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EXECUTIVE SUMMARY 

Recent assessments undertaken in Lyon’s Creek have identified elevated levels of PCBs, arsenic 
and zinc in sediment of Lyon’s Creek West, and PCBs in Lyon’s Creek East that could present 
potential risks to some ecological receptors.  This report summarizes the risks and provides a 
review of potential remedial options to address these risks.  The locations of the study sites are 
shown on Figure 1. 

The review of remedial options for both sites is based on the identified risks to biota (and the 
need to reduce these risks), the habitat effects associated with the remedial options, and the 
technical feasibility of undertaking the option within the physical conditions imposed by the sites. 
From the suitable options, a short list of those that are most applicable to the conditions on the 
sites have been selected for detailed assessment. In addition, preliminary cost estimates are 
provided for implementation of the options. 

In 1971, the Welland Canal By-Pass was completed to allow ships a more direct passage between 
Lakes Ontario and Erie. The construction of the Canal By-Pass severed the Lyon’s Creek 
watershed, and created two separate watersheds: Lyon’s Creek West, which drains to the Welland 
Canal By-Pass and contains those headwaters of Lyons Creek that remained after construction of 
the original canal and development in the City of Welland, and; Lyon’s Creek East which, after 
construction of the By-Pass, has its headwaters in the Welland Canal (Figure 1). As part of the 
construction of the By-Pass, a pumping station was installed on the Canal at the upstream end of 
Lyon’s Creek East. The pumping station maintains flow in Lyon’s Creek East through addition of 
water from the canal. It should be noted that since the water in the canal originated in Lake Erie, 
and was pumped at a steady rate that would preclude significant erosion downstream, the 
suspended sediment load being contributed to Lyon’s Creek East has been reduced. Parts of 
Lyon’s Creek East have currently been classified as Provincially Significant Wetland (PSW). 

In both Lyon’s Creek East and West, elevated levels of PCB were found in surface and 
subsurface soils and/or sediments. The surficial concentrations identify the concentrations to 
which receptors would currently be exposed, and would be the major sources of potential risk to 
biota. The subsurface concentrations are considered for two reasons. If removal options are not 
undertaken, the depth at which higher concentrations of PCBs occur will be important in 
determining the probability that exposure to these concentrations will occur through natural 
processes, such as erosion due to flooding, wind-generated waves, and disturbance by resident 
biota (e.g., feeding/swimming by carp and snapping turtles). Secondly, if intervention options 
such as removal are undertaken, then there is potential for organisms to be exposed to much 
higher PCB concentrations than they are currently, and would result in significantly increased 
risks. As such, the depth distribution information provides a guide for determining the depths to 
which removal will need to be taken, and the volumes of contaminated materials that would be 
generated for de-watering and disposal. 
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The potential effects on biota due to PCB contamination of the soils and sediments at Lyon’s 
Creek East and West are predicted through a risk assessment approach, and these results are used 
to  provide the basis for the derivation of site-specific clean-up guidelines to guide selection of 
remedial options. The effects on biota were assessed directly to aquatic biota through toxicity 
studies and indirectly to higher trophic levels through bioaccumulation/biomagnification 
modeling. 

Risks were assessed on the basis of mean concentrations in each of the Areas, and are expressed, 
where possible, as risk quotients (RQ) with respect to exceedance of the Maximum Acceptable 
Toxicant Concentration (MATC), which was calculated as the geometric mean of the no observed 
adverse effect concentration (NOAEC) and the lowest observed adverse effects concentration 
(LOAEC). 

The RQs are calculated as: 

     RQ = predicted average daily dose 
       Screening concentration 

The Risk Quotient provides a simple numerical means by which to assess the relative degree of 
potential risk. A value less than one indicates that the concentration is below the selected 
benchmark, and the potential risk of effects, as defined by the benchmark selected, is low. 
(Benchmarks used in the risk assessment were generally based on reproductive effects in the 
vertebrate species). A value greater than one indicates the potential for risks to be present, but 
does not mean that an adverse effect will occur. Typically, the greater the value by which the RQ 
exceeds one, the greater the potential for risks, again, relative to the selected benchmarks. In most 
cases where the RQ is based on a Maximum Acceptable Toxicant Concentration (MATC), values 
slightly in excess of one denote minor potential for risks. 

Lyon’s Creek West 

A number of changes that have been made to site drainage in Lyon’s Creek West since 1991, and 
as a result the PCB contaminated areas of the site include both soils and sediments. In particular, 
the routing of the north ditch around the site in 1994 has had a major impact on the site since this 
has cut off the flow of water to the main area of the wetland through this tributary. The existing 
channel that remained after the construction of the by-pass has since dried up, and currently is 
heavily grassed over. As such, this area has been transformed from aquatic habitat to terrestrial 
habitat. As a result of these changes, the assessment of Lyon’s Creek West considered the effects 
of both contaminated soils and sediments. 

Sampling on the site began in 1991 with studies conducted by the [then] three property owners 
(St Lawrence Seaway Authority, City of Welland and Ontario Hydro). Additional sampling was 
conducted by MOE in 1991, and by Golder Associates Ltd., in 2003 and 2004.  



August 2008 - iii - 03-1112-059 (5400) 

 

Golder Associates and Dillon Consulting 

The sampling results show that PCB contamination in Lyon’s Creek West is confined to the creek 
bed and adjacent banks. Since concentrations of PCBs at the tops of the banks were typically 
below the detection limits, the contamination appears to be confined to those areas that would 
have experienced periodic flooding. Surficial (0-5 cm) sediment concentrations of PCBs ranged 
up to 87 μg/g d.w. in some areas, and surficial concentrations of PCBs in sediments in the most 
contaminated areas averaged around 26 μg/g d.w. Concentrations of PCBs in the soils of the 
north ditch ranged up to a high of 76 μg/g d.w., with a mean concentration in this area of  15.8 
μg/g d.w, and an upper 95% C.L. of 27 μg/g d.w. PCB concentrations were variable in the more 
contaminated areas of the site and frequently exceeded the MOE hazardous waste guideline for 
PCBs of 50 μg/g d.w. (Figure 2). 

Distribution of PCBs generally increased with depth and maximum concentrations at depths of 
approximately 30 cm reached 648 μg/g. The results of the sampling programs indicate that PCB 
contamination is not evenly distributed across the site, with pockets of highly contaminated 
sediments in certain areas. Therefore, any remediation plan will need to consider that since risks 
exist in the surficial sediments, any removal options will need to address the more contaminated 
materials that occur at depth.  

In addition to PCB contamination, arsenic concentrations in sediment are elevated in the south 
end of the wetland and the south ditch, with maximum concentrations of 480 μg/g in the wetland. 

The results indicate that throughout most of the upland areas of the site there is little PCB or 
arsenic contamination in the soils. In the bank areas, PCB contamination typically extends down 
to 30 cm, and except for a few areas, does not extend past 50 cm. In a few disturbed areas (where 
fill appears to have been placed) PCBs were detected to a depth of from 1.5 to 3 m.  

Risks in Lyon’s Creek West were assessed with respect to the following receptors: 

• Deer Mouse (herbivores, feeding primarily on grasses and seeds):  
• Short-tailed Shrew (feed on earthworms); 
• Muskrat (herbivores, feed on cattails); 
• Fish (feed on small invertebrates); and 
• Red Fox (preys on small mammals such as mice and shrews). 

As a result of the drainage alterations on-site, there has been a reduction in available habitat for 
fish and waterfowl, and few receptors are currently present on the site. The lack of sizable fish 
habitat within the wetland means that currently there is very limited potential for exposure of 
fish-eating wildlife. Therefore, fish-eating birds in the aquatic environment were not assessed 
directly due to the lack of suitable habitat at the site. 
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Assessment of risks to ecological receptors was based on sub-division of the areas into smaller 
units that corresponded to natural habitat divisions as described below. These areas are shown on 
Figure 8. 

Area A comprises the upstream section of the south branch, from Southworth Ave to the wetland 
area. This section of the site is characterized by open grassy lawn that appears to be 
frequently trimmed, with only the creek area containing emergent vegetation, such as shrubs. 
The area of the creek bed itself is approximately 0.5 m below the level of the adjacent area, is 
narrow (approximately 1 m across), and is heavily vegetated with cattails.  

Area B consists of the wetland and is generally characterized by exposed (i.e., not covered by 
water), though often damp soils and is heavily overgrown with Phragmites. In specific areas, 
surface water occurs, though typically to shallow depths of less than 1 m, and these areas bear 
extensive stands of cattails. Sediments range from highly organic mats of decaying matter in 
the open water areas, to firm, black soils in the drier areas.  

Area C is the short segment of creek between the wetland and the north ditch and is mainly a 
transition from the wider wetland area to the narrower creek bed that characterizes the area 
downstream of the wetland, and is perhaps the most arbitrary of the sub-divisions. 

Area D comprises the north ditch, from the berm constructed in 1994 to the confluence with the 
branch from the wetland, but does not include the channelized section of the creek that 
currently forms the runoff ditch from the southeast section of Welland, since the ditch was 
remediated in the early 1990’s. This section of the creek is characterized by dried out creek 
bed that has become heavily overgrown with young trees and shrubs. The former creek bed is 
vegetated with grasses, and while damp and wet in places, is mainly dry land. Some native 
emergent plants, including arrowhead and buttonbush, persist at the downstream end of Area 
D. 

Area E consists of the main branch below the north ditch and wetland down to the canal and is 
characterized by higher banks that slope back gradually along the west side, but rise steeply 
along the east side. There are narrow terraces along both creek banks that are indicative of 
erosion during high flow periods that may have occurred in the past. The upland areas are 
characterized by tall grasses and weeds, interspersed with shrubs and trees. The creek bed is 
comprised of very soft fine sediments with decaying organic detritus, with a narrow channel 
of open water. Cattails, bur reed and other native emergent plants line the margins along both 
sides of the creek. Buttonbush and other native shrubs are also found in this area. 

The assessment identified potential risks to the following receptors:  

• Vegetation in the north ditch (Area D), the main stem (Area E) and the wetland (Area B) 
due to arsenic (maximum RQNOAEL = 24.0), zinc (maximum RQNOAEL = 6.9) and PCBs 
(maximum RQNOAEL = 7.1); 

• Soil invertebrates (earthworms) in limited areas in the southwest ditch (Area A), the 
south and north ends of the wetland (Area B), and the main creek stem below the wetland 
(Area E) due to arsenic (maximum RQNOAEL = 2.8); 

• Shrews in all areas of the site except Area A due to arsenic (the highest risks were in the 
north ditch (Area D) and the wetland (Area B)) (maximum RQMATC = 3.4), and in the 
north ditch (Area D) and the main creek stem below the wetland (Area E) due to total 
PCBs (maximum RQMATC = 53.3) and PCB congeners (maximum RQMATC = 32.8); 
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• Benthic invertebrates in the north end of the wetland (Areas B and C) and in the main 
stem (Area E) due to PCBs (assessed as body burden resulting in chronic effects);  

• Fish in Areas C and E, due to predicted accumulation of PCB congeners to 
concentrations that would present potential risks to mammalian and avian consumers of 
fish (relative to CCME guidelines); and  

• Muskrats in the wetland (Area B), the area between the downstream end of the wetland 
and the north ditch (Area C) and the creek stem below the wetland (Area E) due to 
arsenic (maximum RQMATC = 4) and PCBs (maximum RQMATC = 1.54). 

Based on the above assessment, target concentrations for arsenic and PCBs in soils and sediments 
were developed based on concentrations that would not exceed the site-specific MATC for the 
most sensitive receptor. The sediment targets in the table below would be applicable for those 
options where restoration of the stream and wetland are considered. For options that involve 
infilling of the wetland, and in which only terrestrial biota would be exposed, the MOE Table 3 
Residential/Parkland Soil Standards would apply. 

COC Medium Site-Specific 

MATC μg/g 

Table 3 R/P 

Standard μg/g 

As Soil 3.9 20 

 Sediment 41 6 

PCB Soil 0.41 5 

 Sediment 1.8 0.07 

 

Using the above site-specific targets, the areas and volumes of material that exceed these targets 
have been calculated and these are presented in the table below.  

Sub-area Area (m2) Mean depth of 
contamination (m) 

Estimated Volume of 
Contaminated Soil/Sediment 

(m3) 

Area A 848.7 0.1 84.9 

Area B 7402.0 0.3 2220.6 

Area C+D+E 6960.5 0.5 3480.3 

 

The identified risks, combined with the physical conditions in the site were considered in 
developing remedial options for the site. The broad range of options considered are summarized 
below: 

• Monitored Natural Recovery: Under this option, the soil/sediment is left in place to be 
covered by naturally accumulating sediments. Since the headwaters are small, this option 
is not considered suitable due to low accumulation rates of soil/sediment (<1 mm/yr). 
Predicted time periods that would be required for burial under 10 cm of clean 
soil/sediment range up to 100 years. 
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• In-filling Without Removal: This option involves placement of a clay-soil cap to isolate 
existing contamination. The contamination is left on-site but is buried. Measures need to 
be taken with this option to ensure there is no off-site migration. 

• In-filling With Removal: This involves removal of contaminated materials to the 
cleanup target, and in-filling with clean fill. Under this option, the clean-up target for 
PCBs would be the MOE Table 3 Standard for Residential/Parkland land use of 5 μg/g. 

• Removal and Restoration of Wetland: This option involves the removal of 
contaminated soil/sediment, restoration of the drainage to pre-1994 conditions and 
sculpting of the excavated area to enhance wetland habitat. Under this option, the clean-
up target of 1.8 μg/g PCB has been derived on the basis of site-specific risk calculations 
to protect sensitive ecological receptors. 

Lyon’s Creek East 

Sediment sampling in Lyon’s Creek East began in 1991 when MOE West Central Region 
collected a series of core samples along transects in the upper reaches of the creek above 
Hwy 140 (Figure 4). In 1995, MOE collected sediment cores along additional transects both 
upstream and downstream from Hwy 140 (Figure 3).  Environment Canada and MOE conducted 
additional studies in 2002-3. In 2005, additional core samples were collected from the creek and 
wetland areas above Hwy 140 and immediately below Hwy 140 by Golder Associates Ltd and 
Dillon Consulting Ltd.  

The results of these sampling programs indicate that there is a progressive increase in sediment 
concentrations of PCBs with depth, with maximum concentrations at approximately the 20-40 cm 
depth. The results suggest that the PCB contaminated sediments are confined to the silt and 
detritus that has accumulated in the 20-40 cm layers, and has not contaminated the deeper clay 
layer. Mean surficial concentrations of PCBs were generally much lower than in Lyon’s Creek 
West, with mean values in the upstream Zones in the range of 4 μg/g.  

Effects in Lyon’s Creek East were assessed on the basis of potential risks due to exposure to 
PCBs in sediments on a number of receptors, including those species that would be directly 
exposed to PCBs in sediments, and those that would indirectly be exposed through the food 
chain. 

The results from a separate investigation by Environment Canada and the Ontario MOE on the 
effects of contaminated sediment on benthic invertebrates and fish were considered in the current 
assessment, which focused on higher trophic level receptors.  Exposure and potential risks 
through ingestion of these organisms by benthivores and piscivores were assessed.  The species 
selected were: mallard; great blue heron; belted kingfisher; snapping turtle; muskrat; and mink. 
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Since higher PCB contamination occurred at depths greater than 30 cm, exposure to these 
concentrations under normal conditions is considered negligible, and the assessment is therefore 
based on surficial sediment PCB concentrations, defined here as the top 10 cm. This represents 
the typical maximum bioturbation zone of invertebrates, and also the sediment depth most likely 
to be disturbed by larger biota, such as carp and snapping turtles. 

For the purposes of the assessment, Lyon’s Creek East has been divided into a number of zones 
that are generally based on naturally occurring habitat features. Since some habitat features are 
common throughout the area, some of the reaches have been subdivided on the basis of the 
known distribution of PCBs in sediments. Where possible, the size of each area has been chosen 
to include the home ranges of the majority of the species considered as potential receptors. The 
Zones are shown on Figures 3, 4 and 5. A large number of fish and vegetation species have been 
recorded from all zones, including some threatened species. 

