4.2.2 Page 30, Chinook Chemicals - The statements made, although correct, may not reflect the
actual operating conditions.  The only treatment that is done in their process pond is the
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occasional addition of peroxide for odour control.  In regard to zero discharge, that is more
of a desired condition that reality.  It is wholly dependant on the whether conditions. 
Chinook still has discharges during the summer months.(3)

Response: Agreed, will modify.

135. 4.2.2 On page 30 at the bottom - The Cole Drain is the highest priority point source listed on
page 41 and its contribution should not be shrugged off as glibly as in the last sentence.(5)

Response: We agree this is a true statement, this section however is really suppose to
document current situations, how we intend to address this issue is
documented later.  Sentence to be deleted.

136. 4.2.2 Page 30, Cole Drain - The Draft MISA Organic Chemical Sector Regulation no longer
requires Polysar to monitor the outfall to the St. Clair River.  As a result, the OMOEE will
no longer collect MISA inspection samples from this location.(3)

Response: Thank you for this information, we will make sure it is addressed in the
recommendation section.

137. 4.2.2 Page 30, Cole Drain, lines 5&6 - This sentence is incorrect.  There are upgrades and
remediation programs for a number of the waste sites on Scott Road planned and in
progress.(16)

Response: MOEE District Office will be contacted for details.

138. 4.2.2 Page 31, Dow Chemical, 1st paragraph - There are a couple of corrections needed in the
section describing the facilities at Dow.  We still manufacture a small amount of
Hydrochloric acid which we use internally.  We no longer make propylene oxide, but we
still continue to make propylene oxide derivatives.  I would also suggest some minor
wording changes to the comment on river separation to improve clarity.  I have attached a
marked-up copy of the section.(11)

Response: Agreed.

139. 4.2.2 Page 31, Dow Chemical, 2nd paragraph - Change the word "passing" to "pass".(3)

Response: Agreed.

140. 4.2.2 Page 31 - Leachate is not only collected, it is passed through carbon filters prior to
discharge.(3)

Response: Agreed.

141. 4.2.2 Page 31, 2nd paragraph - "...potential for some leachate to passing through... and
discharging..." should read "...potential for some leachate to pass through... and discharge
to..."(8)
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Response: Agreed.

142. 4.2.2 Dow also discharges storm water from the LaSalle Road site (see earlier comment).(3)

Response: We will follow up on this one.

143. 4.2.2 Page 31, Ethyl Canada - Change "as of May, 1993" to "as of May, 1994".(3)

Response: Agreed.

144. 4.2.2 Page 31, Ethyl, line 6 - Alter to read "...potential contamination is from storm water
discharge."(16)

Response: Agreed.

145. 4.2.2 Page 31, Fiberglas Canada Inc (Sarnia), line 2 - Should include comment on Scott Rd
landfill site and program for formal closing of landfill.(16)

Response: MOEE District Office will be contacted for information.

146. 4.2.2 Page 31, Lambton Thermal Generating Station - Replace existing comment with corrected
current information: "Recently completed and ongoing remediation measures at the
facility include: retrofitting of flue gas desulphurization technology designed to
minimize water use, and to produce a marketable byproduct; dyking of storage
tanks; improvement of coal and ash drainage area; construction of oil/water
separators in new buildings; staff training; emergency response team trained in
spill response; and, spill response plan.  Other measures include a spill risk
assessment, plans for installation of outfall channel booms and oil detection
equipment, and studies of on-site wetlands."(16)

Response: Agreed.

147. 4.2.2 Page 32, paragraph 5, line 2 - The words "reduction of water usage by recooling and
recirculating cooling water" should be replaced by something like "installation of closed-
loop cooling system on one major unit in 1993 and second unit scheduled for 1994, to
eliminate possible discharges of contaminated cooling water to the river".(13)

Response: Agreed.

147A. This is a process whereby river water is used to cool water in a second closed-loop cooling water
system.  This eliminates the possibility of contaminated cooling water being discharged to the
river, as is sometimes the case in once-through-cooling water (OTCW).  Unfortunately, in order to
get the required heat transfer, the system actually uses more river water than conventional
OTCW.(13)

Response: Agreed.
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148. 4.2.2 Page 32, paragraph 6, line 1 - The Polysar flyash disposal site has not been used for
flyash disposal for over 20 years.  Polysar does have a permitted disposal site on Scott
Road consisting of a landfill area and a lagoon (call the "Flyash Lagoon" because it was
once used for flyash disposal).(13)

Response: We will follow up on this.

148A. The site does not have a leachate collection system.  It does have a surface water collection
system which also collects supernascent water from deposited sludges.  The collected surface
water is pumped via pipeline to the Polysar Biox Plant where it is treated before disposal to the
river.(13)

Response: Agreed.

149. 4.2.2 The last line may be misleading and should be removed, since not all production
operations have ceased.(3)

Response: Technical Writer will follow-up with Ethyl.

150. 4.2.2 Page 32, Shell Canada Products Ltd (Sarnia) - Reword lines 2 & 3 to read "...installation of
an oil-water separator to treat cooling water having potential of contamination... "(16)

Response: Agreed.

150A. On page 33, top line, insert after cooling tower ",dechlorination of cooling water,... "(16)

Response: Agreed.

150B. In line 3, reword to ""separator to.(16)

Response: It is unclear what the reviewer is asking.

151. 4.2.2 Page 33, Terra International - ICI Canada operate a storm water collection system which
can be discharged through Terra's outfall.  The storm water is runoff collected from the
sides of the gypsum stack.  ICI also operate a Gypsum Stack Pond Water Treatment
System.  Water from the ponds is pretreated passed through an Reverse Osmosis Unit
with the permeate being used for make-up to the cooling tower.  Cooling Tower blowdown
is collected and used for spray irrigation on the sides of the gypsum stack.(3)

Response: Agreed.  We will incorporate.

152. 4.2.2 Page 33, Welland Chemical Ltd. - "...air cooled compressors has greatly reduces water..."
should read "...air cooled compressors have greatly reduced water..."(8)

Response: Agreed.

153. 4.2.2 Page 33, Michigan Municipal - No mention is made of the method of disinfection of the
treated effluents at any of the plants.(3)
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Response: I believe its by chlorination at all these plants, but we will double check.

154. 4.2.2 Page 33, Marine City WWTP - Should "actified sludge" read "activated sludge"?(3)

Response: Agreed.

155. 4.2.2 Page 33, Suncor Inc (Sarnia) - Add "An on-stream GC analyser monitors river water
intake, once-through cooling water discharge and process water discharges to the St.
Clair River.  The analyser monitors for benzene, toluene, xylenes, ethyl benzene, and
other chemicals in trace (ppb) quantities.(16)

Response: Agreed.

156. 4.2.2 Page 33, Marine City WWTP - Is actified sludge different from activated sludge?(16)

Response: Agreed.  See response to Comment #154.

157. 4.2.2 Page 34, Mueller Brass - No mention is made of a PIPP spill notification and response
program having been developed.(3)

Response: Both of these have been developed.  We will edit.

158. 4.2.2 Page 30, Ongoing Programs, Sarnia WPCP - Do we have a date for the installation of the
CSO storage tanks and treatment pond system?(17)

Response: We will check and see if there are timelines for these; however, we expect
that they will be phased in after 1997 and there may not be a specific date
yet.

159. Table 4.1 Page 36 - 1,1,2 Trichloroethane from Dow should NOT be on the list.  According to my
records it only had a 0.9 rank to begin with which should have eliminated it from the table. 
Furthermore the subsequent data I sent in for the last half of 1993 showed that it has
disappeared from our discharges.  This item should be deleted from Table 4.1.(11)

Response: Agreed.

160. Table 4.1 Page 36 - Zinc from Dow should NOT be included in this table.  According to my
calculations using the latest data its ranking would drop to 0.6 which should eliminate it
from the table.(11)

Response: This will be verified and an updated ranking table will be produced based
on the most recent loadings data. 

160A. Table 4.2 Page 38 - The KETOX model predicts industries voluntary initiatives will yield positive
results, leaving only 3 sources outstanding - why then do you imply throughout the
document that all sources need to consider zero discharge - this while laudable, is not
needed to remediate impaired uses.  Perhaps only the 3 sources whose commitments to
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date will not remediate impaired uses should be identified for further actions, highlighting
their failure to take actions appropriate with the RAPs goals.(36)

Response: The recommendation to continue to strive for zero discharge reflects the
longterm goals and objectives ratified by RAP team and BPAC.

161. 4.3 Are the hexachlorobenzene maps provided in the report typical of the results for all
modelled scenarios?(19)

Response: Other maps are provided in the Appendix.  The reason we chose
hexachlorobenzene maps for the text, because they had been modelled in
both sediment and water.

162. 4.3 Is it appropriate to reference all modelling results, water column and sediment, in 4.3
under Point Source, or should sediment modelling be discussed instead in Section 6?(19)

Response: Purpose of modelling in this section was to determine which point sources
needed some sort of remedial actions taken, therefore we believe that
sediment modelling results belong in this chapter.

162A. 4.3.1 Page 36 - On the topic of point sources, perhaps I am repeating myself; however, the
chemical by chemical approach, generated by an index of "parameter impact score"
seems to lack in the ecosystem approach recommended for RAPs.  This may simply be
an issue of clarifying what the index is clearly doing, and how you interpret ratios of ratios,
where some of the constituents (e.g. No. Uses Impaired) are unclear.  Many of the
impairments are connected, making this seem like multi-counting.  In other words, I think
this section needs clarification.(23)

Response: Attempted to make ecosystem based considering impairments for water,
sediments and biota.

163. 4.3.2 Page 36, 1st paragraph, line 3 - Correct to read "...multiplying by the number of
impairments affected." (16)

Response: Agreed.

164. 4.3.2 Page 36, 3rd paragraph, line 5 - Delete the sentence "The results of the individual media
ranking are presented in Appendix 4.3."  Also then delete the Table that must appear in
Appendix 4.3.  The point source working group agreed not to present this detail.(16)

Response: I believe that the Point Source Working Group agreed not to present the
tables in the text in 1, 2, 3 order ranking as they appeared in our tables. 
Additional tables will not appear in Appendices.

165. 4.3.2 Page 36, Table 4.1 - The title of Table 4.1 is incorrect.  The Table only identifies
substances discharged by point sources that emerged from a ranking scheme as being
more of a priority for evaluation than others.  They may, or may not, represent priorities for
remediation when all sources to the AOC are included.  It may also become apparent that
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priorities for action within the AOC need to be placed in a priority ranking with other
environmental issues.(16)

Response: This table is in a section entitled Ranking of Sources for Prioritization of
Remediation.  We can change the title of the table a bit to say "Point
Source Priorities for St. Clair River..."

165A. Alter the column heading "Ranked Parameters" to emphasize that this is simply a listing of the
parameters that were ranked, not an indication of priorities.(16)

Response: We will change the column heading to say simply "parameters".

165B. 4.3.2 Page 36 - The use of the ranking for contaminants relative to yardsticks and sources is a
good idea - why did you pick 1.9 as the cutoff - how did you justify this particular number,
and is this figure a cumulative figure for the compounds discharged together by each
facility - in other words, does a facility discharging large amounts of a single chemical get
nabbed when another discharging smaller amounts of multiple chemicals get away with
it?(36)

Response: The value of 1.9 was selected consistent with the RAP and BPAC
approach to adapt the 80:20 role.  This role has been used by Task teams
in prioritizing activities and reflects the general pattern of 20% of the
sources being responsible for 80% of the problems.  The value 1.9 reflects
approximately 20% of the sources identified.  Values lower than 1.9 will
considered as higher sources are remediated.

165C. 4.3.2 Page 36 - How much room for error exists when defining sources for ranked parameters
due to unknown or poorly defined other loadings, such as non-point or atmospheric.  In
other words if you achieve all of the targets implied through this ranking procedure, would
you remediate the chemically impaired uses?(36)

Response: This question is extremely difficult to answer, however, based on
information available to date it would suggest that point sources account for
approximately 90% of contaminant loads entering the St. Clair River from
within the area of concern.  We are attempting to improve on our
knowledge of non-point sources and deal with priority point sources
concurrently. 

166. 4.3.3 Page 37, 1st paragraph - Why reference the US ACOE RECOVERY model?  It was not
used in developing this stage of the report.  Including a description of it implies use of a
technology that was not in fact considered.(16)

Response: We will keep the reference to the recovery model because we do plan to
use it; however, we will move it to later in the section as it is  inappropriate
to have it up front.  Also, see response to General Comment #11.

166A. 4.3.3 In general, model accuracy could be improved with a better dynamic data base to work
with.  Specifically, more comprehensive river background and benthic concentration
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measurements, especially over a long period of time, would greatly enhance the
calibration process.(33)

Response: Agreed.  In fact more information is being corrected in 1994 and anticipated
in the future will be provided the modeller to improve the model accuracy.

166B. 4.3.3 As discussed previously, potential localized atmospheric deposition of the chemicals
examined here should be quantified over the past several years, if possible.  This might
help to explain the measured anomalies which appear to exist for certain chemicals in
certain locations, (i.e. high levels away from the key monitored point sources).(33)

Response: Localized atmospheric deposition has been a topic of much heated
discussion.  Efforts are/will be made to better inderstand the pathways of
contaminants being deposited to the area of concern watershed from local
and longrange sources through atmospheric deposition.

166C. 4.3.3 More work is needed to attempt to analyze the dynamic changes in chemical levels in the
bed sediment.  Some potential activities (both using modelling and field data analysis)
have been previously discussed [5], which may assist.  This information is important to
help determine how long it will take to achieve the ultimate, steady-state results predicted
via this study.(33)

Response: Agreed.  Efforts are ongoing to better define sediment dinamics particularly
within the priority sediment impact zones.

166D. 4.3.3 Finally, a stochastic modelling analysis should be conducted to introduce the effects of the
calibration uncertainty on the predicted results.  This analysis would also be needed for
deriving effluent loading limits.(33)

Response: Agreed.  The reviewer is requested to provide additional information on this
analysis.

167. 4.4 Page 41 - What is the purpose of the boxes on page 41-44?  Those classifications have
not been mentioned in the previous text.  The sources have been prioritized in Table 4.1;
therefore, it is up to the respective jurisdictions/agencies to take action to reduce and
eliminate the discharges.(9) 

Response: It is a requirement of the RAP to make specific recommendations to
sources of contamination, and these are ours.

168. 4.4 Page 41 - According to Table 4.3 Dow Zinc does not currently exceed yardstick values
and therefore should NOT be included in this section.(11)

Response: Sorry, we will take it off.

169. 4.4 Page 41, Recommendations - (a) Under "Persistent Bioaccumulative Substances,
Exceeding Yardstick", Polysar appears as a priority source for benzene.  Using the MOEE
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definition of persistent and bioaccumulative, benzene is neither of these and hence does
not appear on the Ontario "Primary list of candidate substances for bans, phase-outs or
reductions".  Nor does it appear on the secondary list under group A, B or C since it is
neither persistent nor bioaccumulative.  Therefore, it should be removed from this box and,
if necessary, placed in the "non-persistent, non-bioaccumulative box".(1)

Response: Please see General Comment #16.

170. 4.4 Page 41, Actions, Persistent, Bioaccumulative Substances, Exceeding Yardstick - The
agreement of the working group was that this action referred to compounds that were both
persistent and bioaccumulative.  Benzene is neither and must be removed from this
section.  Zinc is persistent but not bioaccumulative, and must be removed.(16)

Response: Agreed for zinc.  Benzene to be further evaluated.

170A. The expectation of a net reduction to all media for elements is unattainable.  This comment
applies to all following recommendations containing the same statement.(16)

Response: In many cases this certainly is not unattainable, in situations where it is, the
RAP Implementation Committee or whatever jurisdictional agency is
relevant, will have to deal within a case by case basis.

171. 4.4 Page 41, Actions - We are highly supportive of these recommendations with a few
modifications.  Any action to weaken these recommendations would be completely
unacceptable to us.

171A. Modifications we recommend:
1.  Actions on pages 41-top one on page 44:
Need to change footnoting to show that footnote listed under "persistent bioaccumulative
substances, not modelled" and "highly toxic, non-persistent, non-bioaccumulative
substances, not modelled" applies to all this series of recommendations.(17)

Response: It isn't necessary to add a footnote to the other recommendations, because
all sources listed in Appendix 4.3 will be captured under those actions
referred to as not modelled.

171B. 2.  Actions for Point Source Discharges of Coliform Bacteria (p. 44):
Action 1:  2010 is too long to wait to eliminate non-treated overflows to the River.  This
should be reduced to 2005.(17)

Response: Agreed.

171C. Action 3:  This recommendation is not clear.  What does the limit apply to?(17)

Response: Technical Writer to review.

171D. 3.  Actions for Point Source Discharges to Air (p.44):
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Action 3:  The words "attempt to" should be removed from the first line.  Let's be more
positive.  We also need a date by which this action will be taken and completed.(17)

Response: "Attempt to" was selected because the task team was unsure whether
modelling techniques sufficient to determine whether local atmospheric
discharges are impacting the OC were available.  This will be changed
following discussions with the appropriate experts.

171E. 4.  General Actions (pages 45-46):
Action 2:  In line 2, what does "Section 11" refer to?  The action should state that the
pollution prevention/toxics use reduction plans will be publicly available -- especially the
timetables in these plans.(17)

Response: Section 11 should be Section 10.  This is due to changes in the report
organization following its initial draft.  Any information that is recorded as
part of the RAP will become publically available.

171F. Action 3:  A date should be set for carrying out this action.(17)

Response: This is extremely difficult since often the standard setting responsibility lies
with federal departments, particularly for wildlife.  Where some influence
can be exerted to expedite development of yardsticks by agencies involved
in the RAP, this is and will continue to be done. 

171G. Actions 4, 5 and 6:  These actions should state that these permitting procedures will be
implemented immediately or at the latest by January 1995.(17)

Response: Time lines for recommendations 4, 5 and 6 will need to be developed in
consultation with District Abatement staff in Ontario and Michigan.

171H. Action 8:  A date should be set by which these plans have to be developed.(17)

Response: A date for this action will need to be developed as part of the ongoing RAP
implementation activities.

172. 4.4 Page 42, Actions, Persistent, Bioaccumulative Substances, Not Exceeding Yardstick -
Same as Comment #170 above.  Zinc and Cadmium are not bioaccumulative.(16)

Response: Please see response to Comment No. 170.  Cadmium is considered both
persistent and bioaccumulative and is contained on list # 1 of the Ontario
Bans and Phase Outs.  It has a bio concentration factor upwards of 7,500
and is also considered to be persistent. 

173. 4.4 Page 42, Actions, Persistent, Bioaccumulative Substances, Not Modelled - Same
comment as above - delete reference to non-bioaccumulative compounds - nickel,copper,
arsenic.(16)

Response: Please see response to Comment No. 170.
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174. 4.4 Page 42, Actions, Highly Toxic, Non-persistent, Non-bioaccumulative Substances,
Exceeding Yardstick, and Page 43, same categories - This classification was not agreed
to by the Point source work group, and is inappropriate.  The recommendation that such
substances meet yardsticks at the end of pipe was also not discussed or agreed to.  The
recommendation should read "at the edge of the mixing zone".(16)

Response: Classification was developed to accommodate contaminants of concern
which do not clearly fall in the persistent Bioaccumulative or Non-persistent,
Non-bioaccumulative categories.  This would essentially reflect any
chemicals that are of greater concern than the lowest category but
potentially of less concern than the most restrictive category.  (See also
response to Comment No. 170)

174A. Highly toxic is undefined - what is the breakpoint?  Who agreed to it?(16)

Response: This classification will be modified.

174B. Substances may be persistent and neither bioaccumulative nor highly toxic; or,
bioaccumulative and not persistent and/or not toxic; or toxic and neither persistent nor
bioaccumulative.  In the latter case, they would fit the agreed category of non-persistent,
non-bioaccumulative substances.(16)

Response: The examples cited are precisely why a middle category was developed. 
(See response to Comment No. 174A)

174C. These three sections should be deleted and reevaluated.  The compounds named in these
sections are arbitrary - for example, toluene is not highly toxic, not persistent and not
bioaccumulative.(16)

Response: See response to Comment No. 170, 174 and 174 A.

175. 4.4 Page 42, 1st box - According to the latest data I submitted lead is absent from our
discharge and should NOT be included in this box.(11)

Response: See response to Comment No. 168.

176. 4.4 Page 42 - (b) Under "Persistent Bioaccumulative Substances, Not Modelled", Polysar
appears as a priority source for toluene.  Again, using MOEE criteria, toluene is neither
persistent nor bioaccumulative and should be removed from this box.  As explained in (1),
there is no longer any toluene in Polysar's effluent.(1)

Response: See response to Comment No. 170.

177. 4.4 Page 42 - I would question whether a number of the compounds have been properly
classified.  I would think that in particular for metals, it would be dependent on the form
they are in.  I believe that more discussion should take place before these metals are
classified as bioaccumulative.(11)
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Response: See response to Comment No. 168.

178. 4.4 Page 43 - While toluene was identified in the MISA data, this came from Novacor's
Styrene 1 Unit, which has since been shut down.  There is no longer any toluene in
Polysar's effluent.(1)

Response: Recommendations were based on "current" information which was
provided by L.I.S. member companies.  This figure will be incorporated into
ranking.

179. 4.4 Page 44, Actions for Point Source Discharges of Coliform Bacteria, Point 2 - A comment
should be added regarding the desired method of disinfection.  Chlorination may not be
the preferred method as stated later in the report.(3)

Response: Specific methods are not being recommended.

180. 4.4 Page 44, Actions, Non-persistent, non-bioaccumulative substances, not modelled - Being
elements, both phosphorus and iron are persistent.(16)

Response: See response to Comments 168, 170...

181. 4.4 Page 44, Actions, Actions for Point Source Discharges to Air - The complex issue of
contributions of air contaminants to water quality is an issue far beyond the mandate or the
capability of the RAP group.  This "action" is too poorly defined to be of value, and should
be deleted.(16)

Response: Our response following lengthy discussion at the point source Task Team. 
Actions for Point Source Districts to error were agreed (majority versus
consensus) to be included.  The RAP Team is indeed pursuing expertise to
determine the best means to address these recommendations.

182. 4.4 Page 45, Actions, General Actions - These general actions were introduced without
consensus from the Point Source working group, with the exception of #1.(16)

Response: It is unfortunate that these actions were not achieved by consensus.  They
were however agreed upon by the majority in attendance.  Changes will be
determined based on detailed comments provided by the reviewer. (See
below)

183. 4.4 Page 45, Actions, General Actions, #2 - Delete this recommendation, which simply
duplicates the ongoing responsibilities of the existing regulatory agencies.(16)

Response: It is not inconsistent with the RAP Mandate to recommend actions which
may fall under the ongoing responsibilities of existing regulatory agencies. 
This will provide agencies with an indication of RAP priorities and
commitment.
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184. 4.4 Page 45, Actions, General Actions, #6 - This recommendation is unacceptable, as it
restrains trade with no effort to complete a risk/benefit analysis.(16)

Response: Different wording will be determined to consider anti-degradation policy.

185. 4.4 Page 45, Actions, General Actions, #7 - Should read "...a net overall reduction to all
media".(16)  This statement is not achievable for elements.(16)

Response: Agreed.  This will require further discussion by RAP Team.

186. 4.4 Page 46, item 14 - Should read "Zero discharge will continue to be regarded as the
ultimate goal".  The existing wording is not an "action".(5)

Response: Agreed.

187. 4.4 Page 46, Actions, General Actions, #8 - Delete this recommendation.  None of the lists
proposed for action has been discussed by RAP or BPAC.  The Ontario list has no
legitimate status - it is just a proposal.  The selection of BCFs of 500 as a cut-off for action
is purely arbitrary and has not been discussed.(16)

Response: The recommendation will be deleted, and yardstick list will be developed as
needed.

188. 4.4 Pages 41-46 - Should identify responsible parties, perhaps initially if they are the same for
each specific action box.(21)

Response: The responsible parties are implicit through the listing of priority sources. 
In other recommendations responsible parties (i.e. OMOE and/or MDNR)
are identified where possible.  In cases where responsible parties are not
identified, this will be required to be determined as part of the
implementation strategy.

188A. 4.4 In the Taiwanese study used to develop the yardstick for the RAP Stage 2 document,
other sources of As were not considered.  This study has been questioned based on
concerns that there may have been significant exposure to As from sources, other than
well water and that the dietary and socioeconomic characteristics of the exposed
populations are quite different from those of the average USA citizen (EPA, 1984). 
Despite the RAP Team's adjustment of the two orders of magnitude based on potency and
cancer risk, we feel a more appropriate assessment would consider speciation.  Based on
this information we recommend that the RAP Team review the data used to develop the
yardstick and point source recommendations to determine what form of As is being
evaluated in the reference material.  We recommend that As not be classified in the RAP
report until this issue around speciation of the forms of As in both discharges and the
receiving environment is resolved.(22)

Response: This will be evaluated further.
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188B. 4.4 Page 42 - As (total) is not bioaccumulative in humans and therefore should not be
classified with bioaccumulative compounds in the report.(22)

Response: See response to Comment #188A.

188C. 4.4 Page 42 - The RAP Team should determine which forms of As are present in discharges
to the St. Clair River and at what levels each form is detected in the river and lower Lake
Huron.  This data should be used in the MOEE models to determine the final
recommendations regarding the classification and yardstick for the specific forms.  The
lower Lake Huron levels quoted in the report do not appear to be representative.(22)

Response: See response to Comment #188A.

188D. 4.4 Page 42 - The point source recommendations need to recognize the occurrence of As in
the natural environment and must also consider the measurement and treatment
technologies.  We recommend that the RAP Team make a provision in their
recommendations for those compounds where BAT does not exist for the yardstick
levels.(22)

Response: See response to Comment #188A.

188E. 4.4 Page 44 - The point source recommendations need to appreciate that P is required as a
nutrient to operate the biological oxidation unit (BIOX).  To ensure adequate nutrient
availability to the process a residual amount of P in the effluent is required.  The BIOX is
the final stage in our wastewater treatment and is essential for ensuring good water quality
in the St. Clair River.  Currently we are operating at BAT and monitor weekly for P under
the MISA limits regulations.  The levels of P detected in our effluent are already below the
limits (prior to 1996).  It may be difficult to reduce P beyond these limits because source
control is not a viable option for optimum operation of the BIOX.(22)

Response: See response to Comment #188A.

188F. 4.4 Actions - The goal of virtual elimination and zero discharge is excellent for persistent,
bioaccumulative and toxic substances, but as above is not needed for remediating
impaired uses.  This may lead to the impression that until zero discharge has been
achieved, the RAP cannot be delisted.(36)

Response: RAP delisting is based on delisting criteria identified in Table 3.1.  Zero
discharge, as indicated previously is a longterm RAP goal. 

188G. 4.4 Page 41 - Please be sure to indicate that zero discharge and virtual elimination is only
appropriate for chemicals which have zero tolerance, because the chemicals are
persistent, bioaccumulative and toxic.  Substances which are non-persistent, non-
bioaccumulative and "less-toxic" can be assimilated at some level by the environment, so
the "yardsticks" are probably low enough goals, particularly if you have them for
sediments.(36)
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Response: This may be the case, however, as a longterm goal zero discharge is being
targetted.  For delisting purposes as well as medium term, achievement of
yardsticks at either end of pipe or edge of mixing zone has been
determined based on the relative "toxicity, persistence or potential to
bioaccumulate". 

188H. 4.4 Page 46, General Action #8 - Do you mean MOEE's primary listing or also the secondary
listings?  Only the primary is a likely candidate for zero discharge.  Similarly under #14,
zero discharge is appropriate for persistent and bioaccumulative compounds for sure, and
is a laudable goal for all anthropogenic compounds, but the governments may have
trouble implying that zero discharge of all chemicals is our desired goal.(36)

Response: General Action #8 will be deleted.  With respect to General Action #14
please see response to comment 188G.

188I. 4.4 Page 41 - The concept of zero discharge applied to point sources requires a multi-media
approach, which you have identified in other places in the document through "facility
permits" which is good.  Perhaps filling the gaps in atmospheric and waste discharges by
industries should be highlighted in the point source data to better support this?(36)

Response: On point source input have been identified where information is available. 
Where it is not available it is identified as a gap.  Actions for point source
discharges to air and general actions have been developed to address
these gaps. 

189. 5.0 Page 47, Non-Point Source - We are quite dissatisfied with this section.  For the most part,
the actions are quite general.  They do not set specific targets and do not specify who is
responsible for undertaking the actions.  This section needs considerable development
before we can accept it.(17)

Response: As the reviewer will know, the nature of this topic is quite general and as
such, makes it extremely difficult to be more specific about
recommendations or responsibility.  As noted in the chapter, any actions
are ongoing as part of grant programs or agency responsibilities.  Local
non-point source control activities have accelerated as a result of the RAP
(e.g. CURB Program) as well as the recognition of the need tot consider
the area on a watershed basis.  A qualifying statement on deficiencies in
the Non-Point Source section will be added to the Executive Summary. 
Future tasks will be elaborated as part of the implementation plan.

190. 5.0 Page 47, 3rd paragraph - Under bullet 3 we should state that waste sites with leachate
and runoff collection were addressed by the point source task group.(17)

Response: Agreed.
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190A. 5.0 Page 47 - If non-point sources contribute up to 10% of chemicals which are candidates for
zero discharge from point sources, then zero discharge is appropriate for non-point
sources also, such as mercury containing pesticides.(36)

Response: Agreed.

190B. 5.0 Page 47 - It is stated that up to 10% of the causal pollutants come from non-point sources,
but no anticipated load reductions or targets are set for these pollutants under the non-
point program.  This is a serious omission.(36)

Response: As the reviewer will know it is extemely difficult to "pin down" quantitative
estimates of loads from non-point sources.  Consistent with this it has been
the approach of the non-point source task team to address the diffuse
sources through the implementation of existing or emerging remedial
programs.  In this way it is hoped that a "shotgun approach" to dealing non-
point sources will address the many and varied individual smaller sources
such that the overall discharge to the St. Clair River from non-point sources
will be reduced. 

191. 5.1.1 Page 49, Septics - Installation and operation of private sewage systems is controlled
under Regulation 358 under the Ontario Environmental Protection Act.(15)

Response: Agreed information will be added.

192. 5.1.1 Page 49, Hazardous waste, line 7 - Correct statement to read"...Ministry Approved
industrial waste disposal sites."(16)

Response: Agreed.  Change will be made.

193. Figure 5.1 Page 53, Figure 5.1 - Up until this point the report has been careful not to include Bear
Creek/Black Creek/Sydenham River watersheds; however, Canflow in Petrolia was
included as well as Amoco Brine Wells.  Similarly Marine City Boat & Storage waste
disposal site was included for the American side.(3)

Response: Agreed.  The figure will be modified to either outlining the watersheds
discharging to the St. Clair River or delete those sites which are outside of
this area.

194. 5.2.1 Page 54, 1st paragraph - No mention is made of the status of Ontario's LUST sites and
current remedial action taken.(3)

Response: Ontario has no LUST program or equivalent.

195. 5.2.1 Page 54, 1st paragraph - "A follow up study..."  Remove the reference to MOEE doing the
report.(15)

Response: Agreed.  Change will be made.
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195A. 5.2.1 Page 52 - No linkage is made between specific or classes of non-point sources and
impaired uses or causal pollutants.  The document seems to be happy with "inadequate
information" and describing business as usual as actions advocated to resolve impaired
uses - which you have not linked to non-point sources!!!  If no impact of non-point sources
on impaired uses is documented, then no remedial options are necessary!  In this case,
existing actions should be listed as so, and not re-written to look like actions being
developed by the RAP Team.  Don't mix your apples and oranges here - is the RAP
implementation team going to develop watershed management plans, etc?(36)

Response: Impaired uses are linked to non-point sources as identified in Table 2.2. 
The RAP implementation team is indeed recommending the development
of watershed management plans. 

196. Table 5.1 Page 54, Table 5.1 - Novacor Chemicals (Corunna) operate a waste disposal
site/landfarm at their facility as well.(3)

Response: Response to this will be added to Table 5.1 under the Column - "no
evidence of problems" unless information is supplied to suggest otherwise.

198. 5.2.1 Page 54, Table 5.1 - The table is incomplete - it references fewer sites than the total
identified earlier in the report.  Problem status is misleading - owners were not contacted
to supply status information, therefore determination of potential to be contamination
problems is speculative.(16)

Response: The balance of Ontario facilities will be referenced as having leachate
collection systems added to 5.1.

199. 5.2.1 Page 54, Remediation and prevention approaches, para 3 - This paragraph is written as
though there was migration of contaminants to the river from deep well injection, by way of
the aquifer.  Such a connection is purely speculative.  No connection from deep well
injection to the aquifer has been established, and no hydraulic connection between the
river and the aquifer has been established - in fact the connection is extremely unlikely on
the basis of current knowledge.  Delete this section.(16)

Response: Suggest inserting "promote potential" at the beginning of this paragraph. 
As the reviewer is aware, this issue is currently under discussion as part of
independent activities conducted by the Ministry and L.I.S.

200. Figure 5.2 Page 55, Figure 5.2 - Same comments apply as Figure 5.1.(3)

Response: See response to Comment No. 193.

201. 5.2.2 Page 57, Federal Activities under the Canada-Ontario Agriculture Green Plan - Why are
there dollar figures for each program?  None of the other programs in the RAP Stage 2
report have costs.(9)

Response: Agreed.  Delete reference to program budget.
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202. 5.2.2 Page 59, 2nd paragraph - "Community Assisted..." should read "Community Assistance
Project..."(8)

Response: Agreed.  Change will be made.

203. 5.2.2 Pages 57-59, Ongoing Programs - This section is all about Ontario.  Aren't there any ongoing
programmes in Michigan?(17)

Response: Information on Michigan initiatives will be incorporated as it becomes
available.

204. 5.2.2 All ongoing programs in 5.2.2 are in Ontario.  Is this because there are no programs in
Michigan, or is this an oversight?(19)

Response: See response to Comment No. 203.

205. 5.2.2 Should identify the extent to which "Permanent Cover II", "High Crop Residue", and
Agriculture Green Plan activities are being applied within the AOC.  Section 5.3 should
identify responsible parties.  Section 6.4 should identify responsible parties.(21)

Response: Information on local activities under the noted programs will be requested
from the appropriate federal and provincial agencies.  Responsible parties
identified in Section 6.4 include the MOEE and L.I.S.  Activities identified to
date include primarily characterization of the area.  Subsequent
responsibilities will be identified pending results of 1994 activities.

206. 5.3 Page 59, Actions - Some of these points - #2 and #4 - need to be restated as actions
rather than recommendations.(16)

Response: Agreed.  New wording will be developed.

206A. What problems relative to the AOC lead to actions 8 and 9?(16)

Response: Action 8 is a result of concerns expressed regarding use of road salt by
municipalities and particularly the City of Sarnia.  Action 9 is a result of
concerns expressed regarding excessive home owner use of fertilizers and
pesticides at application rates greater than used in rural areas.

207. 5.3 Page 60, Waste site remedial actions - Reword #s 3,7,8 as actions rather than
recommendations.(16)

Response: Agreed, wording will be modified.

208. 5.3 On page 61, domestic sanitary sources actions, item 6 - Should include the statement that
the Sewell Commission recommendations are included in an Appendix to the RAP Stage 2
report.(5)
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Response: Agreed.