Zone 1: Area from Welland Canal By-Pass to confluence with small runoff channel on northwest 
side. (Figure 4). This reach is characterized by a relatively narrow stream channel, with 
high banks and a sandy-silty substrate. Observable flows occurred in this section. There 
is little lateral spread of the creek in this section, and the margins are characterized by 
higher banks and a lack of stream-side aquatic vegetation, as much of this zone is shaded 
by riparian trees. While this area is smaller than the ranges of most of the species 
considered in the assessment, the habitat is sufficiently different from downstream areas 
to warrant separate consideration. 

Zone 2: Area from confluence with small runoff channel to upstream end of pond. (Figure 4). 
This section of the stream is characterized by a wide channel with extensive macrophyte 
beds on either side. Depths are shallow and bottom sediments are typically soft silty 
materials. The creek channel alternates between narrowed areas with extensive 
macrophyte beds, including cattail, arrowhead, bur reed and buttonbush, on either side, 
and wider areas, also with macrophytes along the margins. Water depths are in the range 
of 25 to 50 cm. 

Zone 3: Pond above Hwy 140, from upstream end of pond to culvert. (Figure 5). The pond area is 
typically much wider than the upstream area, with a narrower margin of cattails and other 
emergent vegetation along the banks. Water depths range from 20 cm at the margins, to a 
maximum measured depth of 75 cm at the north end of the pond. Dense stands of 
submerged aquatic plants and water lily occupy the open areas of Zone 3.  

Zone 4: Pond between Hwy 140 and CN tracks. (Figure 5). This pond is similar in depth 
characteristics and plant community to the one immediately upstream. The aquatic habitat 
is wide and lies in flat to gently rolling terrain. However, marshy emergent vegetation is 
less extensive than upstream of Highway 140.  

Zone 5: Downstream of CN tracks to Doan’s Ridge Rd..(Figure 3). In this reach, wide open water 
areas give way to emergent wetland, including cattail and buttonbush, and thick beds of 
submerged vegetation. Open water is restricted to an irregular, but relatively narrow 
channel where flow is concentrated. Depths are shallow.  

Zone 6: Doan’s Ridge Rd to McKenney Rd (Figure 3). This reach becomes narrower, as the 
watercourse heads from gently rolling terrain into a wooded ravine. The open water areas 
are still quite limited, in the form of an irregular narrow channel between shallower areas 
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of emergent vegetation, including stands of buttonbush swamp and emergent herbaceous 
species.  

Zone 7: McKenney Rd to I km East of Crowland Avenue. (Figure 3). This reach occupies a ravine 
with wooded slopes. Open water is limited to a narrow channel that meanders between 
shallow littoral areas with emergent and submerged vegetation similar to upstream 
reaches. 

The risks to ecological receptors (as RQs) in Lyon’s Creek East are summarized by Zone in the 
following table (RQs greater than 1 are shown in bold): 

Mean [PCB] and Potential Risks (as RQMATC Values) per Receptor and Zone 

Mallard Great Blue Heron Kingfisher Muskrat Mink Zone Mean 
[PCB] 
μg/g Total 

PCB 
Total 
PCB 

PCB 
TEQ 

Total 
PCB 

PCB 
TEQ 

Total 
PCB 

Total 
PCB 

PCB 
TEQ 

1 4.3 0.07 0.23 0.53 0.38 0.88 0.26 0.56 1.13 

2 4.0 0.06 0.43 0.83 1.18 2.28 0.24 0.9 1.83 

3 3.9 0.06 0.42 0.49 1.16 1.34 0.24 0.89 1.8 

4 2.0 0.03 0.21 0.89 0.58 2.46 0.12 0.44 0.9 

5 2.2 0.03 0.23 0.93 0.64 2.56 0.13 0.49 1.0 

6 1.0 0.01 0.1 0.41 0.28 1.12 0.06 0.22 0.44 

7 0.4 0.01 0.04 0.16 0.11 0.43 0.02 0.08 0.17 

 

The risk assessment has identified the following risks to biota: 

• Belted Kingfisher  

o Zones 1, 2 and 3 for mean concentration of total PCBs. RQMATC ranged up to 
1.18 for total PCBs with the highest value in Zone 2 (wetland above Hwy 140) 

o Zones 2 through 6 for mean concentration of PCB dioxin-like (i.e., coplanar and 
mono-ortho) congeners (assessed on the basis of TEQs). RQMATC values ranged 
up to a high of 2.56 in Zone 5. 

• Great Blue Heron 

o Zones 2, 4 and 5 for PCB dioxin-like congeners at exposure to upper 95% 
confidence limit concentrations only. No risks were identified at exposure to 
mean concentrations. RQMATC values for 95% UCL ranged up to a high of 1.36 in 
Zone 5. 

• Mink 

o Zones 1 through 3 for mean concentration of PCB dioxin-like congeners. RQMATC 
values ranged up to a high of 1.83 in Zone 2. 

Using the risk assessment results, the sediment concentrations of PCBs that would result in 
exposure of the receptors at the MATC are calculated in the following table. 
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Benchmark Kingfisher Great Blue 
Heron 

Mink 

MATC (total PCB) (μg/g d.w in sediment) 3.4 9.4 4.5 

MATC (total TEQ) (μg/g d.w. in sediment) 1.8 4.8 2.2 

LOAEL (total PCB) (μg/g d.w. in sediment) 25.2 29.6 14 

LOAEL (total TEQ) (μg/g d.w. in sediment) 16.1 12.8 7 

 

Based on the above calculations, the areas and volumes of sediment exceeded the MATC for the 
most sensitive receptor (1.8 µg/g for the belted kingfisher) and that would need to be addressed in 
a remediation plan are estimated in the table below. 

Sub-area Area (m2) Mean depth of 
contamination (m) 

Estimated Volume of  
Contaminated Soil/Sediment 

Zone 1 6549.1 0.5 3274.6 

Zone 2 19461.7 0.5 9730.9 

Zone 3 20326.6 0.5 10163.3 

Zone 4 N.A. 0.5 N.A. 

Zone 5 N.A. 0.25 N.A. 

Zone 6 N.A. 0.25 N.A. 

Zone 7 N.A. 0.25 N.A. 

 

The identified risks, combined with the physical conditions in the site were considered in 
developing remedial options for the site. The broad range of options considered are summarized 
below: 

• Monitored Natural Recovery: The small remaining upstream watershed and pumping of 
water from Canal has removed most natural sources of sediment. Predicted risks would 
continue for >10 years (up to 40 yrs for some receptors) but current risks to receptors are 
marginal. 

• Enhanced Natural Recovery: Addition of natural sediment to mix with existing surface 
material to augment natural recovery. 

• Capping: Shallow depths (maximum of 70 cm) would result in significant habitat loss, 
therefore capping is not considered suitable. Continued long-term liability due to 
contamination remaining in-place. 

• Removal: Removal would result in significant destruction of Provincially Significant 
Wetlands that may not be warranted given marginal risks. The design options for both 
Lyon’s Creek East and Lyon’s Creek West, including a preliminary prediction of costs 
are summarized in the following table.  

  



August 2008 - x - 03-1112-059 (5400) 

 

Golder Associates and Dillon Consulting 

Alternative Cost Time Frame Considerations 

Lyon’s Creek West 

Monitored Natural 

Recovery 

Monitoring costs of 

~$30,000 every 5 

years 

Ongoing, estimated time to 

recovery >100 yrs 

• Will not address risks to biota. 

• No risks identified to human users but 

restrictions on access recommended.  

In-Filling $3,329,830  1-2 yr. for completion • Reduces risks to receptors 

• Requires clay barrier 

• Requires additional groundwater studies 

• Long-term liability 

• Restriction on future land use 

Selected Removal 

and Habitat 

Restoration 

$4,858,855 to 

27,070,980 

2-3 yrs, including restoration • Reduces risks to receptors. 

• Requires additional studies to refine contaminant 

distribution. 

• Requires longer removal times due to selective 

removal. 

• Habitat restoration required 

• Some liability will remain  

Full Removal and 

Aquatic Habitat 

Restoration 

$6,817,980 to 

$50,780,824 

1-2 yrs for completion • Reduces risks to receptors. 

• Restores wetland habitat and function. 

• Requires habitat restoration 

• No long term liability 

Removal and In-

filling 

$6,424,330  1-2 yrs for completion • Reduces risks to receptors. 

• Loss of wetland habitat. 

• DFO compensation required 

• No long-term liability 

• No restrictions on land use. 

Lyon’s Creek East 

Monitored Natural 

Recovery 

Monitoring costs of 

~$30,000 every 5 

years 

~ 10 yrs to meet risk based 

targets. 

>100 yrs to meet 

background 

• Current predicted low risks to receptors will 

continue until sediment sources reduced. 

• No physical alteration/destruction of habitat. 

• Long-term liability remains 

Enhanced Natural 

Recovery 

$1,810,700  1-2 yrs for single application • Current predicted low risks to receptors reduced 

to negligible levels. 

• Limited physical alteration of habitat. 

• Long-term liability remains. 
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Alternative Cost Time Frame Considerations 

Removal $10,143,250  3-4 yrs, including restoration • Current predicted low risks to receptors reduced 

to negligible levels. 

• May require repeat dredging for residuals. 

• Physical alteration of habitat and loss of 

individuals. 

• Habitat restoration required. 

• No long-term liability 

 
Based on the results of public consultation and agency review, the responsible agencies have 
identified the preferred remedial options for each site. For Lyon’s Creek West, the preferred 
option is active Sediment Management. The details of how this will be implemented are currently 
being developed by the agencies and property owners. 

For Lyon’s Creek East, the preferred option has been identified as Monitored Natural Recovery. 
This option recognizes the wetland as valuable habitat, and also recognizes that the risks to biota 
are currently marginal and would not warrant destruction of the habitat. The concerns expressed 
by local residents over flow in the system will be addressed by the agencies through a separate 
mechanism.  

These options have been considered by those government agencies that have jurisdiction within 
the area. Their official responses are provided in Appendix G of this report. 
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1.0 INTRODUCTION 

Recent studies undertaken by Environment Canada, the Ontario Ministry of the Environment 
(MOE), Golder Associates, and Dillon Consulting have shown that elevated levels of PCBs occur 
in the sediments of both Lyon’s Creek East and Lyon’s Creek West. Elevated levels of PCBs 
have also been measured in biota tissues, in particular in young-of-the-year and adult fish in 
Lyon’s Creek East. Recent assessment undertaken in Lyon’s Creek West (Golder Associates 
2005), has indicated that potential risks exist to aquatic and terrestrial biota due to PCB 
contamination, as well as arsenic, which has also been identified as a contaminant in Lyon’s 
Creek West. This report is a continuation of these investigations and provides a review of 
potential remedial options to determine whether there are suitable measures to address 
contamination in the two areas and reduce potential risks to biota (risks to humans were found to 
be negligible in separate detailed human health risk assessments conducted for Lyon’s Creek East 
and Lyon’s Creek West by Dillon Consulting Ltd. (Dillon 2005a, 2005b)). The locations of the 
study sites are shown on Figure 1. 

The review of remedial options for both sites is based on the identified risks to biota or humans 
(and the need to reduce these risks), the habitat effects associated with the remedial options, and 
the technical feasibility of undertaking the option within the physical conditions imposed by the 
sites. From the suitable options, a short list of those that are most applicable to the conditions on 
the sites have been selected for detailed assessment. In addition, preliminary cost estimates are 
provided for implementation of the options. 

1.1 Background 

The existing reviews of sediment contamination at both Lyon’s Creek East and West show that  
contamination by PCB compounds is mainly confined to the top 30 cm in Lyon’s Creek West and 
to the top 60 cm in Lyon’s Creek East. These findings suggest that sources of PCBs to the sites 
are historical rather than recent in origin. The depth over which the contamination occurs 
suggests that the PCBs have originated from a continuous source operating over an extended 
period of time, rather than from a single incident. 

While PCBs were introduced in the 1930’s as dielectric fluids in electrical transformers and in 
high temperature lubricants, they did not come into broad use until after 1945 (Giesy and Kannan 
1998). Due to concerns regarding their persistence and toxicity, PCBs were banned from use in 
1977. Since the most contaminated layers in both Lyon’s Creek East and Lyon’s Creek West 
occurred at depths of approximately 30-50 cm (uncompressed depths), this suggests that these 
layers correspond to the period of widespread use of these compounds.  

In 1971, the Welland Canal By-Pass (Photo 1) was completed to allow ships a more direct 
passage between Lakes Ontario and Erie. The construction of the Canal By-Pass severed the  



August 2008 - 2 - 03-1112-059 (5400) 

 

Golder Associates and Dillon Consulting 

Lyon’s Creek watershed, and created two separate watersheds: Lyon’s Creek West, which drains 
to the Welland Canal By-Pass and contains those headwaters of Lyons Creek that remained after 
construction of the original canal and development in the City of Welland, and; Lyon’s Creek 
East which, after construction of the By-Pass, has its headwaters in the Welland Canal (Figure 1). 
As part of the construction of the By-Pass, a pumping station was installed on the Canal at the 
upstream end of Lyon’s Creek East (Photo 2). The pumping station maintains flow in Lyon’s 
Creek East through addition of water from the canal. It should be noted that since the water in the 
canal originated in Lake Erie, and was pumped at a steady rate that would preclude significant 
erosion downstream, the suspended sediment load being contributed to Lyon’s Creek East was 
likely reduced.  

The construction of the Canal By-Pass coincided with the reduction in use of PCBs, which were 
banned in 1977. Therefore, it appears likely that the construction of the Canal By-Pass also 
severed Lyon’s Creek East from the main source of PCBs. 

Surficial sediment concentrations of PCBs at both sites are currently much lower than in the 
deeper sediments and strongly suggest a historical source for the PCBs. That residual 
contamination still occurs in the surficial layers of the sediments is likely due to periodic re-
suspension and downstream transport of sediment during periods of higher flows, such as spring 
snow-melt and rainfall event runoff. As well, the presence of biota (both sediment in-fauna and 
vertebrate fauna such as carp) can result in bioturbation and re-suspension of the sediments, that 
can hinder effective burial of the material over time. In addition, since the headwaters of both 
Lyon’s Creek East and West have been significantly altered in recent times (through construction 
of the Canal By-Pass on the east side and the rerouting of the City ditch on the west side 
(Photo 3)), the influx of sediment material to Lyon’s Creek East is likely to have been 
significantly reduced, with the result that effective burial of the existing sediments will have 
slowed in recent years.  

The results of the sediment sampling conducted by the MOE, therefore, indicate that sediment 
contamination in Lyon’s Creek East by PCBs predates the construction of the Canal By-Pass. The 
physical separation of the systems by the Welland Canal By-Pass appears to have occurred after 
much of the contamination had already occurred, since historically, the systems were connected 
as a single watershed.  

Recent studies in Lyon’s Creek West indicate that surficial sediment concentrations are still 
elevated, and there has been little change in concentrations in the surficial layers compared to 
studies in the early 1990’s. The results can be interpreted as indicating that until recently, there 
was still an on-going source of PCBs, or alternatively that there has been very little accumulation 
of newer sediments. Since the size of the watershed is very limited, and much of the inflow to the 
Creek has been diverted, the latter explanation would appear to be the more likely. 
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Given the history of PCB contamination of the sites, it is appropriate to consider Lyon’s Creek 
East and West as a single system, since this view will promote a better understanding of the 
sources of contamination. Nonetheless, the two systems are currently very different habitats, and 
for the purposes of assessing remedial options are considered separately. 

This report provides a review of existing conditions within both sections of the creek. In 
Section 2, the existing sediment distribution of PCBs is summarized, and the potential risks to 
biota and humans are addressed.  

Section 3 provides a summary of the potential risks, and derives risk-based cleanup guidelines for 
sediments for Lyon’s Creek East and West. These are used to estimate areas and volumes of 
sediments and/or soils that need to be considered under the remediation options. 