209. 5.3 Actions - These actions require considerably more work.  The general direction is fine, but
the targets are not specific.  They do not state by when actions must have reached certain
stages or be completed.  In many instances, the action simply states "ongoing" as the time
frame; this makes it impossible to monitor the implementation of the plan to ensure that we
will achieve our goals.  The section does not say who is responsible for carrying out the
actions.  These comments apply to almost all the actions.  We state some concerns
specific to individual actions below.(17)

Response: Additional details will be incorporated as part of the implementation
strategy.

210. 5.3 Page 59, Urban storm runoff actions -
Action 1:  Needs explanation.  This is not understandable by a lay person.(17)

Response: Wording will be modified, however, it must remain technically correct.

210A. Action 6:  What are the topics the development industry and municipalities are to be educated
about?(17)

Response: Development industry and municipalities need to be educated on issues
identified in all other actions (i.e. minimization of peak flows, maximize
protection of existing natural features, on-site pollutant removal...).  This will
be incorporated as part an education plan in the implementation strategy.

210B. Actions 8 & 9:  Targets need to be set saying by how much we want the use of road salt,
fertilizers and pesticides to be reduced and by what date.(17)

Response: This will require further discussion and may depend on the suitability of
alternative products.

210C. Action 9:  The method here should be not only to "employ the use of alternative products"
but also to employ different lawn care methods.(17)

Response: Agreed.

211. 5.3 Page 60, Rural storm runoff actions -
Action 1  Agricultural practices:  Reduction in the use of pesticides and fertilizers are not
listed here as actions.  This should be added and specific reduction targets should be
set.(17)

Response: This will be added to Action #1 as a separate bullet.  Reduction in use of
fertilizers and pesticides.

211A. In addition, specific goals should be set for the use of certain management practices.  For
example, a certain percentage of farmland should be in no till by a specified year.(17)
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Response: Agreed.  This will be a useful goal and will need to be developed by the
implementation team.

211B. Action 2  Land Use Management:  We should set a date by which we want official plans to
be amended to incorporate these components.(17)

Response: See response to Comment 211A.

212. 5.3 Page 60, Waste site remedial actions - This section is seriously deficient.  It never
specifies who will undertake these actions, and how they will be done.  In many instances
the actions are much too vague to be understandable.  These actions are full of words
such as "proper" without ever defining what that means.(17)

Response: Actions reflect the level of information available to the Task Team during
this process. "Who" and "how" will need to be determined based on
priorities established thus far in the process and throughout the
implementation strategy.

213. 5.3 Page 61, Domestic sanitary sources - Again the recommendations are too vague.(17)

Response: See response to Comment 212.

214. 5.3 Page 61, Household Hazardous Waste - Targets need to be set here.  For example, let's
reduce the use of certain hazardous products by a certain percentage by a certain date. 
Maybe we should ask that certain products not be used at all.(17)

Response: The RAP is limited in its ability to effect change in this area.  It was felt
collectively by the Task Team that the greatest impact could be made
through educating local public.  If specific problems are identified because
of the use of products within the watershed, then specific actions need to
be taken, otherwise education on alternative products and proper use and
disposal of household hazardous wastes was determined to be the best
approach.

214A. Also there is no reference to education in the household hazardous waste section.(17)

Response: The reviewer is correct.  While education is referenced in the text of section
5.2.1 (page 57), a recommendation to the effect may be appropriate.

215. 5.3 The actions listed in 5.3 under Household Hazardous Waste cannot be RAP actions. 
Education to accomplish those items may be a more appropriate action for the report, and
these items could be considered as a measure of success in 10.3.(19)

Response: See response to Comment No. 214.  The RAP is not in a position to
quantify changes in product use but is in a better position to monitor
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changes in water quality as a result of increased awareness achieved
through education programs.

216. 6.0 Page 62, Sediment - We are generally happy with the approach being taken here.  It does
not fulfil the requirements of a Stage 2 RAP, but we understand why more time is needed
to develop a plan and feel that the direction being pointed out is a good one.(17)

Response: Agreed.  A great degree of resources and commitment is being applied
towards initial steps of this action plan.

217. 6.0 Page 62, 3rd paragraph - This paragraph needs to be rewritten.  It should be divided into
two sentences to make it readable.(17)

Response: Agreed.  Suggest sentence be changed to read "... reveal the most heavily
contaminated portion of the river identified by: most frequent exceedances
of dredged material disposal guidelines; exceedances of the lowest ... and
by sediment toxicity.  This area is within 100 metres of the Ontario shore...".

217A. 6.1 Page 67 - The decision tree is a nice approach; however, I would caution that source
control must come before actions, and the diagram could be changed to place source
control before remedial options, or include a "loop" to imply continuous re-evaluation until
source controls are sufficient to warrant considering clean-ups.(36)

Response:

218. 6.1.1 Page 62 - "Revised Guidelines for Open Water Disposal of Dredged Spoils" should read
"...Dredged Soils..." should it not?(8)

Response: The term "Dredged Spoils" is correct.

219. 6.1.2 Page 63, Michigan and the United States, 1st paragraph, last line, typo - "fro" should read
"for".(3)

Response: Agreed.

220. 6.2.1 Page 63, Remediation Approaches - We particularly like the emphasis placed on source
reduction in the last paragraph on page 63.(17)

221. 6.2.1 Page 65, 2nd paragraph - Confined disposal facility should appear ahead of CDF.(3)

Response: Agreed. 

222. 6.2.2 Page 65, On-going programs, para 1, lines 7 & 8 - The comment that over the past
decade further reduction in concentrations of contaminants has been limited is
inconsistent with the Tarandus report, among others.  Delete the editorial content.(16)
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Response: Agreed.  Comment will be deleted.

223. 6.3 Page 66, Characterize Impact Zones - Acronym PSQG should follow Provincial Aquatic
Sediment Quality Guidelines.(3)

Response: Agreed.

224. 6.3 Page 66, Actions - Characterize Impact Zones:
This refers only to the use of OMOEE data.  Was the U.S. side assessed using
comparable data to determine impact zones on that side?(17)

Response: The U.S. side was assessed using MOEE data from 1990, although there
were fewer sampling locations situated along the U.S. shorelines
(approximately 15).  These were sited according to known or suspected
sources of contamination and should have reflected areas of greatest
contamination.  There was however, no toxicity data available for these
locations.

224A. Also we see no indication here of the U.S. ACOE's Recovery model being used.  On page 37
(under point source) it says that it will be used in the contaminated sediments section, but there is
no reference to it here.(17)

Response: The recovery model has not been used.  It is intended to be used..2Page
57, Federal Activities under the Canada-Ontario Agriculture Green Plan -
Why are there dollar figures for each program?  None of the other
programs in the RAP Stage 2 report have costs.(9)

225. Figure 6.2 This map should also show those areas that are at Ontario's "lowest effect level."  The
map should also show the equivalent zones for the U.S. side.(17)

Response: This could be attempted; however, in light of the Task Teams 80:20
approach, it was not considered a priority.

226. 6.3 Page 69, Actions, Characterize Priority 1 Impact Zones, para 2, lines 3 & 4 - Delete the
sentence "In addition the survey results.....for sediment and point source controls".  The
LIS makes no such determinations.  Information from the survey will be made available to
all interested parties for their review and use.(16)

Response: Agree, suggest replacing Lambton Industrial Society with Implementation
Committee.

227. 6.4 On page 70 - The heading for Item 6.4 should be "Action" not "Recommendations".(5)

Response: Agreed.
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227A. 6.4 Page 70 - For sediment, your approach to setting priorities is convincing.  Since further
studies are necessary to develop remedial measures, the question is whether this is Stage
1 or Stage 2.  There appears to be a series of studies that are considered the first
recommendations in the remedial strategy.  This is an interesting approach.  Will Steering
Committee accept it?(23)

Response: We hope so.

228. 6.4 Page 70, Recommendations - These need to be more specific about who will be
responsible for carrying out the recommendations.(17)

Response: If not specifically identified as OMOEE or LIS, the actions will be
undertaken by agencies involved in the implementation and responsible
parties as they are identified.

228A. The recommendations refer only to the Priority 1 sites.  A timetable should also be set for
addressing the Priority 2 and 3 sites.(17)

Response: Many of the Priority 2 and Priority 3 sites boarder on the Priority 1 sites,
and potentially some of these will be addressed by default through
addressing Priority 1 areas.  The need to conduct further work at Priority 2
and 3 sites will be assessed following completion of an action plan for
Priority 1 sites.

228B. The assessment and actions need to go further if we are to delist.  On page 15, we say
that the delisting guideline is "no limitations on disposal of dredged spoils."  On page 65,
we say that in Michigan "most of the river's sediments are unsuitable for open water
disposal."  To delist, we will clearly have to address more than just these priority areas. 
Do our models tell us that stopping the sources of new contaminated sediments will be
enough to solve this situation?  More discussion is needed.(17)

Response: In Michigan their limitations on the disposal of dredge spoils because of
dredging activities needs to be determined.  Current modelling results are
not sufficient to determine whether source control is efficient to solve this
problem.  The use of the RECOVERY model is necessary to add a time
element to determine if improvements are a result of point source controls
occur within an acceptable timeframe.

228C. 6.4 Page 70 - You have clearly shown that contaminated sediments impair benthos or exceed
the SEL, but fail to indicate remedial options for these sediments, opting instead for
continued study and assessment.  Forget the further study on linkages to benthos on
priority 1 areas, as the SEL is based on biology already, and the text states benthos
impacts documented already.  In addition, most of the compounds for which SEL is based
are persistent (metals), and perhaps your actions would be different if the impacts were
characterized by the type of compound.  If the compounds are "zero discharge
candidates" then dredging/capping rather than further studies are warranted.(36)



- 54 -

Response: Further studies recommended in Section 6.4 for contaminated sediments
are being conducted to characterize the sediment impact zones.  This will
determine the size and severity of the contamination problem within this
zone as well as determine the sediment dinamics for the area.  If based
upon this information remedial activities such as dredging, capping or other
is warranted this will be determined by the sediment sub committee as
identified in Actions 3, 4 and 5 of Section 6.4.

228D. 6.4 Page 70 - As for habitat (see below), if you cannot define remedial measures, are you
ready for a Stage 2?  Defining further studies is not the point of a Stage 2.  Perhaps the
Stage 2 should be divided into Stage 2 for point sources, Stage 3 for non-point sources
(monitoring status-quo), and a discussion paper for sediments and habitat.(36)

Response: As indicated in the response to comment 228C, further studies are being
conducted in order to make defensible decision regarding sediment
remediation.  To dredge an area 1.5 km long by 100 meters wide based on
5-10 sufficial sediment grabs is not an appropriate level of detail to warrant
the expense of remediation. 

229. 7.0 Page 71, Habitat - We are generally pleased with this section.  The major omission in it,
however, is the exceptional habitat in the Walpole First Nations area.(17)

Response: Wetland and land use mapping information for Walpole Island will be
included in the draft Stage 2 report at a later date (hopefully in time for
public review).  In addition, the Walpole Island Heritage Committee has
expressed a desire to work with OMNR to identify candidate sites for
habitat restoration re habilitation and/or protection in the Walpole Island
First Nations area.

229A. The habitat chapter needs to be proof read.  It has quite a few simple writing errors.(17)

Response: This will be done.

230. 7.1 Pages 71-74, Regulatory Programs - Ontario and Canada's programmes look very puny
here.  If this is a true reflection of the situation, the recommendations for actions should
focus more strongly on Ontario and Canada upgrading their programmes.  If it is not true,
some effort should be made to bring the Canadian and U.S. programmes more closely
into balance in terms of the amount of space dedicated to each.(17)

Response: This imbalance is reflected in recommendation 1 under Actions for Habitat
Protection (Page 81).

230A. The section needs some assessment of the adequacy of these regulatory programmes to protect
habitat.  This would lead into the actions listed at the end.(17)
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Response: Efficiencies in regulatory programs were purposely not identified to
discourage loopholes and possible abuse.  For Ontario regulatory
programs there is a brief assessment of each of the acts or policies
applicable.

231. 7.1.1 Page 72, last sentence, Ontario Wetland Policy - Should be restructured so the Provincial
Acts aren't misunderstood to be Federal.  The negative tone of the paragraph, while
accurate, is out of step with the positive tone of Section 7.1.2 and probably does not do
justice to Canadian conservation efforts.  Section 7.1.1 should include the Provincial
Shorelands Management Policy and The Federal Policy on Wetland Conservation.(21)

Response: The negative tone of the paragraph reflects an assessment of the
adequacy of the Ontario Wetland Policy (see response to Comment 230A).
 Information on the Provincial Shorelines Management Policy and Federal
Policy on Wetland Conversation will be incorporated.  The reviewer is
requested to provide this information if it is available.

232. 7.1.2 Page 72, Michigan and the United States, 3rd paragraph, typo -"Dredged of fill material"
should read "dredged or fill material".(3)

Response: Agreed.

233. 7.1.2 Page 72, 3rd paragraph - "...dredged of rill material..."  Do you mean "...dredged or fill
material...?"(8)

Response: See Comment #232.

234. 7.1.2 Page 74, 1st paragraph - Update the date of the draft anti-degradation policy for
wetlands.(3)

Response: Agreed.  To be followed-up.

235. 7.1.2 Page 74, Habitat Acquisition Programs - Do Canada and Ontario have similar programs
like the Michigan Natural Resources Trust Fund and the Farmland and Open Space
Preservation Program to restore and acquire wetlands and revert wetlands to public
ownership.  If not, would the RAP Team recommend that Canada institute similar
programs?(9)

Response: Within the RAP watershed, the Ontario Ministry of Natural Resources
Chatham office is actively pursuing interested landowners/ partners in
efforts to acquire wetlands or former wetlands, should other programs be in
place, efforts will be made to describe them in the RAP.

236. 7.1.2 Page 74, Habitat Acquisition Programs - The Habitat Acquisition Program material is
inappropriate.  This material would be better presented in Section 7.2.2 along with other
securement information.  Comparable text on the various Canadian parallels is needed. 
This should include Land Stewardship and Nature Conservancy programs, Ducks
Unlimited agreements, and others.(21)
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Response: Agreed.  The reviewer is requested to provide information on these
programs.

237. 7.2 Pages 75-80, Remedial and Prevention Measures and Actions in Progress - A section
should be added here where the Walpole First Nation lists the programmes it is using to
protect and restore habitat.  This section should be equivalent to the binational,
Ontario/Canada, and Michigan/U.S. sections.(17)

Response: Information of this nature was requested from Walpole First Nation (i.e.
Habitat Management Plan); however, a management plan was not
available.  Details of Resolution of Heritage Committee to participate in
candidate sites working with OMNR will be followed-up on.

237A. We are pleased to see Figure 7.1.  It is important to list areas that we wish to rehabilitate and
enhance, rather than simply making general statements about rehabilitation and
enhancement.(17)

237B. Some of the Michigan programmes have too much detail, e.g., giving contacts and phone
numbers on page 79.(17)

Response: Agreed.  Detail of this type will be eliminated.

237C. 7.2 Page 75, Stag Island Habitat Restoration Project - Some aspects of this project may be of
concern.  The design drawings in the OMNR report show a number of groins and
breakwaters that could impede flows causing impacts on levels and flows.(34)

Response: Concerns will be evaluated through ongoing discussions between OMNR
and Environment Canada.  It is the position of the RAP Team that hydraulic
impact should be within an exceptable range and not necessarily
"negligible".

237D. 7.2 Page 77, Centre by the Bay Point Lands Development - This project may involve some
rock breakwaters in the vicinity of the Bluewater Bridge.  Again, we would have concerns
regarding impacts on levels and flows.(34)

Response: See response to comment 237C.

237E. 7.2 Page 77, Chenal Ecarte Wetland Creation - We support the approach of reclaiming inland
areas that have been lost through drainage and agriculture.  We have no concerns with
the plan presented for this area.(34)

Response: Agreed.

237F. 7.2 Page 77, Darcy McKeough Floodway - No concerns as the proposed works in the
diversion channel will not impact on St. Clair levels and flows.  Care will be needed to carry
out diversion channel alterations in a manner that will not impact on the floodway
diversion.(34)
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Response: Agreed.

237G. 7.2 Page 77 - The proposals for the adjacent Regan Park and Fawn Island areas involve rock
breakwaters and offshore islands and would be of concern.(34)

Response: See response to comment 237C.

237H. 7.2 Page 77, Big Point Habitat Restoration Project - We welcome the extension of fisheries
enhancement projects to the Lake St. Clair area as this is where the most extensive
wetland losses have occurred and where there is little or no potential for impacts on levels
and flows of the Great Lakes system.  We would have no concerns with this project.(34)

Response: Agreed.

237I. 7.2 Page 78-79, U.S. Projects - We have not seen plans for the St. Clair flats, Dickinson
Island, Harsen's Island and St. John's Marsh Wildlife Area.  The narrative describes
removal of seawalls, land acquisition and development control measures - which are all
desirable and of no hydraulic concern vis a vis Great Lakes levels and flows.(34)

Response: Agreed.

237J. 7.2 The narrative on Harsen's Island refers to the development of "nesting islands".  These
could be of concern if they involved new obstructions in the delta channels.(34)

Response: See response to comment 237C.

238. 7.2.2 Page 75, Ongoing Programs - With the exception of St. Clair River Delta flats, most of the
candidate sites for habitat rehabilitation are on the Canadian side of the St. Clair River. 
Does this mean there are no American candidate sites all along the American side?  Is it
all privately owned, and is there no plan by the U.S. Government to obtain the rights to
these lands?(3)

Response: Activities along the U.S. side are concentrated in the St. John's Marsh/ St.
Clair Flats area.  Additional locations north of this area along the U.S.
shoreline have yet to be determined.

239. 7.2.2 Ongoing programs in 7.2.2 are not all ongoing; many are only proposals.  Perhaps it would
be better to list ongoing programs separately from proposed programs.(19)

Response: Most if not all programs, identified in 7.2.2 are ongoing to some extent
bearing from planning to full scale implementation.  Section heading will be
changed to "Habitat Enhancement & Restoration".

239A. 7.2.2 Page 75 - As for non-point, you have not made a linkage between habitat and impaired
uses which allows the designation of specific remedial options, but stated that "habitat has
been lost".  In this context you have listed a host of existing and planned programs, but
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cannot indicate which impaired use will be remediated, to what extent, by any of these
activities.  Many of the program descriptions do not even list the extent of the efforts
(acres/hectares) much less the expected benefit to the ecosystem.  Perhaps the RAP
should focus instead on three or four high priority habitats for protection, and three or four
for remediation, and document business as usual elsewhere?(36)

Response: See Table 2.2.

239B. 7.2.2 Page 75, Habitat - Overall this section has focused on the RAP goals well and made
logical progress.  Without reading the document "Survey of candidate sites on the St. Clair
and Detroit Rivers' a reader of the Stage 2 document would find it difficult to assess the
potential for restoration along the river's shore or the types of techniques considered.  It
would be helpful to include some basic information in the text and more detailed
information in an appendix, such as the number of acres involved in restoration, in new
habitat, a listing of sites and their present status, any priority given to sites and why, and a
brief listing or description of the types of potential restoration techniques.(37)

Response: Information on the number of figures involved in restoration on the new
habitat and a brief listing of the types of potential restoration techniques will
be included in this section. 

239C. 7.2.2 Page 77 - With respect to the Big Point Rehabilitation Project, more information is required
to indicate how high water levels in the future are going to be prevented from killing the
marsh again (any plans to acquire some of the high land region behind the dykes?).(37)

Response: This has been considered in the proposal prepared by the Canadian
Wildlife Service and steps to mitigate this effect have been identified.

239D. 7.2.2 Page 75 - The text of the habitat section suggests that "habitat protection measures for
waterfowl arising on the Detroit River RAP are evolving into a comprehensive habitat
management structure" for the Lake Huron to Lake Erie corridor.  Comprehensive GIS
mapping and management structure would be terrific, but is it really happening?(37)

Response: This is occurring, however, not at a rapid pace as suggested in the text. 
The work rapidly will be deleted from the first sentence of Section 7.2.2. 

240. Figure 7.1 Page 76 - Correct the location "ICI Shoreline and Adjacent Farmland" to Terra Shoreline
and Adjacent Farmland".  ICI no longer owns land adjacent to the St. Clair River.(16)

Response: Agreed, change will be made.

241. 7.3 Pages 80-82, Actions - We are generally satisfied with the actions listed.  We are
particulary pleased with recommendation 1 at the top of page 81.  We have the following
proposals for changes:

*  Time lines should be added for actions and completion of actions.(17)
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Response: See response to Comment #209 and others.

241A. *  The RAP Team is often sited as the responsible party.  We are not sure that in all cases it is the
RAP Team that should have this responsibility.  In addition, we should make sure that the same
term is used here as is used in the implementation structures section on page 93.(17)

Response: In most cases the RAP Team may indeed not be the responsible party;
however, they will be responsible for ensuring that commitment is secured
from the responsible party.

241B. *  In some cases the actions read like goals, e.g., #'s 2 and 3 at the top of page 81.  These
should be developed into more specific actions.(17)

Response: Wording presented here reflects agreement by the Sediment and Habitat
Task Team.  RAP Team may wish to revise the wording at this point, or do
so as part of the implementation phase.

241C. *  These actions should be related more directly to the delisting criteria on page 16.(17)

Response: Actions listed on Pages 81 and 82 are inclusive of delisting criteria and
have been listed in order to achieve our long term goals and objectives, as
well.

241D. *  In Item 7 on page 82, we should include as a partner the Nature Conservancy Great
Lakes Program because of their recent work on biological diversity in the Great Lakes.(17)

Response: Agreed.

242. 7.3 Page 82, item 7 - Should the Nature Conservancy be included in list?(19)

Response: See response to Comment #241D.

242A. 7.3 Page 80 - Unlike the chemicals, no "yardsticks" exist for habitat.  Just how much habitat
does the St. Clair River RAP want?  Are pre-colonial habitat inventories appropriate or
desired, or just which habitats need to be rehabilitated to either a) remediate an impaired
use (fish and wildlife populations, reproduction), b) "sufficiently" remediate habitat to delist
this physical character, or c) provide profile for habitat in communications within the RAP
context.  Either is an appropriate goal.(36)

Response: The revised delisting criteria suggests the need to develop and initiate a
longterm strategy for habitat acquisition and remediation as part of our
implementation phase.  Until such time as this detailed strategy is
developed the AOC will not be delisted.

242B. 7.3 Page 82 - Amongst the actions for habitat rehabilitation, numbers 9 and 10 suggest
binational projects within the AOC.  I question their criteria for setting priorities for habitat
restoration.  Do they really mean species which could occur there (but never have) which
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have suffered population declines due to habitat destruction?  I would be against
introducing new species.(37)

Response: This refers to species which have historically occurred in the AOC. 

243. 8.0 Page 83, 1st paragraph, Public Outreach and Education - The Common Issues Task
Team did not do any outreach and only through the "Education Subcommittee" did they do
education.  As well, the RAP Team has not undertaken either of these activities. 
Suggested wording change: "...undertaken through the Common Issues Task Team and
the Communication Subcommittee... activities undertaken are".(20)

Response: Agreed.

244. 8.1 Page 83, 1st paragraph, 2nd sentence, Summary of Recent and Ongoing Outreach
Programs - Although this year's education program was on a small scale, it was not a pilot.
 This point was very important to the classes involved as to be called a pilot would have
limited their participation and support from the school administrators (i.e. U.S.
participation).  Therefore, please delete "...initially at a pilot scale...".(20)

Response: Agreed.

245. 8.1 Page 83, 3rd sentence - Please add after "materials" "for all grade levels and all subject
areas".  Again, this is an important point since RAP is appropriate to be discussed in other
subjects than just science, geography, or other traditional categories.(20)

Response: Agreed.

245A. 3rd paragraph, 1st sentence - Change "has" to "have".(20)

Response: Agreed.

245B. 4th paragraph, 1st sentence - Does not make sense.  Suggested rewording is: "The
Interactive Learning Centre (ILC) is a computer program which requires a participant to
interact with a series of questions on the St. Clair River.  The program features "Professor
Trout", has general and advanced levels of questions from three subject categories: living
things, ...".(20)

Response: Agreed.

245C. 3rd sentence - Delete "very".(20)

Response: Agreed.

245D. 4th sentence - Delete "about the St. Clair River...".(20)

Response: Agreed.
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245E. 6th paragraph, last sentence - Change "their" to "its", and add a new sentence at the end:
"This contest has proven valuable in its ability to inform people about the RAP".(20)

Response: Agreed.

246. 8.1 Page 84, 1st paragraph - Delete reference to binational event since it did not happen.  Add
a sentence stating: "Girl Guides will again be conducting the Storm Drain Marking
Program during St. Clair River Week, 1994".(20)

Response: Agreed.

246A. 2nd paragraph, 1st sentence - Please move this sentence to be the first sentence of the first
paragraph, since it initiates the discussion on youth activities related to the RAP.(20)

Response: Agreed.

246B. 2nd sentence - Please add after "construction"  "and placement".(20)

Response: Agreed.

246C. 3rd paragraph, 3rd sentence - Change "1994" to "1993" and add "Nine nominations were
made in 1994 with three awards being presented".(20)

Response: Agreed.

246D. 4th paragraph, 2nd sentence - Add after "college" "art, design and marketing".(20)

Response: Agreed.

246E. 6th paragraph, 1st sentence - This statement is inaccurate.  None of these items are being
planned, and in addition, newsletters have been used before, and we have made three
videos.  Planned activities include: continuing to expand existing programs (i.e. River
Week gets bigger and bigger and many more students become involved in the education
program at schools and through youth groups), community workshops exploring RAP, and
the Point Lands Development Project.(20)

Response: Agreed.  The last sentence will be replaced with suggested text.

246F. Activities not described in this section include BPAC's participation at the Centre by the
Bay's beach cleanup since 1992, attendance at community events such as Envirofest
since 1988, and Festival by the Bay since 1990, development of the pamphlet and activity
book by MDNR which is expected soon, writing news articles published in local papers
from Sarnia to Wallaceburg, and BPAC's display which tours local communities
throughout the year.(20)

Response: Agree, this information will be incorporated in this section.
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247. 8.2 Page 85, Actions - We need to specify who will carry out these actions and when they will
be done.(17)

Response: Who and when will be determined as part of the implementation plan
development.  It is expected that most activities will be initiated or promoted
by the Implementation Committee and/or Public Accountability Committee.

248. 9.1 The title of Section 9.1 is difficult.  "Determination of Monitoring and Research Needs" may
be better.(19)

Response: Agreed.

249. 9.2.5 It is startling to me that neither the SAC nor PEAS organization log spills from shipping or
municipal sources.  I think the statement in the last sentence of Item 9.2.5 on page 88
needs some qualifying comment.(5)

Response: The statement is not intended to suggest that SAC or PEAS do not log
spills from shipping or municipal sources.  It indicates however that the
RAP will not implement monitoring for spills because SAC and PEAS are in
place.  Ontario municipalities will be solicited to obtain CSO information.

250. 9.3.2 Page 89, Tainting of Fish and Wildlife Flavour - We say a controlled study is required.  We
need to recommend that someone specific do it.(17)

Response: A controlled study is planned for later this year and is being organized by
MOEE and OMNR.

251. 9.3.3 Page 90, 1st paragraph - Spelling error of Dr. Doug Haffner's name.(8)

Response: The change will be made.

252. 9.3.3 Page 90, 1st paragraph - "...on and annual..." should read "...on an annual..."(8)

Response: Change will be made.

253. 9.3.3 Page 89 - Should reference the Ontario Breeding Bird Atlas, and herpetofaunal and
mammal atlases.  The developing Ontario Natural Heritage Database program should be
included.(21)

Response: Agreed, Ontario and Michigan information will be included.

254. 9.3.4 Page 90, 1st paragraph - "Tumours or other deformities... has not been..." should read
"Tumours or other deformities... have not been..."(8)

Response: Change will be made.

255. 9.4.1 On page 91 - Items 9, 11 and 12 should contain the word "will" as the verb, rather than the
existing vague wording.(5)
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Response: Suggest Item #9 be deleted as this work is ongoing as outlined in Item #8
above.  Should be changed to read "...program initiated in 1993 by
OMOEE, Lambton Health Unit and St. Clair Region Conservation Authority
will be repeated on an annual bases.  Item #12 can not be worded more
strongly in that they are only now in the conceptual stage.

256. 9.4.1 Page 91, Non-Point Sources - Persons are identified with some of the ongoing programs. 
There should be some consistency in reporting.  I would suggest that identifying the
agencies would be sufficient.(9)

Response: Agreed.  Individuals names will be deleted in lieu of their affiliation.

257. 9.4.2 Page 92, Point Sources - Ongoing compliance monitoring for the MISA program is being
conducted by OMOEE.(3)

Response: This information will be added to the first paragraph of Section 9.4.2.

258. 9.5 On page 92 - The heading for Item 9.5 should be "Action" rather than
"Recommendations".(5)

Response: Agreed.

259. 9.5 On page 92, item 1 of 9.5 - Should include a bullet indicating the intent to start
development of a mass balance for the St. Clair River, recognizing that in the initial stages
the closure error will be large.(5)

Response: A mass balance was not determined to be an effective means of spending
resources for monitoring.  Costs are prohibitive and useful information
which can be gleaned from a mass balance is often inconclusive.

260. 9.5 Page 92, Recommendations - We need to say who is going to carry out these actions and
when they will be done.(17)

Response: Action #1 from Section 9.5 indicates that responsible agency and details of
the study.

260A. We should include special monitoring programmes for the delta.  These should be developed
jointly with the Walpole First Nation.(17)

Response: Agreed.

260B. We think these workplans should be developed this year, while the Stage 2 RAP is
undergoing review, so it can be added to the Stage 2 documents before they go to the
IJC.(17)
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Response: Workplans for activities initiated in 1994 have already been completed or
are under development.  Workplans for future activities can be attempted;
however, it may be difficult to provide all the necessary detail at this time. 
For purposes of the Stage 2 report, a brief listing of anticipated studies and
responsible parties could be assembled.

261. 10.1 Page 93, 2nd paragraph, in (1) - Should the RAP Coordinating Committee be RAP
Implementation Committee?(9)

Response: Yes, change will be made.

262. 10.1 I agree with the concept of continuing the BPAC with modified duties, but without a
decrease in membership.(19)

Response: Agreed.  Discussions of this nature occurred at the April 23rd Workshop
where it was agreed that suggested numbers of 12 to 15 members was not
appropriate and that a somewhat altered BPAC and RAP Team would
evolve into the respective Implementation and Accountability Committees
without a significant change in membership numbers.

263. 10.2 Page 94, Implementation Strategies - We need to spend the rest of this year getting
commitments on these items and include them in the Stage 2 RAP.(17)

Response: Agreed.

263A. Table 10.2 Page 100 - The one notable omission in Table 10.2 is reference to Environment Canada
as an agency to participate in remedial measures and RAP implementation, monitoring
and research.(23)

Response: Environment Canada and EPA will be added more appropriate.

264. 10.5 On page 97, items 3 and 4 - Under 10.5 Actions, should use the verb "will" rather than
"would" or "should".(5)

Response: Agreed.

265. 10.5 Page 97, Actions - We need to say when we are going to do each of these activities.  We
think most of this could be done this year.(17)

Response: Items 1 through 3 are currently underway and Item 4 maybe initiated later
this year.

266. 11.0 Page 98, Glossary - Acronyms should be added to the list.  The definition of a "yardstick"
should also be added.(3)

Response: Agreed.  A more detailed glossary will also be provided as part of the
appendices.
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266A. Throughout the draft, there are several changes suggested of an editorial nature which I think
improve the readability of the document and correct typographical errors.(5)

267. 11.0 Page 98, Glossary, Virtual Elimination - The definition of virtual elimination should match
that in use by others, for example, as defined by the ARET program.(16)

Response: The ARET definition could be considered to improve on existing definition
of virtual elimination.

267A. The definition supplied is inappropriate.  "Does not have any bioaccumulative effect" should be
replaced with "has no measurable effect"  The "and between "cannot be measured" and "has no
measurable effect should be changed to an "or".(16)

Response: See response to #267 above.  Will also need to be considered by RAP
Team in light of point source recommendations and revisions pending.

268. 11.0 Page 98, Glossary, Mixing Zone - The mixing zone definition agreed to should be
reproduced in full - it is more complex than suggested in this precis of it.(16)

Response: Agreed.
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General Comments on Executive Summary

1 I know it's depressing to keep bringing up this semantic point, but in the interests of 
the general public's understanding of the situation in the St. Clair River, the contents 

of the IJC relate to "impairments of beneficial uses" not to "impaired uses" (see Table 
of Contents, Table 1.1 & Top of page 7).(5)

Response: Agreed

2. The report to the IJC should convey a sense of firm commitment and clear intent. 
"Action" items should not be qualified by the word "recommended".  After six years of

deliberation, we should be now in a position of knowing what is "necessary" to clean up the
"impairments" flagged by the IJC.  (See page 7, Item 1.11 title: Table 1.2 title).(5)

Response: Agreed

3. References to work to be done by the Sediment & Habitat Task Team are not 
appropriate.  As I understand it, the work of all the Task Teams is complete. (See page 
5, Item 1.6 and otp of page 6.) (5)

Response: Agreed. Make following changes: 1. page 5, Sec. 1.6, paragraph 2: 
...Tree" to determine... 2. page 6, paragraph 1, 2nd sentence:...will be 

used to develop... 4. Section 1.9 should include a reference to the need 
for starting development of data for a mass balance for contaminants in 
the St. Clair AOC. (5)

Response: While a mass balance study would be nice, I believe the consensus at 
the workshop was that this would not be a priority given the exhorbitant 

costs necessary to conduct this type of study.  We will explore the 
possibility further.

5. In Tables 1.2 and 10.2 relative to discharge of coliform bacteria, it is unrealistic, in fact 
it is impossible to eliminate the discharge of coliform from a domestic

sewage treatment plant.  We should be careful not to exaggerate expectations.  I would
suggest deletion of the 2010 completion item. (5)

Response: This should say "meet yardsticks at end of mixing zone".

5A. The same comment applies to both Tables relative to releases of substances on the 
Ontario proposed ban list, the U.S. EPA's Great Lakes Initiative and Michigan's list.  

I would suggest the work "or" to replace "and eventual".(5)

Response: Although this may be redundant with other "actions", I believe it is 
consistent with our recommendation for virtual elimination of persistent 

toxics by 2004.

6. I believe the intent of a Stage 2 document is to be widely circulated to the public, non-
government interest groups, government agencies and industry.  Given this, I find the 
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text to be complicated, quite technical and uses undefined acronyms (i.e. KETOX, page 
4 and SEL, page 5). It may be worthwhile to hire a professional writer to address these 
concerns. (12)

Response: (Ahem! We have a professional writer!)  The two terms you mention are 
more adequately explained in the point source chapter.  However, we 

will spell out "SEL", where first mentioned. KETOX is explained as a "fate 
and effects model for sediments and water", which is probably about as 

understandable as we can get and still keep the executive summary under 
a dozen pages.  Of course we want this to be meaningful for the average 
reader. However, as you astutely note, primary users of this document 
will be interest groups, government agencies and industries, all of whom 
have technical expertise, and who will need at least the fundamentals 
of the technical issues in order to address the problems.  Many of the 
terms and acronyms will be in a glossary.

7. It is unclear why both Tables 1.2 and 10.2 are present.  I suggest to use only Table 
10.2 since it provides the most complete information. (12)

Response: We do want this table (or some version of it) in the Executive Summary 
since it is the substance of this document. It is true, however that 10.2 

is a little more comprehensive. Confirmed at RAP Team meeting that a 
more comprehensive version will also be included in executive summary.