Section 4 lists the criteria that have been developed to screen the potential remedial options. 
These include a range of considerations from technical feasibility to the ability of the option to 
protect or enhance habitat integrity. 

Section 5 provides a review of the available remedial options, and considers the methods with 
respect to their applicability/feasibility for each site. From the review, a short list of potentially 
applicable options is derived for each of the sites. 

Section 6 provides a detailed assessment of the application of the short-listed options to the 
contaminated sediment concerns at both sites. The short-listed options are assessed with respect 
to the evaluation criteria described in Section 4.  

Section 7 provides conceptual designs for each site, based on the most suitable remedial options 
for each site. 

In addition, a number of appendices follow the text: 

• Appendix A provides details on additional sediment sampling conducted in 2005; 

• Appendix B provides details of the ecological risk assessment for Lyon’s Creek West and 
East that supplement the studies undertaken by MOE and Environment Canada; 

• Appendix C describes additional toxicity testing undertaken at Thompson’s Creek, a 
tributary of the Welland River. This site was identified for further assessment in the 
Phase III studies (Golder 2005); 

• Appendix D provides data collected by MOE and Environment Canada in Lyon’s Creek 
East, that was used in the ecological risk assessment; and 

• Appendix E provides laboratory analytical reporting for the various chemical and 
physical analyses that were undertaken as part of Phase IV. 
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2.0 EXISTING CONDITIONS 

This section provides a review of the existing contaminant concerns in Lyon’s Creek East and 
West, and summarizes the identified risks to ecological and human receptors. This review is 
provided in order to delineate current distribution of the contaminants on the sites, including new 
information, to define the risks they pose, and thereby provide a means of developing site-specific 
cleanup guidelines and select suitable remedial options. 

2.1 Sediment Quality  

The review of sediment contamination in this section is conducted through a review of existing 
studies by Environment Canada, MOE and Golder, as well as additional sediment sampling in 
Lyon’s Creek East by Golder and Dillon in February 2005 (summarized in Appendix A). Since 
the studies on Lyon’s Creek have been conducted separately for the east side and west side, these 
are reviewed separately in the following sections. 

In both Lyon’s Creek East and West, surficial and subsurface PCB concentrations are considered. 
The surficial concentrations identify the concentrations to which receptors will currently be 
exposed, and would be the major sources of potential risk to biota. The subsurface concentrations 
are considered for two reasons. If removal options are not undertaken, the depth at which higher 
concentrations of PCBs occur will be important in determining the probability that exposure to 
these concentrations will occur through natural processes, such as erosion due to flooding, wind-
generated waves, and disturbance by resident biota (e.g., feeding/swimming by carp and snapping 
turtles), and the need for additional isolation barriers, such as in situ caps. For example, sediment 
disturbance could result in higher exposure than anticipated based on surficial concentrations 
alone, if higher contaminant concentrations occur close to the surface. Secondly, if intervention 
options such as removal are undertaken, then there is potential for organisms to be exposed to 
much higher PCB concentrations than they are currently, and would result in significantly 
increased risks. As such, the depth distribution information provides a guide for determining the 
depths to which removal will need to be taken, and the volumes of contaminated materials that 
would be generated for de-watering and disposal.  

2.1.1 Lyon’s Creek West 

Physical Characterization 

The Lyon’s Creek West site was the focus of a Phase II ESA conducted by Amec (2002). The 
assessment noted that the eastern portion of the site had been used as a staging area during 
construction of the canal by-pass, and that a number of areas on the site bore evidence of fill 
materials from this construction. The materials ranged from soil-like materials (mainly clays) to 
concrete and asphalt rubble. In addition, limited ground water investigations were carried out on 
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the site, which indicated that ground water in the shallow perched aquifer generally flowed to a 
low point located to the east of the north end of the wetland area (Figure 11) (Amec 2002).  

Due to the number of changes that have been made to site drainage in Lyon’s Creek West since 
1991, the PCB contaminated areas of the site include both soils and sediments. In particular, the 
routing of the north ditch around the site in 1994 has had a major impact on the site since this has 
cut off the flow of water to the main area of the wetland through this tributary. The existing 
channel that remained after the construction of the by-pass has since dried up, and currently is 
heavily grassed over. As such, this area has been transformed from aquatic habitat to terrestrial 
habitat.  

As a result of these changes, the assessment of Lyon’s Creek West considered the effects of both 
contaminated soils and sediments (Golder 2005). Due to their origins as sediments, the soils in 
the former creek bed typically have higher total organic carbon (TOC) concentrations than soils 
in the adjacent banks, indicating the presence of residual organic matter in the creek bed. TOC for 
both terrestrial and aquatic sites ranged from 3-4% in bank areas to 16% in the wetland. Soils in 
the remnant ditch consisted of a thin layer of organic matter (usually less than 10 cm) over a clay 
base. In the wetland, surficial sediments were composed of black organic sediments with a dense 
layer of decomposing vegetation. The thickness of the organic matter layer was in the order of 
30 cm before a clay layer was encountered. At the upstream end of the wetland, clay was 
typically encountered within 15 cm.  

Sediments in the creek channel downstream of the wetland were typically fine-grained soft 
sediments. TOC ranged between 7 and 9%, and grain size was in the order of 75% silt, 3% clay 
and 22% sand.   

The high TOC concentrations are likely to play a role in the availability of PCBs to biota.  

Chemical Characterization 

Extensive studies have been conducted in Lyon’s Creek West since 1991, when the PCB 
contamination issue arose. Following identification of PCB contamination on the site, the City of 
Welland undertook a sediment cleanup of the section of the north ditch  (see Figure 2) that was 
within City property. Sediments from the ditch were removed and disposed of off-site. 

Sampling by the three property owners (St Lawrence Seaway Authority, City of Welland and 
Hydro One (as Ontario Hydro)) in 1991-1992 included both surficial and core samples of soils 
and sediments from the site. Additional sampling by MOE in 1991 focussed on the creek 
sediments, while sampling by Golder in 2003 and 2004 focussed on the creek and adjacent bank 
areas. The results of these sampling programs are provided in Golder (2004, 2005). PCB 
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distribution based on these sampling programs is shown on Figure 2 and the data are provided in 
Table 1 (Tables 1 through 6 are provided in the tables section following the text).  

The sampling results show that PCB contamination in Lyon’s Creek West is confined to the creek 
bed and adjacent banks. Since concentrations of PCBs at the tops of the banks were typically 
below the detection limits, the contamination appears to be confined to those areas that would 
have experienced periodic flooding. Surficial (0-5 cm) sediment concentrations of PCBs ranged 
up to 87 μg/g d.w. in some areas, and surficial concentrations of PCBs in sediments in the most 
contaminated areas averaged around 26 μg/g d.w. Concentrations in soils adjacent to the creek 
and wetland were typically much lower. The exception is the remnant stream that resulted 
through diversion of the north branch around the most contaminated area by the City of Welland 
in 1994. Since the north ditch has dried up as a result of the diversion, and terrestrial vegetation 
has become established in the ditch, this area is now considered as soils. Concentrations of PCBs 
in the soils in this area ranged up to a high of 76 μg/g d.w., with a mean concentration in this area 
(shown as Area D on Figure 8) of  15.8 μg/g d.w, and an upper 95% C.L. of 27 μg/g d.w. PCB 
concentrations were variable in the more contaminated areas of the site and frequently exceeded 
the MOE hazardous waste guideline for PCBs of 50 μg/g d.w. (Figure 2). 

Distribution of PCBs with depth is provided in Table 1 (see Tables section following text) and is 
based on sampling undertaken in 1991-2 by SLSA and Gartner Lee with some additional 
sampling in 2003 and 2004 by Golder. PCB concentrations generally decreased with depth in the 
soils, though a few isolated areas were recorded in 1991-2 with very high concentrations 
(303 μg/g d.w. and 648 μg/g d.w.) at depth. Surficial data on PCB distribution is augmented by 
sample data collected in 2004 by Golder Associates. An additional core was collected in the 
wetland area in February 2005 to determine distribution of PCBs with depth, and the depth to the 
clay layer in an area that was inaccessible during earlier sampling. Sediments in the core were 
sampled every 10 cm and showed a progressive increase with depth, with the highest PCB 
concentration (161 μg/g d.w.) in the 20-30 cm section. Sampling in 2003 yielded little difference 
between the different layers, but at the sample locations used in 2003, refusal (clay) was 
encountered within 15 cm, rather than the 30 cm at the 2005 location. The results indicate that 
PCB contamination is not evenly distributed across the site, with pockets of highly contaminated 
sediments in certain areas. The depth to refusal in the 2005 sample suggests that higher 
accumulation has occurred in areas where there are natural depressions that have allowed organic 
matter and attached contaminants to accumulate. The results indicate that in the creek, the highest 
concentrations of PCBs (and concentrations well above those considered in the risk assessment) 
are likely to occur at depth. Therefore, any remediation plan will need to consider that since risks 
exist in the surficial sediments, any removal options will need to address the more contaminated 
materials that occur at depth.  

The results indicate that throughout most of the upland areas of the site there is little PCB 
contamination in the soils. In the bank areas, PCB contamination typically extends down to 
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30 cm, and except for a few areas, does not extend past 50 cm. In a few disturbed areas (where 
fill appears to have been placed) PCBs were detected to a depth of from 1.5 to 3 m (ESL 1992). 
The distribution of PCBs in surface soils and sediments is shown on Figure 2.   

Chemical analysis of groundwater samples by Amec (2002), yielded detectable levels of PCBs in 
2 of the 8 wells sampled. These were in the western section of the site, and included one well 
(BH6) in the wetland area at the north end and a second well (BH7) north of the wetland 
(Figure 11). Both wells were in the area of highest PCB contamination. PCB concentrations in 
ground water were below detection limits (0.05 ug/L) at the remaining wells, including those that 
appeared to be down gradient, and suggest that there is negligible transport of PCBs in ground 
water from the site.   

2.1.2 Lyon’s Creek East  

Physical Characterization 

Sediments in Lyon’s Creek East have been sampled on a number of occasions by the Ontario 
MOE beginning in 1991 when a series of core samples were collected by West Central Region 
along transects in the upper reaches of the creek above Hwy 140 (Figure 4). In 1995, MOE 
collected sediment cores along additional transects both upstream and downstream from Hwy 140 
(Figure 3).  Core samples indicated that throughout the length of the creek sampled, sediments 
consisted of fine-grained soft sediments of approximately 50 cm depth overlying a layer of grey 
or brown clay (Bedard et al. unpublished report).  

Environment Canada and MOE 2002-3 data show sediment in grab samples (approximately top 
5-10 cm) comprised of approximately 55 % sand-sized particles (>63 um) and 45% silt-clay sized 
particles (<63um). Samples taken near road crossings were likely to have higher proportions of 
sand, and may not be representative of the finer surficial sediments found within the open water 
and wetland areas. TOC in the creek and wetland section above Hwy 140 (Zones 2 and 3, 
described later in this report) for all data, are presented in Table 2 (see Tables section), and 
generally ranged between 3% and 16% in surficial sediments. 

In 2005, additional core samples were collected from the creek and wetland areas above Hwy 140 
and immediately below Hwy 140 by Golder and Dillon. The results of this sampling program are 
discussed in Appendix A and presented in Table 2. Sediment compression in the cores was 
measured during collection of each sample to obtain a more accurate understanding of the 
relationship between contamination and depth. As demonstrated by the results in Table A-1 
(Appendix A), compression of the surface layers was significant in some cases, signifying a high 
water content (results from compression testing and water content are provided in Appendix E). 
The clay layer was variable, and was typically at greatest depth in the middle of the channel 
(Figure 9). In Zone 2, the depth of the overlying sediments varied from 26 cm at the margins of 
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the creek to 76 cm (uncompressed depth) in the middle of the channel. In Zone 3 (pond above 
Hwy 140) depths to clay (uncompressed) ranged from 32 cm at the margins to 87 cm in the 
middle of the pond, while downstream of Hwy 140, depths ranged from 30 cm at the margins to 
99 cm in the middle of the pond. The depths indicate that the clay layer dips in the middle of the 
channel, possibly due to past erosion of the middle section, and this area has filled in with a 
greater depth of fine sediments than the margins, where presumably erosion has been less 
pronounced. As such, the greatest volume of fine-grained sediments (silts and organic detritus) 
occur in the central portions of the creek and wetland.  

Chemical Characterization 

Distribution of PCBs in Lyon’s Creek East is provided in Table 2. The PCB distribution in 
sediments is compiled from a number of different sources. In 1991 the MOE undertook a 
sediment investigation in which 5 transects were sampled (4 locations along each transect to 
approximately 50 cm depth) and 5 grab samples were collected (Figures 3, 4 and 5 show the 
location of the sampling transects). In 1995, MOE collected additional samples along transects 
from upstream of Hwy 140 to east of McKenney Rd  (3 locations along each transect to 
approximately 50 cm depth) (Figure 3). 

In 2002-2003, the Ontario MOE and Environment Canada collected sediment surficial grab 
samples at a number of locations down the length of the creek, and core samples at a limited 
number of locations (Figures 3, 4 and 5). 

In 2005, Golder and Dillon collected additional sediment samples as core samples along 6 
additional transects upstream of Hwy 140, and 2 transects downstream of Hwy 140 (Figures 4 
and 5). Two transects were located in upstream areas in the creek-like section and consisted of 
three locations on each transect (one adjacent to each of the north and south banks, and one in the 
middle of the channel), while downstream in the pond section, 4 locations were sampled along 
each transect (near the north bank, approximately 1/3 of the distance across from the north bank, 
approximately 2/3 of the distance across, and near the south bank). The results of this sampling 
program are detailed in Appendix A. 

The combined datasets from 1991 through 2005 are provided in Table 2. The data were combined 
to provide better coverage of the area from which to estimate exposure and assess risks. Recent 
sediment concentrations of PCBs were as high or higher than those recorded earlier and suggest 
there has been little additional sediment accumulation since the early 1990 or that there has been 
significant mixing of the surficial sediment layers. The latter may be the more likely, due to the 
shallow depths in the creek and wetland which would favour hydrodynamic mixing. As well, the 
shallow depths and high water content of the sediments would make them more susceptible to 
disturbance through bioturbation, particularly by large bottom-feeding fish such as carp and 
bowfin that are known to inhabit the area. However, the construction of the canal By-Pass would 
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also have removed the major sources of natural sediment to this reach by severing the headwater 
areas. 

The results indicate that there is a progressive increase in sediment concentrations of PCBs to 
approximately the 20-40 cm depth (based on compressed length of the cores), below which 
concentrations appear to rapidly decrease. Visual observations indicated the presence of black 
oily material in sediments in the 30-40 cm depth range, that was most visible in the upstream core 
locations in 2005 (T4A and T4B transects, Figure 4), but was not visible in the downstream areas. 
The clay layer was analyzed in most of the samples collected in February 2005, and in all cases 
yielded very low concentrations of PCBs. The results suggest that the PCB contaminated 
sediments are confined to the silt and detritus that has accumulated in the 20-40 cm layers, and 
has not contaminated the clay layer. 

In order to aid in the assessment of potential risks, the creek was sub-divided into a number of 
zones on an area basis that conformed to natural habitat divisions within the creek/wetland 
system, as described in more detail in the following section. Mean sediment PCB concentrations 
were calculated for each of the zones, based on the existing surficial sediment PCB 
concentrations. The mean PCB concentration in the upstream section below the Welland Canal 
By-Pass (Zone 1 on Figure 4) in surficial sediments was 4.3 μg/g d.w. Since concentrations in 
this reach were variable and included a small number of high PCB concentrations, the calculated 
upper 95% confidence limits for the PCB distribution in this section was 8.09 μg/g d.w. 
(Appendix B, Table B-8). Mean concentrations in the creek and wetland sections (Zones 2 and 3 
on Figures 4 and 5), down to Hwy 140, were similar and ranged from 3.9 μg/g d.w. to 4.01 μg/g 
d.w. respectively (upper 95% confidence limits ranged from 5.49 μg/g d.w. to 5.83 μg/g d.w.). 
The results indicate that the distribution of PCBs in these sections is relatively homogeneous, 
with minor variability in surficial concentrations. A few concentrations occurred outside of this 
range in the creek section, but there were no unusually high concentrations in the wetland.  

Mean PCB concentration in the pond/wetland below Hwy 140 (Zone 4 on Figure 5) was 
1.97 μg/g d.w. (upper 95% c.l. of 2.88 μg/g d.w.), or approximately 50% of mean PCB 
concentrations in the upstream zones. 

PCB concentrations in sediments decrease progressively with distance downstream. The depth of 
contamination decreases with distance downstream as well as does the pattern of PCB 
contamination with depth. In Zone 5 (Figure 3), the MOE 1995 data for this section (Station T9 
and T10) show the highest PCB concentrations occur at the surface, compared to areas upstream 
of Hwy 140, where the highest concentrations occurred at depth. The changes in distribution 
suggest that while concentrations are decreasing in upstream areas, they may be increasing 
downstream, suggesting that re-suspension and transport may be significant factors in the re-
distribution of PCBs. The results suggest that this process may be ongoing, with upstream areas 
acting as a primary source of PCBs. 
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PCB concentrations in Zones 6 and 7  (Figure 3) were typically much lower than upstream areas, 
indicating that the upstream areas, particularly the various ponds and wetlands, have trapped most 
of the downstream transport. Mean PCB concentration in Zone 6 was 0.96 μg/g d.w., and in 
Zone 7 was 0.36 μg/g d.w. Variability was lowest in Zone 7 sediments, with a calculated upper 
95% C.L. of 0.46  μg/g d.w. total PCB. Mean concentrations in Zones 5, 6 and 7 include samples 
from the MOE 1995 survey in which the top 25 cm section of sediments were composited. 
Therefore, these results are not directly comparable to the Environment Canada-MOE 2002-3 
samples, where the top 10 cm were analysed. 

The distribution of PCBs in the system indicates that there are few areas that could be considered 
as contaminant “hotspots”. Isolated areas of higher PCB concentrations occurred in Zones 1, 2 
and 3, but concentrations in general were relatively uniform, as indicated by the mean and 95% 
confidence limits. There was also a gradual reduction in PCB concentrations from Zones 2 and 3 
to Zone 5, rather than a marked decrease, suggesting a gradual downstream movement of PCB 
contaminated sediments as the major transport mechanism. A much greater difference was noted 
between surficial sediment PCB concentrations in Lyon’s Creek West, where mean 
concentrations ranged between 20 and 26 μg/g d.w., and Lyon’s Creek East, where mean 
concentrations in surficial sediments in Zones 2 and 3 were in the range of 4 μg/g d.w. The 
difference in concentrations suggests that in more recent years Lyon’s Creek East has been 
removed from the source, and that much of the PCB contamination has been contained within 
Lyon’s Creek West.  

Contamination with depth indicates that historically, downstream transport of PCBs has been 
higher, with sediment concentrations of PCBs at depth in Lyon’s Creek East, as high, or higher 
than sediment concentrations in Lyon’s Creek West. Sampling in 2005 (Appendix A) yielded 
PCB concentrations at depth in Lyon’s Creek East of up to 255 μg/g d.w. indicating that there has 
been significant downstream transport in the past. The lower surface concentrations are therefore 
likely a result of the construction of the Canal By-Pass, since surficial concentrations in Lyon’s 
Creek West are currently much higher. As such, there is little likelihood of additional 
contamination by PCBs occurring in this area since the major source appears to have been cut off. 

The mean PCB concentrations in each of the Zones were used to assess potential exposure and 
risks to both aquatic organisms and terrestrial consumers of aquatic organisms in the following 
section. The results of the exposure and risk assessments are used in subsequent sections to derive 
clean-up guidelines for PCBs that would be protective of both aquatic organisms, through direct 
exposure, and consumers of aquatic organisms through bioaccumulation and biomagnification. 

2.2 Human Health Risk Assessment 

As noted earlier, human health risk assessments for Lyon’s Creek East and Lyon’s Creek West 
have been conducted separately by Dillon (2005a, 2005b). The assessment for Lyon’s Creek 
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West concluded that “exposure to contaminants in soil on the Upland area and in sediments on 
the Wetland area would not pose a potential concern for human health” (Dillon 2005a). 

Similarly, for Lyon’s Creek East, Dillon (2005b) concluded that: 

• “Exposure to PCB in sediments in Upper Lyon’s Creek East would not be expected to 
result in adverse human health effects; 

• Exposure to PCB through consumption of sport fish taken from Lower Lyon’s Creek east 
would not be expected to result in adverse health effects; 

• PCB concentrations in sediments in Lower Lyon’s Creek East are below the MOE 
Table 2 Standard for PCB in residential soil and therefore would not be considered to 
pose an [sic] potential hazard for human health.” 

While the human health risk assessments noted fish tissue residues that exceeded, in some cases, 
the consumption limits recommended by Health Canada, the very limited exploitation of this 
resource was identified as a major factor in reducing exposure and thereby, risks, to humans 
through consumption of fish from the upper reaches of Lyon’s Creek East. 

Based on these findings, it was apparent that ecological effects or risks would likely determine 
the need for remedial actions at both Lyon’s Creek East and Lyon’s Creek West. 

2.3 Ecological Effects/Risk Assessment 

The potential effects on biota due to PCB contamination of the soils and sediments at Lyon’s 
Creek East and West are reviewed in this section to provide the basis for the derivation of the 
site-specific clean-up guidelines that will be used to guide the selection of remedial options. The 
potential risks due to PCBs are characterized on the basis of direct toxicity to organisms, and the 
potential for bioaccumulation and biomagnification in organisms at higher trophic levels. The 
approach recognizes that a major concern with PCBs is the potential accumulation of PCBs in 
organism tissues that could result in chronic effects, such as reduction in fecundity (reduced 
number of offspring or reduced survival of offspring) and physiological responses such as 
reduced growth. Teratogenic effects are not considered in this assessment due to a lack of 
information on ecological receptors.  

The review focuses on potential exposure of those organisms that are likely to be present on the 
site. The presence of a receptor is a function of the quality of the existing habitat, the presence of 
suitable areas (sources of food, area available, water depths, etc.), and the extent of the habitat 
relative to the needs and preferences of the receptor. The assessment is further based on the 
amount of time that the species is likely to spend on the site and the habits of the species, that 
may or may not bring the species into contact with contaminant sources. 
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2.3.1 Lyon’s Creek West 

Assessment of risks to receptors was based on sub-division of the areas into smaller units that 
corresponded to natural habitat divisions as described below. These areas are shown on Figure 8. 

Area A comprises the upstream section of the south branch, from Southworth Ave to the wetland 
area (Photo 4). This section of the site is characterized by open grassy lawn that appears to be 
frequently trimmed, with only the creek area containing emergent vegetation, such as shrubs. 
The area of the creek bed itself is approximately 0.5 m below the level of the adjacent area, is 
narrow (approximately 1 m across), and is heavily vegetated with cattails.  

Area B consists of the wetland and is generally characterized by exposed (i.e., not covered by 
water), though often damp soils and is heavily overgrown with Phragmites (Photo 5). In 
specific areas, surface water occurs, though typically to shallow depths of less than 1 m, and 
these areas bear extensive stands of cattails. Sediments range from highly organic mats of 
decaying matter in the open water areas, to firm, black soils in the drier areas.  

Area C is the short segment of creek between the wetland and the north ditch and is mainly a 
transition from the wider wetland area to the narrower creek bed that characterizes the area 
downstream of the wetland, and is perhaps the most arbitrary of the sub-divisions (Photo 6). 

Area D comprises the north ditch, from the berm constructed in 1994 to the confluence with the 
branch from the wetland, but does not include the channelized section of the creek that 
currently forms the runoff ditch from the southeast section of Welland, since the ditch was 
remediated in the early 1990’s. This section of the creek is characterized by dried out creek 
bed that has become heavily overgrown with young trees and shrubs (Photo 7). The former 
creek bed is vegetated with grasses, and while damp and wet in places, is mainly dry land. 
Some native emergent plants, including arrowhead and buttonbush, persist at the downstream 
end of Area D. 

Area E consists of the main branch below the north ditch and wetland down to the canal and is 
characterized by higher banks that slope back gradually along the west side, but rise steeply 
along the east side (Photo 8). There are narrow terraces along both creek banks that are 
indicative of erosion during high flow periods that may have occurred in the past. The upland 
areas are characterized by tall grasses and weeds, interspersed with shrubs and trees. The 
creek bed is comprised of very soft fine sediments with decaying organic detritus, with a 
narrow channel of open water. Cattails, bur reed and other native emergent plants line the 
margins along both sides of the creek. Buttonbush and other native shrubs are also found in 
this area. 
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Ecological effects due to PCB and arsenic contamination in Lyon’s Creek West have been 
recently assessed through a screening ERA (Golder 2005) and are summarized in Appendix B. 
The Conceptual Site Model for Lyon’s Creek West is provided in Figure B-1. Risks in Lyon’s 
Creek West were assessed with respect to the following receptors: 

• Deer Mouse (herbivores, feeding primarily on grasses and seeds):  

• Short-tailed Shrew (feed on earthworms); 

• Muskrat (herbivores, feed on cattails); 

• Fish (feed on small invertebrates); and 

• Red Fox (preys on small mammals such as mice and shrews). 

Potential risks to larger herbivores, such as deer, were not evaluated since the risks to small 
herbivores such as the deer mouse were negligible.  The results suggested that since there would 
be minimal risks due to exposure to COCs in food (i.e., grass) for animals that spend their entire 
life within the contaminated areas, large herbivores that feed over a much larger home range than 
the site and would therefore be expected to spend only a small fraction of time feeding on the site 
would not be significantly exposed. 

For the risk assessment, the site was sub-divided into a number of areas, based on natural features 
of the site. Where the home range of the receptor coincides with the size of these sub-areas, it is 
assumed in the exposure estimates that 100% of the exposure occurs within the sub-area.  

Fish-eating birds in the aquatic environment were not assessed directly due to the lack of suitable 
habitat at the site, which in turn is a function of the low water within the system. The low water 
levels result from the re-routing of the north ditch around the existing wetland area in 1994, 
which, given the current volume of water in the ditch, diverted a substantial amount of water from 
the wetland area. As a result, there has been a reduction in available habitat for fish and 
waterfowl, such that few receptors are currently present on the site. The lack of sizable fish 
habitat within the wetland means that currently there is very limited potential for exposure of 
fish-eating wildlife.  

Open water areas include a small pool near the northeast end of the wetland, measuring 
approximately 20 m x 10 m (Photo 9). In addition, a small area of open water occurs in the bed of 
the creek from approximately the downstream end of the wetland to the discharge at the canal 
(shown as Areas C and E on Figure 8), a distance of approximately 200 m, which was typically 
0.5 m wide in the upper and middle sections, and approximately 1 m wide in the lower 20 m 
section. The water depth in the ponded area was less than 0.5 m, while water depth in the creek 
was up to 1 m in the area below the confluence of the two branches, and decreased to 
approximately 0.1 m in the lower section, upstream of the by-pass ditch. Therefore, the total area 
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of available habitat for waterfowl is approximately 300 m2. No waterfowl were observed in the 
area during any of the site visits. 

The wetland area itself is approximately 200 m x 30 m, and the creek bottom is approximately 
2 m wide for the 200 m length from the lower end of the wetland to the discharge, for a total 
approximate area of 6800 m2. Based on these estimates, open water areas suitable for fish or 
waterfowl use would be limited to approximately 5% of the wetland area. The rest of the wetland 
is dominated by dense growths of Phragmites, with little or no surface water, and would 
generally be unattractive to waterfowl. Fish habitat is limited by the size and depth of surface 
water on the site, and would be limited to minnows and other small fish species. However, MNR 
has recorded smallmouth bass from the wetland area in the early1990s prior to re-routing of the 
ditch. Recent observations by Golder and Dillon confirmed the presence of sunfish, largemouth 
bass and minnows in the north ditch. The north ditch is contiguous with the remaining open water 
portion within Area E, and both of these waterbodies are accessible to fish from the Welland 
Canal By-Pass through three corrugated steel pipe culverts. 

Therefore, while fish are present within a small portion of the wetland, the use of the wetland by 
waterfowl, particularly those that are piscivorous, would be very limited due to the small areas of 
open water. Based on the above observations, waterfowl use of the area is expected to be 
negligible, particularly with large expanses of wetlands nearby in the Welland River and Lyon’s 
Creek East that would provide more suitable habitat. Exposure of wildlife through consumption 
of fish, therefore, is expected to be negligible. 

Risks were assessed on the basis of mean concentrations in each of the Areas, and are expressed, 
where possible, as risk quotients with respect to exceedance of the Maximum Acceptable 
Toxicant Concentration (MATC), which was calculated as the geometric mean of the NOAEL 
and the LOAEL. Since LOAEL values typically represent effects levels, their use as screening 
benchmarks has been avoided in this assessment. The intent has been to identify environmental 
concentrations of the COCs that are unlikely to result in adverse effects on populations. Since the 
LOAELs for many of the receptors considered are based on reproductive endpoints, 
concentrations at the LOAEL could be considered as having potential to result in effects at the 
population level. Therefore, a more conservative approach has been taken through calculation of 
the MATC, that avoids overly conservative benchmarks such as the NOAEL while being 
sufficiently protective of receptor populations.  The RQs are calculated as: 

     RQ = predicted average daily dose 
       Screening concentration 

The Risk Quotient provides a simple numerical means by which to assess the relative degree of 
potential risk. A value less than one indicates that the concentration is below the selected 
benchmark, and the potential risk of effects, as defined by the benchmark selected, is low. A 
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value greater than one indicates the potential for risks to be present, but does not mean that an 
adverse effect will occur. Typically, the greater the value by which the RQ exceeds one, the 
greater the potential for risks, again, relative to the selected benchmarks. In most cases where the 
RQ is based on a Maximum Acceptable Toxicant Concentration (MATC), values slightly in 
excess of one denote minor potential for risks, since in most cases this value is well below the 
lowest observed adverse effect level (LOAEL), which is the lowest concentration at which a 
measurable effect has occurred in a receptor.  

Based on the assessment in Appendix B, potential risks have been identified to the following 
receptors:  

• Vegetation in the north ditch (Area D), the main stem (Area E) and the wetland (Area B) 
due to arsenic (maximum RQNOAEL = 24.0), zinc (maximum RQNOAEL = 6.9) and PCBs 
(maximum RQNOAEL = 7.1); 

• Soil invertebrates (earthworms) in limited areas in the southwest ditch (Area A), the 
south and north ends of the wetland (Area B), and the main creek stem below the wetland 
(Area E) due to arsenic (maximum RQNOAEL = 2.8); 

• Shrews in all areas of the site except Area A due to arsenic (the highest risks were in the 
north ditch (Area D) and the wetland (Area B)) (maximum RQMATC = 3.4), and in the 
north ditch (Area D) and the main creek stem below the wetland (Area E) due to total 
PCBs (maximum RQMATC = 53.3) and PCB congeners (maximum RQMATC = 32.8); 

• Benthic invertebrates in the north end of the wetland (Areas B and C) and in the main 
stem (Area E) due to PCBs (assessed as body burden resulting in chronic effects);  

• Fish in Areas C and E, due to predicted accumulation of PCB congeners to 
concentrations that would present potential risks to mammalian and avian consumers of 
fish (relative to CCME guidelines); and  

• Muskrats in the wetland (Area B), the area between the downstream end of the wetland 
and the north ditch (Area C) and the creek stem below the wetland (Area E) due to 
arsenic (maximum RQMATC = 4) and PCBs (maximum RQMATC = 1.54). 

The study identified the need to address both PCB contamination on the site, as well as arsenic 
contamination, since risks were present to biota from both substances.  