8. I applaud the authors of the St. Clair River Draft Stage 2 report in developing delisting 
criteria for their Area of Concern (AOC). However, this begs the question "Should there 

be consistent criteria for all 17 Ontario AOCs (or all 43 AOCs)"? (12)

Response: Although this isn't our decision to make, I would venture to say "no". 
I think it is appropriate for delisting criteria to be tailored to the pertinent 

problems within each AOC, as long as those persons developing them 
are serious about substantive improvements in environmental integrity. 

Guidelines from IJC (and in fact, the use impairments themselves) are 
designed to ensure a reasonable amount of consistency across AOCs.

Specific Comments on Executive Summary

1. 1.1 Page 1, 4th paragraph -  This topic has not been discussed in the main body of the 
report. There is no evidence to suggest that long-range transport of contaminants is 

an issue with St. Clair River.  Virtually all the water of the St. Clair River comes from 
Lake Huron.  The small drainage basin is too small to be of any significance. 
Atmospheric deposition of contaminants may be an important source to the Upper Lakes,

but not likely to the St. Clair River.  Local air emission on air quality and the use of agricultural
chemicals may have more immediate impact within the St. Clair River basin. (9)

Response: This has been discussed in the main body (Sec. 2.3). We make no 
assertions about the significance of long- OR short-range contributions, 

only that additional data are needed. We feel that it would be 
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irresponsible to prematurely rule-out the potential for impacts from 
atmospheric deposition, because there is no evidence to convince us that 
these contaminants are not significant.

2. Drinking Water Consumption Restrictions - Drinking Water Treatment Plants (DWTP) 
shutdowns are usually to prevent spills or contaminants from entering the raw water 

supply. Taste and odour exceedences of Ontario's Drinking Water Objectives and 
Guidelines are usually not suficient ground for a DWTP to shutdown.(12)

Response: You are right.  This is why our table of use impairments separates 
drinking water restrictions and taste and odour problems (Table 2.1). With 

respect to delisting, however, both impairments in the St. Clair River are 
attributable to spills.  Therefore the delisting criterion is the same.

3. The two year period suggested seems arbitrary for a delisting criteria.  It may be more 
appropriate to have a timeframe suggested as a goal statement. (12)

Response: We already have separate goal statements (Sec. 3.1). Delisting criteria 
need to be specific quantifiable, or at least verifiable, items.  Based on 

historic and current frequencies of various events (spills, scums, beach 
closings) the RAP Team agreed that two years would represent an 

acceptable level of remedial and preventive efforts.  Anything less would 
not.

4. Beach Closings - The term "Beach Closings" is not used by either MOEE or MOH 
(Health).  The correct term is "Beach Postings".(12)

Response: "Beach closings" is an IJC term, generally and easily understood, and not 
inconsistent with terms used by MOEE, MOH, or MDNR, MDPH and 

St.Clair County Health Department.

5. It may not be practical to achieve "Zero beach postings" for a two year period.  A draft 
policy/guideline being developed by Municipal Programs Section, Program Development 

Branch is recommending for beaches being impacted by Combined Sewer Overflows 
(CSOs) to be abated to a level of posting of 5% of the swimming period.(12)

Response: RAP actions include elimination or treatment of all CSOs and minimization 
of other sources of fecal coliform.  We feel that zero beach closings (or 

postings) within a time frame of two years is a very reasonable and 
necessary expectation prior to delisting.

6. E. coli is the current indicator organism for beach postings not fecal coliforms.(12)

Response: E. coli is a fecal coliform.  "Fecal coliform" is standard language in 
guidelines for both Ontario and Michigan.

7. Upgrading of Primary Sewage Treatment Plants is missing.  As you are aware, the City 
of Sarnia has completed (with cooperation of MOEE and Environment Canada) a 
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Pollution Control Plan to abate its Sewage Treatment, CSO and stormwater problems. 
This information should be included as part of the Recommended Actions section.(12)

Response: This Pollution Control Plan has been described (Sec.4.2.2), as well as all
other sewage treatment plant upgrades. The Point Source task team
agreed, after much discussion, that it was more appropriate to recommend
effluent limits to be met, not the technology to achieve them (although this
may be a fairly obvious one).

8. The 50% reduction of Coliform Bacteria is a arbitrary cut off.  A litle bit of technical review
could improve this reduction number. (12)

Response: If you have a "technically-based" number to suggest, we will consider it.
However, this is only an interim goal meant to indicate that we expect
significant progress to be made in the next few years. 

9. Abatement of Combined Sewer Overflows (CSOs) is missing.  As you are aware, the City
of Sarnia has completed (with cooperation of MOEE and Environment Canada) a Pollution
Control Plan to abate its Sewage Treatment, CSO and stormwater problems. This
information should be included as part of the Recommended Actions section. (12)

Response: We have noted CSO control plans for Sarnia, Port Huron, Yale, St. Clair,
Marysville and Marine City in Section 4.2.2.  It is also included in the
recommendations, Table 10.2. We will add a couple of sentences in 1.4
about bacteria, and have Table 1.2 reflect this.  Thank you for noting this
oversight.

10. It is unclear why it will take to year 2000 to maintain a "pre-development hydrograph"
stormwater management strategy.  This can be implemented sooner if municipalities buy
into the process. (12)

Response: This is a big "if", and there are numerous municipalities in the watershed. 
However, if it happens sooner, great!

11. Watershed/Subwatershed Planning should be one of the recommended actions. 
Preventative actions such as proactive planning will reduce or eliminate future remediation
on projects that are now being initiated. (12)

Response: This is one of the Actions, although it's true we haven't been too explicit
about it.  Thank you for pointing this out.  We will remedy the situation.

General Comments on Chapters 1-10

1 In general the data for Michigan sources seems to be lacking.  Is this a result of funding or
have the sources not been identified, or is there simply a lack of data in Michigan? (28)
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Response: Hmmm.  I'm not sure exactly what data to which you may be referring.  We
believe there is a fair amount of Michigan data in this document.  Data
collected by different jurisdictions aren't always collected in the same
way, so it's true that there isn't always a 1:1 match up on information
between Ontario and Michigan.  If there specific data about which you are
concerned please let us know, and we'll try to fix it.  There are in fact a few
places where there have been simple oversights (agricultural percentages),
or where we're in the process of gathering more current data (PEAS spills)
or information (nonpoint source programs); these will be in the final version
of this RAP.

2 Will there be a glossary included for public review?  At least a list of acronyms used and
their definitions?  Will the public better respond to a generic term like petrochemical toxics
as opposed to the large scientific chemical names. (28)

Response: Yes, there will be a glossary.  Although we want this document to be
palatable to the public, we also want to be as specific as possible about the
situation.  Hence the use of the large scientific chemical names.

3 Overall the document could use more spacing between sections to limit eye strain.(28)

Response: We're trying to use less paper, save trees, and be responsible for as little
release of dioxin to the environment as possible.  While these are
not specific RAP goals, we feel they are not inconsistent with the spirit of
the endeavor.

4 I am a little disappointed in the amount of "planning to plan" that occurs in the report (pg
80 items 1&2, pg 85 item 1, pg 92 items 1&2, pg 97 item 2), but having been involved in
this process I understand the reasons for this.  As these specific plans are developed, will
they be included in some sort of an update? (19)

Response: We agree that a few more "commitments" would be nice at this stage.  We
plan to publish biennial reports, which will include updates on problem
definition, summaries of progress to date, and ongoing and future plans.

Executive Summary

5 Section 1.1, Paragraph 2 - Why has the Belle River been omitted as part of the St. Clair
River watershed?  It has been identified in the Stage 1 RAP yet fails to appear in the
Stage 2 Executive Summary.(31)

Response: Simple oversight.  We certainly intend to include it.

6 Page 1 - Paragraph 3 - Line 4 starting with "This RAP..." should be deleted, through to the
word "reductions" in line 5, which should start the last sentence of that paragraph.  The
word "should" needs to be inserted after (AOC) in that last sentence.(27)
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Response: Will modify the sentence to say "This RAP can not..."

7 Table 1.1 - although the wording in the Degradation of aesthetics is the same as the IJC
delisting criteria, I would suggest deleting the word "persistent" which is really undefined in
this context and inserting ", or unnatural scum/floating materials" after "odour". (27)

Response: Delete the word "persistent".

8 Table 1.1 - The Use Impairment, Loss of fish and wildlife habitat, contains several delisting
guidelines that pertain to land acquisition, protection of unique areas, reclamation and
restoration, and enhancement of wildlife habitat.  Although it is not clear, it appears as
though these actions will be directed at the St. Clair River delta area, references are made
to existing public ownership areas, bottomlands, wetplain prairies, etc., which are currently
concentrated in the delta area.  If this is not the case and the intent is to pursue these
activities throughout the area of concern, then it should be clearly stated. However, if it is
the intent to concentrate on the delta then I feel areas of extreme importance to fish and
wildlife habitat will be overlooked. Significant fish spawning grounds exist within the Belle,
Pine and Black Rivers of St. Clair County.  Wetlands near, yet not immediately contiguous
to, the St. Clair River or one of its tributaries support nesting waterfowl each spring.  These
areas, that appear to be outside of the AOC, deserve attention and priority as they support
the fish and wildlife of the St. Clair River.  These are also the areas that are immediately
threatened by urbanization or other land uses that degrade their value as fish and wildlife
habitat. (31)

Response: You are right, and we agree with you.  We will include all of these areas in
our protection and enhancement plans for the St. Clair watershed,
although they are not detailed in this particular document.  Tune in for the
1996 biennial report!  Better yet, join our RAP Implementation Committee
and help us do it!

9 Table 1.2, could a column be added indicating parties responsible for completing actions?
(19)

Response: This column does appear in Table 10.2.  We will modify this table to include
this information.

10 Section 1.3, Paragraph 1, line 2 - The statement "As such, it represents the collective
interest and will of the local community." is too definitive.  The Stage 2 document actually
reflects the collective interest and concerns of BPAC and RAP Team.  Perhaps it should
be amended to read that it attempts to accurately portray the collective interests, or, the
Team feels it accurately portrays... (31)

Response: Agreed.  Change will be made to say that it attempts to accurately portray
the collective interests...

11 Section 1.3, Paragraph 3 (after Sources of Contamination:) - "Eliminate spills..." is quite
ambitious and may be disputed by certain interests within the region.  In the past such a
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statement has lead to criticism by industrial representatives who believe it is irresponsible
to think that spills can be eliminated. (31)

Response: Your point is well taken.  Nevertheless, it is a worthy goal.  In fact, local
industries are committed to zero spills. However, there are other sources of
spills as well.  You may consider our delisting criterion for the use
impairment to be less  ambitious: "no treatment plant shutdowns due to
exceedences of drinking water guidelines over a two year period" (as
relates specifically to spills). 

12 Page 3 - Stage 2 Process and Goals - The first paragraph should be deleted and the
section should start with the second paragraph.  If the first paragraph isn't deleted, then
the second and third sentences of that paragraph need to be deleted because they are not
necessarily true and are an un-supported conclusion of the writer. (27)

Response: Agreed.  We will not delete the paragraph, however we will modify it as per
response # 11.

13 Page 3 - second paragraph - The phrase "consisting primarily of BPAC and RAP Team
members" should be added to the end of the first sentence. (27)

Response: Actually, a number of non-BPAC/RAP Team people served on the task
teams.  The first sentence of the first paragraph of this section reflects the
participation in Stage 2.

14 Page 3, 2nd paragraph:  The word "Their" at the beginning of the last sentence in
paragraph 3 needs to be defined in terms of which Task Team it refers to since all Task
Teams are lumped together.(27)

Response: Agreed.  Change "." of previous sentence to ";" to read ...and address
cross- cutting concerns; their primary focus...

15 Page 3 - next to last paragraph - This paragraph needs to be rewritten.  The way it is
currently written implies that the goals in the RAP are unrealistic and that we don't really
think they are going to be achieved.  It also doesn't do a good job of bringing the delisting
criteria concept into the paragraph. (27)

Response: Suggest deleting the last sentence and adding:  Since use impairments
reflect many decades of ecosystem abuse, it may take many years to
totally restore environmental integrity. However, the delisting criteria reflect
the goals for substantial improvements within an acceptable and
achievable short-term timeframe. (or something like this - please polish)

16 Section 1.4 - I cannot understand why there is not more concern and interest on the part
of the St. Clair County officials or representatives of local communities, especially when
you look at the chart in this section.  One question you may want to raise is whether any of
these communities that are contributing 'industrial pollutants' have instituted industrial
pretreatment programs. Similarly, how active is the DNR or local community monitoring
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the municipal system for the presence of these contaminants.  I realize there are a lot of
issues surrounding monitoring and enforcement of environmental laws in Michigan. 
However, there already exists a well defined, practiced and generally accepted effluent
testing/monitoring program for WWTPs that could be modified or simply expanded to track
these contaminants. (31)

Response: All of the industries on this list discharge directly to the environment, not
municipal systems.  With respect to IPPs, all Michigan municipal facilities,
have Industrial Pretreatment Programs, which are regulated by the DNR. 
These facilities are also required to monitor their effluents, and report data
monthly to the DNR.  In addition, the DNR does compliance sampling
inspections to check effluent concentrations for many of parameters.  The
IPPs in Michigan appear to be working reasonably well (for St. Clair
facilities, anyway).  There is one industrial contaminant from one Michigan
WWTP (not on this list) that requires further reductions; this is being
addressed through the NPDES permit system.  Ontario has sewer use by
laws (IPPs). Currently they are not stringently enforced, however this will
change soon under new MISA regulations.  So, IPPs do or soon will take
care of industries discharging to municipal systems; these are not the ones
on our priority list, however.

17 Page 4 - The St. Clair County Land Use Map on page 4 is hard to visualize, SEMCOG has 
recently completed a 1990 Land Use Map that has better separation and contrast.  Staff here 
at the Planning Commission have recently reviewed and updated St.Clair Counties maps.  I 

would suggest calling Jim Thomas at 810-961-4266, perhaps they can provide a better quality 
map. (28)

Response:  It is our intention to provide better maps, we just didn't have Michigan mapping 
data collated with the Ontario data in time to make this "edition".  It will show up in the final 
version, however.  Thanks for the lead on other sources; we'll probably tap into them.

18 Page 5, at the top, where it mentions that PCBs as one of the non-point source contributors, 
is this really a problem that has been detected?  All other NPS sampling that I have seen has 
never shown that PCBs were a problem, much less detected. (24)

Response:  PCBs still occur at measurable levels in the sediments coming into the St. Clair 
River from Lake Huron.

19 Page 5 - The last paragraph before 1.6 needs to be rewritten.  It seems to tie sewer 
construction projects and agricultural practices together, which they are not.  Should be two 
separate thoughts. (27)

Response:  Agreed.

20 Page 7 - Concluding paragraph from page 6 - The last two sentences in the paragraph at the 
top of page 7 are not needed and should be deleted.  They don't serve any purpose except 

to criticize the on-going monitoring, which is inappropriate. (27)
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Response:  Hmmm.  We don't view it as a criticism, just reality. The ongoing monitoring 
programs serve the purposes for which they were designed fairly well.  However, in order to 
help us track recovery (or lack thereof), we need more data than the existing programs can 
provide.  In some cases it won't require great expenditures to develop new programs, we can 
simply modify the existing ones.

21 Page 7 - first full paragraph - The programs listed are not all NPS monitoring programs. 
CSO, head and mouth surveys, bacteriological surveys should be deleted.  "Watershed 
surveys" should be defined. (27)

Response:   CSOs carry storm water run-off; head and mouth surveys indicate contributions 
from Lake Huron and to Lake St. Clair; bacterial contamination comes from ineffective septic 
systems, animal feed lots, wildlife, etc.  We consider all of these to be nonpoint source issues. 
We'll be a little more descriptive about "watershed surveys".

22 Page 9, maybe it should say "Reduce use of road salt and seek alternatives" or something 
along those lines. (24)

Response:   Agreed.

22A Section 2.1  This section reveals the real problem with the AOC - river is described only as 
"how we can use it". (32)

Response:  Agreed

22B Section 2.1, paragraph 3.  This should describe river and it's importance ecologically and 
culturally without being anthropocentric. (32)

Response:  Agreed.

22C Section 2.2, page 1, Paragraph 1, sentence 1:  insert "Quality" (Great Lake Water Quality 
Agreement).  This sentence makes no sense. Reword. (32)

Response:  Agreed.

23 There are instances of MDNR standards in one case and another uses MOEE, still another uses 
the USEPA.  Is there a single standard used for evaluation or is the most stringent standard 
used?  Is there any differentiation? (28)

Response:  This is a logistical reality in a binational program, but not a fatal flaw.  The general 
policy has been to go with the most stringent standard of the five relevant jurisdictions 
(MDNR, OMOEE, USEPA, EC, IJC).  There are differences; some of them are insignificant, 
some are substantial.

24 On page 5 the Michigan restrictions on fish consumption can be split out like Ontario's for 
consistency--Hg: freshwater drum and PCBs: gizzard shad and carp. (30)

Response:  Agreed
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25 The quality of the wetlands map for St.Clair County in 2.1 is poor, the shadings cannot be 
distinguished on my copy. (19)

Response:  Agreed. See response 18.

26 At the top of page 8 arsenic needs to be put in the metals column and I suggest changing TKN 
to read total nitrogen. (30)

Response:  Arsenic is a metal; we will list it with the metals.  In the interest of accuracy, we 
will keep TKN, however this is explained in the glossary.

27 Page 9, section 2.4, if Michigan is not a problem it should reflect this, if it has not been 
studied it should also state the facts. (28)

Response:  Michigan nonpoint source contributions are a problem; in fact they are probably 
our biggest problem with respect to RAP issues.  The data mentioned in this paragraph, 
however, is from a study done only in Ontario a few years ago, and the text reflects this.  We 
are modifying the first sentence, however, to simply say "Urban areas..."

28 Page 10, The City of Marysville is currently in the process of separating the combined sewer 
overflows. (28)

Response:  This is noted in the point source chapter, under ongoing programs (4.2.2)

29 Page 11 under Rural Runoff lists Ontario Agricultural percentages and not Michigan.  Is this 
lack of information, or was no research done on the U.S. side? (28)

Response:  Just like the Ontario numbers, the Michigan numbers are in the Stage 1 RAP. Since 
these are outdated numbers, let's just delete the entire reference.

29A Section 2.6, page 12, first paragraph, last sentence.  Is this for Michigan or Ontario or both? 
(32)

Response:  Ontario.

29B Section 2.6, second paragraph, last sentence.  Is this speculation, or are there data? (32)

Response:  We are updating the information in this section since new data have recently been 
made available.

30 Table 3.1.  The wording of the first delisting guideline is very awkward.  Perhaps it could 
read "When contaminant levels due to contaminant input from the watershed in fish and wildlife

populations...", with the last sentence of the guideline then omitted. (19)

Response:  See prior response to similar comment.

31 Page 16, #4, what are the pending projects in Ontario?  Are there any in Michigan? (28)
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Response:  Pending projects in Ontario are described in the habitat chapter.  Numbers 1, 2 and 
3 of this section reflect the pending projects in Michigan, which are also described in the habitat

chapter.

32 Page 18, define the abbreviations used in Table 3.2.  Is there an appendix 3.1 for Table 3.3? 
(28)

Response:  Agreed; we will define abbreviations.  Yes, there is an appendix 3.1. 

33 Pg 36. Table 4.1.  I like the prioritization of net loadings by source.  I wonder how you came 
up with net loadings for sources without intake data? (29)

Response:  We have intake data for many facilities.  As noted in the legend, asterisked 
facilities are the ones for which we have no intake data (generally because it's a drain or a 
WWTP/WPCP), or because the facility does not have this information.

34 Pages 39 and 40.  Figures 4.2 and 4.3.  I like the use of the Ketox graphs.  I wonder, if the 
projected loadings of HCB in the water is less (Fig. 4.2b) why are more sediments contaminated

with with HCB (Fig 4.3b vs. 4.3)? (29)

Response:   Concentrations are less, however the figure does make it appear that the plume 
is wider.  We believe this is an artifact of the mapping, and not the modelling.

35 Chapter 4 (PS), in the discussion of Marine City it says "... actified sludge" it should read 
activated sludge. (25)

Response:  Agreed.

36 Also, is it appropriate to reference all modelling results, water column and sediment, in 4.3 
under Point Source or should sediment modelling be discussed instead in Section 6? (19)

Response:  The modelling was done to facilitate remedial activities for point sources. Therefore 
it belongs in this chapter.

37 In the 4.4 Actions section I do not believe that benzene or the metals other than mercury are 
bioaccumulative.  Unless, they are considering the deposition of metals in mussel shells as 
bioaccumulation. (30)

Response:  We are modifying the actions.

38 Does "exceeding yardstick" refer to water column, sediment or both? (19)

Response:  Either water or sediments (although it may be both). We will modify the wording 
to make this clear.

38A Page 49, Septics: What are the recommendations or what do they accomplish? (32)
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Response:  Will include this.

38B 5.1.2, First paragraph.  replace "controlled" with "addressed". (32)

Response:  Agreed.

38C Page 50, paragraph 5, "populations greater than 10,000" should be 100,000. (32)

Response:  OK. Thank you.

39 Chapter 5 (NPS), Page 50 - Third paragraph - the word "the" before "SESC", beginning the 
third sentence needs to be capitalized. (27)

Response:  No problem!

39A Page 50, paragraph 6, last sentence:  Do we have any farms under an NPDES permit? (32)

Response:  Will check

39B Page 51, top, first full sentence, should say:  "The Act provides regulatory authority over the 
generation and transportation of waste and the design..." (32)

Response:  agreed.

39C Page 51, first full paragraph, 2nd sentence, should say:  "The Act provides regulatory 
authority over the design, construction, and operation of..." (32)

Response: agreed

39D Page 51, 3rd paragraph, last sentence, should perhaps say "not be located or is unable to 
remediate..." (32)

Response:  Modify to say "unwilling or unable"

40 Section 5.2.2.  All ongoing programs are in Ontario.  Is this because there are no programs 
in Michigan or is this an oversight? (19)

Response:  There are lots of programs.  Some of them are included under the "regs" section 
because they are mandated or enforceable programs.  Others are there also, perhaps 
inappropriately; we'll review that.  Additionally, we just didn't have a good compilation of some

programs at "press time".  We're working on it!

41 Section 5.3.  The actions listed under Household Hazardous Waste cannot be RAP actions. 
Education to accomplish those items may be a more appropriate action for the report, and these

items could be considered as a measure of success in 10.3. (19)
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Response:  Modify first sentence to read "Household hazardous waste educational actions 
include:"  This needs to stay here as it is an integral component of solutions to nps problems. 
These are also mentioned under outreach and educational initiatives in 8.2.

42 Page 78, Harsens Island.  Last sentence should include improving fish access to the wetlands 
by opening of the dikes in addition to improved hunter access. (26)

Response:  Add sentence to end of paragraph:  "This will also improve fish access to critical 
habitat."

43 6.1.2. Pg 63.  I disagree that the EPAs Interim Guidelines do not assess the severity of 
contaminated sediments.  For the Detroit RAP we had someone look at the science behind the 
1977 guidelines and found out that some parameters were biologically based.  We are using 
the most restrictive of the MOEE and USEPA 1977 guidelines as our "sediment objective". 
It may look odd that the St. Clair RAP refutes the usefulness of the 1977 guidelines, and the 
Detroit RAP uses them in comparison to MOEE's.  I would tone down the harshness of your 
critique on the 1977 guidelines. (29)

Response:  Seems reasonable.  Will tone down this statement.

44 Pg 68.  Figure 6.2. Locations of zones.  Why do all the areas seem to end at the international 
border in the middle of the river?  Is there any crossing of this divide in the OMOEE report?  
It is hard to believe that there are NO sites on the US side which exceed SEL, (priority 3). (29)

Response:  There are no sites further down the Ontario shoreline or on the Michigan shoreline 
where SELs are exceeded.  The appearance of "ending at the international" border is an artifact

of the mapping.  These zones actually do not extend quite that far out into the river.

44A Section 7.1.1, Fisheries Act.  Last two sentences are repetitious. (32)

Response: Will edit.

44B Page 73, Inland Lakes & Streams Act: modify last sentence to say "Placement of seawalls, 
permanent docks, bridges and other shoreline structures is regulated by the Inland Lakes and 
Streams Act". (32)

Response:  Agreed

44C Michigan's Shoreland Protection and Management Act.  There are no EAs in the St. Clair AOC. 
(32)

Response:  Will delete reference

44D Michigan's Great Lakes Submerged Lands Act, 2nd paragraph. Modify last sentence to say 
"...a riparian right of access and will result in minimal impact to the wetland, such as... (32)

Response:  Agreed
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45 Habitat, pg 75.  I'm a little disappointed the AOC did not target specific endangered species 
for habitat restoration.  The AOC should come to consensus on whether the sturgeon is 
threatened (MI) or not (CAN), and in need of help. (29)

Response:  Habitat for endangered species is being used as one tool to prioritize sites for 
enhancement a/o restoration, when feasible.  However, we rejected the notion of managing 
for individual species, and decided to take the ecosystem approach (focus on natural 
assemblages of species, or communities).

46 Section 7.2.2.  Ongoing programs are not all ongoing; many are only proposals.  Perhaps it 
would be better to list ongoing programs separately from proposed programs. (19)

Response:  Change heading for 7.2.2 back to "Habitat Enhancement and Restoration".  Also 
change 7.1 back to "Habitat Protection".  Task team agreed upon this organizational structure 
as more appropriate for this information.

47 Page 82, Actions for Habitat Rehab and Enhanc., item 2.  The responsible party should include 
the Wildlife Division of the MDNR since they are the ones in charge of managing the Delta 
and the ones ultimately that must agree to actions allowing fish to use the wetland areas. 
Fisheries can only recommend actions and give input on how best to achieve this. (26)

Response:  Agreed

48 Section 7.3, page 82, item 7: Should the Nature Conservancy be included in the list? (19)

Response:  Agreed

49 The title of section 9.1 is difficult.  "Determination of Monitoring and Research Needs" may 
be better. (19)

Response:  Okay

50 Section 9.2.2, pg. 87.  doesn't Wildlife Division document any bird deformities at the Harsens 
Island site, field notes, harvest data, etc.? (29)

Response:  No

51 Section 9.2.4, pg 88.  Does the USACE sample its dredge material in the SCR? (29)

Response:  Yes.  We'll include this as another source of data.

52 Chapter 9 (M&R), Page 88 - The last sentence (second paragraph) in both 9.2.6 and 9.2.7 
does not belong.  It is neither monitoring nor research and should be deleted. (27)

Response:  Agreed.

53 9.2.9.  You may want to mention the updated MIRIS Land use mapping that is to be done in 
1985, the ORTHOQUAD GIS flyovers. (29)
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Response:  Agreed

54 9.3.3.  Spelling mistake, is someone really named All Johnson? (29)

Response:  will check

55 Dynamics of Waterfowl Populations - Can you mention the ongoing Waterfowl surveys 
conducted by MDNR on Harsens.  Both harvest data and flyover counts. (29)

Response:  Yes.  Thank you.

56 9.3.4 Fish Tumours.  3rd paragraph.  You mention a survey for internal and external tumours 
with sampling sites throughout the SCR, using a river headwater site as control.  How can you 
use migrating fish (walleye) as controls?  If this is a caged study, it should say so. (29)

Response:  True enough.

57 Page 91 - items 6 and 7 under 9.4.1 are actually Point Source rather than NPS.  Item 10 is 
not really NPS monitoring.  Additionally, I'm not sure that we are doing that monitoring any longer

with the current budget situation - you might want to check with Bob Wood or Bill Creal. (27)

Response:  Stormwater is a nps.  Item 10 is monitoring which can give us an indication of 
types of nps contaminants.  We are.

58 Page 95-96 - Table 10.1 - I think that this table should be deleted.  It really isn't a commitment 
to do anything as far as I read it and is misleading to the public to refer to it as such. (27)

Response:  Will remove.

59 Section 10.1, I agree with the concept of continuing the BPAC with modified duties but 
without a decrease in membership. (19)

Response:  Agreed.  Need to substantively modify this section in fact, to reflect outcome of 
April 23 workshop.

60 On page 3 of Table 10.2, shouldn't SCS or SWCD be included in the action "promote 
agricultural programs and technology to reduce contamination to rural runoff?  Maybe MDA 
as well? (24)

Response:  Absolutely. Also ASCS and cooperative extension.

61 Page 72.  7.1.2, 3rd paragraph.  "fill" material, and "...under state or federal law..." (32)

Response:  Agreed

62 Page 72.  Goemaere-Anderson Wetland Protection Act: no "r", title and text. (32)
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Response:  Agreed

63 Page 74.  October 1993 draft degradation policy for wetlands.  Not sure if it's available yet. 
(32)

Response:  Will check

64 Page 74.  Enforcement.  3rd sentence, add ...and enforcement staff "in the MDNR". (32)

Response:  Agreed

65 Page 74, Habitat Acquisition Programs, 2nd paragraph, change "Department" to "MDNR"  to 
read ...authorizes the MDNR to purchase... (32)

Response:  Agreed

66 Page 74, last paragraph 2nd sentence, revise to read "Approximately 25 residential lots in the 
St. Clair Flats, one of the state's largest coastal wetland complexes, have reverted... (32)

Response:  Agreed

67 Page 79, Federal Programs for Private Land, and page 80, top:  Do we want to include names 
and phone numbers here? (32)

Response:  no

68 Page 79, Federal Programs for Private Land, 3rd paragraph.  Replace "acreage" with 
"agricultural". (32)

Response:  Agreed

69 Page 81, Actions for Habitat Protection, #1:  LWMD may not recommend this action.  (Also, 
remove "r" from Goemaere). (32)

Response:  Remove "r" from Goemaere

70 Action #5.  Be more specific about what landowners are being contacted for. (32)

Response:  Revise to say "Contact landowners of "candidate sites" and other sites about 
proposed habitat protection and enhancement activities."  (?)

71 Page 82.  Actions 9 and 10.  Good! (32)

Response:  Thanks

The following are all comments received from EPA
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Following are comments from ESD division

1 The Monitoring and Quality Assurance Branch has reviewed the document and has the 
following comment:  In the report, it was mentioned that there were 22 monitoring programs 
described in the St. Clair River Stage 1 report, but there was no indication of the status of these

22 monitoring programs.

Response:  Where any of these monitoring programs have produced more recent 
data/information, that data has been used to make decisions included in this document. More 
recent data has also been included either in the Stage 1 addendum, or in the Stage 2 RAP.  

2 The Pesticides and Toxic Substances Branch has the following comments:  The report 
mentions that there are waste sites without leachate and runoff collection.  Where are these 
sites and has any investigation been done to determine the nature of the waste and potential 
and/or existing problems at these sites?  Do any of these sites involve PCBs?

Response:  See table 5.1.  The Ladney site involves PCBs. 

3 The last paragraph on page 52 discusses the Canatara Landfill site. Since there are floating 
oil products at this site, has any investigation been done to determine if there are any PCBs? 
Commercial production of PCBs started in the late 1920s and this landfill was used as a 
disposal site in the 30s and 40s.

Response:  There has been an investigation; there is a report.

4 On page 72, the third word in the sixth line in the third paragraph under 7.1.2, there is a 
typographical error.  Change "of" to "or".

Response:  done

5 The last paragraph on page 73 states that "A draft anti-degradation policy for wetlands is 
expected to be available for public comment by the end of October 1993."  Since October 1993

has passed, what is the status of this document?

Response:  checking

6 Page 5 - [the last paragraph of Table 2.1].  The statement is made "Contaminants such as ... 
and DDT have been found in snapping turtles, muskrats and ducks in the St. Clair Delta.  The 
effects of these chemicals on wildlife are not known."  Is this document saying that scientists 
do not know the effects of DDT on wildlife in general, or on the species mentioned.  If the 
document is using the term "wildlife", in the general sense, then the statement should read: 
"The effects of these chemicals on wildlife are not fully understood".

Response:  Okay.  Revise to say "not fully understood" instead of not fully know.

7 Page 10 - [first paragraph under Table 2.2]  The statement is made "Discharges from storm 
sewers can be a major source of pollutant loadings ... Sources of these contaminants include 
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nutrients and pesticides spread on lawns, ..."  Do we have data to show that lawn care 
chemicals are major nonpoint source pollutants from urban runoff?  Spills and illegal disposal 
of these chemicals could be potential surface water problems, but there is still a question as 
to whether properly applied lawn care chemicals are a nonpoint source problem; especially at 
the level of the active ingredients formulated into the products that are used.

Response:  The point is that these substances are frequently applied improperly, and we have 
plenty of anecdotal evidence, if not empirical, to feel comfortable with this statement.

8 Page 11 - [first paragraph under the section titled "Rural Runoff"]  The statement "Rural 
nonpoint sources of pollution due to agricultural operations include ... pesticides and 
herbicides." This statement should be changed to : "...include... pesticides." Herbicides are 
pesticides, and it is incorrect to state them as separate types of biocides.  If you want to 
"define" pesticides, then say "insecticides, fungicides, and herbicides."

Response:  Has been changed to say simply "pesticides".

9 Page 18 [Table 3.2]  Why is a pesticide - DIELDRIN - which has had its registration under 
FIFRA cancelled and all uses banned, used as a "yardstick" for measuring environmental water 
quality?; especially at the levels that it is being found at, according to Table 3.2?  It usually is not

true that DIELDRIN found at 0.0003 ppb is of any greater risk to the environment than background
radiation.  It would seem much more appropriate to use levels of pesticides found in the St. Clair
"watershed" that are currently registered and used in agricultural production as yardsticks for
measuring improvements made in soil management and water quality.

Response: This is one of the IJCs contaminants of concern.

10 Page 50 - [sixth paragraph from the top]  The Cooperative Extension Service and the Soil 
Conservation Service do not provide funding to farmers.  The state Cooperative Extension 
Services are institutions that facilitate outreach and education/informational exchange between 
researchers at land grant universities and the growers.  The Soil Conservation Service, USDA 
provides technical expertise to farmers on soil management.  It is the Agricultural Stabilization 
and Conservation Service of the USDA that provides direct federal payments to

growers/farmers who participate in programs administered by SCS under the 1985 and 1990 "Farm
Bills". Agricultural runoff would be principally addressed through programs administered by the Soil
Conservation Service/USDA and Soil and Water Conservation Districts (which are entities established
by county governments and supported by State tax dollars).  CES offices would participate
peripherally in soil management programs.

Response:  We are revising this section.

11 Page 51 - [section titled "pesticides"]  The Pesticide Control Act, Michigan Act 171  of 1976 
as amended, is the primary statute that regulates pesticide use in Michigan and is implemented 
by the Michigan Department of Agriculture.  Regulations 636 and 637, which are authorized 
under Act 171, establish additional requirements for pesticide use in States.  Regulation 640, 
which is authorized under Act 171, addresses State requirements for the bulk storage and 
handling of pesticides by commercial establishments.  The Michigan Ground Water and Fresh 
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Water Protection Act, implemented by MDA, addresses pesticide use within the context of 
"stewardship plans" developed by growers for their lands. 

Response:  We are revising this section.

12 MDA conducts their "Clean Sweep" programs at particular sites.  The event is 
scheduled for a particular day at each site; it is not held over a period of a week.

Response:  Okay.

13 Page 52 - [Remediation Measures for "Rural Areas"]  What does the
RAP Team mean by "the reduction in use of pesticides" as a
remedial option?  Are we saying that we should reduce actual rates
applied by 25% or 50% of the labeled rates?  This is already being
done by many growers.  Are we saying that we will reduce the amount of active 

ingredients applied per acre by substituting one
chemical that is applied at pounds per acre with another that is
applied at ounces per acre.  This is not necessarily the best
scenario because the substitute could present greater, chronic
health and environmental concerns than the first active ingredient
that is applied at pounds per acre.  It would be better to say that remedial options 

could include better crop management, pest
management, and improved pesticide application.