Assessment of potential human health risks was conducted separately by Dillon Consulting Ltd 
(Dillon Consulting 2005a). Exposure to arsenic and PCBs on the site were not expected to result 
in adverse effects on human health. As a result, the remainder of the assessment focuses on 
ecological effects as the basis for derivation of cleanup guidelines and assessment and evaluation 
of remedial options. 
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2.3.2 Lyon’s Creek East 

Effects in Lyon’s Creek East were assessed on the basis of potential risks due to exposure to 
PCBs in sediments on a number of receptors, including those species that would be directly 
exposed to PCBs in sediments, and those that would indirectly be exposed through the food 
chain. The conceptual site model for assessing potential risks in Lyon’s Creek East is presented in 
Appendix B, Figure B-2. The risk assessment considers only PCBs, since the effects of other 
metals will likely be limited to direct toxic effects on aquatic biota such as fish and benthos. 
These have been assessed separately by MOE and Environment Canada (Milani and Fletcher 
2005).   

Since the contamination in Lyon’s Creek East is confined to the sediments, those receptors that 
are most likely to be exposed to sediments, either directly, such as fish and benthic invertebrates, 
or indirectly through ingestion of PCB contaminated organisms are considered. Since effects on 
benthos and fish are the focus of a separate investigation by Environment Canada and MOE, 
these are not discussed further in this section. Therefore, those receptors at higher trophic levels 
that feed upon these organisms have been selected to assess exposure. The species selected are 
listed below.  

• Mallard; 

• Great blue heron;  

• Belted Kingfisher; 

• Snapping turtle; 

• Muskrat; and 

• Mink. 

Details on the risk assessment, including the selection of species, are provided in Appendix B. 

Exposure of each of these receptors is based on existing information on sediment concentrations 
of PCBs and tissue residues in benthic invertebrate species and fish from Lyon’s Creek East. 
Environment Canada data for benthic invertebrate species and MOE data for young-of-the-year 
fish and sport fish (Appendix D) have been used to estimate tissue residues as described in 
Appendix B, while the combined data from MOE, Environment Canada, Golder and Dillon 
studies have been used to develop a map of sediment PCB distribution in surficial sediments. 

Since higher PCB contamination occurred at depths greater than 30 cm, exposure to these 
concentrations under normal conditions is considered negligible, and the assessment is therefore 
based on surficial sediment PCB concentrations, defined here as the top 10 cm. This represents 
the typical maximum bioturbation zone of invertebrates, and also the sediment depth most likely 
to be disturbed by larger biota, such as carp and snapping turtles. 
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To facilitate the assessment, Lyon’s Creek East has been divided into a number of zones that are 
generally based on naturally occurring habitat features. Since some habitat features are common 
throughout the area, some of the reaches have been subdivided on the basis of the known 
distribution of PCBs in sediments. Where possible, the size of each area has been chosen to 
include the home ranges of the majority of the species considered as potential receptors. The 
Zones are shown on Figures 3, 4 and 5. 

Zone 1: Area from Welland Canal By-Pass to confluence with small runoff channel on northwest 
side. (Figure 4 and Photo 10). This reach is characterized by a relatively narrow stream channel, 
with high banks and a sandy-silty substrate. Observable flows occurred in this section. There is 
little lateral spread of the creek in this section, and the margins are characterized by higher banks 
and a lack of stream-side aquatic vegetation, as much of this zone is shaded by riparian trees. 
While this area is smaller than the ranges of most of the species considered in the assessment, the 
habitat is sufficiently different from downstream areas to warrant separate consideration. 

Zone 2: Area from confluence with small runoff channel to upstream end of pond. (Figure 4 and 
Photo 11). This section of the stream is characterized by a wide channel with extensive 
macrophyte beds on either side. Depths are shallow and bottom sediments are typically soft silty 
materials. The creek channel alternates between narrowed areas with extensive macrophyte beds, 
including cattail, arrowhead, bur reed and buttonbush, on either side, and wider areas, also with 
macrophytes along the margins. Water depths are in the range of 25 to 50 cm. 

Zone 3: Pond above Hwy 140, from upstream end of pond to culvert. (Figure 5 and Photo 12). 
The pond area is typically much wider than the upstream area, with a narrower margin of cattails 
and other emergent vegetation along the banks. Where these occur, they are quite narrow. Steeper 
banks occur along the southeast side, and since this area is on the outside bend, water depths are 
also deeper in this area. Few cattail areas occur along this margin. The north side is characterized 
by shallower depths, and while cattails occupy a greater length of the margin compared to the 
southeast side, they do not extend any great distance into the pond (generally confined to 5m or 
less). Water depths range from 20 cm at the margins, to a maximum measured depth of 75 cm at 
the north end of the pond. Dense stands of submerged aquatic plants and water lily occupy the 
open areas of Zone 3. 

Zone 4: Pond between Hwy 140 and CN tracks. (Figure 5 and Photo 13). This pond is similar in 
depth characteristics and plant community to the one immediately upstream. The aquatic habitat 
is wide and lies in flat to gently rolling terrain. However, marshy emergent vegetation is less 
extensive than upstream of Highway 140.  

Zone 5: Downstream of CN tracks to Doan’s Ridge Rd..(Figure 3 and Photo 14). In this reach, 
wide open water areas give way to emergent wetland, including cattail and buttonbush, and thick 
beds of submerged vegetation. Open water is restricted to an irregular, but relatively narrow 
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channel where flow is concentrated. Depths are shallow. This reach is also fairly wide, and lies in 
flat to gently rolling terrain. 

Zone 6: Doan’s Ridge Rd to McKenney Rd (Figure 3 and Photo 15). This reach becomes 
narrower, as the watercourse heads from gently rolling terrain into a wooded ravine. The open 
water areas are still quite limited, in the form of an irregular narrow channel between shallower 
areas of emergent vegetation, including stands of buttonbush swamp and emergent herbaceous 
species. The habitat remains a wetland and sluggish stream, rather than a typical woodland creek. 

Zone 7: McKenney Rd to I km East of Crowland Avenue. (Figure 3 and Photo 16). This reach 
occupies a ravine with wooded slopes. Open water is limited to a narrow channel that meanders 
between shallow littoral areas with emergent and submerged vegetation similar to upstream 
reaches. 

Since the available studies do not include an assessment of risks to biota in Lyon’s Creek East 
due to accumulation and trophic transfer of PCBs, a risk assessment has been undertaken as part 
of the current study. The details of the risk assessment for Lyon’s Creek East are provided in 
Appendix B. Risks were assessed on the basis of mean concentrations in each of the Zones, and 
are expressed as risk quotients with respect to exceedance of the Maximum Acceptable Toxicant 
Concentration screening benchmark (i.e., as RQMATC), or where predicted concentrations 
exceeded the LOAEL, as RQLOAEL. The RQ calculations and rationale are the same as provided in 
Section 2.2.1 for Lyon’s Creek West.  

The risk assessment as described in Appendix B has identified the following risks to biota: 

• Belted Kingfisher  

o Zones 2 and 3 (and Zone 1) for mean concentration of total PCBs. RQMATC 
ranged up to 1.18 for total PCBs with the highest value in Zone 2 (wetland above 
Hwy 140) 

o Zones 2 through 6 for mean concentration of PCB dioxin-like (i.e., coplanar and 
mono-ortho) congeners (assessed on the basis of TEQs). RQMATC values ranged 
up to a high of 2.56 in Zone 5. 

• Great Blue Heron 

o Zones 2, 4 and 5 for PCB dioxin-like congeners at exposure to upper 95% 
confidence limit concentrations only. No risks were identified at exposure to 
mean concentrations. RQMATC values for 95% UCL ranged up to a high of 1.36 in 
Zone 5. 

• Mink 

o Zones 1 through 3 for mean concentration of PCB dioxin-like congeners. RQMATC 
values ranged up to a high of 1.83 in Zone 2. 
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Predicted exposures for the avian receptors resulted in marginal exceedance of the MATC. 
Predicted exposures for the mink resulted in exceedances of the MATC, but did not result in 
exceedance of the LOAEL and suggest that the likelihood of adverse reproductive effects due to 
exposure to PCBs is very low. 

Assessment of potential human health risks was conducted separately by Dillon Consulting Ltd 
(Dillon Consulting 2005b). Exposure to PCBs in Lyon’s Creek East were not expected to result in 
adverse effects on human health. As a result, the remainder of the assessment for this site focuses 
on ecological effects as the basis for derivation of cleanup guidelines and assessment and 
evaluation of remedial options. 

2.4 Habitat 

2.4.1 Lyon’s Creek West 

The Lyons Creek West site is located between residential neighbourhoods in the southeast corner 
of Welland (Photo 17) and the Welland Canal bypass. Terrestrial habitat quality surrounding the 
site is limited. Park-like open space, with manicured lawn and a large concrete storm water 
management facility, occupies the area between the single family dwellings and the site. In the 
area adjacent to the canal, meadows have been established on the rolling spoil materials and flat 
open fields (Photo 18). A narrow strip of remnant deciduous hardwood woodlot is also found 
between the site and the canal (Photo 19). These terrestrial habitats are suitable for wildlife 
species common to suburban and rural agricultural areas, but are not generally sufficient in their 
extent, quality of cover, foraging opportunities and linkage to other natural habitats to be 
considered significant wildlife habitat. Recent observations conducted during the spring and 
summer of 2005 have confirmed some existing habitat function for common reptile and 
amphibian species. Frog and toad breeding activity was confirmed in the wetland, as evidenced 
by calling American toads and green frogs. At an upland area adjacent to Area D, numerous turtle 
nests were discovered. Garter snakes were observed in the spring on a rip-rap armoured bank at 
the lower end of Area E, and may use that area as a hibernaculum. 

Wetland habitat is generally represented on the site by dense stands of Phragmites and smaller 
areas of cattail where there is more standing water. Phragmites has also spread to surrounding 
terrestrial habitats in places where it is not actively suppressed by mowing. Phragmites stands do 
not provide high quality habitat for wetland species, and the small areas of cattail and other 
emergents offer only limited foraging and nesting opportunities. However, a small area of the 
downstream portion of the wetland (Areas D and E) retains a diversity of native emergent 
wetland species including bur reed, arrowhead, buttonbush and red osier dogwood (Photo 20, 
appended). The chief limiting factor in the quality of the wetland vegetation community on the 
site appears to be the supply of water. Diversion of flow away from the wetland has apparently 
reduced water levels and has aided the proliferation of Phragmites over native wetland species. 
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Review of the conservation status of the wetland on site confirmed that it is not a Provincially 
Significant Wetland. 

Aquatic and fish habitat adjacent to the site includes the stormwater outfall channel north of the 
site (Photo 21) that conveys flow from an outfall located within the open space behind the 
residential area. The upper end of this channel was dredged to remove PCB contaminated 
sediments and its lower reach was realigned through clean material to the north of the site to 
avoid areas of PCB contamination. Flow in this north ditch appears to be permanent, and 
therefore represents permanent fish habitat. Sunfish, largemouth bass and minnows have been 
observed there during this study, and a neighbouring resident stated that large fish, either carp or 
suckers, ascend the ditch to spawn in the spring. Green frogs and common snapping turtles have 
also been observed within the adjacent north ditch. Apart from permanent flow, in-stream and 
riparian habitat quality along the artificially created channel of the north ditch is poor, with little 
cover, minimal variety of depth or substrates, and sparse riparian  vegetation represented by a few 
hawthorn, buckthorn, willow and dogwood (Photo 22). Nevertheless, it provides a permanent 
aquatic habitat for species which may also use portions of the wetland and adjacent natural areas 
when water level conditions allow, or for reproductive purposes. 

In the area where the north ditch channel meets the lower end of the wetland portion of the site 
(Photo 9), there is sufficient open water to support small numbers of the fish species that were 
observed, as well as other species that may venture in through the culverts that lead to the 
Welland Canal By-Pass (Photo 1) or are remnant resident populations of the fish species that 
occurred in this section of Lyons Creek and the wetland pond prior to re-routing of flow and other 
disruptions of the habitat. There may be times when water levels in the wetland portion of the site 
allow these species to migrate up from the confluence into the wetland, however most of the 
wetland is not considered permanent fish habitat based on the lack of significant areas of open 
water. The wetland portion of the site does however meet the definition of indirect or contributing 
fish habitat in that it likely contributes some flow, nutrients and food organisms to the seasonal 
and permanent fish habitats downstream, including the Welland Canal by-pass. 

2.4.2 Lyon’s Creek East 

The Lyons Creek East study area begins as a low valley feature in flat to gently rolling terrain  
near the Welland Canal By-Pass that gradually comes to occupy a steep-sided wooded ravine to 
the east before once again encountering flat terrain near the QEW. Adjacent terrestrial habitat 
includes regenerating old field, remnant woodlots and forested ravine slopes. Low density strip 
residential and rural residential properties are located along the creek, including the small 
community of Cooks Mills. These habitats are suitable for the terrestrial wildlife species 
commonly found in agricultural landscapes. The Lyons Creek corridor also provides an east-west 
linkage for these species between the lower reaches of the Welland River and the open space 
along the Welland Canal by-pass, as well as woodlots and open areas in between. 
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Review of wetland mapping (Ontario Ministry of Natural Resources, 2005) provided by the local 
office of the Ministry of Natural Resources (MNR) indicated that the Lyons Creek East study 
area includes the Lyons Creek Provincially Significant Wetland (PSW), which occupies a 
considerable portion of the site, and extends from upstream of Highway 140 through the Cooks 
Mills area and downstream towards the confluence with the Welland River. A portion of the PSW 
in the vicinity of Cooks Mills is also a Life Science Area of Natural and Scientific Interest 
(ANSI), although the ANSI does not extend upstream into the reaches adjacent to Highway 140.  
A portion of the Lyons Creek corridor, and adjacent upland areas, is also designated as part of the 
Environmentally Sensitive Areas (ESAs) in Niagara Regional Policy Plan mapping (Regional 
Municipality of Niagara, 2004). The Policy Plan also includes development and conservation 
mapping, which identifies the Lyons Creek corridor up to Highway 140 as part of “Major Natural 
Areas” in the Region. While the reach upstream of the highway may not be designated as an ESA 
or Major Natural Area, it is connected to the downstream designated reaches, and appears 
indistinguishable in terms of many of its physical and biological attributes.  

Observations of the wetland area revealed extensive areas of buttonbush swamp and other native 
emergents that flank the relatively narrow open water areas (Photo 23). The open water areas 
support dense growths of submerged aquatic plants. Red osier dogwood and willow occupy the 
margins between wetland and upland zones and adjacent terrestrial habitats include old field, 
suburban backyards and wooded ravine slope.  Muskrat are abundant within the wetland, and 
great blue heron, belted kingfisher, Canada geese and dabbling ducks such as mallards were 
frequently observed during site visits as part of this study. Common snapping turtle, painted 
turtle, green frog and bullfrog were all encountered within the study area. The MNR also 
indicated that, in addition to those plant and animal species commonly found in wetlands, some 
significant species are resident in the area and that potential impacts on these species would need 
to be addressed (Zimic, A., 2005, pers. comm.). Of particular note is the presence of lake 
chubsucker (Erimyzon sucetta), a small member of the sucker family, that was confirmed in 
recent MOE fish collections at the upper end of Lyons Creek East. The lake chubsucker is listed 
as Threatened in Schedule 1 of the federal Species At Risk Act (SARA). This species is at the 
northern edge of its range in Ontario, and is threatened due to the combined effects of habitat loss 
(mainly historical loss of wetlands) and habitat degradation (e.g., siltation of critical habitat).   

Fish habitat in the Lyons Creek East study area ranges from the wide shallow ponds at its upper 
end, to the narrow shallow channel with periodic pond-like widenings within the lower reaches. 
There are no fish migration barriers between the pump outlet at the Welland Canal by-pass and 
the downstream confluence with the Welland River. As such, fish may migrate into the area from 
the Niagara and Welland Rivers. And, although upstream migration into the Welland Canal by-
pass is impossible, it is likely that fish eggs, larvae and juveniles are entrained by the pump and 
transferred from the canal into Lyons Creek East. A diverse warm-water fish community occupies 
Lyons Creek East. It includes several minnow species, sunfish, black crappie, and top predators 
such as largemouth bass and bowfin. Bottom feeders include brown bullhead and common carp. 
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The most diverse fish community is likely to be found within the ponds adjacent to Highway 140, 
where extensive open water areas with submerged vegetation exist. Observations during the 
summer of 2005 confirmed the considerable fish nursery habitat value of the wetland, with 
young-of-the-year fish seen in great abundance in nearshore areas and in openings in the thick 
vegetation. The narrow open water channel through the lower wetland reaches of Lyons Creek 
East likely support a subset of these species, in lower densities, or on a seasonal basis, and would 
act as migration routes between areas of deeper water and more extensive aquatic habitat. 