Response:  Of course we're not advocating any of these "straw men" options.  The 
suggestions you make (better crop... application) are mechanisms for achieving what is still our

bottom line: reduction in the use of pesticides.

14 Page 59 - [table under the title "5.3 Actions"]
Item number 9. - "Reduce excessive use and application of
fertilizers and pesticides for lawn care maintenance and, wherever
possible, employ the use of alternative products..."  This is an
emotional and ambiguous statement.  There would be also a question
on the utility of this effort in light of the comments made above.
If, indeed, lawn care chemicals are a nonpoint source issue, then it would be better 

to say:  "Improve turf management practices in
urban areas to reduce the potential for nonpoint source contamination from lawn care 
chemical use."

Response:  We see no difference (factually or emotionally) in
these two statements, except that ours is more specific.

The following are comments received from GLNPO

15 Chapter 2:  Environmental Conditions and Problem Definition
This chapter was very well laid out and the maps were of great
help in understanding the scope of the impaired uses.
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Response:  Thank you

16 Chapter 3:  Goals, Objectives and Evaluation Criteria
While the objectives of the RAP address the issues, we wonder if
the goal of achieving these by the year 2000 is too ambitious.
For example, will all nonpoint sources realistically be controlled
within the next 6 years?  If there will be a public RAP Accounta-
bility Committee as planned, and if these dates are missed, will
the Accountability Committee suggest that the RAP Implementation
Committee has failed to meet its commitments?  By revising these
dates, potential conflicts between the groups may be avoidable.

Response:  We would rather face a challenging process than water
down our recommendations.

17 Concerning the Delisting Criteria, is a two year absence of an
impairment sufficient time to delist the impairment?  For example
beach closings and drinking water restrictions are very episodic,
and a two year period of absence of these impairments do not
preclude them from occurring again.  While the IJC/Delisting
Criteria does not specify a time period, the RAP Team should explain its rationale for
using a two year absence as its delisting criteria.  This office has not taken a position on this
so we would be very much interested in reviewing this rationale.

Response:  Because spills, etc. are episodic, and by their very
nature attributable to conditions outside the realm of typical, we
expect that total elimination of spills, scums, etc. can never be
100% guaranteed.  Historically, and even currently, however in the
St. Clair River, these "episodes" have been so frequent (historically 100s per year, 

currently dozens per year) that we
feel the necessary improvements in prevention and treatment to the
sources of these problems would "virtually" eliminate the spills, etc. about which we

are primarily concerned, and which contribute to serious degradation in the St. Clair River.  Therefore,
a two year period represents a period after which we would feel comfortable that the

river is satisfactorily protected (sufficient implementation of spill prevention/containment plans, 
etc.).  Please note that we consider this to be an acceptable delisting criterion for

the St. Clair River, based on our situation; we do not suggest that this would be a generally 
acceptable delisting criterion for this use impairment in other bodies of water.

18 We strongly support the RAP's use of "yardsticks" to measure
interim steps toward delisting.  Re-evaluating these yardsticks if
new information becomes available will be much easier to accomplish with the proposed

biennial updates to the Stage 2 RAP.
GLNPO favors this idea, since it focusses attention on environmental improvement

away from document production.

Response:  Cool!
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19 Chapter 4:  Point Source
The format of this chapter made the sources and remedial activities very easy to

understand.  The explanation for each
jurisdictions' regulatory programs and the excellent maps were very helpful aids.  The

most useful part of the chapter is the
shaded boxes which clearly lay out the actions planned to reduce
priority substances from point sources in the AOC.  Each of these
actions should have "yardsticks" or interim measures of success
so that the momentum is maintained towards the target dates of
1995, 2000, or 2004.

Response:  It has not been possible to develop timelines for every action.  However, this
is a priority for the RAP Implementation

Committee, coming soon to a AOC near you!

20 Chapter 5: Nonpoint Sources
The positive comments regarding the format for chapter 4 are
applicable here.  Is there a schedule for evaluating/investigating
waste sites where the extent of contamination is unknown or where
no clean-up actions have been initiated?

Response:  In Michigan, because none of these sites rank on the
307 priority list, there is no schedule for clean-up.  The fact
that they have been ranked, means that there has at least been
some minimal evaluation indicating that there is probably no
immediate threat.

21 Regarding the shaded action boxes, interim measures are needed
here, too.  The actions in the Domestic Sanitary Sources and
Household Hazardous Waste boxes need more explanatory language
regarding educational activities to achieve these objectives and
target dates.

Response:  We agree that all of these actions need to be further
developed.  This will be the first step of implementation.  Where
interim goals seem feasible or productive, we will consider them.

22 Chapter 6:  Sediment
Were any of the Impact Zones in the St. Clair Flats of sufficient
concern to give them a high priority for remedial actions?  Were
high levels of fish and wildlife consumption by the Walpole Island
Tribe taken into account?

Response:  Current data indicate that there is probably no need
for sediment remediation in the delta; we cannot state this
conclusively, however.  We are seriously concerned about high levels of wildlife

consumption for residents of Walpole.  For these and other reasons, we feel the need for more
assessment in the St. Clair Delta region.
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23 It would be helpful to do a human health risk assessment to assess
risk from consumption of contaminated fish.

Response:  This is part of ongoing projects.

24 Chapter 7:  Habitat
The Great Lakes National Program Office has approximately
$1,000,000 for habitat restoration activities within the U.S.
portion of the Basin.  The RAP Team may want to receive a copy of
our funding guidance and submit proposals for priority projects in
the AOC.

Response:  Absolutely!

25 Chapter 8:  Public Outreach and Education
no additional comments.

26 Chapter 9:  Monitoring and Research
GLNPO's research vessel, the R/V Lake Guardian, does annual open
water monitoring in the Lakes.  There is also air monitoring via
the Integrated Atmospheric Deposition Network (IADN).  Monitoring
information rom these two sources may be of use to the RAP
Implementation Committee.

Response:  Absolutely.  We will note these sources of information
in the document.  Could we please have access to any of this data
that is relevant to the St. Clair River?

27 Chapter 10:  RAP Implementation
The implementation and review of RAP activities should be a
partnership.  In this spirit, "RAP Accountability Committee"
sounds a bit divisive.

Response:  Agreed.  We've decided to keep the BPAC, in a rather
evolved form, and allocate "accountability" duties to both the
RAP Implementation Committee, and the BPAC.

28 Will the RAP Accountability Committee have the resources to
produce an annual report?  Perhaps it would be better to have this
report coincide with the Implementation Committee's Biennial
Progress Report.  This may also make it easier to evaluate the
implementation activities.

Response:  Actually, we will have no accountability committee;
this will be one of the roles of BPAC.  It will be their decision
whether or not to produce an annual report.
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The following are comments from the Waste Management Division.

General Comments
29 The report provides a good overview of the environmental problems

in the St. Clair AOC, however, the information on the Canadian
side of the AOC seems to be more developed.  The environmental
risk posed by industry located in Michigan outside of the Port
Huron/Marysville urban area may be underestimated.  There are a
large number of small tool & die, plating, fiberglass and industrial operations scattered

throughout the county along back
county roads.  Most of them are located in the eastern portion
along the Pine and Belle Rivers.  Some of the larger operations 
are located near the rail spur that runs from Marysville to
St. Clair.  There also a number of former gas stations in the
City of Algonac, which have not been addressed in this report.

Response:  There a number of these types of smaller facilities on both sides of the river
which are not mentioned by name in this report.  In most cases this is because they are covered
under IPP programs, which are described, or are covered under permits to "minor"
facilities, and permit data did not reveal significant loadings to the St. Clair River or it's tributaries
(Mueller Brass was the one exception, and we have mentioned it by name).  In other
cases these may be covered under 307, and investigations into these sites revealed no known problems.
  We assume your reference to former gas stations is a reference to LUSTs.  Those have
also been mentioned in here.  Of the 126 know LUST sites in St. Clair County, however, only 4
have had no action initiated; these are the ones we mention by name.  For the remaining 122, 

there is no evidence of effects on the St. Clair River or its
tributaries.

30 A report issued by the Michigan Department of Natural Resources
indicated that pollution from pleasure boats in the St. Clair
River is of great concern.  This information is not included in
this report.  Additionally, information regarding the
development of summer resort areas and marinas is not included
as a problem in disturbing sediments and destroying habitat.

Response:  MDNR produces hundreds (maybe more) reports every year.
If you could reference this report we would appreciate it.  We do
note that pollution from pleasure craft are of concern (page 11,
page 56) and include an action, #5 under domestic sanitary
sources.  We do not have any quantitative data on the contributions from this source.

 Development, in general, is a
source of habitat loss, and it is mentioned many places; we saw
no need to highlight summer resort areas and marinas.

31 We feel that education is a primary concern, not only for the
people who live in the AOC, but also for people who live outside
of the AOC and utilize the AOC, such as summer visitors and
hunters.
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Response:  No disagreement here, although our priorities will
obviously be focussed locally (although not to the exclusion of
visitors in the area).

32 One of the options discussed in remediating contaminated sediments
is dredging.  The report does not go into discussions on 1) testing the dredged material if

it's a characteristic hazardous
waste as defined under RCRA, 2) how it will be stored, on either
a temporary or permanent basis, 3) if any type of treatment will
be done on the dredged sediments prior to disposal, and 4) 
possible disposal methods.

Response:  Since there has been no decision to dredge, it is
premature to address these questions.

33 There is no mention of any other environmental permits held by
any of Michigan's six industrial point source discharges, other
than the implied waste water permits which allows these facilities
to discharge to the St. Clair River.  Reference is made to one
facility (Detroit Edison) which has a contingency plan per RCRA
and Michigan's Act 64 regulations.  On a parallel track, the
report should discuss what, if any, types of wastes (solid/
hazardous) are stored/treated/processed at each facility
(reference is made to six sites of environmental contamination in
Michigan within a 4.8 km distance from the river).

Response:  We have noted contaminants of concern from the relevant
facilities.  More in depth information can be gleaned from the
Stage 1 report.

34 Dioxin is not listed as one of the "yardsticks" used to measure
progress towards achievement of the goals and objectives.
Considering the recent start-up of the nearby Detroit incinerator,
monitoring for dioxin might be advisable. The results of initial
ambient air monitoring could provide some answers, assuming dioxin
is being monitored.

Response:  Monitoring at Walpole indicates no changes in the detection of dioxin.

35 The report, under the general actions heading, should include that
sources of groundwater contamination be investigated since this,
potentially, is a significant contributor to the impaired use
status of the river. MDNR and OMOEE might already have this type
of information.  Some of the regulated facilities might also have
it.  It might also be beneficial to know the general geology/
hydrogeology of the area.  Ideally, any contaminated groundwater
plume from a site in the AOC is prevented from reaching the river
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and doing its damage.

Response:  Some of this (geology, hydrogeology) are included in
the Stage 1 RAP, and didn't bear repeating.  Investigation of
potential groundwater contamination is an action under nps
recommendations for sites of environmental contamination.  We do
have some of this information from various facilities or through
programs like MDNR 307 site investigations.

36 The report indicated that two Indian reserves are located along
the Canadian shores.  Open dumps inside reservations have been a
cause for concern in the United States, and for the U.S. EPA.
While there is no regulatory "bite" to force Indian tribes to
eliminate open dumps, the strategy has been to replace the dumps
with "transfer stations".  Considering that open dumps might exist
along the shores of the St. Clair River AOC, the adverse impact of
runoff from these dumps is a possibility.  It is prudent that the
RAP address this potential source of degradation to the river and
make suggestions on eliminating this problem.

Response:  Chippewas do not have them.  Walpole's are noted.

37 Details regarding the similarities and differences in the
environmental regulations and policies of the United States and
Canada would be useful.  This information may have already been
presented in earlier reports, however we feel that this
information would be useful in the Stage 2 Report also.

Response:  Actually since solutions have to be pursued through
whatever regulatory programs are relevant, a comparison may serve no real useful

purpose.  Actually, what we would prefer to have are critical evaluations of the existing regulations:
not just a

summary of their languages, but what they actually do and do not
accomplish.

Specific comments

38 An additional figure should be added to the report, which provides
greater context of the St. Clair RAP area, such as a map of the
state of Michigan and Ontario.

Response:

39 Figures 2.1 and 2.2. should include land use and wetland information for the State of
Michigan.  Figure 2.3 does not present a clear picture of the land use in the county, it should

be enhanced, or the information should be included in Figure 2.1.

Response:  See prior responses on this topic
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40 Page 10, last line:  please add:  "In Michigan, the Cities of
Port Huron, St. Clair, Marine City and Marysville ..."

Response:  Probably not necessary, given the context and the
most recent references (previous sentence just said that Sarnia was the only Ontario

city with CSOs).  We are particularly trying to get away from  the "our side" and "your side" references.

41 Spills:  Information regarding the reason (if known) in the
reduction in spills from 1990 through 1992 should be included.

Response:  Spill prevention and containment plans have been
effective.

42 Page 11:  Waste disposal sites:  It is unclear what source of
data was used for the Michigan sites.  A description should be
included of the Priority List for EVALUATION AND INTERIM
RESPONSE under Act 307, and a description of the actions to be
taken under the Act should also be included.

Response:  A brief description of this list is included under the
regulatory programs (page 51).  The 307 report was the source of this information; we'll

reference it.

43 Page 12, 2.6 Habitat, first paragraph:  The acres of wetland loss
in the State of Michigan should be included; and, the percentage
of wetland loss in Ontario should be included.

Response:  Data was available in this format, and thus was presented this way.  However,
we will make some attempt at 

estimating numbers so that they are comparable.

44 Page 13, Section 3.0:  We found it difficult to distinguish the
goals from the objectives in this section.  We suggest that the
goals be numbered, and the objectives be clearly identified to
follow the goals.

Response:  Will be reformatted with goals in bold, etc. (see
prior response on this issue)

45 Page 18, Table 3.2:  Some of the numbers in this table do not make
sense.  Arsenic for instance, is reported in the Lower Lake Huron
at a concentration of .21 ppb, but the detection limit is reported
at 1.0 ppb.  The detection limit number should be checked.  The
same is true of the numbers presented for nickel, zinc and total
phosphorus.

Response:  We are revising these.
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46 Page 19, Table 3.3:  The Biota Yardstick for lead is reported to be 1000 ppb, which is
lower than the reported present level in the

river.  Is this the correct yardstick number?  The same is true for
hexachlorobenzene and hexachlorobutadiene: are the yardsticks

correct?

Response:  We are revising these.

47 Page 21, second paragraph:  The second paragraph seems to be
contrary to the information presented earlier in the discussion on
yardsticks.  Also, the numbers presented in Table 3.4 do not match
up against the numbers presented in the previous tables.  We were
not provided with Appendix 3.1, so the confusion may be based upon
lack of review of all the information.

Response:  We will revise to make clearer.

48 Page 29, 4.2.1 Remediation and Prevention Approaches:  Add: "In
general, measures available for any point source may involve one
or more of the following pollution prevention categories:"

Response:  While technically this is correct, some of these options are really "reduction"
of the pollution, and not

necessarily "prevention" (although some pollution is prevented,
some is still entering the environment).

49 Page 29, 4.2.1 Remediation and Prevention Approaches:  Please define the Beak report
issued in 1993.

Response:  The Beak report is defined in the text as a "report
on (Ontario) industrial and municipal sources", and further
credited with a review of remediation approaches available.  In
the interest of keeping this document as short as possible, we
prefer to avoid lengthy discussions of stand-alone documents,
which have been appropriately referenced should readers like to access them.  If you

have a specific interest in this document, we
can provide you a copy.

50 Page 29, 4.2.2 Ongoing Programs:  We suggest adding an introductory paragraph
regarding the significance of ongoing programs. 

Response:  Other than to state the obvious (river is getting
cleaner), which has been noted in other places, I'm not sure what
we would say.  Hopefully the individual items will speak for
themselves.  If I'm missing the point, set me straight.

51 If there is information about planned remedial investigations
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or activities at the sites which are closed, please include this information (AKZO
Chemical Ltd. and Fiberglas Canada Inc.)

Response:  Will include decommissioning activities.

52 General Actions #2:  The reference to Section 11 is incorrect.

Response:  Change parenthetic reference to "(See Table 10.2)"

53 Page 47, 5.0 Non-Point Source:  The last point regarding the
six major non-point sources identified should be changed to
"disposal" of household hazardous waste (HHW)."

Response: Change this bullet to "generation and disposal of"
HHW.

54 Page 92, 9.4.2  Point Sources:  We suggest you add the parameters
that are being monitored.

Response:  This would be a fairly lengthy list, and may even be
rapidly outdated, as processes and permit requirements change.
Most of this information can be gleaned from other aspects of the
report (priority rankings, model results, etc.) for priority
contaminants, anyway.

Following comments are from Region 5, Wetlands and Watershed Section

55 Page 8, Point Sources, Need reference to a location map.  Same
problem on page 12 for Stag Island.

Response:  Agreed

56 Page 2, Figure 2.1, Need map scale.  Same applies to Fig. 2.2

Response:  Agreed

57 Page 12, Habitat, Difficult to understand relative wetland loss
based on information provided.  Should provide current wetland
area for both Michigan and Ontario.

Response:  Agreed.

58 Page 13, Goals, Define terms (BPAC & RAP) used.

Response:  We've tried to spell out acronyms wherever the initial
reference is made.  If we missed these two we'll correct it.

59 Page 15, Table 3.1, What is rationale for two year period for
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three of the delisting guidelines?

Response:  See numerous previous responses.

60 Page 24, Action Plan, Fourth item - "Run models under various
scenarios."  Identify what will be accomplished by this activity.

Response:  The purpose of the model is explained in section 4.3.3.
After this bullet add "(see Section 4.3.3)"

61 Page 29, Sec. 4.2.1, After mention of KETOX model, insert ", page XX" to note discussion
of Ketox model later in report.

Response:  Agreed.  Site page number (37) or section number (4.3.3).

62 Page 37, KETOX model, 3rd paragraph up from bottom of page.  1st
sentence states model reliability for water depends on flow
variability.  It's not clear why flow is the least important source of error.

Response:  Because flow is the least variable.

63 Page 39, Fig. 4.2, Identify site location.  Same for Fig. 4.3

Response:  Will add insert.

64 Page 45, General Actions, Item 6; Not clear if this means, no
increase of total loading or no new point sources.

Response:  It means no increase in total loading to the river.
Change "discharges" to "loadings".

65 Page 81, habitat,  It appears the habitat activities are focused
on water fowl and plants.  No mention if fisheries is impaired due
to lack of wetland habitat.  Is it a concern.

Response:  Yes it is a concern.  However, the decision was made in
Stage 1 that these things are relative, and that fisheries were
healthy, given current irreversible human activities.  We will add
an explanatory statement to this effect.

66 Is there some way that Canada could track their action items on an
annual basis, so you would know if they were doing what is planned?  How about a

schedule and milestones?

Response:  It will be the responsibility of the RAP Implementation
Committee, in conjunction with various facilities and agencies, to
track progress throughout the AOC.  We now have a framework for a
schedule and milestones (this document); development of these is
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a priority activity for the soon-to-be-formed Implementation
Committee.

67 The Non-Point Source section (Chapter 5, pages 47-62) discusses
several sources of contamination to ground water, and potentially
to the St. Clair River, including septics, hazardous waste sites,
landfills, boreholes, and underground storage tanks.  However, the
discussion of pesticides and other agricultural practices is
limited the potential for surface runoff.  While runoff may be the
primary concern, please note that some agricultural practices that
decrease surface runoff have the potential for increasing ground
water contamination.  For example, one of the recommended "rural
storm runoff actions" on page 60 is promotion of manure injection.
If the injection of manure exceeds agronomic rates, there is strong potential for leaching

of nutrients into the ground water.
This could not only be a potential source of contamination to the St. Clair River or its

tributaries, but also to any private
drinking water wells that may be present in the area.  Thus, all
recommendations to reduce surface water contamination should take
ground water into consideration.

Response:  We agree, and will certainly take this into consideration.

68 Other nps recommendations are thorough with respect to ground
water issues.

Response:  Thank you.

69 Finally, I compared the non-point sources identified in the RAP to
the Ground Water Contamination/Waste Sites section in the St. Clair River chapter of

the Upper Great Lakes Connecting Channels
Study (1989).  The discussions are compatible.

Response:  It's a good thing, since many of the same people have
been involved in both endeavors!

The following comments are from the Safe Drinking Water Branch

70 Page 5, Table 2.1, The definition of restrictions on drinking water consumption shown on
Table 2.1 should be expanded to meet

IJC's listing criteria for Great Lakes AOCs.  IJC's listing criteria include "...hazardous
concentrations of toxic substances

in exceedances of standards, objectives, or guidelines."  Where
numerical water quality objectives and standards to protect human
health have not been established, "...priority must be given to
establishment of drinking water objectives."

Response:  I don't quite understand the comment.  Table 2.1 simply
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explains whether or not the impairment is relevant to the St. Clair River, and why.  The
number, type and magnitude of water

quality exceedences is so significant that we couldn't fit them
all into this table, although table 2.2 at least mentions categories of contaminants

contributing to each use impairment. The Stage 1 RAP defined environmental problems in great detail.  
With respect to establishing water quality objectives where none

currently exist, we feel that our yardsticks serve an interim
purpose, and it is up to the relevant government agencies (EPA,
MDNR, OMOEE, EC) to promulgate the necessary standards.

71 Page 7, While drinking water consumption is listed as a designated
use, the location of intakes should be identified and included on
some of the maps.  Spills are noted as a problem resulting in the
closure of intakes.

Response:  Okay.  Intakes are noted on navigational charts.

72 Page 11, Spill status is discussed here but there is no real plan
for preventing spills or enhanced detection measures to build in
some additional margin of safety.  This may be desirable unless
concerned parties are fully confident that the current system will
prevent impacts on human health and treatment plant operations.

Response:  We are certainly not confident that the current system
is satisfactory; that's why this is mentioned in a section on
impacts.  Preventive and detection measures are mentioned in chapter 5; more detail

is given in the Stage 1 update.  Our first general action is the elimination of spills page 45, #1.

73 Page 14, Table 3.1.  The delisting criteria for drinking water
related use impairments shown on Table 3.1 should also be expanded
to meet IJCs delisting criteria, to require that "numerical
water quality objectives, standards, and guidelines will be met,"
and that "taste and odor problems will also be absent."

Response:  It does.  The delisting guideline says "no... shutdowns due to
exceedences of drinking water guidelines..."

74 If the proposed delisting criteria is based on guidelines for
making drinking water use support determinations found in the
"Guidelines for Preparation of the 1994 State Water Quality
Assessments (305(b) Reports)", this should be indicated and these
guidelines should be summarized in the RAP.

Response:  Of course, in Michigan the Rule 57 values are the ones
we use to evaluate water quality.  Ontario has Provincial Water
Quality Objectives.  The Stage 1 RAP went into great detail on these guidelines.  It

would seem to serve no purpose to reiterate them here.  The delisting criteria cannot be based on
anything
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other than what regulates intake closures: these standards.

75 In addition, to the "no treatment plant shutdowns" requirement,
305(b) guidelines consider: whether any "advisories" went into
effect and how long these were in effect; treatment necessary
beyond "reasonable levels"; adverse effects on treatment cost and
the quality of polished water (such as taste and odor problems,
color, excessive turbidity, high dissolved solids, pollutants
requiring activated charcoal filters, etc.) in determining whether
a waterbody is fully supporting, partially supporting, or not
supporting drinking water use.  The RAP should describe how these
guidelines or other "numerical water quality objectives, standards
and guidelines" will be used as delisting criteria.

Response:  Most of these other items were not relevant to St. Clair River when
determining use impairments.  "Added cost" was

a separate impairment, and is dealt with separately.  The determination of the use
impairment was the Stage 1 document; see it if you wish more details.  Standards for all relevant water 

quality parameters must be met before delisting can occur.  They're either met or they're
not; what's left to describe?

76 Page 14.  Objective I - By excluding consideration of drinking
water quality criteria in targeting water quality goals, the RAP
does not meet IJC's drinking water related use impairments delisting criteria, and may be

inconsistent with the obligation
under the GLWQA to strive for virtual elimination within a
philosophy of zero discharge of persistent toxic substances.

Response:  We heartily disagree with you!  We have no where
excluded drinking water quality criteria, or any other water,
sediment or biota quality criteria, for that matter.  Our yardsticks have taken into

consideration standards from all five of the relevant jurisdictions (Michigan, Ontario, both federal 
governments, and the IJC) and chosen the most restrictive or conservative for each

parameter as our water quality goals.
    If anything, we have gone way above and beyond IJC delisting

criteria.  You will also note that our actions include virtual
elimination of all persistent toxics by 2004.  How much more
stringent can we get?  In the event that the wording has been
misleading, the drinking water goals can be reworded, with BPAC
approval.

77 Page 17 and Table 3.2  Numerical environmental yardsticks are
discussed including a listing of specific numerical values.  These
seem to be surrogates for criteria associated with the use
designation.  They should be compared to the MI use designation
values and also to current maximum contaminant levels (MCL) for
drinking water.  Attached is a current list.  The proposed
environmental water quality yardsticks for benzene, 1,2-dichloro-
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ethane, tetrachloroethylene, 1,1,2-trichloroethane, TCE, and
toluene are lower than the MCL.  Where yardsticks provide for
less stringent values than MCLs or fail to include a parameter,
then there should be some consideration of revising the yardsticks
to prevent public health problems or reduce drinking water
treatment costs.  The utility of this recommendation needs to be
assessed in light of local circumstances.

Response:  The yardsticks are a "living" set of criteria in that
it is intended that they will be continually updated to reflect
new information.  If yardsticks are lower than guidelines you are
referencing, it is probably because one of the 5 relevant juris-
dictions has promulgated standards that are lower.  If there are
instances where the yardsticks are less stringent than relevant
guidelines, they will be revised downward to reflect the more
restrictive numbers.

78 Page 54.  This section discussed injection well impacts.  Table 5.1 does not seem to
reference injection well impacts but the

first sentence of the last paragraph concludes that deep well
injection has impacted the freshwater aquifer.  Although this
statement does not seem to be supported elsewhere in the
document, we are very interested in this especially since we
directly implement the UIC program in Michigan.  I do recall some
discussion of potential injection problems from a few years ago in
the Sarnia area, which of course is a Canadian issue.  Please let
me know if there are Michigan UIC issues. 

Response:  There are no known impacts from injection wells in
Michigan.

79 I would also mention that shallow injection well contamination of the ground water is
not referenced.  This is not surprising since

inventories of such practices may not exist for the area.  However, shallow injection of
waste is common, particularly in

unsewered areas (e.g. service station wells, industrial process
wells, stormwater drainage, agricultural drainage wells, etc.).
Typically, shallow injection activity has a much greater potential
to contaminate ground water and perhaps surface water given
hydrologic connections.  Depending on local circumstances, it may
be useful to characterize shallow injection well activity in the
area.

Response:  No known problems.

80 Page 88.  Consideration should be given to monitoring at PWS
intakes, and using this data to make drinking water designated
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use support determinations, discussed in comment No. (74).  This
data could also be used in delisting criteria for drinking water
related use impairments.

Response:  We will consult intake data.

81 Page 89.  Consideration should be given to adding to the listed
research needs: obtaining PWS intake, treatment and treatment
cost data for use in drinking water designated use support
determinations and in delisting criteria for drinking water
related use impairments.

Response:  Agreed for the purpose of tracking improvements towards
delisting.  As noted before, we are past the stage of determination of designated uses.

Comments on yardsticks and Yardstick Document-(22/11/93)

1 Overall the yardstick values look reasonable and should be
protective of both the aquatic biota and the "terrestrial
fisheaters".  In a couple of cases the yardstick is lower than
the detection limit and that needs to be worked out. (30)

Response:  We have modified yardsticks so that they are not
lower than detection limit.

2 The detection limit for benzene appears to be an error (by about
three orders of magnitude--should be similar to that of toluene).
(30)

Response:  Are checking a number of these for accuracy.

3 Just an opinion--but I believe the yardsticks for the volatile
organics are lower than they need to be. (30)

Response:  Using are criteria for choosing yardsticks (the most
stringent of the relevant jurisdictional standards) these are
what we arrived at.

4 Also, hexachloroethane appears to be treated as a VOC when in fact it is not and is
likely to be bioaccumulated in a similar manner as HCBD. (30)

Response:  We are revising the list to reflect current information
on proper classification of substances. (30)

5 In table 3.3 I suggest including the critter that the biota level was measured in.

Response: 



- 100 -

PUBLIC COMMENTS ON THE AUGUST 10, 1994 STAGE 2 RAP REPORT

RESPONSE DOCUMENT - December 15, 1994

LIST OF PUBLIC RESPONDENTS:

1. Scott Munro - LIS, Sarnia
2. Patricia Troy - BPAC
3. John Jackson - International Citizens Network, Kitchener
4. Maureen Hein - MDNR, LWMD
5. Jennifer Stoner - c/o Lambton College class of '94
6. Marty Hendges - MDNR
7. Bob Allen - Dow
8. Bud West - Polysar
9. Nardia Ali - Env. Can. EPOR
10. Dale Luecht - U.S. EPA
11. Willy Gelevan - Esso Sarnia Refinery
12. Kim Conrad - SW Training Centre c/o Lamb. Coll. Env. Tech. Prg.
13. Mike Williams - Walpole Island First Nation
14. Douglas Ehorn - U.S. EPA

General Comments

1)  The Executive Summary of the Stage 2 RAP report, Water Use Goals Remedial Measures and
Implementation Strategy States the overall objective of the RAP - " ... RAP efforts have been focused on
finding solutions to these problems in order to restore beneficial uses."  Industry and other stakeholders
must be able to look to the Stage 2 report as a vehicle that identifies what is required and offers a sense
of priority to the actions needed to delist the St. Clair River.  Industry is committed to the delisting of this
area.  Remedial actions and the progress shown in improving water quality at our outfalls and in the river
over the last 10 years is clear, measurable evidence of this commitment.

In order to accomplish the objective of restoring beneficial uses, the actions identified in the Stage 2
report must be clearly linked with the beneficial use that will be restored.  For example, eliminating spills
can be linked to restoring the continuous availability of a drinking water supply - a readily supportable
action resulting in delisting an impairment.  Other actions identified are far less clearly linked to the
restoration of beneficial uses.  The issue is not of the merit of the action; rather, of setting appropriate
priorities.  If actions are not clearly linked with the removal of an impaired use, the risk is that limited
resources will be focused on areas on marginal benefit - in effect making the objective, the delisting of the
St. Clair River, unnecessarily complicated and far more difficult to achieve.  Many of the action items
identified in the draft Stage II report fall into this category.  Two examples are offered:
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i) Phosphorus emerges as a priority for action at a number of sites, both municipal and
industrial, yet it is not linked to an identified impairment.  In fact eutrophication is not an
impaired beneficial use in this AOC.

ii) Hexachlorobenzene emerges as a high priority, based on a modelling exercise that
predicts a marginal exceedance of its Yardstick value over a tiny area.  Current discharges
total about 2 grams per day, with analyses near detection limits.  Again, there is no linkage
of current discharges to identified impairments of beneficial uses of the river.(1)

Response: RAP Stage 2 developed jointly by BPAC, RAP Team and invited experts was produced
with a number of underlying assumptions clearly identified and agreed to early on in the
process by all participants.  Some of these assumptions and criteria for developing the
Stage 2 Report included;

• First and foremost to consider the St. Clair River area of concern as an
ecosystem and to establish recommendations sensitive to the various
components of the ecosystem;

• The consideration of not only point source discharges but all sources to the
area of concern and their impact individually and collectively on the
receiving environment;

• The establishment of prioritized actions for individual media (ie. sediment,
water and biota) and the establishment of overall priorities for the RAP
using a multi-media approach;

• Adoption of the "80:20" approach whereby efforts are to be focused on the
20% of sources responsible for 80% of the impact;

• The adoption of numerical environmental standards or "Yardsticks"
sensitive to the needs for protection of the St. Clair River using an
ecosystem approach and not based on geographical or jurisdictional needs
or differences;

• The use of quantitative cause effect numerical models as well as a robust
ranking scheme to establish and verify priority sources.

The examples which the reviewer suggests makes delisting of the St. Clair River
"...unnecessarily complicated and far more difficult to achieve" do not convey this
message.  In the first example phosphorus is identified as a priority for action however
information at this point is not suggesting reductions are imminent or necessary at all
locations.  It should be noted that the reported Yardstick for phosphorus is in error and
should be 20 ppb not 10 ppb since the detection limit (routine) is 20 ppb.  Since this
material is classified as non-persistent and non-bioaccumulative (non-toxic) the action
requires Yardsticks be met at the edge of the mixing zone.
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Phosphorus was listed because of "...exceedances of guidelines established for the
concentration of chemicals in sediment, biota and/or water".  In the case of phosphorus,
guidelines for water and sediment were both exceeded as reported in the stage 1 report. 
If present conditions suggest that phosphorus meets both the water and sediment quality
yardsticks by the edge of the mixing zone (as determined by modelling and/or monitoring),
phosphorus will not be an impediment to delisting. 

With respect to hexachlorobenzene, if modelling and/or monitoring suggests that
yardsticks are being met at the end of pipe by the year 2000 we will have accomplished
our goal.  The gap between what is discharged vs. what is acceptable will need to be
further discussed however the overriding principle is the action required to achieve virtual
elimination of persistent and bioaccumulative substances by the year 2004.  The "marginal
exceedance of its Yardstick value over a tiny area" is not correct.  Figure 4.2b contained in
the report reflect "projected loadings" originally provided by LIS and subsequently
modified.  While modelling based on the revised loading was able to be completed, the
GIS output could not be done in time for the report.  Modelling suggests that in fact the
zone where the HCB Yardstick is exceeded is 2.9kms downstream of the Dow 3rd st.
sewer and .18km downstream of the Corunna WPCP.  Figure 4.2b will be updated or
replaced by another example in the report.  HCB levels in sediments are orders of
magnitude above the sediment yardstick and at or above levels determined for biota and
high consumer levels.  In the final analysis, current loadings may be at BAT but still
exceed water quality Yardsticks for a relatively small zone.  RAP participants will need to
determine if given limited resources it is better to achieve virtual elimination at the outfall or
remediate contaminated sediments (recognizing the limitations therein).  A further case
could be made that the HCB Yardstick be set at 0.001 ppb instead of 0.0001 ppb since the
standard MDL is 0.001 ppb in the case of MOEE labs (see attached revised yardsticks
document).

The following changes will be incorporated into the stage 2 report in order to address the above comments:

Insert on page 1:  first par.:  following first sentence

The Stage 1 RAP identified current environmental conditions including trends through
time. Impairments were identified, however, one of the more significant findings was the
substantial improvements in environmental quality which had occurred particularly over
the last  decade.  These improvements have largely been the result of regulatory or
voluntary initiatives on the part of local industries and municipalities in Ontario and
Michigan and in particular, petrochemical facilities located in the Sarnia/Lambton area.

Replace 2nd sentence with:

Since  release of the Stage 1 report, RAP efforts have been focused on finding solutions
to the remaining problems and prioritizing actions in order to restore beneficial uses.
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Insert following 3rd sentence
In some cases, the remedial and preventative actions are not fully developed in this
document.  In those instances, the next steps that will be taken to develop the preferred
remedial actions are outlined in the report.

Where conclusive information is lacking, actions listed in this document will be further
evaluated for their linkages with identified impairments and prioritized in light of
competing environmental initiatives and expected benefits to the St. Clair River and
surrounding environment.

The next step in the RAP process will focus on:

• prioritizing actions that will clearly lead to removal of impairments;

• obtaining commitments (including funding) from those responsible and proceed with
 carrying out the priority actions listed in this document; and

• further refining plans for those areas where the remedial actions have not yet been
fully developed.

RAP participants have attempted to prescribe actions for delisting of the St. Clair River as
an Area of Concern.  Some actions may yield greater environmental benefits and would
receive a higher priority in committing limited resources.  The RAP is principally
concerned with restoring impairments to beneficial uses and as such will prioritize these
actions while promoting other actions which will further improve environmental
conditions in the area.

Insert at beginning of sections 4.4; 5.3; 6.4 and 7.3 the following:

The following actions are to be completed in accordance with the principles and priorities as
outlined in the Implementation Strategy described in Section  10.2. 

Insert at the beginning of each action in section 4.4:  "Contingent on emerging information
and RAP priorities,...."

Insert in section 10.0:

Where conclusive information is lacking, actions listed in this document will be further
evaluated for their linkages with identified impairments and prioritized in light of
competing environmental initiatives and expected benefits to the St. Clair River and
surrounding environment.

The next step in the RAP process will focus on:
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• prioritizing actions that will clearly lead to removal of impairments;

• obtaining commitments (including funding) from those responsible and proceed with
 carrying out the priority actions listed in this document; and

• further refining plans for those areas where the remedial actions have not yet been
fully developed.

RAP participants have attempted to prescribe actions for delisting of the St. Clair River as
an Area of Concern.  Some actions may yield greater environmental benefits and would
receive a higher priority in committing limited resources.  The RAP is principally
concerned with restoring impairments to beneficial uses and as such will prioritize these
actions while promoting other actions which will further improve environmental
conditions in the area.

Insert in Section 10.2, the following:

As described in the Stage 1 Report , Stage 1 addendum and herein, completed and
ongoing actions in the Area of Concern have resulted in substantial improvements to
environmental conditions.  Further actions are necessary to delist the St. Clair River as
an Area of Concern and it is these actions which must be implemented or initiated
before the end of the decade. 

Because of the progress which has been made, further improvements will be more difficult
to predict and measure.  In some instances the RAP is dealing with the last 10% of a
problem with upwards of 90% reductions in industrial point source discharges of
contaminants to the river already achieved.  In this regard, the RAP will need to focus on
establishing a linkage between sources and impact in the environment.  To this point ,
some source actions can be definitively linked to restoring impairments of beneficial
uses while others cannot.   Priority in the short term will be given to implementing the
former, while further evaluation of these latter actions will be necessary in order that
their priority for action and commitments can be determined.  It is important to
acknowledge however that the state of environmental science cannot definitively
establish in all cases a strong cause-effect linkage.  The RAP, through consultation with
experts and stakeholders has and will through lines of evidence, promote actions which
although not directly linked to an impairment are expected to yield environmental
benefits in the St. Clair River and watershed.  These actions will be prioritized against
other actions where either strong or no cause-effect linkages can be established.

2) The agreed to and stated purpose of "Yardstick" values is to be tools to help
progress.  Although the text of the Stage 2 report identifies that purpose, Yardstick
values are used as though they were "delisting criteria".  The concern with this
approach is that is offers no guarantee of, and possibly no connection with, helping
to achieve the delisting of the River.  Using Yardstick values may be appropriate for
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setting laudable long term goals, but the priorities for the RAP goal - the removal of
impairments to beneficial uses - may becomes skewed.  Placing the focus on the
Yardstick value to be achieved does not provide the needed direction as to which
compounds or sources would be the higher leverage areas to delist the River.  The
Yardsticks may have a role in helping focus on the largest gaps - which compounds
are furthest from the Yardstick values -  but should not be treated as the criteria to
be attained.  The priority setting exercise followed by the Point Source team, using
the Yardstick as a guide, was a valuable first step.  The exercise needs to go a few
steps further before setting priorities for the river. An integral part of the team's
model was to be a "reality check" - do the results make sense?  The point source
work was not lined to impairments, nor to other influences on the river.  Those
linkages were to be the reality check, the opportunity to ensure that remedial actions
were in the appropriate priorities.  That essential step in the process remains to be
done, and we would be pleased to assist in its completion. (1)

Response:As stated in the Stage 2 report " The purpose of developing these
Yardsticks" is two fold..."Yardsticks will assist in measuring
progress towards achievement of our goals and objectives in the
mid to long term period.  In the shorter term, "Yardsticks" will
assist efforts to measure potential impact from existing sources
and assess the need for additional remediation".   The suggestion
that Yardsticks offer no "guarantee" of delisting the river may
indeed be correct.  No credible scientific investigator would offer a
guarantee of this nature.  The Yardsticks are however directly
related to at least five of the nine use impairments and delisting
guidelines for these use impairments.  By meeting Yardsticks,
these five which are considered impaired because they exceed
guidelines/standards or objectives will indeed be delisted.  The
suggestion by the reviewer that the "point source work was not
linked to impairments" is not correct.  An evaluation of use
impairments, associated contaminants and associated sources
was undertaken and extensively reviewed by members of the
Point Source Task Team, RAP Team and BPAC.  This
information was further used in the ranking methodology
employed which considered the number of uses impaired in
determination of the parameter impact score (ie. ranking).  The
ranking procedure was determined to be robust and sufficient to
meet needs of the Point Source Task Team by means of a
sensitivity analyses conducted by the reviewer.  It is
acknowledged that the establishment of a cause effect
relationship poses a difficult task for any scientific investigator. 
The RAP process was sensitive to this early on and paid particular
attention to the need to be as quantitative as possible in
determining specific cause effect relationships.
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As the reviewer is also aware the battery of tests used to assess sources and
their impacts included detailed modelling which has been and continues
to be used as a validation of conclusions drawn through other
complimentary assessment techniques.

The need to develop Yardsticks was precipitated by goals and objectives which
could not be easily measured.  The two fold purpose identified in the RAP
for developing Yardsticks prompted the establishment of a Yardstick sub-
committee.  As the reviewer will know this sub-committee took great
pains to develop Yardsticks which were sensitive to and satisfied the
needs of all those on the committee.  As stated by the committee,
Yardsticks will need to be changed as new information becomes available
and will be continually reviewed against available
standards/guidelines/objectives.

In summary various RAP/BPAC sub-committees charged with developing
Yardsticks and source recommendations have previously considered all
of the issues identified by the reviewer.  For an 18 month period these
issues were dealt with in a sensitive nature and a specific approach taken
consistent with the requirements of the Stage 2 RAP.  This approach has
previously been reviewed and agreed upon by the Yardsticks
Subcommittee; RAP team and BPAC at workshops in Oct. '93 and April
'94, Point source task team and following reviews by a technical advisory
committee, COA steering committee and special committee meetings as
requested.  Unless new assessment techniques or technologies have
arisen over the last several months which may dramatically alter the path
taken by these sub-committees, it is the position of the RAP Team that
their collective decisions be respected.

3) The report contains internal inconsistencies, particularly among Tables 1.2, 4.4 and
10.1.  For example Table 1.2 includes bullet points for industrial and municipal action
to "virtually eliminate all contaminants from discharge".  Tables 4.4 and 10.2,
correctly, do not imply this action.  There are additional similar inconsistencies
resulting from condensations of detail chapters into short bullets.  These require
resolution if Table 1.2 is to be the accurate, helpful summary it is intended to be. (1)

Response:With respect to the example sited Table 1.2 will be changed to ensure
that this refers only to persistent and bioaccumulative substances.

4) Other internal inconsistencies are related to technology, an issue that requires
resolution in order to ensure that all parties are supporting the same objectives, For
example, Table 4.4 correctly lists benzene as non-persistent and non-
bioaccumulative, whereas on page 22 it is implied to be both, although the quoted
reference does not support that implication.  Definitions are important - incorrectly
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identifying a substance as bioaccumulative and persistent may alter priorities for
action. (1)

Response:Following lengthy discussion and consultation with standard setting
experts benzene was identified for RAP purposes as non-
persistent and non-bioaccumulative (potentially toxic).  It was
suggested however that benzene may be persistent particularly in
sediments and if monitoring suggests such, recommended action
would require that Yardstick be achieved at the end of pipe.  For
purposes of the Stage  2 report however the paragraph on page
22 will be modified to read"....several additional parameters
known to occur in the St. Clair River have been identified in
Ontario's Effluent Monitoring Priority Pollutants List (EMPPL) as
having one or more of the following characteristics:   persistence,
potential to bioaccumulate and potential acute and sublethal
toxicity to biological organisms including humans".

5) The main items missing in this document are the commitments from the responsible
parties to carry out the actions that we recommend.  Our work during the rest of this
year should focus on obtaining definite commitments to carry out these actions. 
This list of commitments should then be added to the Stage 2 RAP before it is
submitted to the IJC.(3)

Response:Agreed.  Varied commitments received prior to submissions to the IJC
based on our current schedule, will be incorporated.

6) We also should spend the rest of this year completing some of the areas where we
simply have plans to work out action plans.(3)

Response:Agreed.

7) The descriptions of regulatory programmes are not particularly useful because there
is no assessment of the extent to which they will help us achieve our goals.  The
regulatory section in each chapter should be reduced to include only an assessment
of how well they will contribute to achieving our goals.  The actual descriptions
should be put into the appendices.  Over a tenth of the body of the Stage 2 RAP is
dedicated to these descriptions of regulatory programmes; they don't merit this much
space.(3)

Response: It has been recognized by the RAP Team and BPAC that the inclusion of
a brief description of regulatory programs is necessary to provide
a framework for how goals and objectives are to be met.  In many
cases at this time, it is difficult to tie specific pieces of regulation
to individual goals and/or objectives.  It is viewed as important that
this information be contained in the Stage 2 report.  As the
reviewer is aware, the RAP is largely based on negotiated
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agreements based on consensus; however, regulations as
presented do provide a degree of protection which may ultimately
be sufficient to achieve our goals and objectives.

8) In some cases, no cleanup and prevention plans (or only very minimal ones) are
stated.  This is particularly true for non-point sources and contaminated sediments.
(3)

Response:Agreed.  To the extent that clean up plans and/or commitments can be
secured.  They have been described in the body of the report. 
With respect to contaminated sediments before a clean up plan
can be actionable, the current sediment characterization studies
must be completed.  With respect to non point sources the RAP
will rely heavily on utilizing existing governmental programs to
abate non point source pollution through making the agencies
aware of RAP priorities.

9) In many parts of the report, those who are responsible for carrying out the actions
are not specified.(3)

Response:Agreed.  This is indicated in as much detail as possible throughout the
report and particularly in Chapter 10 and Table 10.1.  As
commitments are secured these will be identified in RAP updates.

10) The report does not include the commitments from those responsible for carrying out
the various actions listed in the plan.  This is absolutely essential for the successful
implementation of our RAP.

Response:See response to General Comment #9.

11) Point Source: 

Municipal sources require stronger reporting requirements and spill definitions.(5)

Response: It is anticipated that stronger reporting requirements and spill definitions
will be expected as part of the pending MISA Municipal Initiative.

Municipalities require encouragement to delist by year 2000.(5)

Response:Agreed.  The cities of Sarnia and Port Huron are being encouraged
through the RAP and respective agencies to reduce/eliminate
combined sewer overflows within a prescribed timeframe and as
near to the year 2000 as possible.
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Overall detail and completeness of point source section was very good, since this is
a well defined topic.(5)

Response:Agreed.

The overview was one that municipalities should now be more responsible to the
challenge of delisting.(5)

Response:Agreed.  See response above.

12) Habitat:

The general objectives versus human consumption appeared to be unattainable in
the time suggested.  The persistent toxic substances will eventually be removed or
flushed from the system, without intervention.(5)

Response:Do not agree.  While the reviewer may be correct that the elimination of
persistent toxic substances from the food chain by the year 2000
may be somewhat optimistic, without source control and
remediation these materials will not be removed from the system.
 It is not appropriate to promote "flushing" of materials down river
as this simply transports the problem from one area to another. 

12a) Table 1.2 Page 13.  The chart shows that EPA is responsible for wetlands
legislation.  We clearly share this with the Corps, Fish and Wildlife, Soil Conservation
Service.  Changes in the law may not be forthcoming for some time.  Also, we are to be
reminded that the State assumed the program and they run most of the wetlands
program.

We at EPA do not have a mandate to run a habitat restoration program.  We are
enablers and encouragers. (14)

Response:We will include U.S. Army Corps of Engineers, U.S. Fish and Wildlife
Service and the Soil Conservation Service in this shared
responsibility.  We understand changes in legislation may take
time, but heartily encourage that they be expedited.  Although
MDNR administers the wetlands program, we are still restricted to
laws and guidelines promulgated by the federal government, and
have little latitude to exact the changes we feel are necessary. 

EPA is included specifically for the "encouraging and enabling" (i.e. funding and
advice) responsibilities, as only one partner in a multi-entity habitat
restoration and protection initiative.

13) Non-Point Sources:
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Page 72, It was unclear what purpose the action dates served, whether they were
starting or completion dates.  In any event, some of these did not seem attainable. 
In addition, some actions were not dated, does this mean they have been
implemented?(5)

Response:Dates indicate completion dates except in circumstances where it
indicates a start date and "ongoing".  The dates indicated are
certainly challenging however the RAP and BPAC collectively feel
they are attainable and indicate priority for action.  Actions which
are not dated reflect ongoing activities.

It was felt that some actions should be implemented now, not in years to come. 
There was a concern about public education.(5)

Response:Agreed.  It is the intention of BPAC in implement actions as soon as
possible however in light of limited resources these must be done
in a priority sequence.  In some cases also from the technical
point of view it makes sense to conduct activities in a particular
sequence so that each one compliments activities which follow. 

14) Section 6 - Sediment:

The year 2000 stated as the goal deadline for eliminating certain contaminants from
sediment may not be realistic since a lot of the remediation methods available are
not yet proven technology.  Before any remediation work is initiated, the inputs of the
contaminants should be discontinued or appropriately regulated, so that the clean-up
does not become an endless, repetitive process.  The monitoring and reporting
systems to be included as part of the Sediment Action Plan shown on Page 82,
should be developed prior to implementation of the remediation measures.  This will
ensure that all stages of the process are recorded.  The lowest risk remediation
measures and proven technology should be used where possible.  Chemical
injection methods present the risk of new contaminants being created and as such,
should be implemented cautiously with careful and detailed monitoring.(9)

Response:Agreed.  Monitoring and reporting with respect to sediment is identified in
Chapter 9 Section 9.2.3, 9.3.4 and 9.3.5. 

15) Section 7 - Habitat:

The importance of existing, functioning wetlands in natural detoxification process,
and as habitat for sensitive life stages of aquatic organisms is well noted in the
report.  Canada and Ontario should develop regulations that will permit acquisition
and protection of valuable habitat areas that may be lost because of past
development approvals.  The Department of Fisheries and Oceans and the Ontario
Ministry of Natural Resources as the other agencies involved in administering the
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habitat protection provisions of the Canadian Federal Fisheries Act in Ontario,
should limit approvals for infilling and steel breakwall construction.  These shoreline
works affect natural water circulation and further degrade the nearshore habitat.(9)

Response:Agreed.  Discussions are currently ongoing with Environment Canada
respecting habitat rehabilitation projects which may impact water
levels.  These discussions involve the Ontario Ministry of Natural
Resources, Michigan Department of Natural Resources and the
U.S. Army Corp of Engineers.

16) Overall the measures proposed for remediation of sediments and habitat appear
adequate and we hope that they can be implemented in the near future.(9)

Response:Agreed.

17) In the report, there is no mention of quality assurance issues.  Any RAP is expected
to be around for several years, requiring consistency in its environmental data
collection efforts, i.e. sampling procedures, analytical procedures (chemical,
physical, biotoxicity, etc.) and data handling (i.e. reporting, validation and other
assessment).  The Quality Management Plan (QMP) and Quality Assurance Project
(QAPPs) is the proper place where these issues should be addressed.(10)

Response:The individual projects describe quality assurance/quality control issues. 
While the RAP makes every effort to ensure environmental data
collection efforts are consistent within and between agencies and
private organizations this is a very difficult task to accomplish. 
Typically one agency or organization is involved with ongoing
activities in a particular area (e.g. sediment sampling) whereby
data collected over the years are comparable and can be used in
assessing trends.  Date comparisons between agencies and
organizations are less comparable and qualified as such in the
report.  Where cooperative efforts are undertaken these issues
are addressed in the project planning phase.  With respect to
future monitoring, we would very much like to have a
comprehensive long-term program to ensure useful and
meaningful data.  Should funding for this sort of monitoring
program be forthcoming, we would be delighted to develop a
QAPP.

18) The document provides good information on remedial actions already taken by the
principal dischargers and, where available, gives the associated costs.(10)

Response:Agreed.

19) It recommends further actions and identifies responsible parties and target dates for
completion, but does not estimate costs or identify potential funding sources.  It
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simply states that funding will be borne by the "responsible agencies" (including
U.S. EPA).  We note that the responsiveness summary to the previous draft
indicates that this information is not currently available and will be included in
subsequent versions of the plan as it is developed.  We suggest that the prospect
of implementation would be enhanced if the designated implementing agencies had
more definitive information as to the amount of funding that should be requested for
this purpose.(10)

Response:Agreed.  Where possible these figures, especially with respect to public
expenditures will be identified in the final Stage 2 Report.  More
detailed information will be included in subsequent updates and
will be a priority action in the near future.

20) A stipulation is required to ensure that sediment remediation is completed so that
development of a wetland on the west side of Stag Island will not be affected by the
priority 1 zone on the east side of Stag Island.(12)

Response:Any sediment remediation activity regardless of its location will be
conducted in a manner which will not contaminate adjacent or
down stream areas.

21) In order to determine if the actions are adequate/appropriate our group would have
required more information, i.e.  a) Stage 1&2 documents; b) Time to study the
documents in order to form a "Knowledgeable Opinion", we feel that the sediment
problem is one of the most complex of the issues.(12)

Response:Agreed.  Stage 1 and 2 reports are available upon request.  Any input
from the reviewers would be appreciated following a review of
these reports. Your participation on the sediment sub-committee
and/or other committees is welcomed.

22) We find the actions to be clearly stated.  We are concerned about the timing of
remediation actions and stress the need for communication between the
responsible groups.(12)

Response:One advantage of the RAP is that it takes an "ecosystem" approach" and
encourages communication between responsible groups such that
activities are conducted in a logical and sequential fashion.

23) We like the objective of cleaning up the sediment by the year 2000, although we feel
that the goal is slightly optimistic.(12)

Response:While the action may be optimistic for completion it is our intention to
begin sediment remediation activities well before the year 2000.

24) Point of Concern:
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- Degradation of Fish & Wildlife
- Restrictions of Fish & Wildlife Consumption
- Bird & Animal Deformities
- Degradation of Benthos (12)

Objectives:

A) Human Consumption - Unrestricted by 2000
- Unrealistic goal
- Contaminated Fish & Food sources remain
- 2015?  More realistic
- Allows time for physical & biological removal of contaminants (12)

Response:See response to General Comment #12.

B) Wetland/Aquatic Habitats
- Good in principle, unclear methods, i.e. Stag Island is full of cottages & targeted

as a prime wetland preservation/expansion area.
- Dollar not address for land reclamation (12)

Response:The project for Stag Island involves enhancement of the south and west
portions of the island. Cottages are primarily in the north east
portion of the island.  Detailed methods for rehabilitation are
contained in the Ontario Ministry of Natural Resources "Candidate

Sites for Habitation Rehabilitation - 1993" report.  The cost for land reclamation
are very important considerations and certainly apply to acquiring private
lands and for capital cost for reclamation.  Activities within the area of
concern are being conducted as part of the St. Clair Sydenham Habitat
Management Plan and involves numerous partners some with technical
expertise others with funding capabilities.

C) Ecosystem Improvements
- MISA works for this goal
- Specifies diversity - concentration on native stocks? (12)

Response:MISA will work to a certain extent in achieving this goal however RAP
actions are based on an ecosystem approach not based on
technology.  With respect to species diversity it is RAP's intention
to improve and increase habitat to provide opportunities for
increased species abundance and diversity.

H) Exotic Species
- Control involves more than St. Clair River, i.e. Lamprey, Zebra are too wide

spread for local control to be effective.
- Most control methods are not beneficial to ecosystems as a whole, i.e. Poisons

are not Zebra Muscle specific.(12)
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Response:The RAP intends to promote the need for basin wide regulations which
will minimize the introduction of exotic species to the Great Lakes
as a whole.  In addition the RAP will promote local activities which
can minimize the spread of exotic species to other points in the
Great Lakes Basin.  It is recognized that without a concerted effort
throughout the Great Lakes Basin little can be done within the St.
Clair River area of concern to have a significant effect.

25) The Stage Two report of the St. Clair River Remedial Action Plan appears to bea
comprehensive document fulfilling its intended purpose.  There are specific sections
and comments that the Walpole Island First Nation cannot agree with however. 
More will be covered later in this review. (13)

26) Due to time constraints this review was made without taking the nine appendices
into account.  Careful consideration was made in regards to Walpole Islands stature
as an independent nation, equivalent to the U.S. and Canada.  Further to that, it
would be beneficial for the Walpole Island First Nation to deliver a discussion or
position paper on what we believe are our rights and obligations to the St. Clair
River. (13)

Response:  We would welcome this input.
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Specific Comments:

1. Cover Pages Canada and Ontario are listed at the bottom.  From Michigan, only the
DNR is listed.  There is an inconsistency here.  If the plan is supported by the
governments on one side of the river, is it not supported by the governments on
the other as well?(2)

2. Title Page We are very disappointed to see that the US EPA is not listed as a partner in
this RAP.  The two Federal Governments signed Annex 2 of the Great Lakes
Water Quality Agreement, which provides for RAPs.  Therefore, they should take
a primary responsibility for the RAPs.  Canada is shown on the title page, for
example, as being a partner, but the US EPA is not.  This situation is not
acceptable.(3)

Response: This issue has been discussed and addressed in              Stage 1.

3. Section 1.1 Page 1 - first paragraph, omit "In the interest of keeping this
document a manageable length, one which people would be inclined to read". (2)

Response: Agreed. 

4. Page 1 - paragraph four, suggest the wording "Atmospheric inputs also contribute to
contamination...".  Also I think that this paragraph needs to mention the
atmospheric deposition to Lake Huron.  The paragraph calls for evaluation of the
effects of atmospherically derived contaminants; we also need to have better
knowledge of the presence of these contaminants. (2)

Response: Suggest leaving wording as is, but to add that atmospheric deposition
to Lake Huron may be responsible for some contaminants
identified in the previous paragraph.  Suggest changing the word
"effects" to local "presence/distribution".

5. Page 3 - first sentence, change the word "several" to "four".(2)

Response: Agreed.

6. Page 3 - first paragraph, last sentence, the entire sentence is wishful thinking.  I'd
like it to be true, but I think the sentence should be omitted.(2)

Response: Disagree.  The fact that agreement can be secured from a group as
diverse as the RAP Team and BPAC is a major milestone towards
the success of implementation.

7. Page 3, Column 2, paragraph 3 - Empty space between "Eliminate" and
"adverse".(8)



-116-

Response: Agreed, change will be made.

8. Page 3, Column 2, paragraph 4 - Empty space between "Eliminate" and "spills" -
Also remove word "and" at the end of the paragraph.(8)

Response: Agreed, change will be made.

9. Pages 3-4 beginning with "Some beneficial impairments..." through to "...ingestion,
inhalation, and skin contact."  Why is this discussion here/  I don't think this is the
appropriate place for this information. (2)

Response: Agreed.  Section will be deleted.  Details contained in Section 3.4

9.(a) 1.3 Page 3 -  Walpole Island disagrees with 'The implementation of
recommended actions thus is supported by all stakeholders which will
certainly enhance the success of the remediation and cleanup of the St.
Clair River AOC'.  This is assuming that the RAP considers Walpole
Island a stakeholder, something Walpole Island doesn't consider itself. 
Walpole Island was not represented on all four Task Teams nor the RAP
Team and therefore, were not directly involved with developing many of
the actions proposed in Stage Two.  Walpole Island does not have the
technical experts on staff to review all documents produced in the
required time frames.  We therefore find it impossible to support the
recommended actions.

Response:  We recognize that, like any multi-faceted effort of this magnitude,
situations will be continually arising which require discussion and development of
consensus.  However, to date, we have had no unresolved dissension on the
document by those actively participating in the process.  We respect that
residents of Walpole may not see eye to eye on certain aspects of this
document, but hope that, in general, most of the recommendations would be
supported.  Where proposed actions are not fully supported we encourage active
participation in the refinement and implementation of clean-up and protection
activities.

10. Page 4, Column 1 - Second line from bottom - spelling?  "interative"(8)

Response: Correct, change will be made.

11. Page 4, Column 2, Line 11 - "The highest priority sources...based on this ranking
process were determined to be:

Polysar - Benzene:  Oil & Grease; Phosphorus."(8)
Based on the above evidence, Benzene should be removed from Polysar's

contribution.(8)
Also, since there is no numerical yardstick for oil and grease (see below), an impact

score for this parameter cannot exist.  Therefore, the reference to Oil and
Grease should also be removed.(8)

Response:
The reviewer is correct in that based on modelling benzene does not exceed the

water quality yardstick at any point in the river.  It is listed on page 4 because it
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ends up with a rank score of 14.5 based on loadings yardstick relative to
mercury and associated impairments of beneficial uses.

Yardstick sub-committee discussions regarding benzene have tentatively identified it
as non-persistent and non-bioaccumulative with the caveat that if monitoring suggests that it is persistent in
sediments (modelling predicts steady state sediment concentrations ranging between 29.6 and 140 mg/g in
sediments the Yardstick will need to be met at the end of pipe.  Until ongoing monitoring confirms that indeed
benzene is not persistent in sediments, it is recommend that this remain in Section 4.4.  With respect to oil and
grease the impact score is based on numerical yardsticks for oil and grease in sediments.

12. 1.5 Page 5, second paragraph, as Lake Huron is a major contributor of
contaminants to the river it should not be parenthetical.  lake Huron is, after all, a
major non-point to the St. Clair River.(2)

Response: Agreed.

13. Page 5, last paragraph, reword: "In St. Clair County, Michigan, nine...".  The words
"in St. Clair County" can then be eliminated from the last line on this page.(2)

Response: Agreed.

14. Page 5, Column 1, Line 28:  Executive Summary - states - "As a result of the
(KETOX) modelling, those sources which were found to contribute to
exceedances of yardstick values based on the Stage 1 Update loading scenario
are:

Polysar - Benzene:  This statement is incorrect.  Table 4.3, Page 55 in the body of
the report shows that Polysar does not exceed the yardstick value for Benzene in
the Stage 1 Update column.  Indeed, on Page 52, Table 4.2, it is shown that the
overall yardstick for Benzene of 6.6 is not presently exceeded.  Further on this
page, it is stated that "...four of the priority sources have demonstrated
significant loading reductions since the Stage 1 report was released (i.e. not
contributing to exceedances - Mercury at Ethyl, Cadmium at Port Huron WWTP,
Benzene at Polysar, and Cadmium and Lead at Sarnia WPCP)."(8)

Response: Agreed.  Reference to benzene exceeding the yardstick value will be
deleted from page 5.  See also response to Specific Comment
#11.

15. Page 6, second paragraph, last sentence, who recognizes this need?  Can we
explain this better?(2)

Response: The statement is intended to indicate that the RAP has highlighted
the need to consider the area on a watershed basis.  Suggest
changing the sentence to read "Local non point source control
activities and the importance of watershed assessment have
accelerated as a result of the RAP (eg. CURB Program).

16. Page 6, first column, last paragraph - Novacor Chemicals is listed twice.  Since
Novacor has a couple of locations, you should list the location (i.e. Mooretown,
etc.).(10)

Response: Agreed.  Second reference to Novacor will indicate (Corunna).
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17. 1.11 Page 8, states that the table lists anticipated completion dates, but  the
table does not.  Please include this information on the table.(2)

Response: An earlier draft of the table did include completion dates.  This
information is now contained in Table 10.1.  The reference to date
will be deleted.

18. 1.2 Page 9, replace "(not bioaccumulate)" with "non-bioaccumulative".(2)

Response: Agreed.

19.  Table 1.2 Page 9, storm sewers and CSOs are not agencies or facilities. 
Responsibility for these sources should be specifically assigned to the
municipalities.(2)

Response: The section will be changed to read "Municipalities with storm sewers
and CSOs".

 
20.  Table 1.2 Page 9, fourth section - "All Point Sources, Industrial and Municipal" states

"Relevant point sources will eliminate all discharges/leachate to the Cole Drain." 
Some companies discharge used once-through cooling water to the Cole Drain. 
We suggest that the statement be revised to read "Relevant point source will
eliminate all discharges/leachate except once-through cooling water to the Cole
Drain."(8)

Response: Bullet will be modified to read "Relevant point sources will eliminate all
contaminated discharges/leachate to the Cole Drain. (Once
through cooling water excepted)."

21.  Table 1.2 Page 10, fourth section - "RAP Team" states "Develop a means to define the
impacts of point source discharges to the atmosphere."  We know that
transportation is a major source of some of the yardstick substances.  We
suggest that a similar statement be established for non-point sources in the Non-
Point Source section. i.e. "RAP Team" - "Develop a means to define the impacts
of non-point sources to the atmosphere."(8)

Response: Agreed.

22.  Table 1.2 Page 10, perhaps responsibility for reducing use of road salt and seeking
alternatives should go to local units of government.(2)

Response: Agreed.  A statement regarding reducing the use of road salt and
seeking alternatives will be added to local governments and the
province as well.

23.  Table 1.2 Pages 10 & 11, gives responsibility for developing watershed/subwatershed
management plans to OMEE, MDNR, OMNR, USDA, SCS, EPA and
Environment Canada.  Rather than being scattered about, combine these into
one bullet as an encouragement toward cooperative planning.(2)

Response: The suggestion has been incorporated in Table 10.1 (page 109).  The
purpose to Table 1.2 is to identify actions for individual
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agencies/facilities whereas Table 10.1 identifies agencies or
facilities responsible for a particular action and includes a
completion date.  Local governments will also be included as
responsible parties for development and implementation of
watershed plans.

24.  Table 1.2 Page 11, identified Homeowners as responsible for several actions; these
actions should be the responsibility of everyone whether or not they own a 
home.  In the last bullet under this section, omit the words "through programs
and education".  The programs and education are important actions for the RAP,
but are not the responsibility of individuals.(2)

Response: Agreed.  "Homeowners" will be changed to read "residents".

25.  Table 1.2 Page 12, does Conservation Agencies refer to government or private
groups?  Can we be a little more specific here?(2)

Response: Both.  This is inclusive of Regional Conservation Authorities and other
Conservation Agencies (public and/or private) who are willing to
participate. (eg. St. Clair/Sydenham Regional Habitat
Management Plan).

26.  Table 1.2 Pages 13 & 14, when does RAP and BPAC responsibilities fold over into
Implementation Committee and Accountability Committee responsibilities?(2)

Response: The reviewer is correct in fact the RAP Team and BPAC should in
fact be referred to with their new names (to be determined). 
Implementation Committee and Accountability Committee or
equivalent.

27.  Table 2 Page 9,  first section, second column, fifth line - "(Not bioaccumulative?"(8)

Response: See response to Comment #18.

28.  Table 2.2 Page 24, first row, third column, WWTPs are listed twice.  Perhaps you
meant to list WPCPs.(2)

Response: Correct.  Change will be made.

29. Page 26, second paragraph, 0.000118kg/day is awkward.  I suggest either
0.118g/day or 118mg/day.  This paragraph discusses inputs from Ontario
tributaries.  Why is there no corresponding description of inputs from Michigan
tributaries?(2)

Response: The use and selection of units has been the subject of many lengthy
debates.  To make a long story short, the most convenient units
for expressing loadings which have been agreed upon are
kilograms per day.  Michigan tributary data was identified in Stage
1 as a data gap and is being addressed through the monitoring
program.

30. Page 26, second column, third paragraph, why is the reference to Table 2.1 here? 
Also what do we know about the source of these metals?(2)



-120-

Response: Table 2.1 describes in more detail the locations and parameters of
concern with respect to sediment contamination both adjacent to
Ontario and Michigan shorelines.

30.(a) 2.6 Page 27 - Walpole Island objects to being the only people identified as
having hunting contribute to the decrease in waterfowl.  Duck hunting is
done all along the St. Clair River, Lake St. Clair, and inland on both the
U.S. and Canadian side.  To single out Walpole Island is unfair,
especially since our habitat is conducive to attracting more ducks and
therefore, more hunting opportunities.  We are also on two major flyways,
so most of our ducks come from elsewhere such as the prairie provinces.
 In these areas we have no control over habitat protection, so why doesn't
the document identify and name individual farmers who might be
destroying habitat as a contributor to decreasing duck populations. (13)

30a. Response:  Agreed.  Actually, that sentence is a little awkward anyway.  Change to
read "...may be attributed to drainage and the subsequent loss of
wetlands, boat traffic, hunting, and local or continental population
declines of certain species."

31. Page 29, first column, bottom, were any numbers thrown out as scientifically invalid?
(2)

Response: No, however it is the collective position of the RAP Team to maintain
the current wording.

32. Page 29, Column 2, line 23 - "Yardsticks must be measurable..."  For Phosphorus,
Table 3.3 (Page 32) gives a detection limit of 20 ppb and a yardstick of 10 ppb. 
This is not consistent with the statement that "Yardsticks must be measurable." 
Also Table 3.2 (Page 32) shows a value of 8.4 ppb for Phosphorus in lower Lake
Huron.  How was this measured?(8)

Response: Agreed yardstick will be modified to read 20 ppb.  The value of 8.4
ppb measured in lower Lake Huron was obtained using low level
ultra trace detection methods.

33.  Table 1.2 Page 10, first paragraph - If there are improper uses of pesticides, this is a
violation of FIFRA, and there should be both education/ outreach (compliance
assistance) and enforcement actions.  This information should be documented
rather than promoted as anecdotal evidence that lawn care chemicals are a
major source of pollutant loadings.  It would seem obvious that documented
evidence versus anecdotal evidence is better proof to convince the public to
make behavioral changes which result in reducing risks to themselves and the
environment.(10)

Response: Agreed however the greatest likelihood of success in achieving
responsible use of pesticides (from the RAP Team and BPACs
perspective) is to improve education and awareness.

34.  Table 2.2 Page 24, first row, third column - WWTPs is listed twice.  One of the WWTPs
should probably be replaced with WPCPs.(10)

Response: Agreed.  See response to Comment # 28.
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35. 2.3 Page 9 - BOD5 is listed as a substance and as a contaminant.  This is
technically inaccurate, since BOD is actually a measure of the biochemical
oxygen demand of a substance or contaminant.(9)

Response: This information was contained in the April 23, 1994 draft and has
since been removed.

36. 3.1 Page 28, RAP Water Use Goals and Objectives - This objective refers to
non-drinking uses only.  We remember that the reason for this statement was
that we were not setting as an objective that you should be able to drink water
straight out of the river.  But the way this is worded it sounds as though we don't
care about protecting drinking water supplies at all.  Restrictions on drinking
water supply is listed as an impairment on Table 1.1.  Also, the delisting criteria
in Table 3.1 include "no treatment plant shutdowns due to exceedances of
drinking water guidelines over a two year period."  This objective should be
revised to make it clear that we want to preserve drinking  water
supplies and quality, even though we accept the need for treating drinking water
supplies.  Perhaps, we could say "river water will be of suitable quality to be used
as a raw supply for drinking water without using exceptional water treatment
systems."(3)

Response: It is not appropriate to modify the wording of RAP and BPAC ratified
goals and objectives.  This will be revisited by BPAC at a future
meeting.