2.5 Infrastructure  

The area adjacent to Lyon’s Creek West, as noted earlier, contains both a storm water ditch to the 
north of the creek and wetland, which drains the southeast section of the City of Welland, and is 
traversed, in the western section of the site, by Hydro One transmission lines. Care will need to be 
taken that these are not adversely affected through implementation of any of the remedial options. 
As noted in later sections of this report, the storm water ditch can be incorporated into remedial 
designs. The Hydro One transmission corridor is likely to be unaffected by any of the options. As 
well, the site is bordered to the east by the canal service road. While unlikely to be affected 
through any remedial actions on the site, this route could provide an access point for heavy 
equipment,  particularly since the only other road access would be through residential areas to the 
west. Finally, plans for the extension of Hwy 406 to Port Colborne have shown the highway 
crossing the eastern section of the site, between the wetland and the canal service road. While the 
route does not cross the wetland area directly, the final alignment of the highway, if it is build, is 
unknown. As such, remedial actions will need to consider not just current infrastructure, but also 
future plans for road extensions in the area. 

The isolated nature of the Lyon’s Creek East site results in few services that could be affected by 
remedial actions in this site. The site is bordered to the west by the Welland Canal B-Pass, to the 
south by Ridge Road, that could provide access for heavy equipment, and to the east by Hwy 140. 
The Hwy 140 right-of-way also contains hydro and water services, though these are also likely to 
be unaffected by activities on the site. However, culverts will need to be protected and maintained 
to ensure these are not blocked (with resultant flooding) during any construction. Since pumping 
of water from the canal will need to continue during any in-stream activities in order to maintain 
downstream flow and protect fish habitat, maintenance of flow conditions will need to be 
considered as part of the overall infrastructure of Lyon’s Creek East. Site access for equipment at 
various points along the creek would be through private property, and access would need to be 
negotiated with the respective land owners.   

2.6 Socio-economic Considerations  

Few economic activities could be directly affected by activities on the sites. The relatively 
isolated nature of the Lyon’s Creek West site would result in little effect on local businesses 
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except through increased local traffic. However, the area surrounding the site is mainly 
residential. The few businesses that could be affected are located along Southworth Ave., to the 
west of the residential section. A small number of local businesses are located adjacent to Lyon’s 
Creek East along Ridge Road. There is a possibility that heavy vehicle traffic could reduce access 
to these businesses on a temporary basis. 

Since both sites border residential areas, the major impacts would be on noise and dust generated 
by heavy equipment, and increase heavy vehicle traffic. Depending on the option selected, these 
disturbances could, in some cases, extend over a number of seasons. 

Both sites are naturalized areas, that the local residents appear to make use of to a greater or 
lesser extent. Aesthetic qualities of the site will therefore be a factor with local residents. In 
addition, the proximity of residential areas of the City of Welland to Lyon’s Creek West means 
that some recreational use (dog walking, all-terrain vehicles) of these areas occurs. Lyon’s Creek 
East appears to have more limited recreational access, but likely has higher aesthetic value to 
local residents due to the much larger natural wetland areas within the site, particularly for those 
who’s properties border on the site. Preservation of the natural aesthetic qualities of both sites, 
will therefore, likely be a concern to local residents.   

2.7 Regulatory Requirements 

2.7.1 Federal Regulatory Requirements 

As the sites include areas of federal lands along the Welland Canal by-pass and the works will be 
supported in part by federal funds, it is likely that a Canadian Environmental Assessment Act 
screening will be required. 

The Federal Fisheries Act will apply to any active sediment remediation works undertaken in the 
Lyons West and East sites.  

Although the Lyons West site contains only limited permanent fish habitat, the entire wetland 
area would be considered indirect or contributing fish habitat. Activities including removal and 
infilling of that area would be subject to review by the Niagara Peninsula Conservation Authority, 
acting on behalf of the Department of Fisheries and Oceans, and eventually DFO itself. Fish 
habitat compensation would likely be required, especially in the case of infilling. The extent of 
compensation would depend on the proposed works and would likely take into account the 
benefits to fish habitat of remediation of PCBs. Opportunities for compensation at Lyons Creek 
West include natural channel works and establishment of a riparian vegetation community along 
the stormwater outfall channel adjacent to and connected with the site. 
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Permanent fish habitat exists throughout the Lyons East site. Any active remediation measures 
would be reviewed by DFO Fish Habitat Management with respect to the Fisheries Act and 
compensation could be required. Opportunities for compensation in ponded upper regions of 
Lyons Creek East could include provision of areas of deeper water in these very shallow habitats, 
construction of spawning areas and restoration of emergent littoral plant communities in places 
where they are limited by past infilling. 

The Federal Species at Risk Act will also apply to any active remediation works proposed within 
the Lyons Creek East habitat of the lake chubsucker, a Threatened species on Schedule 1 of the 
SARA. In this case, the review of allowable harm to lake chubsucker habitat would be undertaken 
by DFO Science. 

In addition, Transport Canada would review proposals for any active works within Lyons Creek 
East under the Navigable Waters Act. As the upper reaches of the creek are not accessible to 
motorized craft, the only works that are likely to cause concern would be infilling that would 
restrict use by recreational canoeists. Transport Canada may be included, at least initially, in the 
review of applications for works in Lyons Creek West, however that site would not be considered 
navigable.     

2.7.2 Provincial Regulatory Requirements 

The Ontario Ministry of Natural Resources administers a range of legislation, including the Lakes 
and Rivers Improvements Act and the Public Lands Act that could apply to proposed remediation 
works at the Lyons Creek sites. On the Lyons Creek West site, MNR’s concerns would likely be 
low, and focused mainly on the fish populations that could be affected. Lyons Creek East is 
another matter, with a diverse warmwater fish community and Provincially Significant Wetland 
involved. The Provincial Policy Statement prohibits development within PSWs and stipulates no 
significant impacts on PSWs. MNR will also be concerned with any potential downstream effects 
on the Provincial Life Science ANSI on Lyons Creek. Should extensive works such as dredging 
or infilling be proposed in Lyons Creek East, MNR will stipulate the timings of such works to 
protect fish reproduction and will need to be satisfied that the area and quality of PSW and ANSI 
will not be reduced.  

In addition to being the initial review agency for Section 35 of the Federal Fisheries Act, the 
Niagara Peninsula Conservation Authority will also review any proposed works with respect to 
the Conservation Authorities Act. The conservation authority may decide to issue a work permit, 
especially in the case of works that will change grades or attributes of watercourses. The 
conservation authority will also be involved along with MNR and the municipality in the review 
of PSW and ESA impacts, and these considerations will factor into their decision to issue work 
permits. 
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2.7.3 Municipal Regulatory Requirements 

Environmentally significant areas are outlined in regional and municipal official plans, in this 
case the Niagara Regional Policy Plan. Involvement of the municipality is typically triggered by 
development applications, however extensive remediation works within or adjacent to ESAs 
could do likewise, especially if they involve significant changes to grades, potential water quality 
impacts or the removal or alteration of habitat. In that case, the proponent would be required to 
prepare an Environmental Impact Statement that describes the project, its likely effects on the 
ESA and any appropriate mitigation and restoration strategies. Should the project be subject to an 
EA, the EA documentation would likely supersede an EIS and could be submitted in its place. 
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3.0 REMEDIATION ZONES 

3.1 Lyon’s Creek West 

The Phase III studies (Golder 2005) identified 5 sub-areas in Lyon’s Creek West, based on 
natural divisions of the area into habitat sub-types as described in Section 2 (Figure 8).  The 
identified risks are summarized in Table 3.1 below. 

Table 3.1 
Summary of Risks to Ecological Receptors in Lyon’s Creek West by Sub-area. 

Mean [COCs] and Potential Risks (as RQMATC Values) per Receptor and Area 

Area Mean  [As] 
μg/g  

Mean [PCB] 
μg/g  

Deer Mouse 
RQMATC 

Shrew  
RQMATC 

Muskrat  
RQMATC 

 Soil Sediment Soil Sediment Arsenic PCB Arsenic PCB Arsenic PCB 

A 3.2 86.8 0.05 0.05 0.08 0.0007 0.8 0.06 2.1 0.003 

B 6.6 163.2 0.21 20.1 0.2 0.03 1.7 6.4 4.0 1.2 

C  - - - 26.1 - - - - - 1.5 

D 13 12.4 15.8 13.1 0.3 0.4 3.3 41.6 0.3 - 

E 6.3 27.7 1.3 26.1 0.16 0.6 3.4 53.3 0.7 1.5 

 

Area A, which consists of the upstream section of the south branch, from Southworth Ave to the 
wetland area. This area was characterized by mean concentrations of arsenic in soil of 
3.23 μg/g d.w., and in sediment of 86.8 μg/g d.w. Arsenic contamination in this area was 
identified as presenting low risks to the muskrat (i.e., RQMATC = 2.1). Mean PCB 
concentrations in soil and sediments were near the detection limits, and no risks were 
identified to any of the receptors due to PCB. 

Area B, which consists of the wetland. This area was characterized by mean arsenic 
concentrations in upland soils adjacent to the wetland and sediments in the wetland of 
6.6 μg/g d.w. and 163 μg/g d.w. respectively. As a result, risks were identified to those 
organisms that had potential contact with wetland sediments (which includes soils in the 
actual wetland area, since much of the wetland area currently has little or no surface water), 
and included low to moderate risks to the shrew and muskrat respectively. The mean PCB 
concentration in soils in upland areas adjacent to the wetland was 0.21 μg/g d.w., while mean 
concentration in the wetland was 20.15 μg/g d.w. As a result, low risks were identified to 
terrestrial receptors in the upland areas, but moderate risks were identified to the shrew in the 
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wetland. Low risks to the muskrat were calculated, due primarily to the low concentrations of 
PCBs in cattails, which is a mainstay of the diet of muskrats. 

Area C, which consists of the short segment of creek between the wetland and the north. This 
area was assessed only with respect to PCBs in sediments since the upland areas are included 
in Areas D and E, and samples in this area were not analyzed for arsenic. Mean sediment 
PCB concentration in this area was 26.1 μg/g d.w., and relatively low risks were predicted for 
the muskrat from PCBs . 

Area D, which consists of the north ditch, from the berm constructed in 1994 to the confluence 
with the branch from the wetland. This area is a mix of soil and sediment. In the upper 
sections of the ditch no surface water was observed, and this area, as well as the banks, is 
characterized as soil. In the lower section of the ditch, shallow standing water was present, 
and the creek bottom in this area is characterized as sediment. This area was characterized by 
high mean concentrations of PCBs in both soils and sediments, with high risks predicted for 
the shrew. 

Area E, which consists of the main branch below the north ditch and wetland down to the Canal. 
Mean PCB concentrations in creek sediments were high, though concentrations in upland 
soils were relatively low. This area was characterized by high predicted risks to the shrew, 
and moderate risks to the muskrat from PCBs. 

While risks were predicted for both the shrew and muskrat in areas of the site, it should be noted 
that the overall area of contamination is relatively contained. Particularly for the muskrat, this is 
likely to translate into limited populations that inhabit the site, and therefore the number of 
individuals that could be affected is likely to be low. Effects at the population level, therefore, 
would need to be considered further with respect to the sizes of populations within the local area. 
Since large number of muskrat lodges were observed in Lyon’s Creek East, if effects were to 
occur on the small number of individuals predicted to inhabit the area of Lyon’s Creek West, this 
may have negligible effects on populations within the broader local area. 

Risks were not identified to avian and mammalian consumers of fish in Lyon’s Creek West, as 
noted previously, due to the lack of suitable habitat. The small area of open water in the creek and 
wetland, and the shallow, turbid waters would provide marginal habitat for these species, and 
exposure is expected to be negligible.  

Therefore, for the purposes of consideration of remediation options, Areas C, D and E all present 
higher risks to biota, and are considered a single remediation area (Figure 8). Contamination in 
the wetland by PCBs and arsenic has also been identified with elevated potential for risks to a 
limited number of species. It should be noted that while the potential risks to biota were elevated, 
only insectivorous mammals, due to exposure to soil invertebrates would be considered as 
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potentially at high risk. Exposure of terrestrial species would be limited to those areas where 
previously aquatic areas are now exposed as dry land. The limited extent of the contaminated 
areas, and the generally poor quality of the habitat, is expected to limit the exposure to a small 
number of species and a small number of individuals. 

3.1.1 Assessment of Risk to Ecological Receptors 

In this section, site-specific guidelines based on the identified risks to biota in soil and sediment 
are derived for PCBs and arsenic. These are compared to existing guidelines for these 
compounds. Since the options reviewed in Sections 5 and 6 of this report present a range of 
potential exposure scenarios, the cleanup guidelines will differ with these scenarios. The actual 
cleanup guidelines selected, and the application of the guidelines to various areas of the site will 
thus depend on the option chosen. In some cases, a mix of guidelines is anticipated to address 
different exposure scenarios and potential receptors. 

It should be noted that some guidelines, such as the MOE Table 2 guidelines for PCBs are based 
solely on risks to human health. These guidelines may not be suitable to address risks to 
ecological receptors. Therefore, while these guidelines may not be suitable under remediation 
options where contaminated soils or sediments would remain exposed to ecological receptors, 
they would be suitable for those options where these materials are isolated from non-human biota. 
Thus, in these situations, removal of materials above the MOE Table 2 guidelines would be a 
suitable approach where in-filling would isolate any remaining materials that were above the site-
specific ecological guidelines. 

In this section, the site-specific guidelines and the rationale used in deriving these guidelines are 
presented first. These are subsequently compared to other guidelines, since as noted above, these 
may also be applicable under some of the potential remediation options.  

A tiered approach to development of site cleanup guidelines is presented below, since the 
selection of guidelines depends on both the remedial option selected, and the potential land use 
designated for the site following any remediation. 

The site-specific guidelines provided below are based on predictions of risk to biota, as 
determined through the risk assessment described in Appendix B. These are based on the 
Maximum Acceptable Toxicant Concentration (MATC) as described in following sections and in 
Appendix B. The site-specific guidelines are considered applicable under those options where 
non-human biota could be directly exposed to PCB-contaminated soils or sediments, and include 
the Monitored Natural Recovery  and Removal and Restoration  options, as described in 
Section 6. For those options that do not involve direct exposure of non-human biota, either 
through removal of the source of potential exposure, or through placement of an exposure barrier 
such as clean fill material, other guidelines, such as the MOE Table 2 Standards, may be suitable. 
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Alternatively, site-specific standards may be developed for these options, depending on the final 
land use for the site.  

Soil PCB Clean-up Guidelines 

Based on calculated risks, a soil concentration of 0.41 μg/g d.w PCB could result in a daily 
average dose to the short-tailed shrew at the MATC of 0.22 mg/kg-b.w./day while a soil 
concentration of 1.25 μg/g d.w. PCB could result in a daily average dose of 0.66 mg/kg-b.w./day 
(i.e., the LOAEL). Therefore, since the major route of exposure to PCBs is likely to be through 
ingestion, in order to protect terrestrial mammals, a clean-up concentration of 0.41 μg/g d.w. 
based on the ingestion limit would be recommended for PCBs. This is based on the calculated 
BSAF for earthworms on the site and assumes that most of the exposure would be through 
consumption of earthworms.  It should be noted that these guidelines are based on conservative 
assumptions regarding potential exposure, as described in Appendix B. Therefore, exceedance of 
these guidelines should not be construed as presenting unacceptable risks to terrestrial receptors. 

Soil Arsenic Clean-up Guidelines 

Based on calculated risks, a soil concentration of 3.9 μg/g d.w. arsenic could result in a daily 
average dose to the short-tailed shrew at the MATC of 0.47 mg/kg-b.w./day while a soil 
concentration of 12.6 μg/g d.w. arsenic could result in a daily average dose of 1.5 mg/kg-b.w./day 
(i.e., the LOAEL). Since the LOAEL concentration has potential to result in adverse effects, this 
should be considered the upper limit for protection of wildlife receptors. Since the major route of 
exposure to arsenic is likely to be through ingestion,  a cleanup number of 3.9 µg/g d.w. based on 
the ingestion limit would be recommended for arsenic. This is based on the calculated BSAF for 
earthworms on the site and assumes that most of the exposure would be through consumption of 
earthworms and direct exposure to soil.  It should be noted that these guidelines are based on 
conservative assumptions regarding potential exposure, as described in Appendix B. Therefore, 
exceedance of these guidelines should not be construed as presenting unacceptable risks to 
terrestrial receptors. 

Sediment PCB Clean-up Guidelines 

Sediment clean-up guidelines are based on PCB concentrations in sediments that do not result in 
unacceptable risks, calculated as daily consumption estimates to those species identified at risk at 
higher trophic levels. Therefore, sediment PCB concentrations that do not result in exceedance of 
the daily consumption rate for muskrats, which were the only mammalian receptors on site that 
could be exposed, were used as the basis for deriving the clean-up guidelines.  

Based on the risk calculation undertaken in Appendix B, the sediment PCB concentration that 
could result in accumulation in tissue at the MATC concentration of 0.066 mg/kg-b.w./day in 
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muskrat was calculated as 16 μg/g d.w. This is based on the calculated BSAF for PCBs in 
sediments and cattails (the major exposure route for muskrat).  

The above concentration may not protect fish-eating birds or mammals, for which exposures 
could be higher than predicted for the muskrat. Therefore, under certain options such as the 
removal and restoration option, under which larger areas of aquatic habitat could be created, a 
lower guideline may be required. The cleanup guidelines for Lyon’s Creek East may provide 
suitable guidance under this option. 

Sediment Arsenic Clean-up Guidelines 

Based on the risk calculation undertaken in Appendix B, the sediment arsenic concentration that 
could result in accumulation in tissue at the MATC concentration of 0.155 mg/kg-b.w./day in 
muskrat was calculated as 41 μg/g d.w. This is based on the calculated BSAF for arsenic in 
sediments and cattails (the major exposure route for muskrat). Since avian receptors, particularly 
piscivorous species, are not likely to be present at Lyon’s Creek West due to the marginal aquatic 
habitat available at the site, the cleanup target is based on the MATC for the muskrat. 

Summary of Available Guidelines 

Table 3.2 below summarizes the available guidelines for arsenic and PCBs, and includes the site-
specific guidelines, as described above, that would be applicable under some options, and the 
guidelines developed by the MOE and CCME. 

Table 3.2 
Comparison of Site-Specific Guidelines for Lyon’s Creek West with Regulatory Guidelines 

COC Medium Site-Specific 

MATC μg/g 

Site-Specific 

LOAEL μg/g 

CCME 

ECO μg/g 

MOE Table 2 

μg/g 

EPA μg/g 

As Soil 3.9 12.6 17 20-40* 43 

 Sediment 41 129 5.9 6 - 

PCB Soil 0.41 1.25 1.3 5-25** - 

 Sediment 16 53 0.034 0.07 - 

*Guideline depends on land use and is based on phytotoxicity. 

**Guideline depends on land use and is based on risks to human health only. 

The MOE Table 2 guidelines for sediment are derived from the MOE Provincial Sediment 
Quality Guidelines Lowest Effect Level (PSQG LEL), and are designed for protection of benthic 
organisms from direct toxicity. These values will therefore differ from those derived for the 
protection of organisms at higher trophic levels, and will generally be lower, since benthic 
organisms will be directly exposed to contaminants in sediments. The applicability of these 
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guidelines will depend on the selection of the final remedial option. Under the current assessment, 
only muskrats are considered to be potentially exposed. If the remedial option chosen includes 
restoration of the wetland habitat, potential exposure of benthic organisms and their consumers 
will need to be considered, and these guidelines may provide suitable protection. However, since 
these guidelines are developed for generic application, the site-specific guidelines developed for 
Lyon’s Creek East, which specifically includes consumers of aquatic biota in the assessment of 
risks, could provide suitable remediation guidelines.    

As noted above, some guidelines, such as the MOE Table 2 guidelines for PCBs are based on 
human health considerations and may not be protective of non-human biota that could be directly 
exposed to PCB-contaminated soils or sediments. However, under some of the options reviewed 
later in this report where direct exposure of terrestrial or aquatic biota is eliminated, these options 
would be suitable to ensure that there would be no unacceptable risks for humans. 

3.1.2 Delineation of Areas of Risk 

Based on the clean-up guidelines defined above for soils and sediments, the existing distribution 
of PCBs and arsenic on the site was used to define those areas where soil or sediment PCB and/or 
arsenic concentrations exceeded the guidelines, and would need to be included in any site 
cleanup. 

With the exception of Area D, and parts of Area E, soils above the flood lines (defined as the tops 
of the adjacent banks) did not exceed the site-specific risk-based guideline of 0.41 μg/g and also 
did not exceed the MOE Table 1 Standard for Residential land use  of 0.3 µg/g for PCBs and do 
not need to be considered further. In Area D, soils at a number of sites exceeded the guideline, 
and included the area upstream of the confluence with the main branch. The area exceeding the 
site-specific cleanup guideline is identified in Figure 8. As noted above this represents the area 
that would need to be addressed under those options where biota could be directly exposed to 
PCBs in soils. Under those options where contamination would be isolated behind a constructed 
barrier, such as clean fill material, less stringent guidelines could be applied. As such, depending 
on the option selected, the actual areas to be addressed would differ, and specific area 
calculations would need to be completed upon selection of the remedial option and the cleanup 
guidelines to be used. 

The area with PCB concentrations in excess the 16 μg/g d.w. guideline for sediments is shown on 
Figure 8 on the basis of individual sediment concentrations in each of the sub-areas identified in 
Section 3.1.1. The area was estimated by including all sample points that exceeded the above 
guideline. Concentrations of PCBs are highly variable across the site and therefore it is not 
practical to identify individual areas where the guideline is exceeded since this would result in a 
patchwork of small, isolated areas that were below the guideline within the broader sub-areas 
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where concentrations were generally above the guideline. Therefore, the delineation of cleanup 
areas is based on the mean concentrations of PCBs within each Area. 

Based on the above calculations, sediment in the southwest ditch (Area A), and areas B (the 
wetland) and parts of areas C, D and E would require remediation in order to meet the proposed 
cleanup guidelines for PCBs and arsenic. Since the arsenic and PCB contaminated areas overlap 
in Areas B, C, D and E, any remedial effort direct towards PCB contamination in these areas will 
concurrently address arsenic contamination. As noted above for soils, the actual area addressed 
and cleanup guideline selected will depend on the remediation option selected. If  there is 
potential for aquatic biota to be exposed to PCBs or arsenic, such as under a wetland restoration 
option, the cleanup guideline, and the area, affected may need to be revised . Therefore, the size 
and volume of material affected would depend on the option and guideline selected and specific 
area calculations would need to be completed upon selection of the remedial option and the 
cleanup guidelines to be used. 

3.1.3 Areas and Volumes to be Addressed 

The respective areas and estimated volumes of PCB and/or arsenic contaminated soils and 
sediments for each of the sub-areas noted in section 3.1.1 are provided in Table 3.3 below. Area 
and volume estimates are based on the cleanup guidelines for arsenic and PCBs in soils and 
sediments as provided in Section 3.1.1. The calculations in Table 3.3 are intended to provide a 
general indication of the relative areas and volumes of material that would need to be addressed. 
These will change depending on the remedial option and cleanup guideline selected, and final 
estimates will need to be developed once the preferred remedial option has been selected. The 
calculations assume that cleanup of PCBs contaminated soils and sediments would be to 
0.41 μg/g and 16 μg/g respectively, and that cleanup of arsenic contaminated soils and sediments 
would be to 3.9 μg/g and 41 μg/g respectively. 

Table 3.3 
Estimated Soil/Sediment Volumes Requiring Remediation in Lyon’s Creek West  

Sub-area Area (m2) Mean depth of 
contamination (m) 

Estimated Volume of 
Contaminated Soil/Sediment 

(m3) 

Area A 848.7 0.1 84.9 

Area B 7402.0 0.3 2220.6 

Area C+D+E 6960.5 0.5 3480.3 

 

The total area to be included in the assessment of remedial options was calculated as 15,211.2 m2, 
with a total estimated volume of soil/sediment of 5,785.8 m3. The area and volume estimate for 
Area A is based on a creek length of 424 m, and a width of contamination confined to 1 m either 
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side of the mid-point of the creek (i.e., a total width of 2 m). Area and volume estimates for the 
wetland are based on the defined margins of the wetland area, and do not include upland areas. 
Estimates for Areas C, D and E include upland areas as shown on Figure 11, since soils in these 
areas had elevated levels of one of more of the contaminants of concern. 

If the removal option with subsequent restoration of the aquatic habitat is selected as the preferred 
option, then a larger area than is calculated above will need to be included, since the current 
delineation of these areas is based on risks to a limited number of receptors. The potential for 
additional receptors, including fish-eating birds, to frequent the site after remediation could result 
in exposures to residual PCBs. Using the guideline developed for Lyon’s Creek East of 3.4 μg/g 
d.w. for protection of fish-eating birds would provide an appropriate level of protection if this 
option is selected. This will result in a slightly larger area and volume being removed than is 
calculated above. Similarly, if the in-filling option is selected, then direct exposure of non-human 
biota would be eliminated in large areas of the site and cleanup in these areas could be to the 
MOE Table 2 guidelines for soils. This would result in removal of less material than is estimated 
in the table above. 

3.2 Lyon’s Creek East 

As described in Section 2.2.2, Lyon’s Creek East has been divided into 7 Zones based on existing 
habitat types and/or PCB contamination of the sediments (Figures 3, 4 and 5). Since these formed 
the basic assessment units of the risk assessment, and corresponded with the home range size of 
most of the receptors, the potential risks are summarized with respect to these Zones in Table 3.4 
below. Receptors for which RQMATC > 1 are shown in bold. 

Table 3.4 
Summary of Risks to Ecological Receptors in Lyon’s Creek East by Zone. 

Mean [PCB] and Potential Risks (as RQMATC Values) per Receptor and Zone 

Mallard Great Blue Heron Kingfisher Muskrat Mink Zone Mean 
[PCB] 
μg/g Total 

PCB 
Total 
PCB 

PCB 
TEQ 

Total 
PCB 

PCB 
TEQ 

Total 
PCB 

Total 
PCB 

PCB 
TEQ 

1 4.3 0.07 0.23 0.53 0.38 0.88 0.26 0.56 1.13 

2 4.0 0.06 0.43 0.83 1.18 2.28 0.24 0.9 1.83 

3 3.9 0.06 0.42 0.49 1.16 1.34 0.24 0.89 1.8 

4 2.0 0.03 0.21 0.89 0.58 2.46 0.12 0.44 0.9 

5 2.2 0.03 0.23 0.93 0.64 2.56 0.13 0.49 1.0 

6 1.0 0.01 0.1 0.41 0.28 1.12 0.06 0.22 0.44 

7 0.4 0.01 0.04 0.16 0.11 0.43 0.02 0.08 0.17 
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As noted in Appendix B, the benchmarks used for assessing potential risk to avian receptors to 
PCB congeners were based on the conservative estimates of availability to food and incorporate 
uncertainties that may make these values overly conservative. Thus, the RQ values note where 
potential risks may occur, but may not reflect actual risks to the receptors.  

Zone 1: Area from Welland Canal By-Pass to confluence with small runoff channel on northwest 
side. This reach is characterized by mean PCB concentrations in the sediment of 4.3 μg/g d.w. 
and potential risks to the mink based on exceedance of the MATC benchmarks. RQMATCs in this 
Zone were highest for the mink for total TEQs only. Estimated ingestion of PCBs did not exceed 
the LOAEL benchmarks for mink. In addition, Milani and Fletcher (2005) found reduced survival 
of benthic organisms in sediment toxicity tests at one location within this zone, though correlation 
of organisms survival with PCB concentrations in sediments did not identify the PCBs as the 
source of toxicity.  

Zone 2: Area from confluence with small runoff channel to upstream end of pond. This area is 
characterize by mean concentrations of PCBs in sediments of 4.0 μg/g d.w. and risks to kingfisher 
and mink. Predicted average daily exposures exceeded the MATC for the kingfisher for both total 
PCBs and total TEQs, though in both cases the exceedance was low. Mink marginally exceeded 
the MATC for total TEQ, but did not exceed the MATC for total PCBs. Additional studies by 
Environment Canada and the Ontario MOE (Milani and Fletcher 2005), found reduced survival of 
benthic organisms in sediment toxicity tests at one location in this zone. 

Zone 3: Pond above Hwy 140, from upstream end of pond to culvert. This area is characterized by 
mean PCB concentrations of 3.9 μg/g d.w. in sediments and potential risks to the kingfisher and 
mink. Risks in this zone were highest for the mink for total TEQ, but highest for the kingfisher 
for total PCBs. However, in both cases, only marginal exceedance of the MATC were noted. 
There were no exceedances of the LOAEL benchmarks for total PCBs or total TEQ for either 
receptor. The Environment Canada-MOE study (Milani and Fletcher 2005) found reductions in 
benthic organism survival in sediment toxicity tests at one of the test locations in this zone. 

Zone 4: Pond between Hwy 140 and CN tracks. This area is characterized by mean PCB 
concentrations of 2.0 μg/g d.w. in sediments and potential risks to kingfisher. The only potential 
risks to the kingfisher (as defined by the RQMATC) were from total TEQ exposure (RQMATC = 
2.46). 

Zone 5: Downstream of CN tracks to Doan’s Ridge Rd.. This area is characterized by mean PCB 
concentrations of 2.2 μg/g d.w. in sediments and potential risks to kingfisher, with a maximum 
RQMATC in the kingfisher of 2.56 for total TEQ. As noted below, sediment concentrations for this 
area include samples collected to 25 cm and may over-estimate PCB exposure. 
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Zone 6: Doan’s Ridge Rd to McKenney Rd. This area is characterized by mean PCB 
concentrations of 1.0 μg/g d.w. in sediments and marginal potential risks to kingfisher from total 
TEQ exposure. Given the marginal exceedance of the MATC benchmark actual adverse effects 
are considered unlikely.  

Zone 7: McKenney Rd to I km East of Crowland Ave. This area is characterized by mean PCB 
concentrations of 0.36 μg/g d.w. in sediments. No exceedances of the MATC were noted for any 
of the receptors for either total PCBs or total TEQ. 

In addition, the Environment Canada-MOE study (Milani and Fletcher 2005) found elevated 
tissue residues of PCBs in young-of-the-year and sport fish in Zones 1 through 3, indicating that 
PCBs are being accumulated from sediments by resident fish. The results of the fish tissue 
analysis also formed the basis for estimates of wildlife exposure, as described in Appendix B. 

It should be noted that the sediment concentrations on which the estimates for Zones 5, 6 and 7 
are based include the MOE 1995 sample result that analysed PCBs in the top 25 cm of the 
sediment, and were included due to the paucity of data for this section of the creek. This could 
result in an over-estimate of exposure and potential risk, since most benthic organisms and fish 
would be exposed to the top 10 cm. Concentrations in the top 10 cm would need to be verified 
before any action is taken in these areas. As well, as noted in Appendix B, the estimation of PCB 
congener concentrations was conducted in a conservative manner and may overestimate actual 
exposure concentrations. 

3.2.1 Assessment of Risk to Ecological Receptors 

As noted above, low potential risks were identified to heron, kingfisher and mink. The risks are 
primarily due to the consumption of PCB contaminated prey, mainly young fish and benthic 
invertebrates. Those receptor species that consume primarily vegetation, such as the muskrat, and 
to a lesser extent the mallard, had relatively low risks that reflect the low accumulation of PCBs 
in plant tissues.  