37. Page 22, bottom, 2,4,5-Trichlorotoluene is misspelled.(2)

Response: Agreed correction will be made.

38. Page 22, second column, first paragraph, Lake Huron should be added to the list of
sources.  The sentence basically means that everything is a primary source of
contaminants.  Consider omitting the sentence.(2)

Response: Lake Huron is described in detail in Section 1.1 page 1.  It is also
referenced on page 5 under non point sources.  Agree that the
sentence does convey the obvious however it is important to
emphasize that the RAP is dealing with a complex array of
sources and issues.

39. Page 23, second column, contrasts releases of "chemicals and...various other
pollutants".  One being a measure of weight and the other of volume.  I'm not
quite clear of this distinction.(2)

Response: Information reported reflects the conventions used by the MDNR
Pollution Emergency Alert System (PEAS).

40.  Table 3.2 Also shows a value of 36 ppb for Phosphorus in the river as being 1991 data.
 Our 1989-90 MISA data shows 90 ppb Phosphorus in our inlet water (i.e.
"background level" in the river).  We find it difficult to believe that this
background level dropped so dramatically from 1990 to 1991.(8)

Response: The value reported has been previously reported in several drafts of
the Stage 1 update and represents a maximum value measured in
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1991 at the Walpole Island Water Treatment Plant intake. 
Concentrations measured in 1989 at Talfourd Creek averaged on
the order of 355 ug/litre and during 1990 ranged from 10 - 15
ug/litre on average.  This wide range of concentrations would
suggest discharges associated with rain events or other episodic
occurrences.

41. We are concerned that Phosphorus appears in Table 3.2 at all.  We realize that
Phosphorus is a MISA substance, but see no evidence that its presence has
contributed to the listing of the St. Clair as an AOC.  Therefore, its reduction to
the yardstick noted will not contribute to the delisting of the St. Clair.  We believe
Phosphorus should be removed from the delisting criteria entirely.(8)

Response: See response to General Comment #1.

42.  Table 3.2 Page 32 Since Dieldrin is listed by the IJC as a significant chemical of
concern, then the yardstick ought to be acknowledging that as a cancelled
pesticide, the existing source is from improper storage/ disposal and not
application/use.  As with most of the chemicals of concern, proper disposal
through "Agrichemical Clean Sweeps" is one of the better ways to reduce and/or
eliminate the source.(10)

Response: A value which has been selected as the dieldrin yardstick is in fact the
lower Lake Huron concentration.  The RAP is in effect saying that
as lower Lake Huron levels decrease so too should the dieldrin
within the St. Clair River.

43. Page 25, Rural Runoff - We had a previous comment related to the definition of
pesticides which, as defined in the Federal Insecticide Fungicide Rodenticide Act
are insecticides, fungicides and herbicides.  The statement should state "inputs
of ...insecticides, herbicides and fungicides" or just "pesticides".(10)

Response: Agreed wording will be changed to read "...insecticides, herbicides
and fungicides".

43.(a)  Table 3.1 Page 31 - Walpole Island takes offence to the Delisting Guideline 'Ensure
that sufficient enforceable mechanisms are in place to protect existing
aquatic and wetland habitat from cultural destruction of degradation...'. 
This could be interpreted as an attempt to extinguish our traditional
hunting and fishing practices.  Walpole Island has no intention of
destroying or degrading any of our existing habitat, but we have no idea
what 'cultural destruction and degradation' implies to as it is referred to by
the RAP.  If people envision using the resource (hunting and fishing) as a
destructive or degrading activity, then obviously we cannot agree with the
guideline.  A clarifying statement or a definition of 'cultural destruction or
degradation' needs to be added.

Response:  The impairment "loss of fish and wildlife habitat" is attributable to "filling,
draining, dredging and bulkheading for industrial, urban, agricultural and
navigational uses" (Table 2.1).  Hunting and fishing are not implicated as causes,
not suggested for elimination.  In fact, many of the RAP goals are aimed
removing impairments/restrictions on hunting and fishing attributable to
environmental degradation.  "Cultural destruction and degradation" refer to the
items mentioned above, which are widespread throughout the river basin with the
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possible exception of Walpole Island.  We therefore feel that both U.S. and
Canadian federal governments need to strengthen their wetland protection laws
and provide for better enforcement of existing laws. 

43(b). We further object to 'enforceable mechanisms' being even hinted at without proper
consideration and reference to our status as an independent nation. 
Anything the RAP comes up with in regards to this delisting criteria will
not be enforceable on Walpole Island.  Provincial agencies involved
should recognize this fact in light of the existing Statement of Political
Relationship signed by the Province of Ontario and First Nations.  That
Statement ensures a government to government relationship, with both
parties being equal.(13)

Response:  Agreed.  As noted above "enforceable mechanisms"  refer to Michigan
and Ontario jurisdictions only.

44.  Table 3.2 Page 32 - The line for 1,1 Dichloroethane shows a yardstick of 50 ppb but
also shows NY under "Agencies".  Does this NY mean New York or No Yardstick
as noted in the legend at the bottom of the page?(8)

Response: New York.

45.  Table 3.2 Page 32 - Our Analytical Laboratory doubts that the detection limits shown
for Benzene, Carbon Tetrachloride, 1,1-Dichloroethane, Hexachlorobenzene and
Pentachlorobenzene are achievable.(8)

Response: These analytical detection levels were reported by L'Italien, S. 1993.
"Organic Contaminants in the Great Lakes 1986-1990 (Draft)" for
Hexachlorobenzene and Pentachlorobenzene (0.00004 ug/L)
MDLs reported for Benzene Carbon Tetrachloride, 1,1-
Dichloroethane, are reported as parts per million and will be
correctly reported as parts per billion in the subsequent draft
(reference for these latter MDLs is the MISA Sampling and
Analytical Protocol).

46. Page 32, PCB row, Present Level in River Column - The word "mean" is split
between two lines.(10)

Response: Thanks we will make the change.

47. Page 52, Remediation Measures for Rural Areas - First, isn't source reduction
pollution prevention and not remediation.  Also, more significant, if the goal of the
Remedial Action Plan is to improve the environment and human health, it would
seem that the plan ought to reduce risks to human health and the environment. 
Therefore, more important than reducing a loading rate is to make sure that what
is applied (in any amount) does not pose an environmental or health risk. 
Labelled application rates are determined by submitted data that generally will
not cause unreasonable adverse effects to people or the environment.  The
problem with the general statement that the solution is reduced rates is that it
does not account for pesticides that can be applied in lower rates of active
ingredients which have much greater potential for harm, because of the nature of
the active ingredients.(10)
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Response: Agree with the point however I'm not sure what part of the report you
are talking about.

48. The FIFRA unreasonable adverse effects standard also includes considerations of
the pesticide's benefits.  A pesticide is registered because U.S. EPA has not
found the product' risk potential to exceed the benefits of its use.  Better turf
management was mentioned because it is a mechanism for reducing risk from
pesticide use and for reducing use of higher risk pesticides.  This mechanism
includes proper use of lawn care chemicals leading to less drift or movement
away from the target site.  Better applications will more effectively reduce
disease or insect pest problems leading to healthier turf.  This option seems
better than the one mentioned at the end of the last paragraph in the last
comment.(10)

Response: Agreed.  See response to Comment #47.  In addition to determining
appropriate amounts of pesticides and fertilizers to be applied the
RAP hopes through education programs to advise of proper
methods for application and turf management.

49.  Tables 3.2 and 3.3 List yardsticks for 34 substances.  Is this a complete list of
substances for which we have developed yardsticks?  The brevity of this list
cannot be viewed as a loophole for discharging other pollutants.(2)

Response: Yardsticks have been developed for all substances identified in the
Stage 1 report which exceeded Provincial, Federal and State
guidelines/standards/objectives or in the absence of these
applicable standards were determined to occur in discharges
and/or the receiving water on a frequent basis.  The yardsticks
state on page 37 of the report that "....it is incumbent on the RAP
Team and BPAC to continually review data against available
standards to ensure that potential or emerging contaminants of
concern....have not been overlooked". 

50. Page 35, begins a discussion of exposure pathways.  While this information is true. 
I don't see the reason for this biology lesson to be included here.  I would
recommend omitting from "There are six main exposure pathways..." on page 35
through to "....the skin is usually an efficient barrier to most contaminants." on
page 37.(2)

Response: This information was included at the request of Health Canada and
deals with human health issues in a general sense.  This section
will remain in the report but be shortened substantially.

51. Tables 3.2, 3.3 In the RAP list the target chemicals, detection levels and "Yardstick"
and 3.4 to be applied to these parameters.  A consistent plan to address how to deal

with analytical results less than detection must be developed and clearly stated. 
This comes from the fact that several of the "Yardstick" values are less than
analytical detection levels.  In addition, as the RAP is likely to be a multi-media or
cross-media effort, analytical methods in use for each media program may be
inconsistent with each other and require a consensus agreement on the use of
particular methods for each matrix and parameter to be sampled for the
RAP.(10)
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Response: Several yardsticks have been modified to ensure they are not lower
than standard method detection levels consistent with one of the
protocols for establishing yardsticks.

52. 3.3 Yardsticks:  We should remove the words "scientifically valid" from the last
paragraph in Column 1 on Page 29; if a jurisdiction has adopted it, we should not
debate whether it is scientifically valid or not.(3)

Response: RAP Team has determined that this wording will remain intact.  See
also response to Specific Comment # 31.

53. 3.3 Yardsticks:  In the Point Source group and previous discussions we agreed
that the yardstick values were intended primarily to "assist in measuring
progress" (as described in Section 3.3), and were not intended to be used as the
delisting criteria.  The method of generating these yardsticks is indicative of our
original intent - they were not selected on the basis of their relationship to the
restoration of beneficial uses, but rather as the lowest available number for a
given parameter.  Yet, the report continues to make use of these values as
criteria that must be attained.  The Action Plan is the most obvious example of
this.  Also, in the Executive Summary (Section 1.4) statements like "...[the
approach was to identify a] "yardstick" necessary to achieve RAP goals and
objectives" and "The RAP will pursue the achievement of these 'yardsticks'...",
imply a very different use to these values than was agreed to.  Our concern with
this approach is that it offers no direct connection with the removal of
impairments of the beneficial uses for the St. Clair River - which is the objective
of the Remedial Action Plan.(11)

Response: See response to General Comment # 2.

53.(a) Yardsticks:
With reference to page 37 'of particular interest to the St. Clair River Area of

Concern is the lack of guidelines/objectives designed to protect individuals
consuming greater than 'average' amounts of fish and game', and Table 2.1,
page 19 'There are currently no guidelines directly applicable to the St. Clair
River AOC regarding human consumption of wildlife', it is imperative that
yardsticks be developed.  If yardsticks are to be the measure by which
restoration of impaired uses is to be judged, then a yardstick of human
consumption of wildlife must be an essential component of a satisfactory Plan. 
Even if the research data for such a yardstick are not yet available, no Stage
Three delisting should be contemplated until an agreed yardstick has been
developed, and has been shown to be satisfactory to the Walpole Island First
Nation and the rest of the 'stakeholders'.(13)

Response: Agreed.

54. The action plans recommended in the final report should be directly related to the
removal of impairments with a priority that reflects impact of the action on the
restoration of beneficial uses.  The

current action plans do not accomplish this.(11)

Response: See response to General Comment #1.
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55. As the yardsticks were intended to assist us in measuring progress, they must be
measurable by standard analytical techniques.  The report continues to entertain
the use of yardsticks that require "non routine ultra trace level methods" (in
Section 3.3).  This is not acceptable or helpful for the purposes of RAP
monitoring.  The chosen yardstick value for Total P in Table 3.2 remains below
the Detection Limit (10 vs 20 ppb).(11)

Response: See response to General Comment #1 and Specific Comment #32.

56. Arsenic:  In the action plans, Arsenic is classified as a persistent (potentially
bioaccumulative) parameter of concern.  Regulatory agencies have committed to
conducting a speciated analysis in effluent and the receiving environment to
determine if it is bioaccumulative.  If the speciated form present is deemed not to
be bioaccumulative, then Arsenic will be reclassified as persistent and non-
bioaccumlative and the yardstick must be met at the edge of the mixing zone.  In
addition, there must be no toxicity in the mixing zone.  We feel that this
classification may be inappropriate because the beneficial use that will be
restored by adhering to these recommendations has not been clearly
identified.(11)

Response: The reviewer will recall a meeting convened with the express purpose
of discussing concerns regarding Arsenic.  The RAP has been
revised to reflect agreements which were reached at that meeting.
 Please note that the regulatory agencies have not committed to
conducting speciated analysis in effluent but will attempt to do so
in the receiving environment.

57. Phosphorus:  The action plan for phosphorus is to meet the yardstick at the edge of
the mixing zone by 2000.  However, we feel that again it has not been linked to
an identified impairment.  Eutrophication has not been identified as an impaired
beneficial use.  We feel that we must focus our limited resources on parameters
that are clearly linked to restoration of beneficial uses.(11)

Response: See response to General Comment #1.

58. 3.5 Remedial Action Development - The use of task teams to develop Stage 2
was a very good way to carry out the tasks.  It was extremely difficult, if not
impossible, for our members to play a full role in this process, however, because
the task team meetings were held during the day time, which made it impossible
for us to be available.(3)

Response: Agreed; however, efforts were made to conduct workshops and
special meetings outside of regular working hours.

59.  Table 3.4 Page 36, the "desired yardsticks" do not equal the yardsticks, either for water
or sediment.  What is this "desired yardstick"?(2)

Response: Desired yardsticks reflect standards, guidelines or criteria which are in
fact lower then levels encountered coming in from Lake Huron. 
These have been retained as "desired yardsticks" in the event that
Lake Huron levels eventually decline.  As a consequence
yardsticks will be lowered accordingly.

60. Page 37, first column, bottom, lower Lake Huron levels may also need revising.(2)
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Response: Agreed.  A statement will be added indicating that data gaps and new
information will be collected over time.

61. Page 37, also discusses the need for guidelines to protect heavy consumers of fish
and game.  Another point is that guidelines and objectives only consider each
contaminant individually, whereas most exposures are to several contaminants
on a chronic basis.  What has been done to evaluate the compounding effects of
such exposures?(2)

Response: The RAP is not aware that this information exists and acknowledge
that this type of assessment is extremely difficult to conduct.  If we
are unable to get standards for single contaminants of concern it's
very unlikely that we will be able to get information such as the
reviewer is suggesting.

62. Page 40, Map inset - Praxair (#7) seems to be in the wrong location.(8)

Response: Please advise of the correct location.

63. Page 44, Column 2, paragraph 2, last sentence - Please remove "Remedial
measures have not been implemented or planned" and replace by "Polysar
currently developing a long range strategy and remedial action plan for the
site."(8)

Response: Agreed. 

64. Page 46, Column 2, paragraph 3 - (second Polysar paragraph) - Please add:  "The
company is currently developing a long range strategy and remedial action plan
for the site."(8)

Response: Agreed.

65. 4.0 Point Source - We are quite pleased with this section because it is consistent
with the goals in the GLWQA of zero discharge and virtual elimination.(3)

Response: Agreed.

65.(a) 4.0 Point Source - Taking Specific Comment 43.(a) into consideration, the Stage
Two document is quick to 'ensure that sufficient enforceable mechanisms
are in place' as a delisting guideline for loss of fish and wildlife habitat,
yet the Point Source Task Team has the audacity to include in their Work
Plan to 'negotiate additional performance commitments', and BPAC and
RAP agree that they should 'identify performance expectations or a
'yardstick' necessary to achieve RAP goals and objectives and to rely on
individual sources to comply'.  It is realized that there are some regulatory
requirements already existing for point sources, but if the RAP is to be
meaningful and effective, it also has to be fair.  Where are the
'enforceable mechanisms' when it comes to point sources as far as the
RAP is concerned?  This type of scenario makes one wonder who is
really directing the RAP, and how effective it can actually be. (13)

Response:  Your point is well taken.  The two tasks teams took different
approaches.  After much discussion and debate, the group addressing habitat
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issues, came to the conclusion that the most effective way to protect against
further habitat loss is strengthening of regulations governing such activity
(although this group also recommends education, stewardship, etc.).  The point
source task team decided, again after much debate, that there were many
mechanisms for achieving the necessary reductions in discharges, regulatory
and voluntary (pollution prevention, process elimination, technology upgrades,
etc.), but that certain decisions should be left to the individual dischargers AS
LONG AS they meet the standards or "yardsticks" that we could determine would
be necessary to restore beneficial uses.  As you note, there are already a
number of "enforceable mechanisms" affecting point sources.  Although we have
relied on current regulations, and have hopes for those still coming on line (i.e.
MISA, GLI) we feel the approach we have taken will get us farther faster than
relying solely upon the regulatory programs. 

66.  Table 4.1 Page 50:  I noted that zinc is still included as a priority for Dow even
though I commented in a previous draft that my calculations showed that it
should not be on the list.  Would it be possible for me to review with you the
methodology used to develop the source scores to satisfy myself that the Dow
zinc score was >1.9?(7)

Response: The Dow zinc score was 1.9 based on the sum of the score is from
water (1.3) and sediment (0.6).  Individually neither would have
made the grade, together they just make the cut off.  In light of
projected loadings the zinc yardstick is not expected to be
exceeded in the water column however a small zone of
exceedence is still expected to be observed for sediments.

67.  Table 4.1 Page 50:  It would appear from some of the previous comments that the
contents of this table are listed in priority order.  It appears to me that the listing
may be alphabetical.  Could there be a comment made in the report to clarify
this?(7)

Response: The table is in fact listed in alphabetical order.  This will be noted in
the table title.

68.  Table 4.1 Page 50 - The asterisk shown in the notes at the bottom of the table does not
seem to refer to anything.(8)

Response: Agreed. Asterisk should be placed adjacent to Cole drain, Ethyl and
municipal facilities since intake data is not available.

69.  Section 4.2.1 Page 42, second paragraph, "... Required reductions at each facility...", are
these reductions required to the success of the RAP, or are they required by
OMOEE or MDNR?  Would perhaps "necessary" be a better word?  Is there any
clout to the negotiated reductions?(2)

Response: The reviewer is referring to reductions which are required under the
NPDES Program and as such are required by MDNR and are
subject to regulation.

70. Pages 43 & 44, the phrase "removal and appropriate disposal...fatty acids:" is
repeated.(2)

Response: This will be corrected.
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71. Page 47, Marysville WWTP, references a completion date which is after the date of
release of the final document and will need rewording.(2)

Response: Agreed.  This project has been completed.  We will make this
change.

72. Pages 47 & 48, Michigan Municipal, does not mention either the East China
Township WWTP or the Capac Lagoon.(2)

Response:  We will incorporate paragraphs on both the Capac WWSL and the East
China Township WFP.

73. Page 49, first column, last paragraph notes beach closings from bacteria; swimming
activities are not limited to beach areas in the river.(2)

Response: Agreed.  RAP goals indicated that water quality should be "safe for
body contact at all times".

74. Page 49, second column, first paragraph discusses data gaps; contributions of
contaminated sediments to the water column may also be added to this list.(2)

Response: Agreed.  This is a good point and should also include sediment
dynamics.

75. Page 51, modelling discussions; when we selected the eight chemicals to be
modelled, we selected chemicals that would perhaps be representative of
different classes of chemicals so that we could possibly draw conclusion about
un-modelled contaminants from the modelling results.  There has been no
attempt to do this.(2)

Response: Agreed.  It would appear that the direction we have headed since our
original discussion suggests a need to model for individual
parameters.  There may however be examples where this can
now be done (since we may lack information) and it will be
necessary to rely on the type of approach you have described.

76. 4.3 Page 55, the acronym for tetrachloroethylene should be PCE, not TCE.  As
far as I know TCE is used to represent trichloroethylene.(7)

Response: To avoid confusion the RAP will use the convention PERC.

77.  Table 4.3 We recommend the addition of a footnote to Table 4.3 on Page 55 explaining
the items in parentheses on the "Dow - HCB" line in the table.(10)

Response: Agreed.  They refer to various sewers associated with the Dow
facility.

77.(a) Table 4.3 Table 4.3 and the text on page 51 indicate that even after the implementation
of 'ongoing and planned facility remedial measures' there will be loadings
of hexachlorobenzene (HCB) from Dow that will cause the water quality
yardstick for HCB to be exceeded.  The water quality yardstick for
mercury will also be exceeded from Corunna and Sarnia municipal
treatment plants.  With respect to sediment yardsticks, loadings of zinc,
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lead, and HCB 'will continue to contribute to impairments of beneficial
uses in the St. Clair River sediments beyond implementation of all
planned or ongoing remedial actions'.  Cadmium should also be added to
the sediments list.  Based on the above, it would be impossible for the
IJC to accept the Plan that reaches these conclusions without indicating
measures to eliminate the problem.(13)

Response:  The exceedences you mention would/will still exist after implementation
of ongoing activities.  However, this plan does not suggest that these facilities go
only that far.  As you will note the recommendations are to meet the "yardstick"
or eliminate entirely (depending upon the substance).  Cadmium is on the
sediments list.

78.        4.4 Page 56, the category "Persistent and Bioaccumulative Substances, Not
Modelled" implies that the previous two categories are for modelled
contaminants only.  This comment applies to page 57 as well.  Modelling is not
the only way of determining if a contaminant exceeds yardstick.  Also, there
needs to be a category for chemicals, especially persistent, bioaccumulatives, for
which no yardstick exists.(2)

Response: The reviewer is correct the first two categories are for parameters
which have been modelled.  For persistent accumulative
substances for which there is no provision for mixing zone,
concentrations in the final effluent can be assessed against the
yardstick to determine if there is an exceedance.  For
contaminants of concern not having yardsticks the general action
item #3 on page 59 indicates that they should be established.

79. Page 57, all categories for persistent, potentially bioaccumulative substances should
include the statement "Virtually eliminate contaminant from discharge by
2004".(2)

Response: If the parameter is determined to be bioaccumulative it will be moved
into the actions identified on page 56 where virtual elimination is
referenced. 

80. Page 57, Top Box:
Lead is not present in Dow discharges.  It was agreed earlier (see Page 38 of the

response document to the last set of comments) that it would be removed, but
this apparently has not been done.(7)

Response: Sorry, this will be corrected.

81.  4.4 Page 58, second category, modify sentence:  "If monitoring suggests that
some parameters are persistent in sediments, then all sources are to reduce
discharges to meet yardstick (or better) at the end of pipe no later than 2000." 
Add "Continue to strive for zero discharge".(2)

Response: Agreed. 

82. Page 58, second box - "Non-Persistent, Non-Bioaccumulative Parameters of
Concern (Potentially Toxic)" - Here, again benzene is listed for Polysar and,
based on the above evidence should be removed.(8)
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Response: See response to specific comments # 11 and 14.

83. Page 58, second box - "Achieve yardstick or better at the edge of the mixing zone by
2000."  Toluene is listed for Polysar.  The maximum value for toluene in the
MISA twelve month report was for the Polysar 66" Sewer with a value of 16.1
ug/L.  The yardstick value for toluene (Table 3.2 - Page 32) is 110 ug/L. 
Therefore, Polysar discharges of toluene are already much less than the
yardstick at the point of discharge, and essentially negligible at the edge of the
mixing zone.  Therefore, toluene should be removed from this reference.(8)

Response: Agreed this will be removed since toluene is not listed in Table 4.1 as
a result of ranking.

 

84. Also, the yardstick for oil and grease (Table 3.2, Page 32) is described as "narrative"
which is not defined.  We believe then that Polysar does not exceed the
yardstick and this reference should be removed.(8)

Response: Oil and grease is listed because it emerged during the ranking
process through use of the sediment yardstick.

85. 4.4 Page 56 Actions - We are highly supportive of these recommendations with a
few modifications.  Any action to weaken these recommendations would be
completely unacceptable to us. (3)

Actions for Point Source Discharges to Air (p.44):
86. P. 59 Action 3:  The words "attempt to" should be removed from the first line.  Let's

be more positive.  We also need a date by which this action will be taken and
completed.(3)

Response: "Attempt to" was selected because the task team was unsure whether
modelling techniques sufficient to determine whether local
atmospheric discharges are impacting the AOC were available. 
This will be updated following discussions with the appropriate
experts.

                          

General Actions:
  
87.        Action 3:  A date should be set for carrying out this action.(3)

Response: This is extremely difficult since often the standard setting
responsibility lies with federal departments, particularly for wildlife.
 Where some influence can be exerted to expedite development
of yardsticks by agencies involved in the RAP, this is and will
continue to be done.

88. Actions 4, 5 and 6:  These actions should state that these permitting procedures will
be implemented immediately or at the latest by January 1995.(3)
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Response: Time lines for recommendations 4, 5 and 6 will need to be developed
in consultation with District Abatement staff in Ontario and DNR
Permit staff in Michigan.

89. Page 59, first category, item 3, modify sentence:"...Regardless, the RAP team
recommends that the appropriate bodies...".  Air deposition must be considered
not only to St. Clair River directly, but also to watershed and Lake Huron.(2)

Response: Agreed.
90. Page 59, second category, item 2, replace "should's" with "will's or "must's".(2)

Response: The present wording is appropriate.  Strengthening the words as
suggested will not more readily ensure completion of this action.

91. Page 59, second category, item 3, replace "should"; also some time frame is
necessary here - by when will yardstick be determined?  Also a yardstick would
need to be set for a chemical if it becomes a contaminant of concern.(2)

Response: See response to Comment #90 above.  Determination of yardsticks is
ongoing and guideline development is outside the authority of the
RAP Team to determine.  It is agreed that should new
contaminants of concern emerge that an appropriate yardstick will
be developed.

92. Page 59, second category, item 7, replace "should".(2)

Response: See response to Comment #90.

93. Page 59 & 60, general actions, can we make a statement about the need for
planning to go back to step further and consider reductions from facilities that
discharge to municipal WWTPs?(2)

Response: Agreed.  This is a topic which has been discussed extensively.
Planning through MISA Municipal Sewer use Bylaws and IPP in
MIchigan are contained in sections 4.1.1 and 4.1.2.

94. Page 61, second paragraph, Lake Huron is a major contributor and should not be
parenthetical.(2)

Response: Agreed.
   
95. Page 63, second column, second paragraph, 12th line - Remove the word "the".(10)

Response: Okay.

96. 4.4 Page 56, Actions:

"Continue monitoring discharges at the source (discharge data provided by facility
and/or regular or intermittent data provided by compliance sampling, etc.)".(5)

The group feels that all data should be collected in a fair and equitable manner, i.e.
regular or intermittent for all sources.(5)

Response: Agreed.
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97. 4.4 Page 60:  Storm water studies done by Ontario and Michigan do not coincide
and completion dates do not mesh.(5)

Therefore, we feel that storm water assessment should be completed sooner by all
concerning parties.(5)

Response: If these activities can be accelerated they will however they are
motivated by programs outside the RAP. 

98. 4.4 Data should be collected in a uniform way.  Municipal sources requires
stronger reporting requirements and spill definition.(12)

Response: Agreed.  Municipal sources in Ontario will be subject to additional
reporting requirements and spill minimization/elimination as part
of MISA.

99. Stormwater assessment should be completed sooner by all concerning parties.(12)

Response: See response to Comment #97.

100. Municipalities require pressure to delist by year 2000.(12)

Response: Agreed. 

101. 5.0 Non-Point Source - We are quite dissatisfied with this section.  For the most
part, the actions are quite general.  They do not set specific targets and
do not specify who is responsible for undertaking the actions.  This
section needs considerable development before we can accept it.(3)

Response:
As the reviewer will know, the nature of this topic is quite general and as such,

makes it extremely difficult to be more specific about recommendations or
responsibility.  As noted in the chapter, any actions are ongoing as part of grant
programs or agency responsibilities.  Local non-point source control activities
have accelerated as a result of the RAP (e.g. CURB Program) as well as the
recognition of the need to consider the area on a watershed basis.  A qualifying
statement on deficiencies in the Non-Point Source section will be added to the
Executive Summary.  Future tasks will be elaborated as part of the
implementation plan.

102. 5.1.2 Page 62, Michigan and the United States:
The storm water control program regulates construction sites that disturb 5 acres or

more of land and have a point source discharge of storm water into a municipal
separate storm sewer or waters of the state.(6)

Municipalities with a population of 100,000 or more that discharge to a municipal
separate storm sewer system require a municipal storm water permit.(6)

Small and large industrial sites will be regulated (for the most part) through general
storm water permits, with some requiring individual permits.(6)

Response: This information will be incorporated into Section 5.1.2.

103. 5.2.2 Page 68, Ongoing Programs:
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Under Michigan Runoff, the Non-Point Source and Storm Water Control Programs
are administered by the Department of Natural Resources, not MDA.(6)

Response: This information will be incorporated under Section 5.2.2.

104. 5.3 Actions - These actions require considerably more work.  The general
direction is fine, but the targets are not specific.  They do not state by
when actions must have reached certain stages or be completed.  In
many instances, the action simply states "ongoing" as the time frame;
this makes it impossible to monitor the implementation of the plan to
ensure that we will achieve our goals.  The section does not say who is
responsible for carrying out the actions.  These comments apply to
almost all the actions.  We state some concerns specific to individual
actions below.(3)

Response: Additional details will be incorporated as part of the implementation
strategy.

104a. 5.3 Page 72.  There is no clear statement of what a watershed plan will be.  I see
no outline of what the report will cover and how it will be pulled together. 
Same item as noted on page 109. (14)

Response:  As prior comments and responses have noted, this section is lacking a
certain amount of detail.  This will be a priority action for further development.

105. 5.3 Actions - As the above comment asserts, if there is a non-point source
problem with the application of pesticides and fertilizers, use of
alternative products probably is not the only answer.  Better turf
management ("BMPs" for turf) would result in better placement and
utilization of fertilizers and pesticides where their needed; healthier lawns
do not need as many chemical inputs.  Better turf management practices
can be implemented in ways that promotes environmental
stewardship.(10)

Response: Agreed.  Please provide additional information and it will be
considered for incorporation in the RAP.

106. 5.3 Urban storm runoff actions -
Action 1:  Needs explanation.  This is not understandable by a lay person.(3)

Response: Wording will be modified, however, it must remain technically correct.

107. Action 5: What are the topics the development industry and municipalities are to be educated
about?(3)

Response: Development industry and municipalities need to be educated on
issues identified in all other actions (i.e. minimization of peak
flows, maximize protection of existing natural features, on-site
pollutant removal...).  This will be incorporated as part an
education plan in the implementation strategy.

108.   Actions 8 & 9: Targets need to be set saying by how much we want the use of road salt,
fertilizers and pesticides to be reduced and by what date.(3)
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Response: This will require further discussion and may depend on the suitability
of alternative products.

109. Rural storm runoff actions -
Action 1  Agricultural practices:  Reduction in the use of pesticides and fertilizers are not listed

here as actions.  This should be added and specific reduction targets should be set.(3)

Response: This will be added to Action #1 as a separate bullet:  Reduction in use
of fertilizers and pesticides.

110. In addition, specific goals should be set for the use of certain management practices.  For
example, a certain percentage of farmland should be in no till by a specified year.(3)

Response: Agreed.  This will be a useful goal and will need to be developed by
the implementation team.

111. Action 2  Land Use Management:  We should set a date by which we want official plans to be
amended to incorporate these components.(3)

Response: This will be an on-going activity.

112. 5.3 Waste site remedial actions - This section is seriously deficient.  It never
specifies who will undertake these actions, and how they will be done.  In
many instances the actions are much too vague to be understandable. 
These actions are full of words such as "proper" without ever defining
what that means.(3)

Response: Actions reflect the level of information available to the Task Team
during this process. "Who" and "how" will need to be determined
based on priorities established thus far in the process and
throughout the implementation strategy.

113. 5.3 Domestic sanitary sources - Again the recommendations are too vague.(3)

Response: See response to comment #112.

114. 5.3 Household Hazardous Waste - Targets need to be set here.  For example,
let's reduce the use of certain hazardous products by a certain
percentage by a certain date.  Maybe we should ask that certain products
not be used at all.(3)

Response: The RAP is limited in its ability to effect change in this area.  It was
felt collectively by the Task Team that the greatest impact could
be made through educating local public.  If specific problems are
identified because of the use of products within the watershed,
then specific actions need to be taken, otherwise education on
alternative products and proper use and disposal of household
hazardous wastes was determined to be the best approach.

115. Page 72, #7 & Page 73, #3 - Some of the actions are not clearly stated.(12)

Response: We will attempt to clarify.

116. Page 73 - Reductions and alternatives in the use of pesticides and fertilizers.(12)
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Response: Agreed.  See comment #105 and response.

117. Page 73:  "Reduction in the use of pesticides and fertilizers."
Alternatives should also be considered for pesticides and fertilizers.(5)

Response: See response to comment #105.

118. Page 73, #3:  "Design new waste disposal sites and landfills to use only the best
available technology (BAT)."(5)

Should the best available technology not be also used to improve the present
landfills.(5)

Response: Actions for existing landfills are identified in item #4 on page 73.

119. Page 73, #9:  "Implement pollution prevention measure in order to minimize wastes."
 This point should definitely be a part of public education.(5)

Response: Agreed.

120. Page 73, #9 - Is this point elsewhere in the document?  This should be a part of
Public Education.(12)

Response: This is referred to in Section 8.2 under Public Outreach and
Education.

121. Page 73, second box, #11 - The word "improvement" overstrikes "1995 and
ongoing".(10)

Response: Thanks, we'll make the change.

122. Page 74:  Due to its potential impact on the environment, the retail sector should be
targeted for education on pollution prevention.(5)

Response: Agreed.  Indeed pollution prevention activities already initiated target
the business sector and will include the retail sector as part of the
larger general public.

123. Page 74, #3:  "Require homeowners to either repair the existing system, construct a
new system or require the municipality to investigate long-term solutions
such as connection to the municipal sewer system."(5)

To ensure sewer systems do not remain a source of serious pollution, a time frame
should be set for the investigation of long-term solutions in Municipalities.(5)

Response: This is viewed as an ongoing activity however through adoption and
implementation of the Sewell Commission recommendations, it is
hoped that this activity is carried out in a reasonable time frame.

124. Page 74, #3 - Should a timeframe be set to the investigation of long term solutions
by the Municipality?(12)

Response: See response to comment #123 above.
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125. In actions listed for non-point source - What are the dates for?  Are they starting or
ending dates?(12)

Response: In most cases they are completion dates with the exception of
ongoing activities.

126. If they are starting dates - Why wait until 2000 to construct on-site controls to
remove pollutants at existing sites.(12)

Response: The construction of on-site controls to remove pollutants from urban
storm run-off is an extensive and costly undertaking.  To achieve
this by the year 2000 will be a major positive step.

127. If they are end dates - Why stop educating the Public, Industries and Municipalities
in 1995?(12)

Response: Agreed.  This education must be ongoing however the intent of the
action was to have completed satisfactory educational materials
for the development industries and municipalities by 1995.  This
will be changed.

128. Some actions have dates and some don't - Have they been implemented?(12)

Response: Actions without dates represent on-going activities. 

129. Some of the actions should be happening now, not in years to come.(12)

Response: Agreed many actions are happening at the present time.  Those with
a 1994 start date have already or are expected to be initiated in
the near future.

130. If the goals and objectives are to be met by the year 2000, is there enough time to
reach the goals and objectives?(12)

Response: The year 2000 was selected because it was felt to be achievable but
it was acknowledged that his would be a very challenging
undertaking.  For clarification, the goals and objectives
themselves may not be entirely met by the year 2000.  The RAP is
focusing on achieving delisting criteria by that time in order that
the area can be removed from the IJC list of areas of concern. 

131. Page 74, #4:  "Check and maintain septic tank systems." 
Specifically who is to check and maintain the septic systems?(5)

   Response: In Ontario this remains to be determined but will likely fall under the
jurisdiction of the Provincial or local government agency.  In
Michigan this is the responsibility of the county health department.

132.   Page 74, #4 - Identify who is to check and maintain septic tank systems.(12)

Response: See response to comment #131.
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133. 6.0 Sediment - We are generally happy with the approach being taken here.  It
does not fulfil the requirements of a Stage 2 RAP, but we understand why
more time is needed to develop a plan and feel that the direction being
pointed out is a good one.(3)

Response: Agreed.  A great degree of resources and commitment is being
applied towards initial steps of this action plan.

134. 6.2.1 Remediation Approaches - We particularly like the emphasis placed on
source reduction in the (2nd) paragraph on page 76.(3)

135. 6.3 Actions - Characterize Impact Zones:
This refers only to the use of OMOEE data.  Was the U.S. side assessed using

comparable data to determine impact zones on that side?(3)

Response: The U.S. side was assessed using MOEE data from 1990, although
there were fewer sampling locations situated along the U.S.
shorelines (approximately 15).  These were sited according to
known or suspected sources of contamination and should have
reflected areas of greatest contamination.  There was however,
no toxicity data available for these locations.

136. Also we see no indication here of the U.S. ACOE's Recovery model being used.  On
page 37 (under point source) it says that it will be used in the
contaminated sediments section, but there is no reference to it here.(3)

Response: The recovery model has not been used.  It is intended to be used and
will be applied once it has been fully evaluated and tested.

137. Figure 6.2This map should also show those areas that are at Ontario's "lowest effect level." 
The map should also show the equivalent zones for the U.S. side.(3)

Response: In light of the Task Teams 80:20 approach, it was not considered a
priority.  However no SEL exceedences were noted.

138. 6.4 Recommendations - These need to be more specific about who will be
responsible for carrying out the recommendations.(3)

Response: If not specifically identified, the actions will be undertaken by agencies
involved in the implementation and responsible parties as they are
identified.

139. The recommendations refer only to the Priority 1 sites.  A timetable should also be
set for addressing the Priority 2 and 3 sites.(3)

Response: Many of the Priority 2 and Priority 3 sites border on the Priority 1
sites, and potentially some of these will be addressed by default
through addressing Priority 1 areas.  The need to conduct further
work at Priority 2 and 3 sites will be assessed following
completion of an action plan for Priority 1 sites.
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140. The assessment and actions need to go further if we are to delist.  On page 15, we
say that the delisting guideline is "no limitations on disposal of dredged
spoils."  On page 65, we say that in Michigan "most of the river's
sediments are unsuitable for open water disposal."  To delist, we will
clearly have to address more than just these priority areas.  Do our
models tell us that stopping the sources of new contaminated sediments
will be enough to solve this situation?  More discussion is needed.(3)

Response: In Michigan limitations on the disposal of dredge spoils because of
dredging activities needs to be determined.  Current modelling
results are not sufficient to determine whether source control is
efficient to solve this problem.  The use of the RECOVERY model
or equivalent is necessary to add a time element to determine if
improvements are a result of point source controls occur within an
acceptable timeframe.

141. 7.0 Habitat - We are generally pleased with this section.  The major omission in
it, however, is the exceptional habitat in the Walpole First Nations
area.(3)

Response: Wetland and land use mapping information for Walpole Island was
included in the draft Stage 2 report in time for public review.  In
addition, the Walpole Island Heritage Committee has expressed a
desire to work with OMNR to identify candidate sites for habitat
restoration re habilitation and/or protection in the Walpole Island
First Nations area.

141.(a) 7.0 Page 83 - Not much is mentioned about the Walpole Island First Nation.  True, there
is not much habitat restoration that needs to be done, but that is because
the habitat never got degraded like it has outside of our current Territory.
 This would help explain that lack of candidate sites (figure 7.1 pg. 87) on
Walpole Island.  As it currently appears without an explanation, Walpole
Island is doing nothing as compared to other sites. (13)

Response:  We can note this.  If there is anything additional you would like us to
mention regarding habitat restoration or protection on Walpole, please let us
know.

The evolving comprehensive management plan (page 85) is missing a major player -
the Walpole Island First Nation.  Again, the Ontario government, in this case the
Ministry of Natural Resources, should be aware of and abide by the Statement of
Political Relationship.(13)

Response:  Agreed.  It is not our intention to omit mention of Walpole Island.  The
plan developed by the "Rural Lambton Stewardship Network" c/o OMNR
convened an initial workshop recently (Oct. 18th) and identified Walpole Island
as a key participant in the process.

Other agencies involved, even out of courtesy, should have informed Walpole Island
of this initiative.  While Walpole Island will not be bound by the management
plan, not including our Territory and knowledge of the are is a serious
omission.(13)
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Response:  Agreed.  We would like to have the Walpole Island First Nation
community involved in drafting a comprehensive habitat management plan for
the St. Clair River watershed which spans all political boundaries.  This invitation
has been extended through the plan and we look forward to assisting in
development of the Plan.

As well, the second Education and Communication Action item (page 91) will not
apply to Walpole Island.  It should be acknowledged that 'guidelines outlining
regulatory requirement' will not apply to Walpole Island.  For the sake of not
sounding like a broken record, see comments and tone re: Table 3.1 and 4.0
Point Sources. (13)

Response:  Again, we agree.  We would like to include Walpole Island in as many of
the educational programs (where relevant) as the First Nations community feels
would be advantageous. 

142. The section needs some assessment of the adequacy of these regulatory
programmes to protect habitat.  This would lead into the actions listed at
the end.(3)

Response: Efficiencies in regulatory programs were purposely not identified to
discourage loopholes and possible abuse.  For regulatory
programs there is a brief assessment of each of the acts or
policies applicable.

143. 7.0 The listing criteria for the 'restrictions on drinking water consumption or taste and
odour problems' beneficial use, in the IJC's "Listing/Delisting Criteria for Great
Lakes AOCs", states "The primary concern is public health and potable water
supply" (emphasis added).  Therefore, besides listing periodic closing of Water
Filtration/Treatment Plants as a result chemical spills, and spill related taste and
odour problems; a summary of the human health water quality exceedances
occurring in the St. Clair River should be included in Table 2.1.  In your response
you state that Table 2.2 identifies categories of contaminants contributing to
each use impairment. 

However, Table 2.2 only shows chemical spills as being associated with the 'restrictions on
drinking water consumption or taste and odour problems' beneficial use.  However, a
review of the Stage 1 RAP Report, suggests there are chronic water quality problems
related to wet weather flows and possibly other causes which, besides chemical spills,
could be adversely effecting drinking water quality and treatment costs.(10)

Response: There is no evidence to suggest that wet weather flows or other causes have
an effect on drinking water quality.  In fact the issue is not an quality
issue since standard treatment has been sufficient in the past to provide
acceptable quality drinking water.  The issue is one of water quantity
because drinking water intakes have been periodically closed due to
chemical spills.  With respect to human health water quality exceedances
being listed in Table 2.1 this is listed under the restrictions under fish and
wildlife consumption.

144. 7.2 Remedial and Prevention Measures and Actions in Progress - A section
should be added here where the Walpole First Nation lists the
programmes it is using to protect and restore habitat.  This section should
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be equivalent to the binational, Ontario/Canada, and Michigan/U.S.
sections.(3)

Response: Information of this nature was requested from Walpole First Nation
(i.e. Habitat Management Plan); however, a management plan
was not available.  Details of the Resolution of Heritage
Committee to participate in candidate sites working with OMNR
will be followed-up on.

144.(a)      7.2.2 Habitat Restoration and Enhancement, Page 86 - The section referring to
Walpole Island is untrue and should be deleted. (13)

Response:  As you noted previously, we have minimal (or no) references to activities
on Walpole Island.  If you would provide us some information on ongoing or
proposed activities we would like to incorporate them into the document.  The
reference will be limited to the fact that Walpole Island and OMNR are planning
discussions on this issue with a view to promoting cooperative ventures in the
future.

145. We are pleased to see Figure 7.1.  It is important to list areas that we wish to
rehabilitate and enhance, rather than simply making general statements
about rehabilitation and enhancement.(3)

146. 7.3 Actions - We are generally satisfied with the actions listed.  We are
particulary pleased with recommendation 1 at the top of page 92.  We
have the following proposals for changes:

*  Time lines should be added for actions and completion of actions.(3)

*  In some cases the actions read like goals, e.g., #'s 2 and 3 at the top of page 92. 
These should be developed into more specific actions.(3)

* These actions should be related more directly to the delisting criteria.(3)

Response: Wording presented here reflects agreement by the Sediment and
Habitat Task Team and will be elaborated on (including dates) as
part of the implementation phase of the RAP.  These actions are
directly related to the delisting criteria as they indicate a need to
complete activities necessary to achieve the quantitative target set
forth in the delisting criteria.

147. Page 84:  Under "Michigan's Goemaere-Anderson Wetland Protection Act" the
description is not quite accurate.  I would replace the paragraph with the
following language.(4)

    Page 84:  "...establishes regulations to preserve, manage and protect wetland
resources in the light of extensive historic losses and ongoing impacts due to
human use and development.  The MDNR may not issue a permit authorizing a
loss of wetland unless certain stringent tests are met.  The proposed project
must be found to be in the public interest; the project must not unacceptably
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disrupt the state's aquatic resources; and the impacts to wetlands must be
unavoidable.(4)

Response: Okay.

148. Page 84:  The Wetland Protection Act applies to all wetlands in Michigan except for
non-contiguous wetlands less than five acres in size, unless the MDNR
determines that the particular wetland is essential to the preservation of
the natural resources of the state.  Although the Wetland Protection Act
provides comprehensive protection of wetlands, most normal agricultural
and silvicultural activities are exempted from permit requirements."(4)

Response: This information will be incorporated.

149. Page 84:  Under "Water Quality Standards for Wetlands" I would replace the
description with the following language.(4)

Page 84:  "...are in draft form.  Through the promulgation of wetland specific water
quality standards, wetlands will be included in the definition of "waters of the
state".  By this process, the quality and functions of wetlands will receive
additional protection."(4)

Response: Okay.

150. Page 85:  Under "Habitat Acquisition Programs", I would insert "sometimes" before
"acquired through tax reversion."(4)

Response: Agreed.

151. Page 85:  Under "Habitat Restoration and Enhancement", third paragraph, the
description of Binational GIS work refers to current and pre-settlement
wetlands data for the entire watershed.  I thought we had decided not to
extend that for inland on the Michigan side of the AOC for habitat work. 
We do not currently have pre-settlement wetlands information digitized
for the entire watershed, only the coastal townships.(4)

Response: Change will be made to reflect this comment.

152. Page 86, Column 2, paragraph 4 - The Futures Subcommittee is now the Futures
Committee.  The proposal was approved by the Sarnia City Council and
implementation is now partially underway.(8)

Response: Thanks.  Change will be made.

153. Page 87, Map - Spelling "Guthrie" Park and "Monsanto".(8)

Response: We'll make the changes.

154. Page 89:  The management plan for Algonac State Park is expected to be
completed by December 31, 1994 (the project due date was
extended).(4)

Response: This change will be incorporated.
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155. Page 89:  Under "Dickinson Island" one of the management practices is controlled
burns.(4)

Response: This will be added.

156. Page 90:  Line 10, first paragraph, controlled burns:  At the end of the first
paragraph, the reference to the diking in the St. Johns Marsh may be
premature at this time.  A management plan for the marsh is in draft
form, and the interested parties are working out a plan that will increase
wetland area while avoiding flooding existing lakeplain prairie, a very rate
natural feature.  The Michigan Natural Features Inventory will be
reviewing and commenting on the draft RAP Update under separate
cover.(4)

Response: This information will be incorporated.

157. Page 90:  Under "Federal Programs for Private Land", the first sentence should be
replaced with the following.  "Agricultural landowners interested in
participating in the conservation reserve program, may contact the U.S.
Soil Conservation Service (SCS).  An SCS representative may then
conduct a site visit to determine with the property owner, the most
appropriate conservation scheme for the property.(4)

Response: Okay.  This information will be incorporated.

158. Page 92:  Action Item #1 indicates "Strengthen wetland protection in Michigan by
removing exemptions for silvicultural and agricultural activities currently
provided in the Goemaere-Anderson Wetland Protection Act."  This is not
advisable as the whole statute would be opened for debate and change,
likely resulting in a much weakened statute for wetlands protection.  I
would replace the sentence with the following language.  "Strengthen
wetland protection in Michigan through application of voluntary and
regulatory programs that address silvicultural and agricultural activities
currently exempted from wetland permitting requirements."(4)

Response: Agreed.  Change will be made.

159. Page 93:  I am glad to see Action Item #4 included in the Rehabilitation and
Enhancement recommendations; to maintain or restore riparian
vegetated zones, and to encourage rip-rap instead of, or in combination
with, seawalls where shore protection already exists.(4)

160. Page 93:  I am also glad to see #9 & 10 included; explore opportunities for joint
projects based on specific criteria, and include invertebrates, plants,
unique plant communities and other special features in addition to
mammals, fish, birds and reptiles in the special status list of species.(4)

161. Page 93, #1:  "Pursue Stag Island restoration.  Responsible party: Ontario Ministry
of Natural Resources."(5)

We are concerned that the development of a wetland on the west side of Stag Island
(Habitat) will be affected by the Priority 1 zone on the east side of the island. 
Our concerns lie with the timing of the sediment remediation and the wetland
development.(5)
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Response: See response to general comment # 20. 

162. Page 98:  Under "Bird or Animal Deformities or Reproductive Problems", second
paragraph, first sentence; insert "be" in middle of "to evaluated".(4)

Response: Okay.

163. Page 99:  Under "Loss of Fish and Wildlife Habitat", a correction needs to be made
to the second paragraph.  The Land and Water Management Division is
investigating funding sources for new aerial photos of the state, but no
funds have yet been secured.  However, the Southeast Michigan Council
of Governments will be taking aerial photographs of southeast Michigan
during 1995, as part of their five-year update.(4)

Response: Okay.  Change will be made.

164. Page 99:  Under "Restrictions on Fish and Wildlife Consumption", the last paragraph
begins "Contaminants is wildlife...".  The "is" should be changed to
"in".(4)

Response: Okay.

165. Page 100:  Under "Degradation of Fish and Wildlife Populations", the elements of
the study conducted by the Canadian Wildlife Service are listed.  Several
words are capitalized for no apparent reason (eg. Monitoring, Bird
Monitoring, Nesting Bird).  If these are titles to actual studies, the entire
title should be given, along with author and date of publication.(4)

Response: These will be changed to lower case if not a formal program.

166. Page 103:  Action Item #4 indicates "OMNR will work with the First Nation..."(4)

Response: Change will be made.

167. Page 107:  The Action Items listed in the table should begin with action words such
as "reduce", "control", or other appropriate verbs.(4)

Response: Agreed.  This will be reviewed and changed as appropriate.

168. Habitat - Community Awareness and Funding:
Appropriate habitat identification should allow visitors to enjoy the area without

damaging the ecosystem.  Special care should be exercised in ensuring
aesthetically pleasing signs.(5)

Response: Agreed. 

169. 73 "No treatment plant shutdowns due to exceedances of drinking water guidelines over
a two year period" is not a valid delisting criteria for a number of reasons.
 First of all water treatment plants do not usually shut down when
contaminant levels in finished water exceed MCL values.  For
exceedances of the drinking water MCLs for chemical contaminants, a
water system does not become a significant noncomplier, and therefore,
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a priority for federal enforcement, until the short term acceptable risk to
health level is exceeded in finished water.  This level is higher than the
MCL.  It is possible, therefore, for a water system to continue to serve
water to the public that exceeds an MCL.  Secondly, intakes are typically
closed to prevent fouling the distribution system, where a spill would
exceed a plants treatment capabilities.  If a public water system has
sufficient storage to allow it to shut its intake and continue to operate until
the spill passes; or it has advanced treatment, which allows it to continue
to operate; the 'no plant shutdowns' delisting criteria is not a valid criteria
for assessing restoration of beneficial use.(10)

Response: Water treatment plants in the St. Clair River area of concern indeed
shut down in some cases despite advice that levels in raw water
will not exceed acceptable drinking guidelines.  In other cases
plants shut down as a "precautionary measure".  Downriver water
treatment plants have varying degrees of storage capacity. 
However in view of the RAP Team, the presence of sufficient
storage capacity to permit a spill to pass was not sufficient to
diminish the fact that a spill had occurred.  A real or perceived
potential to provide an adequate and suitable supply of water at all
times for drinking purposes must be considered in this case.  

170. The most effective way to protect public health and reduce the risks from chemical
contamination is to provide multiple barriers of protection.  The first and
most effective technique is protecting water supplies from deterioration
by preventing their pollution.  Prevention of drinking water contamination
provides a greater measure of public safety and resource protection than
can be achieved by the current focus on drinking water treatment. 
Limited accuracy in sampling and monitoring, mechanical failure or
human error can all result in adverse consequences to public health
where adequate prevention efforts are lacking.  Recent well publicized
treatment failures resulted in a widespread Cryptosporidium outbreak and
deaths in Milwaukee; and bacteriological MCL, and turbidity violations in
Washington D.C., and New York City.(10)

Response: Agreed.  Spill prevention plans have/are being implemented by
facilities located along the St. Clair River.  The prevention and
elimination of spills is a top priority for the St. Clair River RAP and
companies in the AOC. 

171. 76. We recommend that the BPAC reword the Water Supply goals and
objectives to include drinking water concerns.  We agree with
TAC/RAP/BPAC/Task Teams Comment #81 that this objective read "river
water will be of suitable quality to be used as a raw supply for drinking
water without using exceptional water treatment systems".(10)

Response: This will be considered by RAP and BPAC at a future meeting.

172. 77. The fifth sentence of our comment should have read "The proposed
environmental water quality yardsticks for benzene, 1,2-dichloroethane,
tetrachloroethylene, 1,1,2-trichloroethane, and TCE are higher than the
MCL."  We agree with your plans to revise downward instances where
the yardsticks are less stringent than relevant guidelines to reflect the
more restrictive numbers.(10)
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Response: Okay.

173. 8.2 Actions - We need to specify who will carry out these actions and when they
will be done.(3)

Response: Who and when will be determined as part of the implementation plan
development.  It is expected that most activities will be initiated or
promoted by the Implementation Committee and/or Public
Accountability Committee.

174. 9.3.2 Page 99, Tainting of Fish and Wildlife Flavour - We say a controlled study is
required.  We need to recommend that someone specific do it.(3)

Response: A controlled study was conducted this year and is being organized by
MOEE and OMNR.

174.(a) 9.3.3 Degradation of Fish and Wildlife Populations, Page 100 - Walpole Island has
had very limited participation in the two programs identified, though the
document makes it appear that we are working hand in hand on an
ongoing basis with RAP initiatives.  This is not the case and it should not
be implied.  Walpole island wishes to be involved, but in a meaningful
way, ie. we are not just a resource that has to be studied.  Some of the
training and knowledge should stay on Walpole Island and not leave with
the white jackets. (13)

Response:  Many of these ongoing activities are not "RAP initiatives"; we are simply
documenting them FYI.  We will review the wording to ensure that it does not
imply more active participation by Walpole Island residents than you suggest.

175. 9.5 Page 103, Recommendations - We need to say who is going to carry out
these actions and when they will be done.(3)

Response: Action #1 from Section 9.5 indicates that responsible agency and
details of the study.

175.(a) 9.5 Actions, Page 103 - 'OMNR will work the First Nation people'! I think not! This is not
consistent with the SPR, nor does it reflect how the burden of monitoring
our Territory has been borne up to the present.  DELETE IT!(13)

Response:  Agreed.  We will delete it.  However, we would welcome input into a
comprehensive multi-entity monitoring plan for the delta.

176. We should include special monitoring programmes for the delta.  These should be
developed jointly with the Walpole First Nation.(3)

Response: Agreed.

177. We think these workplans should be developed this year, while the Stage 2 RAP is
undergoing review, so it can be added to the Stage 2 documents before
they go to the IJC.(3)

Response: Workplans for activities initiated in 1994 have already been completed
or are under development.  Workplans for future activities can be
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attempted; however, it may be difficult to provide all the necessary
detail at this time.  For purposes of the Stage 2 report, a brief
listing of anticipated studies and responsible parties could be
assembled.

178. 10.2 Implementation Strategies - We need to spend the rest of this year getting
commitments on these items and include them in the Stage 2 RAP.(3)

Response: Agreed.

179. 10.5 Actions - We need to say when we are going to do each of these activities. 
We think most of this could be done this year.(3)

Response: Items 1 through 3 are currently underway and Item 4 maybe initiated
later this year.

180. RAP Accountability Committee, Page 104 - Apparently Walpole Island is
not needed on the Implementation Committee.  This would be impossible
as Walpole island would have to be involved in the implementation of any
activity taking place in our Territory. (13)

Response:  Walpole Island participation both on the Implementation Committee and
in the BPAC accountability activities is desired.  In fact, we feel this participation
is critical if we are to clean-up and protect the watershed environment to
everyone's satisfaction.
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The following comments were provided by Patty Troy and were omitted in the draft public comment response
document.

1 Page 61 3rd paragraph, first bullet, did point source task team address storm runoff from
industrial sites?  Does this include industrial sites in which storm runoff is to municipal storm
sewers?(2)

Response:  If storm water was collected and discharged by the industry directly to the river, it
was included in industrial point source information.  Industries discharging to municipal systems
(waste water, process water, storm water, etc.) are covered under IPPs or sewer use by-laws
and are not mentioned by name in this report.

2 last bullet, suggest wording "use of household hazardous materials and disposal of household
hazardous waste"

Response:  Don't see a semantic difference, so we'll stay with the briefer phrase.

3 Urban and Rural Storm Runoff, last bullet, suggest wording, "Evaluate the environmental
effectiveness of control measures".

Response:  Essentially the same thing.

4 Page 62 first column, last paragraph, references cutting pesticide use in half.  Half of what?

Response:  Half of the base amount.  I'm not sure what it is.

5 Sec. 5.1 Regulatory programs:  Are there any regulations or programs to address fertilizer
and pesticide use for golf courses, parks, private lawns, or lawn care companies?

Response:  These entities are regulated by the same laws that apply to agriculture (mentioned
in the report).  With the exception of private lawns, applicators (farmers, lawn care companies,
etc.) are required to be certified, although this is more for health reasons than environmental
reasons.

6 Page 63 First paragraph, does this refer to agricultural pesticide use or all pesticide use?

Response:  All

7 Page 63 Second column, third paragraph, sentence has one too many "provided".

Response:  Agreed.  Eliminate first "provided".

8 Page 66 First column, last paragraph; if none of the 153 sites are on the list requiring
immediate cleanup, then why do we state than cleanup has been initiated at 140 of them?  Has
any cleanup really been initiated?

Response:  Under MERA sites are scored based on environmental threat.  Sites scoring above
40 are considered priority sites requiring "immediate" clean-up; in cases where responsible
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parties cannot be found, or do not have the money, this means that the state will provide
funding for clean-up.  However, sites with a score less than 40 are still subject to clean-up, and
most responsible parties go ahead and do it (with varying degrees of willingness), there just
isn't the same degree of urgency.  And yes, clean-up has been initiated at these sites.  In some
cases this may mean they are still in some stage of assessment/clean-up planning, but they are
moving forward.

9 Table 5.2 lists sites where no cleanup or assessment action has been initiated.  I'd like to see
listed the sites where action has been initiated.  Is the LUST site Condo Marina adjacent to the
river?

Response:  This list is too lengthy to be included in this report.  However, it is included in the
Michigan MERA report.  I will get a copy for you to look at.  I am not sure of the distance of this
site from the river, however it has apparently not impacted the river.

10 Pg 69 2nd column, under Environmental Farm Plans and Rural Conservation Clubs,
10,000 farm plans and 42 projects are referenced.  How many of these are in the AOC?

Response:  Not sure.  However, the task team did decide earlier to remove tallies not relevant
to the AOC, so if these are not totals for the AOC then remove them.

11 Bottom, heading should read "Ontario Domestic and Sanitary Sources".

Response:  Agreed.

12 Pg 70 First column, several sewer construction projects underway are described.  When
are the expected completion dates for these?

Response:  Where definitive dates are available, we have tried to include them. 

13 Pg 73 Second category, item 1, does this refer to HHW disposal or industrial waste
disposal?

Response:  Both, although different approaches would be used for HHW and industrial waste.

14 Second category, item 3, are new waste disposal sites necessary in the AOC?  Are they
planned?

Response:  We are not aware of any U.S. sites in the immediate horizon, but it is only a matter
of time before current ones reach capacity.  Lambton County is currently seeking a new site to
replace the current facility which is nearing capacity.  Unless technological alternatives to
landfills are developed, it is probably inevitable that other new ones will be needed eventually.

15 item 11, illegible

Response:  strikeover has been eliminated.

16 Pg 74 Second category, item 7, "Educate the public on the use of household hazardous
materials and...".
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Response:  replace "waste" with "materials"

17 Pg 75 first column, third paragraph, "...This area is within 100 meters...".

Response:  Insert "is"

18 Page 77 First column, third paragraph, omit "Because of increased public awareness and
demands,".

Response:  Agreed.  Omit this phrase.

19 Fig 6.1 Page 79, remediation is misspelled.

Response:  Correct spelling (Decision 1, first block)

20 Page 81 First column, second paragraph mentions upcoming work for the Task Team.  It is
my understanding that the task teams are discontinued.  Should this reference the RAP Team
instead?

Response: Replace "Sediment and Habitat Task Team" with "RAP Implementation
Committee".

21 First column, 3rd paragraph, when is it anticipated that the other two zones will be
characterized?

Response:  Other two zones are currently being characterized by LIS.

22 last paragraph, first bullet, what is a "resistivity seismic profile"?

Response:  It is a vertical profile of the bedrock and overburden using seismic detection 
equipment.

23 second column, "...consumption by First Nation residents and  others,...".  Is there any plan to
assess the delta?

Response:  We are working on a proposal now.

24 Pg 82 item 3, replace "do nothing" with "natural remediation".

Response:  Item mentions "natural cleansing", which is the    same thing as "natural
remediation"; this is the alternative which determines that there is a contamination problem, but
that nature will take care of it most effectively.  "Do nothing" refers also to the situation where
clean-up (natural or otherwise) is not necessary.

25 Pg 83 Sec. 7.1.1, first bullet mentions a Great Lakes Guidance Document.  Is this document under
development?  When is its release anticipated?  Or is preparation of this document only a
recommendation by RAP?
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Response:  Not sure, we'll check on this.

26 fourth bullet discusses the Planning Act and mentions "prior planning approvals".  When did
policy take effect?  Are there any "prior approved" wetlands in danger in the AOC?

Response:  We'll check.  Yes there are areas unprotected.

27 Pg 84 Section 7.1.2, fifth bullet refers to designated EAs.  Have any areas in the AOC
received this designation?

Response:  No.

28 Pg 86 Stag Island Habitat Restoration Project, when will requested funding from GLCUF be
approved or denied?

Response:  There has been a hold-up to evaluate possible impacts on water levels as a result
of placing structures in the water.  Discussions are ongoing.  We hope to get funding so that
work can begin next year.

29 Pg 89 Harsens Island, when is updated management plan due?

Response:  Not sure.  We'll get back to you on this.

30 Pg 90 Second paragraph, what is the appropriate title for the SCS person?

Response:  It depends, most likely would be the District Conservationist.  Remove the word
"person".

31 Pg 91 under Education and Community Actions, item 3, this sentence doesn't make sense.

Response:  Eliminate "on exotic species"; replace "toxics" with "exotic species".

32 Pg 92 item 6, responsible parties should include the leaders of the First Nation people.

Response:  At the request of Walpole residents we have eliminated this recommendation.

33 Pg 93 item 11, who is responsible party?

Response:  Add "Responsible parties: MDNR, MNR, USFWS, NBS, CWS".

34 Pg 99 section 9.3.1, last paragraph needs rewording.

Response:  Reword as follows:  "Contaminants in wildlife, mink in particular, are being
investigated by Maple Research Centre, OMNR".

35 Pg 100second column, under Body Burdens of Wildlife, the first, third and fourth bullets discuss
monitoring projects.  Are these projects being done in the AOC?
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Response:  Yes.

36 Pg 101second column, item 3, there is a problem of sentence construction.  "The contaminant of
concern is...".

Response:  Reword to say:  "Approximately 45 parameters are monitored including sulphur
dioxide".

37 item 9, are these watershed investigations a RAP proposal?  Should this be included under
section 9.5?

Response:  The section is identified as programs "ongoing or proposed" so it belongs here.  It
is implicit in 9.5 also.

38 Pg 103section 9.5, item 1, add bullet "analysis methods".  Item 2, replace "should".

Response:  Combine bullets 2, 3 and 4 into one bullet as follows: "• study design, including
locations, frequencies, target media, and analytical techniques".

39 Pg 106section 10.5, item 2, when do we expect to develop this workplan?

Response: In 1995.

40 Pg 107table 10.1, please review the table headings.  Many things under the Action column are not
actions.

Response:  Reword to say "Action Item"

41 for persistent, potentially bioaccumulative substances, we need to add a completion date "2004
- virtually eliminate from discharge".  For all persistent substances, please add statement
"Continue to strive for zero discharge".

Response:  Virtual elimination is not a recommendation for the "potentially" bioaccumulative
substances.  "Strive for" doesn't lend itself to a specific completion date (which is what this
column is for).

42 Bottom, add completion dates for Michigan CSO Corrections.

Response:  This needs to be reworked.  Make CSO elimination a separate "Action Item". 
Include Port Huron, Sarnia and Marysville under Agency/Facility.  Under Completion date: 
2001 for Marysville, 2005 for Port Huron and Sarnia.  For Source Discharges of Coliform
Bacteria: under Agency/Facility list Sarnia WPCP and under completion date "2000 - 50%
reduction"

43 Pg 109People who don't own homes can also reduce their use of pesticides and fertilizers.

Response:  Modify to say "homeowners/renters"
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44 Table 101 Several actions are given to the RAP Team or BPAC.  At what point do these
become Implementation Committee and Accountability Committee?

Response:  RAP Team has been changed to RAP Implementation Committee.  BPAC elected
to keep name unchanged, and will decide what form "accountability" will take (e.g.
subcommittee).

45 Pg 115Definition of virtual elimination, is this cannot be measured by any method?

Response:  Cannot be measured by standard method as agreed upon and referenced with
detection limit in the yardsticks document.

46 There are several instances of first use of an acronym in which it has not been spelled out, as
perhaps it should be.  These include, I think, IJC - page 1, CSO and PAH - page 4, OMOEE,
OMNR, and MDNR, page 6, USDA, SCS, OMAF, MDA, and LIS - page 11, USACOE and
USFWS - page 12, CWS - page 13, TKN - page 22, PIPP - page 48, and GLNPO - page 101.

Response:  In a document this long, first reference would soon be lost anyway.  That is why we
have included an acronym glossary in the back.  We will double-check to make sure all of these
are included.
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COA COMMENTS ON ST. CLAIR RIVER STAGE 2 REPORT - JULY 1994
RESPONSE DOCUMENT - NOVEMBER 8, 1994.

General Comments:

1. The main concern of the Steering Committee is the lack of detail surrounding the proposed
"Actions" that address delisting guidelines.  There are no means to determine HOW the action will be met
and HOW the yardsticks will be achieved.  For example, in the assessment of stormwater impacts, the
report should outline the discussion on how to correct the adverse effects, a consideration of several
options, selection of a strategy with costs associated with the strategy, and recommendation in the Stage
2 Report that the strategy be implemented.  Another example requiring more detail is the Habitat Action
Plan.  The Action recommends a review of land use information, restoration techniques and regulation. 
This review should be done prior to completion of the Stage 2 Report so that the Stage 2 contain
recommended, tangible methods on restoration targeted to appropriate geographic locations.

Response: Text referring to the following will be inserted in sections 1.4 and 4.0:
Early in the Stage 2 process, the RAP team commissioned a study to evaluate technical

options for remediation of use impairments.  This report (BEAK 1993) outlines detailed
site-specific technical options and approximate costs for addressing source controls as
well as sediment and habitat remediation.  Following extensive discussions with BPAC
and RAP team, it was agreed that, with respect to point sources, a more effective
approach would be to identify performance expectations or a "yardstick" necessary to
achieve RAP goals and objectives and to rely on individual sources to comply.  This was
felt to be the approach most likely to succeed given the complex technical, economic
and social issues at hand for each facility.  The RAP will pursue the achievement of
these "yardsticks" through ongoing monitoring and iterative discussions with both
municipal and industrial dischargers. 

The BEAK report will be referenced appropriately with page numbers in the body of the
Stage 2 report.  A more detailed rationale for why the discussion of remedial options are
limited for point sources will be explained in the Stage 2 report.  Included in this rationale
will be a statement indicating that defining remedial technologies may in fact preclude
some options such as pollution prevention. 

2. Annex 2 of the GLWQA specifies the need to evaluate existing and additional remedial measures. 
There has not been a rigorous evaluation of existing or proposed measures in the St. Clair Stage 2 Report.
 There is only marginal descriptive information on what is currently in place.  There is no thorough
description of the nature and extent of the problem.  More specific information should be presented such
as: the extent that STPs meet outfall loadings, identifying which STPs are problematic; assessing the
adequacy of the existing remedial options, identifying what specific options are available given the nature
of the problem, assessing their effectiveness, identifying potential environmental social or economic
impacts, etc.

Response: See response to General Comment #1.  Some detail contained in the BEAK
report, currently in the appendix to Stage 2 could be brought forward into the
report.  BPAC however has urged the RAP Team to keep the document brief. 
Public comments have echoed this desire.  Much of the information the reviewer
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has identified is contained in the stage 1 report (Dec. 1991) and the Stage 1
update (Sept. 1993). 

3. In dealing with "Point Sources" it is not clear what improvements are required for specific facilities
to meet delisting criteria.  What specific action is required, at a given point source to bring the effluent to
the required yardstick?  What are the options?  How effective are they, etc.  In the St. Clair Stage 2, these
questions are not addressed in most of the remedial categories.  In some instances, more detail is
apparently available in the Appendices which were not included for Steering Committee review.  The
specific actions should appear in the main text.  For example, the Sarnia WPCP is defined as a priority
source of specific compounds under numerous "Actions", however, it is not clear if proposed programs for
this WPCP will meet targets.

Response: See response to General Comment #1.  Where appropriate specific actions
will be described.  In the example on Sarnia WPCP additional details have and
will be provided.

4. Action items are primarily proposals and monitoring plans rather than specific abatement or
rehabilitation projects.  The latter is required for the Stage 2 Report.

Response: Where possible, action items refer to specific implementation activities. 
There are however examples where some actions indeed reflect proposals and
monitoring plans when lack of information precludes detailed recommendations
for implementation.  Further detail as it is developed will be contained in update
reports and/or a detailed "implementation annex".

The text of the report will more clearly identify what activities were undertaken by the task
teams vs. what actions are recommended at the end of each chapter. 

5. From an MNR point of view, the material presented appears factual, however, we do not concur
with the delisting criteria presented for the remediation of habitat impairment.  The criteria need to be more
definitive with regards to COA, Wetland Rehabilitation Strategy and Fish Habitat Protection Policies.  The
recommended actions as described do not appear to be able to meet the implications of habitat
impairment. 

Response: Agreed.  Delisting criteria have been modified to include quantitative details
on habitat remediation in Ontario.  As information becomes available through
initiatives like the St. Clair/Sydenham River Regional Management Plan, it will be
incorporated. 

6. The degradation of fish and wildlife populations is listed as unimpaired.  It is MNR's position that
this is listed as impaired.  There is a clear impact on the biota.   Steering Committee members involved in
fish and habitat are willing to aid in the revision of these fish and wildlife concerns.

Response: The RAP Team and BPAC have had extensive discussions on this topic. 
While we feel comfortable with the current listing assessment and associated
wording we agree with the reviewer (at least with respect to the fish community)
and will, through efforts to increase habitat and improve environmental quality,
enhance a fishery which is already self sustaining and diverse.  Some additional
qualifications on the existing impairment status rationale may be appropriate. 
These qualifications would suggest that although this use is considered
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unimpaired, current fish community structure while not reflective of
predevelopment could be improved and will be monitored for such as habitat and
water quality show improvements.

The RAP is pursuing quantitative fish community goals for this area currently under
preparation by OMNR.  Following receipt of this information the RAP team will be in a
better position to determine if the fishery has achieved some or all of its potential.  If it
can be determined that further improvements in the fishery are expected, the RAP team
will consider this and may at that time revise the impairment status to "impaired".

7. Fish and wildlife populations have not been considered in this document.  Considering that the
"impaired uses" include restrictions on fish and wildlife consumption, bird and animal deformities or
reproductive problems and loss of fish and wildlife habitat, it is imperative that the state of the proposed
changes in fish and wildlife populations should be addressed.  There is no general concurrence with the
delisting targets for deformities for fish and wildlife.

Response: See response to General Comment #6.  The use of chironomid mouth part
anomalies as an indication of environmental stress is becoming increasingly
accepted and has been endorsed by RAP Team and BPAC

8. The acquisition and rehabilitation of fish and wildlife habitat should be targeted on critical habitat. 
Prior to investing in costing "Actions", a Habitat Management Plan (Table 1.1, point 5) should be prepared
as part of Stage 2 based on fish and wildlife requirements for the AOC.  Michigan DNR incorporates
acquisition as a significant component of their action plan.  Why is there no acquisition of existing habitat
on the Ontario portion?

Response: See responses to General Comments #1 & 5.

9. Public consultation, with the exception of outreach and education programs, is noticeably absent
from this report.  Has the general public had the opportunity to comment on remedial options?

Response: The report has been reviewed on several occasions by task team members
through facilitated workshops, meetings and individual review.  It is the product
of a joint effort involving local interested citizens within and outside of BPAC as
well as Agency representatives. The development of the Stage 2 report has
involved to a much greater extent than in Stage 1, input from BPAC and the
broader public.  As a consequence ownership and consensus is much more
strongly evident in Stage 2 then in the previous stage.  Details describing this
process will be removed from section 1.3 and added in more detail to a new
section 1.2 describing "Public Consultation".

10. The Steering Committee supports the move to further watershed and sub-watershed planning in
the Stage 2 Report.  The members of the Steering Committee are eager to help in the development of this
concept.

Response: Agreed. RAP Team and BPAC would appreciate any assistance Steering
Committee can provide.  In particular to prioritize the need for watershed
management plans in areas such as Talfourd Creek, Cole Drain, Baby Creek
and Clay Creek.  A request for watershed planning activities was forwarded to
the former Water Resource Branch however approval has not been received.
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11. The integration of Human Health concerns into the St. Clair Stage 2 Report will improve the quality
of the report.  At the present moment, there is no Task Group that is responsible for responding to human
health concerns.  Health Canada members on the Steering Committee will be happy to assist the RAP
Team in the incorporation of human health concerns in the Stage 2.

Response: This information was provided by Health Canada and has been incorporated
into the current draft.  Subsequent comments following public review considered
the information to be out of place and adding little.  The information will be kept
in but shortened.  The RAP team would appreciate any information which would
be of use (site or parameter-specific) emerging from the GLHEP.

12. A multi-agency study of the St. Clair and Detroit Rivers is being initiated to determine the impacts of
channel encroachments on the entire river system and to determine what degree of further encroachment
may be possible along the river system.  The results of this analysis (expected next year) should be used
to guide where in-channel fisheries projects may be considered.

Response: The following has been added to the Stage 2 report:                 In all habitat
rehabilitation projects, an evaluation of impacts on water levels in the St. Clair
River and elsewhere much be conducted.  Under the Canada-U.S. Boundary
Waters Treaty-Article III, activities which may impact the "natural level of flow of
boundary waters on the other side of the line" shall not be carried out without
appropriate federal approval.  RAP habitat enhancement activities involving the
placement of fills, rock groins and breakwaters, artificial islands or other
obstructions are subject to this approval.  In this regard, ongoing discussions
involving federal, provincial and state agencies are being conducted to assess
the potential for problems before activities outlined on the following pages are
carried out.

13. On the Michigan side, there is not enough detail to determine if there are negative impacts or
potential impediments.  Detailed site plans should be available either in the Stage 2 Report or in the
supporting document.

Response: See response to General Comment #12.

14. Please show in the text where you differ with technical review comments and the RAP/BPAC
justification for your stance.

Response: Technical review comments were compiled into a comprehensive
"responsiveness document" following review of the April 30, 1994 draft.  This
"responsiveness document"  can be provided to the reviewer upon request.
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Specific Comments:

1. p.2 Table 1.1. Make it clear either in the text or in the table that this list of impaired uses is a subset
of the IJC's list of 14.

Response: A statement has been added to Section 1.2 to indicate that this is a subset of the
IJC's list of 14.

2. p.4 2nd paragraph.  Is toxicity being evaluated?  Please make this clear to the reader.

Response: Toxicity is not being directly evaluated however it is considered in the development
of standards/guidelines or criteria which are used in the ranking system.

3. p. 11 The development of watershed/subwatershed plans is not a function of EPA and
DOE.  The plans are locally driven if the individuals are familiar with the issues.

Response: Agree.  This will be reflected in the revised Table 1.2.  It will be indicated at the top
of the table that the listed groups are prospective partners in the undertaking.  They are
not identified at this point as being the lead group.

4. p. 13 CWS should be identified separately from Environment Canada

Response: The reference to CWS will be deleted since Environment Canada is already listed for
this action.

5. p. 31 As this document outlines, enormous amounts of highly productive wetland habitat
have already been lost.  What will protect those areas that are or will be restored or
reclaimed?  More effort is required on the preservation, regulation and acquisition on
habitat areas.

Response: A statement will be added to bullet # 5 which indicates "...which will continue beyond
RAP delisting".

6. p.   32  2nd paragraph
Developing yardsticks is a good interim goal but what are the recommended actions required

to achieve virtual elimination in the long term?  Much of the point source strategy is directed at
obtaining interim goals and not the long term goals.

Response: The achievement of yardsticks is considered not only an interim goal but sufficient
for delisting purposes.  Any insight or information on those actions to achieve virtual
elimination would be appreciated and will be considered by the RAP Team.  This is
viewed as a long term goal and will be pursued by on-going discussions involving
sources and the implementation team. 

7. p. 33    Tables 3.2 and 3.3
There are many data gaps in the tables.  How important is the missing information. 

How and when will the gaps be filled?
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Response: Data gaps are important and as indicated on page 37 "...it is incumbent on the RAP
Team and BPAC to continually review data against available standards to ensure that
potential or emerging contaminants of concern and revised
objectives/guidelines/standards have not been overlooked".  Of particular importance for
the St. Clair River Area of Concern is the lack of guidelines/objectives designed to
protect individuals consuming greater than "average" amounts of fish and game.  The
RAP will seek to have appropriate jurisdictions develop applicable guidelines/objectives
for these "high consumers" to afford an acceptable level of protection.

8. p. 36    3rd paragraph
It appears that the whole health issue has been reduced to one number.  What about the

reproductive, neurological, immunological or developmental criteria?  How have sensitive
populations (e.g. children, fetuses, elderly) been included in the health issue?

Response: See response to General Comment #11.

9. p. 41 Regulatory Programs
A review of the relevant regulatory programs appear at the beginning of most

chapters, however, there is no assessment of the adequacy of these regulations or policies in
the context of the St. Clair River RAP.  How are the regulations sufficient or insufficient for the
RAP?  What improvements could be made?  Regulations are one component of clean up. 
They should be evaluated like any other option. 

Response: It is acknowledged that Regulations are an important remedial option for use in the
RAP.  It is our intention to implement this RAP through consensus based decision
making and commitments.  Regulations while being important have largely been
described and included in detail in either Stage 1 or Appendices for Stage 2.  Where
regulations are considered to be imminently important for implementation purposes, and
deficiencies exist these have been described in the text of the report.  An example of
such would be deficiencies in current habitat protection legislation.  In the case of MISA
regulations, the limits will be assessed against RAP goals and objectives where
possible.

10. p. 42 Last sentence
This sentence sounds bureaucratic and seems to support the status quo.  How will this work

and what is required?

Response: This describes the essence of the negotiation process employed by RAP.  A
statement however has been added to the end of 4.2.1 which describes current and
projected contaminant loadings to the St. Clair River by facilities and noting that these
facilities are striving to meet projected loadings by the year 2000.

11. p. 43 The information provided offers no indication as to the nature of effluent loadings
from the various STPs.  Which STPs are most problematic than others?  How adequate
have recent upgrades been?  What specific options are required to improve the effluent.
 What are the options and what do they cost?  There is no mention of any aspect of
water conservation?  The attention to water efficiency is an indication of sustainability of
selected options.  Water efficiency must be considered hand-in-hand with wastewater
considerations.

Response: See response to General Comment #2.  With respect to Water Conservation the
following will be added to Section 4.2.2. " The City of Sarnia instituted a program over
the past several years to install water meters in homes which were previously not
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metered.  This in addition to an environmental surtax based on water consumption has
had the effect of lowering water consumption and establishing a fund to defray
infrastructure cost".

12. p. 44 Which industries are the main polluters?  Information from the chemical and
petroleum sectors of MISA are now public and should be incorporated into the report. 

Response: This information has been incorporated and in fact is the basis for an evaluation of
point source impact based on "current" loadings information.  This information was in
fact obtained prior to official release and has been used despite numerous obstacles to
its release. 

13. p. 51 How will the St. Clair River RAP address those Tier 1 and 2 substances under the
new COA agreement?  There is little specificity of how the KETOX model will be
incorporated into the options.  This should be made clear since the entire point source
strategy is dependent on this model.

Response: A statement will be added to Section 3.4 which indicates that the recently released
COA Tier 1 and Tier 2 substances will be considered as part of the RAP Team review of
available standards against emerging information.  A number of COA compounds are
already on the Stage 2 list of contaminants of concern.

14. p. 56 Actions state that the agencies are responsible for monitoring.  Does this not conflict
with what MISA specifies?  How and when is this monitoring to be reported?

Response: Monitoring referred to in this instance is ambient water sediment and biota quality
monitoring.  It remains the responsibility of the dischargers to conduct effluent
monitoring as per MISA.  This will be clarified in the report.

15. p. 59-60 Many of these statements are principles or goals and not actions (eg. #7, 12, 14)

Response: Agreed.  It is anticipated that these principles or goals will provide a more detailed
framework for implementing actions. 

16. p. 61 The non-point source action plan for urban runoff, waste disposal and domestic
sources includes tasks that should have been completed by the RAP.  Identifying the
extent of the problem should be part of the Stage 1 process.  Stage 2 reports should
focus on remedial actions, not identifying the problem.

Response: A general revision will be added at the beginning of each task team chapter
clarifying that the "action plans" presented are in fact actions that the task teams
undertook to develop the Stage 2 report.  These are not recommended actions coming
out of the task team deliberations.  The latter are clearly identified at the end of each
chapter.

17. p. 63 There is insufficient information on the contribution on non-point sources to the
overall problem in the St. Clair River.  What targets or goals have been established with
respect to phosphorus loadings?  Estimates of the number of faulty milkhouse
washwater, manure or septic systems should be included.  What specifically is the
problem and what should be done to remediate the problem?  There have been several
urban runoff documents done on all RAP sites funded by the Clean Up Fund.  The
results of those documents should be included in the Stage 2.  The Sediment section
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from pages 76-83 only outlines the problem but not the remedial actions required to
solve the problem.

Response: Contribution of non-point sources is clearly identified in the Stage 1 RAP.  The
phosphorous loading targets are identified in the yard sticks section of the report and
information on faulty milk-house washwater manure or septic systems in the water
sheds are being addressed through recently approved funding under the CURB
Program.  As a result of RAP monitoring and BPAC/RAP Team recommendations this
funding has been approved and it is anticipated that it will deal effectively with one of the
main sources of water shed contamination, elevated bacterial levels.  With respect to
urban runoff the reviewer is correct that the clean-up fund has in fact funded these types
of studies.  The RAP was instrumental in working with Jiri Marsalek of NWRI to conduct
an urban runoff study for the Sarnia area.  Based on these findings (reported on in
Stage 1) the RAP is supporting the initiatives announced by the City of Sarnia to control
CSO's and upgrade the Water Pollution Control Plant.  Other Clean up Fund information
will be assessed as it becomes available.

With respect to the sediment section the following will be added: "It would be premature at this
time to recommend clean-up actions until completion of the on-going sediment characterization
study.  This comprehensive study was initiated in 1994 and it is hoped that within 2 to 3 years a
detailed clean-up plan will be developed involving the RAP Team, BPAC as well as responsible
parties.

18. p. 64 Last sentence
When will this follow-up study be undertaken?  Who will be responsible for the follow-up?

Response: This study is being conducted under the coordination of the Sarnia District
Abatement Office. 

19. p. 66 When will studies on waste disposal sites be undertaken?  Who will be responsible
for the studies?

Response: See response to Specific Comment #18.

20. p. 69-72 Watershed Action
There has been no discussion of how watershed management plans will 
help.  Do certain watersheds have higher priority than other watersheds?  What is the cost of

developing watershed management plans?

Response: See response to General Comment #10 and Specific Comment #3.

21. p.73 Urban Storm Runoff
Geographically, where are the greatest development pressures?  Are there                priority

areas?  Several studies have been undertaken by the Clean Up Fund that identify urban runoff
control options and cost estimates (CH2M/Hill, 1992, 1993 and Schroeter, 1993).  These
studies should be referred to the Stage 2.  Assess how the findings of these reports are
adequate or inadequate for the St. Clair RAP.  How specifically will items 1-9 be implemented? 
What are the specific action items required to achieve your effluent targets?  How specifically
will these actions be implemented, measured, and assessed for effectiveness?

Response: The implementation of items 1 through 9 will be the subject of discussions by the
RAP implementation team and accountability committee.  This information is not
contained in the current Stage 2 report but will be contained in the implementation
annex following.
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22. p. 73 Rural storm Runoff
How adequate are the existing agricultural practices and programs?  What is the

specific remedial set of actions required for the St. Clair River RAP with respect to agricultural
sources? 

Response: The RAP has identified some problems with respect to bacteriological contamination
and are addressing these through the CURB program.  The report has identified the
reliance on existing programs to deal with non-point source problems as well as ways in
which the RAP can have an impact on dealing with the problems (e.g. CURB).

23. p. 74 Waste sites #4
This is the function of the RAP.  If the required work is beyond the financial or temporal scope

of the RAP then provide a specific set of actions to lead to remediation.  How many sites are
there?

Response: Agree that this is the function of the RAP and will be completed as part of RAP
Implementation activities.  Details as they become available on cost associated with
actions will also be included as part of the implementation annex.  The number of sites
are identified in the body of Chapter 5 as those having inadequate information available
for assessment. 

24. p. 84-94  Habitat
What are the goals/targets (hectares) in terms of wetlands to be protected and recovered? 

Why has wetland protection through land trust and acquisitions not been explored, particulary
on the Canadian side?

Response: Details on quantitative goals and targets for habitat and wetland restoration have
been included in the listing criteria.

25. p. 84 Section 7.1.1.
The description of regulations and their applicability to habitat protection is incomplete.  The

following acts and regulations should be added:

Boundary Waters Treaty - restricts activities in one country that may cause harm to the other
country.  This applies to levels and flows and water quality.

Navigable Waters Protection Act - While not designed to protect habitat per se - it can
trigger the federal environmental assessment process which could require alterations in
proposed developments to protect fisheries habitat.

Beds of Navigable Waters Act - Can be used to restrict alterations in water courses.

Conservation Authorities Act - Flood and fill regulations under this act can be used by the
Conservation Authorities to control or restrict development in the channel and flood plain.  This
could be a very powerful tool to protect the remaining wetlands and shoreline habitat.

Response: Agreed.  This information has been incorporated.

26. p. 85 The report suggests that the Ontario Wetland Policy does not provide protection for
properties in or adjacent to provincially significant wetlands which already have planning
approvals.  It should be noted that Bill 163, which has received second reading in the
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Ontario Legislature, would amend the Municipal Act to allow a local municipality to pass
by-laws to prohibit or regulate the placing or dumping of fill in any defined area or class
of land and to prohibit or regulate the alteration of the grade of land in any defined area
or on any class of land.  If these provisions are approved by the Legislature, local
municipalities would be able to pass by-laws to control the placing of fill, the changing of
property contours, etc. on wetland-related properties notwithstanding that other planning
approvals had previously been granted.

Response: Agreed.  Information on Bill 163 will be incorporated into the report once the Bill is
passed.

27. p. 87, p. 90 There are concerns to those projects that involve the placement of fills, rock groins
and breakwaters, artificial islands or other obstructions in the river channel.  This applies
to the Stag Island Project (p. 87), the Centre by the Bay Point Lands Development (p.
87) and the nesting islands referred to in the description of work planned for Harsens
Island (p. 90).  These concerns have been conveyed to you on June 13th (please see
attached).  Although the comments were included in the June 30th Response
Document, the July 8th Draft Stage 2 Report did not deal with these concerns in any
way.  The RAP Team may disagree with these concerns but they should acknowledge
that these concerns exist and that they may be a barrier to the funding and
implementation of these measures.

Recent discussion have occurred with MNR staff regarding the Stag Island Project (and
Windsor Salt on the Detroit River).  Suggestions were made at that meeting on modifications to
the project that would likely resolve the concerns on potential hydraulic impacts.  I would hope
that the Stage 2 would include this revised Stag Island project and would drop the other
hydraulically sensitive portions of the other projects.

Response: See response to General Comment #12. 

28. p. 110 Persistent Substances.  Should "2004 - virtually eliminate" be added here?

Response: No the 2004 - virtually eliminate refers only to those substances which are both
persistent and bioaccumulative.

29. p. 118 The definition of "virtual elimination" is a poor.  Please elaborate.

Response: Our intent was to keep this definition concise.  It is intended to mean no addition of
material to a discharge.  This could be documented by the absence of detection of this
material within an discharge and/or the absence of the material from biological tissue
taken from within the area of concern.  In other words our intention is not only to not be
able to measure the material in discharges but also in the environment.

30. The RAP Steering Committee strongly urges you to discuss these concerns with members of the
Committee on how to revise the existing report so that it will meet the COA requirements for a Stage 2
Document.  Further guidance will be provided to you as to what constitutes a Stage 2 Report should be
forthcoming in mid August.  In the interim, please consider placing the following citation in the foreword:

Release of this preliminary Stage 2 Report is intended to provide information of the preferred
remedial options which are being recommended to the governments.  The report in its current form
represents the conclusion of the RAP Team and the BPAC and has not been officially adopted by the
federal or provincial governments.



-164-

Response: The suggested insertion will be placed in the document prior to public review.  It is
our hope that it can be removed following this review in advance of its transmittal to the
IJC and governments. 

The report will be revised following public review and provided to BPAC in advance of their
Nov. 30th meeting.  The report will be provided in parallel to the COA RAP Steering Committee
in order to secure the status of an "approved report".  This report (with BPAC and COA
support/approval) will be forwarded under BPAC cover to the IJC and Federal/Provincial
(Canada) as a Stage 2 Report with the qualification that it does not contain all necessary
commitments and details.  We will seek IJC comments on the path which is being taken and
suggestions for improvements in order that the RAP update or "Implementation Annex" can be
complete and consistent with current priorities under Annex 2 of the GLWQA.  We will further
seek commitments from the federal and provincial governments (Canadian) for support for
projects identified as having public monies associated with their implementation.

ADDENDUM TO COA COMMENTS ON JULY DRAFT STAGE 2 REPORT:
Comments from Rimi Kalinauskas - Environment Canada (July 28, 1994)

NOVEMBER 9, 1994 - Response document

GENERAL COMMENTS:

1) The St. Clair River RAP Draft Stage 2 report is deficient in a number of areas. 
Fundamentally, the document fails to go far enough in meeting a key requirement for a
Stage 2 Report under Annex 2 of the Canada-U.S. GLWQA.  i.e. "the evaluation of
existing and proposed remedial measures."  This shortcoming is reflected in the
recommendations made for point sources, non-point sources, sediment, habitat and
monitoring and surveillance.  The recommendations in the report, which are primarily
generic in nature, do not provide the necessary detail required for restoring the St. Clair
AOC.

Response:

SPECIFIC COMMENTS:

1) Pg. 2, Table 1.1
Delisting Guidelines.  Restrictions on fish and wildlife consumption-  Suggest that a
qualifying phrase be added to allow delisting of this impairment if it can be shown that
the restrictions are not due to local sources. 

Response:
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2) Bird or animal deformities or reproductive problems - the use of chironomid mouthpart
anomalies as an indicator for this use impairment should be reviewed and appproved
by federal fisheries and wildlife experts(not clear from the Appendix to the Stage 2
report that this has been done). 
Response:

3) Loss of fish and wildlife habitat - for consistency - why is aquisition wetland habitat in
Ontario not considered and why are specific habitat targets not extablished for Ontario?

Response:

4) Page 4, 1.4 Point Source
The RAP team/BPAC should be commended for the development of an evaluation and
ranking system for contaminants and the development of yardsticks.  However, the
KETOX modelling scenarios selected leave some key questions unanswered.  For
example, what about the parameters that were not modelled because of incomplete
data - would the rankings change?  What will be the effect of MISA/BATEA /and the
new COA on point source loadings to the River?  As an observation, it seems the
KETOX modelling results were driving the point source recommendations (working
backwards) when what was really needed was an evaluation of proposed MISA/BATEA
regulations on loadings to the River (Working Forwards).  If this was done, it should be
highlighted.

Response:

5) Page 5, 1.5 Non Point Source - re: evaluation of Ontario landfill and waste disposal
sites - how serious is the problem and what is being proposed/done to correct it?

Response:

6) Page 6, 1.6 Sediment - the characterization and prioritization of sediment impact zones
is a step in the right direction.  What is missing are proposed remedial measures for
dealing with the priority one zones.

Response:

7) Page 6, 1.7 Habitat - re: candidate sites for potential habitat rehabilitation - need to
identify serious constraints on their development (see Doug Brown's memo).

Response:

8) Page 8, RAP implementation - the RAP team/BPAC should be commended for
obtaining commitments to implementation from key industries.

9) Page 9-10, Table 1.2 - Point Source recommendations- related to the point above, it is
not clear which of the industrial facilities identified have made commitments to
implementation (i.e. lack of consistency with text page 8 - Novacor Chemicals vs.
Novacor Petroleum, Polysar vs. Polysar Rubber - are these the same or different
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facilities?)  Furthermore, why the lack of consistency in recommendations for MDNR,
OMOEE, DOE and EPA?

Response:

10) Page 10-11, Table 1.2 - Non-pt. Source recommendations- Question OMNR being
identified as an implementor of the CURB program.  CAs should be identified as
responsible parties for "developing watershed/subwatershed plans."

Response:

11) Page 12, Table 1.2 - Habitat recommendations- Suggest that DFO be added as
proposed implementors for habitat restoration and enhancement projects related to
fisheries.  Note- CWS is not a separate dept. but part of EC, therefore, they should be
removed from the list of proposed implementors.

Response:

12) Pg. 20 Table 2.1- suggest that the RAP team contact DFO and DOE (CWS) to
determine what data is available on fish and bird/animal deformities.  Question the use
of choronomid mouthpart anomalies as the delisting guideline for this use impairment.

Response:

13) Pg. 41, Regulatory Programs - The review of Ontario regulatory programs and policies
applicable to industrial and municipal point sources is a good one.  What is missing is
an evaluation of the adequacy of these programs and policies relative to restoring the
use impairments of the St. Clair River AOC.

Response:

14) Question the RAP team/PAC's approach of working backwards, i.e., focusing on
determining required loadings to meet yardsticks using the KETOX model vs.
determining the adequacy of existing and proposed regulations (MISA/BATEA, COA)
on meeting RAP objectives and goals.

Response:

15) Pages 43-47 Ongoing Programs - Ontario Municipal and Ontario Industrial - Good
summary of the status of existing facilities/programs.  Again, missing is an evaluation of
the adequacy of existing facilities/programs in meeting RAP goals.

Response:

16) Pages 49-55 Prioritization and Modelling of Sources of remediation - Question the
heavy reliance on KETOX Model results, what is the degree of error associated with the
model runs?  Large number of facilities not modelled (especially relative to current
sediment and water values - see Table 4.3).
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Response:

17) Pages 56-60 Actions - Would be interested in the degree of "buy-in" by industries and
municipalities to the RAP recommendations.  -Note- from the list of technical reviewers
listed in the response document, it does not appear Env. Canada (Env. Prot. Branch)
has provided comments on this section.  Given the significance of point sources in the
St. Clair River AOC, suggest that they need to technically review and approve the point
source section, prior to the document being formally endorsed by Environment Canada.

Response:

18) Given the great deal of work done in the St. Clair AOC on non-point sources (UGLCCS
Study, Urban NPS studies funded under the Cleanup fund, Research studies
conducted by DOE-NWRI abd Ag. Canada), question the lack of basic
information/detail on :  the contribution of non-point sources to the overall problem in
the St. Clair River; remedial measures inplace or proposed; and who is responsible for
implementing the recommendations?

Response:

19) Page 62 - Regulatory programs - The review of existing non-point source regulatory
programs is a good one.  Missing is an evaluation of the existing programs in meeting
RAP goals.

Response:

20) Pages 63-72 - Remedial and Prevention Measures and Actions in Progress - Good
summary of existing programs and potential remedial/prevention measures.  However,
"where's the beef?" i.e. the evaluation of existing programs relative to the St. Clair River
AOC and details of what else needs to be done.

Response:

21) Pages 72-75 - Actions - The actions/recommendations listed do not identify proposed
implementors.  Who should be doing what?

Response:

22) The sediment section in the report is deficient.  However, at least there is a Sediment
Action Plan in place to deal with contaminated sediments in the AOC.  The plan
appears to  be thorough and well thought out.

Response:

23) Page 83 - Actions - Need to identify responsible parties for implementing the
recommendations.  What role will/are the industries/municipalities taking in the
development and implementation of the Sediment Action Plan?

Response:
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24) Habitat - See Doug Brown's detailed comments (dated July 29, 1994) -we support and
endorse his comments.  The document needs to be revised to reflect the constraints
identified by Doug Brown on the development of potential habitat
rehabilitation/enhancement sites.

Response:

25) Suggest acquisition of natural areas be added as a recommended action on the Ontario
side (for consistency, completeness and because it makes sense).

Response:

26) Suggest Env. Can. be added to the list of responsible parties for recommendations
where Cleanup Fund resources will be sought and for recommendations where
technical advice/assistance may be required re: wildlife habitat.

Response:

27) Suggest DFO be added to the list of responsible parties for recommendations dealing
with fisheries habitat.

Response:

28) Note - some of the recommendations do not identify responsible parties.

Response:

29) Public Outreach and Education
Suggest need to provide details of BPAC involvement/support in the development of
the report.  From the document it is not clear the extent to which BPAC supports or
endorses the report.  From the list of technical reviewers, it appears some BPAC
members have submitted written comments - are theese dissenting views and if so,
how were they dealt with?

Response:

30) Monitoring and Research
Pages 99-101 - Monitoring Programs - The listing of existing and planned monitoring
programs within the St. Clair AOC is a good one.  Missing is an evaluation of their
adequacy/identification of any data gaps- especially re: delisting.

Response:

31) Pages 105-106 Actions.  Lack of detail. 
Suggest research and monitoring needs should be identified in the report along with
recommendations/responsible parties.

Response:
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32) RAP Implemantation - Why are federal agencies not identified as potential members of
the RAP Implementation Committee?  (note - they are identified as providing support to
fund RAP administration).

Response:

33) Page 109 - Actions - suggest responsible parties be identified for each
recommendation.

Response:



Summary of estimated impacts in the WATER-COLUMN under the "RAP Stage 1 - Addendum" 
and "Projected" loading scenarios  (predicted peak concentrations, along with the
set upstream [Lake Huron] and predicted downstream [Delta] boundary concentrations)

CHEMICAL YARDSTICK LOCATION AP STAGE 1 - ADDENDUM" "PROJECTED"
concentration CONCENTRATION LENGTH of zone CONCENTRATION LENGTH of zone

exceeding yardstick exceeding yardstick
(ug/L) (ug/L) (km downstream) (ug/L) (km downstream)

HCB 0.0001 L. Huron 0.000040 0.000040
Cole Drain 0.000113 0.23 0.000094
Dow - 1st Street 0.000470 3.69 0.000077
Dow - 3rd Street 0.000208 ithin Dow 1st zone 0.000132 2.91
Dow - 4th Street 0.000184 ithin Dow 1st zone 0.000352 ithin Dow 3rd zone
Corunna WPCP 0.000223 0.26 0.000220 0.18
Delta - Cdn. / U.S. 0.000055 / 0.000040 0.000052 / 0.000040

mercury 0.011 L. Huron 0.0110 0.0110
Sarnia WPCP 0.0113 see  Note  3 0.0113 see  Note  3
Dow - 1st Street 0.0111 0.0115
Dow - 4th Street 0.0128 0.0112
St. Clair WWTP 0.0123 0.0123
Delta - Cdn. / U.S. 0.0111  /  0.0110 0.0110  /  0.0110

benzene 6.6 L. Huron 0.050 0.050
Esso Chemical 0.058 0.110
Polysar - 72 inch 2.85 0.609
Shell - Talfourd Creek 0.381 0.269
Delta - Cdn. / U.S. 0.074   /   0.039 0.050   /   0.039

zinc 30 L. Huron 0.560 0.560
Sarnia WPCP 2.49 2.49
Dow - 4th Street 40.6 0.12 2.61
Shell - Talfourd Creek 4.31 2.46
Novacor - Corunna 7.01 1.66
Delta - Cdn. / U.S. 1.37    /   0.593 0.880   /   0.591

cadmium 0.2 L. Huron 0.025 0.025
Port Huron WWTP 0.081 0.081
Corunna WPCP 0.177 0.177
Delta - Cdn. / U.S. 0.026   /   0.027 0.026   /   0.027

lead 2.9 L. Huron 0.100 0.100
Sarnia WPCP 0.301 0.301
Dow - 4th Street 2.48 0.168
Ethyl 1.40 0.492
Delta - Cdn. / U.S. 0.210   /   0.103 0.150   /   0.103

CTC 4 L. Huron 1.00 1.00
Polysar - 66 inch 1.07 1.07
Dow - 1st Street 2.16 1.04
Delta - Cdn. / U.S. 0.727   /   0.788 0.712   /   0.791

TCE 8 L. Huron 1.00 1.000
Sarnia WPCP 0.996 0.996
Polysar - 66 inch 1.09 1.09
Dow - 1st Street 2.47 1.05
Corunna WPCP 1.15 1.06
Delta - Cdn. / U.S. 0.819   /   0.854 0.798   /   0.858

NOTES: 1.  Predicted concentrations are in the "farfield" (after "nearfield" mixing).  Predicted levels would be 
(within a confined vertical zone), immediately (tens of metres) downstream of the outfalls.
Because of this, the predicted concentrations are a reflection of both the outfall's loading and larger  
within the "nearfield", nearfield mixing characteristics.

2.  Predicted concentrations should be considered as AVERAGE values, (under steady flow and 
loading rate conditions).

3.  Since for mercury, the background and yardstick concentrations are equal, any point source 
load will create an exceedence zone equal to the entire river's length, (although only slightly above 
the yardstick value).

P. Nettleton - MOEE     June 2/94



St. Clair River RAP - 1994 KETOX Modelling 
CONTAMINANT:      ZINC
Loading Scenarios considered:
I   II     III IV
RAP Stage I Stage I Update / MI     Current Projected

  Point Source: Loading Rates (kg/day) for Scenario:
I II III IV

Esso Petroleum - #3 0.096
 "       "     - #9 0.118
 "       "     - #11/12 0.276 0.208 0.575 0.575
 "       "     - Total 0.49 0.208 0.575 0.575
Shell Canada (via Talfourd Creek) 2.06 1.77 2.73 2.73
Novacor - Corunna (Petrosar) 2.81 2.56 2.56 0.1
Suncor 0.46 0.46 0.22 0.22
Dow Chemical - 1st Street 1.74 0 0.078 0.086
 "     "     - 2nd Street 0.79 0 0.116 0
 "     "     - 3rd Street 1.07 0 0.103 0.357
 "     "     - 4th Street 5.61 89.497 7.919 2.646
 "     "     - 5th Street + Lasalle Road 0.017 0.049
 "     "     - Total 9.21 89.497 8.233 3.138
Polysar - 54 inch 1.046 1.046 1.046
   "    - 66 inch 0.698 0.698 0.698
   "    - 72 inch 0.254 0.254 0.254
   "    - Biox (to Cole Drain) 0.154 0.154 0.154
   "    - Neutralization sump + cooling water 0.248 0.248 0.248
   "    - Total 0 2.4 2.4 2.4
Ethyl 0 0 0
DuPont 0.27 0.27 0.27
Esso Chemical (Impounding Basin) 1.7 0.545 0.545 0.545
Novacor (Mooretown) 0.0773 0.0773 0.0773
Akzo Chemicals  (to Cole Drain) 0.032 0.032 0.032
Amoco Canada  (to Cole Drain) 0.02 0.02 0.02
BASF Canada  (to Cole Drain) 0.231 0.231 0.231
Chinook Group 0.00889 0.00889 0.00889
ICI Nitrogen Products 2.4 0.791 0.791 0.791
Fiberglas Canada  (to Cole Drain)
Lambton Generating Station 0.058 0.058 0.058
Cole Drain @ Polysar 0.738 1.059147 1.059147
Cole Drain (TOTAL) 2 0.892 1.213147 1.213147
Point Edward WPCP
Sarnia WPCP 44.4 52.64 52.64 52.64
Corunna WPCP 0.0824 0.0824 0.0824
Courtright WPCP
Sombra Lagoon
Port Lambton Lagoon (Marshy Creek)
Port Huron WWTP 2.42 1.988516 1.988516 1.988516 18.6
Marysville WWTP 0.6009719 0.6009719 0.6009719 2.94
St. Clair WWTP 0.15 0.0812598 0.0812598 0.0812598 2
Marine City WWTP 0.0861911 0.0861911 0.0861911 2.78
St. Clair - Algonac WWTP 0.0695885 0.0695885 0.0695885 2.49
James River KVP 0.4446018 0.4446018 0.4446018 3.94
E.B. Eddy Paper 0.8823809 0.8823809 0.8823809 11.4
Akzo Salt 0 0 0 2.78
Detroit Edison - St. Clair 1420
   "      "    - Belle 970
   "      "    - Marysville 73.1
TOTAL POINT SOURCE LOADING 68.1 156.25908 76.403225 68.848225
River Background Concentrations used at streamline %'s (from the Ontario shore):
Streamline:    0     1     3     7     15    25    37    50     63    75    85     93     97     99    100
Conc.(ng/L)  560   560   560   560    560   560   560   560    560   560   560 560

P. Nettleton - MOEE 22/06/94