The results indicate that sediments are not a direct source of contamination to the kingfisher, 
heron and mink, since sediment ingestion during feeding is considered to be negligible (all three 
are predators that would incidentally ingest little sediment material). As a result, the major 
pathway of effect is through transfer of contaminants from sediments to fish, either directly 
through exposure of fish to contaminated sediment or indirectly through consumption of benthic 
organisms contaminated with PCBs. Since the fish tissue residue predictions are based on 
measured PCB concentrations from the site, and the BSAFs are calculated from measured PCB 
concentrations in sediments, fish and benthic species, the predicted accumulation in the aquatic 
species (fish and benthos) and the terrestrial species is considered to be site-specific.  
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The risks to the receptors identified can generally be considered as relatively low, since for all 
receptors only the MATC concentration was exceeded. Since the LOAEL is based on actual 
effects concentrations, it is anticipated that as the average daily dose approaches this value, there 
is greater probability of adverse effects in the receptors. Based on the results in Appendix B, 
predicted exposures for the receptors do not exceed the LOAELs. Similarly, average daily doses 
that are close to the MATC may actually have a low probability of resulting in adverse effects. 

The LOAELs for the avian receptors are based on a study by Dahlgren et al. (1972, cited in 
Sample et al. 1996) that found reduced egg hatchability at the LOAEL. Therefore, average daily 
doses at the LOAEL could result in potential risks to local populations of kingfisher and great 
blue heron, the species considered at risk. Reduction in egg hatchability could result in adverse 
effects at the population level by significantly affecting recruitment of young within the areas 
affected. The study did not find effects on adults at these exposure concentrations.  

3.2.2 Delineation of Areas of Risk 

Based on the risk calculations, Zones 2 and 3 presented potential risks to the heron, kingfisher 
and mink. These would be considered the major areas to address. Risks to all three species 
occurred in these areas due to total PCB and TEQs.  

While mean sediment concentrations of PCBs in Zone 1 were similar to concentrations in 
Zones 2 and 3, the predicted risks to receptors was generally lower, due to the limited size of this 
area, which was typically smaller than the home ranges for most of the receptors. Since Zone 1 is 
contiguous with Zone 2, for practical purposes, the exposures estimated in Zone 2 would be 
expected to apply to Zone 1. Therefore, potential risks are considered to be present to these 
receptors in Zone 1 as well. 

Risks to the kingfisher and great blue heron were identified in Zones 4 and 5 due to total TEQ  
only, and may be an artefact of the method of calculation. Therefore, since exceedances of the 
MATCs in these zones were minor, and were for total TEQ only, these areas are considered to 
present negligible risk to the receptors.  

The distribution of PCBs both longitudinally and with depth indicates that there is on-going 
downstream dispersal of PCBs, with the only identified source being upstream areas of 
contaminated sediments. Therefore, since risks are low in the downstream zones (Zones 4 and 5), 
and negligible further downstream (Zones 6 and 7) focusing on Zones 1 to 3 would provide the 
greatest potential benefit in reducing overall risks. Since the largest reservoir of PCBs currently 
exists within the creek and wetland upstream of Hwy 140 (Zones 1 to 3) addressing these areas 
could benefit the creek as a whole.  
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Based on the effects on the kingfisher, and the benchmarks used in the assessment, a sediment 
concentration that would result in predicted exposure of the kingfisher to total PCB 
concentrations below the MATC was estimated as 3.4 μg/g d.w. For protection from the effects of 
dioxin-like PCBs, a total PCB concentration in sediment that would provide protection at the 
respective MATCs was 2.2 μg/g d.w. for the mink, 1.8 μg/g d.w. for the kingfisher and 4.8 μg/g 
d.w. for the heron. For both total PCB and total TEQ, the lowest sediment PCB concentrations 
(i.e., the sediment concentration to protect the most sensitive receptor) was the concentration 
derived for the kingfisher. Based on these estimates, sediment concentrations at or below the 
1.8 μg/g d.w. threshold determined for total TEQ based on exposure of the kingfisher would be 
protective of all the receptor species considered in the assessment. Mean sediment concentrations 
of total PCB TEQs exceeded this level in Zones 1 through 5. Cleanup guidelines based on total 
PCB thresholds would result in a guideline of 3.4 µg/g d.w., based on the MATC for the 
kingfisher. Mean sediment concentrations of total PCBs exceeded this guideline in Zones 1 
through 3. Given the conservatism surrounding the TEQ estimates, a cleanup guideline of 
3.4 µg/g d.w. total PCB is recommended. 

Despite the exceedances of the MATCs, mean sediment concentrations did not exceed the 
LOAEL thresholds for any of the species in any of the zones. For kingfisher, the sediment 
concentration resulting in average daily intake at the LOAEL was estimated to be 16.1 μg/g d.w., 
based on TEQ estimates, and 25.5 μg/g d.w. based on total PCBs. For the heron, the LOAEL 
threshold is 12.8 μg/g d.w. based on TEQ and 29.6 μg/g d.w. based on total PCB. Finally, for 
mink, the LOAEL is met at a sediment concentration of 14 μg/g d.w. based on total PCB and 
7 μg/g d.w. based on TEQs. These are summarized in Table 3.5 below. 

Table 3.5 
Predicted Sediment Concentrations of PCBs Resulting in Exposures at the MATC. 

Benchmark Kingfisher Great Blue 
Heron 

Mink 

MATC (total PCB) (μg/g d.w in sediment) 3.4 9.4 4.5 

MATC (total TEQ) (μg/g d.w. in sediment) 1.8 4.8 2.2 

LOAEL (total PCB) (μg/g d.w. in sediment) 25.2 29.6 14 

LOAEL (total TEQ) (μg/g d.w. in sediment) 16.1 12.8 7 

 

Based on the discussion in Appendix B, the use of the MATCs as benchmarks in assessing risks 
to avian receptors is likely to provide a reasonably conservative estimate of exposure to receptors 
such as the kingfisher and mink, but since this level is below the actual measured effects levels 
(i.e., the LOAELs) they may overestimate the cleanup guideline for protection of kingfisher and 
heron. While LOAEL-based cleanup guidelines are not likely to be sufficiently conservative, 
given that effects could occur at these dose levels, they provide a suitable upper limit against 
which to assess the MATC-derived guidelines. 
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Given the practicalities of assessing PCB concentrations in sediment, the cleanup guideline is 
based on the concentration of total PCBs of 3.4 µg/g that would be protective of the kingfisher, 
which is the most sensitive receptor. Since a concentration of 3.4 µg/g total PCB corresponds to a 
total TEQ concentration that is below the LOAEL, this target is likely to be sufficiently protective 
of the above receptors, while being a practical measurable target.   

3.2.3 Areas and Volumes to be Addressed 

Based on the assessment of risk, as described above, and the existing contamination of sediments 
by PCBs with depth as described in Section 2.1.2, the volumes of contaminated sediment have 
been calculated for each of the Zones. The depth calculations are based on the uncompressed 
depths, as described in Appendix A. In most sampling locations in Zones 1, 2 and 3, 
contamination by PCBs has been observed in all sediment layers except the underlying clay layer. 
Therefore, the depth to clay has been calculated for each sample point in the 2005 data to estimate 
overall depths and volumes. PCBs in sediments in Zones 4, 5, 6 and 7 appear to be confined to 
the upper sediment layers (10-25 cm depths based on MOE 1995 and Environment Canada-MOE 
2002-3 data). Since more definitive data are lacking for this section and potential risks to 
receptors were low, volume estimates have not been calculated for these zones. Area and volume 
estimates are based on the cleanup guideline for total PCBs of 3.4 μg/g d.w. PCB in sediment, as 
discussed in Section 3.2.2 above. The results are summarized in the table below.  

Table 3.6 
Estimated Soil/Sediment Volumes Requiring Remediation in Lyon’s Creek East. 

Sub-area Area (m2) Mean depth of 
contamination (m) 

Estimated Volume of  
Contaminated Soil/Sediment 

Zone 1 6549.1 0.5 3274.6 

Zone 2 19461.7 0.5 9730.9 

Zone 3 20326.6 0.5 10163.3 

Zone 4 N.A. 0.5 N.A. 

Zone 5 N.A. 0.25 N.A. 

Zone 6 N.A. 0.25 N.A. 

Zone 7 N.A. 0.25 N.A. 

 

Based on the above estimates, the total volume of sediment in Zones 1 through 3 that exceed the 
PCB cleanup guideline of 3.4 µg/g is calculated as 23,169 m3. This estimate is used in subsequent 
calculations in Section 6 to estimate remediation costs for the options considered. 
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4.0 REMEDIATION OPTION EVALUATION CRITERIA 

4.1 Selection Criteria 

A number of criteria have been developed to aid in the selection of appropriate remedial 
alternatives for addressing PCB contamination in Lyon’s Creek. The intent of the criteria is to 
focus on those options that are considered feasible in Lyon’s Creek East and West, and remove 
from further consideration those alternatives that are either technically not feasible, will cause 
unacceptable habitat loss or destruction, or will not meet the chemical criteria developed to 
reduce risks to acceptable levels. 

As noted in Section 2, risks to biota are present in Lyon’s Creek West due to high PCB 
concentrations in the surficial sediment layers. As such, methods to reduce risks to ecological 
receptors will be necessary in this area.  

4.2 Overall Protection Of Human Health And The Environment.  

4.2.1 Ability to Address Identified Risks  

The main objective of evaluation of the various remedial options is to assess the ability of the 
method to achieve the sediment PCB concentrations that are protective of human and ecological 
uses that have been derived though the human and ecological risk assessments. This includes the 
residual materials that may be left behind during dredging, and is based on the identified risks to 
humans and biota. This criterion is applied to all of the classes of remedial options, including 
natural recovery. 

4.2.2 Ability to Maintain Ecological Integrity 

This criterion is intended to address the disruption to local habitat that could result from 
implementation of the remedial option, and the ability to ensure that habitat integrity is 
maintained, or if this is not possible, to restore habitat integrity after completion of the remedial 
action. The assessment includes the potential for undertaking the option in stages, that will permit 
isolation of the active areas through installation of temporary barriers to prevent fish and wildlife 
access. Those options that minimize the adverse effects on residents of the creek and wetland 
areas would be preferred, provided they can address the other criteria noted above. 

4.3 Regulatory Requirements  

The ability of the option to address current regulatory requirements under applicable federal and 
provincial legislation is a critical part of the assessment. Applicable legislation includes the 
federal Fisheries Act and Species At Risk Act, various Acts under the jurisdiction of the MNR, 
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including the Public Land Act and the Lakes and Rivers Improvement Act, Requirements and 
Permits required by the MOE, and any other applicable legislation that may restrict the activities 
and thereby affect the selection of remedial alternatives. 

4.4 Long-Term Effectiveness And Permanence  

The long-term efficacy of each alternative is reviewed with respect to those factors that could 
compromise the effectiveness of the option. With respect to Natural Recovery, this will address 
such issues as whether contaminant concentrations in sediments and biological compartments will 
decrease after implementation of the options, and whether the changes will continue into the 
future. For in-situ options, this will consider whether the option can provide a suitable long-term 
solution under the physical conditions that are expected to occur. For example, ice-scour in the 
shallow areas will need to be considered since this could affect the integrity of a cap. 

4.5 Reduction Of Toxicity, Mobility Or Volume  

Under this criterion, the ability of the option to address not just direct toxicity to the organisms, 
which is dealt with mainly under the risk assessment, but also the stability of the material, its 
potential for downstream transport, and thereby, the ability to contain the contamination over the 
long term will be considered.  

4.6 Short-term Impacts  

Assessment of the short-term impacts focuses on the activities associated with implementation of 
the option, and the effects of these on the natural environment. The criterion in particular 
considers whether implementation of the option will cause local damage that may out-weight the 
risks that the material poses, and whether alternative options that are less disruptive would be 
indicated. This would include potential risk to humans or non-human biota during construction, 
such as increased exposure of fish through sediment re-suspension.  

4.7 Technical Feasibility  

A number of considerations are addressed in assessing the technical feasibility of any of the 
remedial options. These include: 

• Access requirements for equipment. The requirement will apply to both in-situ options 
and removal options. Equipment will need to access the site for initial mobilization, 
temporary storage of supplies, removal of dredging material, if applicable, and 
demobilization.  

• Positioning accuracy. For both placement of capping materials, and removal of 
sediments, accuracy in positioning will be required. The ability of the option to 
accurately place materials in confined, shallow areas will be important. 
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• Removal accuracy, both laterally and with depth. For removal options, the ability of the 
method to remove sediments accurately will be important to the success. As well, since 
the previous review has indicated that depths of material are relatively shallow, the ability 
to remove shallow layers of sediment is important. 

• Excess water generation. The amount of excess water that is generated is a significant 
factor, since due to the presence of PCBs the water likely will not be suitable for release 
back to the creek without additional treatment. 

• Transport and staging requirements. The area required for staging of equipment, and for 
removal options, the area required for stockpiling and de-watering of sediments, as well 
as water treatment requirements will be important considerations. 

• Production rates/ capacity. The relative production rate will determine the length of time 
the project requires, and will aid in determining whether the activity can be conducted 
during those periods when effects on the natural environment (e.g., fish spawning) are 
avoided or minimized. 

• Ability to work in shallow environments. The shallow depths recorded in the creek and 
wetland will preclude use of some equipment. Only equipment with shallow draughts, or 
equipment that can operate from shore will be able to function in these areas. 

4.8 Cost  

The costs of implementing the options will be assessed. Costs will include all activities associated 
with each option, and will include mobilization and demobilization, actual construction, and for 
dredging options, disposal costs as well. 

4.9 Regulatory Acceptance 

This criterion addresses the ability of the option to meet the regulatory requirements of the 
agencies involved, as well as the ability to meet the RAP de-listing criteria for the AOC. 

4.10 Community acceptance  

The potential for the option to meet the expectations of the local community, considering their 
use and value placed on the areas will be considered in evaluating the options. Public consultation 
is a key aspect of the plan, and public acceptance of, and preference for, a specific alternative will 
be a major consideration in the final development of a preferred remedial option. 
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5.0 REVIEW OF REMEDIAL OPTIONS 

The potential remedial options that could be applied to remediation of sediments in Lyons Creek 
East and West are reviewed in this section. A large number of options exist for sediment 
remediation. Many have been developed for contaminated sediment areas in the Great Lakes, 
where large areas and water depths occur, and therefore, would not be suitable for the conditions 
that exist in Lyon’s Creek East. Since areas of open water are very small in Lyon’s Creek West, 
this area is not considered suitable for remediation from water-borne platforms, and the available 
options will be restricted to those that can operate from shore. 

5.1 Potential Remedial Options 

This section provides a summary of potential remedial options that could be applied to the PCB 
contaminated sediments in Lyon’s Creek East and the PCB and arsenic contaminated sediments 
in Lyon’s Creek West.  Three general categories of remedial options have been reviewed: 

1. Natural recovery, which relies on natural sediment accumulation to isolate the water 
column and benthic organisms from the contaminated sediment; 

2. In-situ remediation, which comprises active remedial options that do not require the 
removal of the sediment (e.g., capping, in-situ treatment, in-filling); and 

3. Sediment removal options, which involve removal, de-watering and off-site disposal of 
the material and/or destruction of the contaminants. 

The following sections provide further details on each of these three categories of remedial 
options. A preliminary evaluation of the suitability of each of the reviewed options for application 
within Lyon’s Creek, as well as the technical feasibility assessments and cost estimates, are based 
on conditions ascertained through the review of existing conditions as described in Section 2. 

A summary of the available options for Lyon’s Creek West and Lyon’s Creek East is provided in 
Tables 3 and 4 respectively (see Tables section following text). Further evaluation of each option, 
including the suitability of each option for implementation in each of the sites, given existing site 
constraints, is provided in Table 5 for Lyon’s Creek West, and 6 for Lyon’s Creek East (see 
Tables section following text). 

5.1.1 Monitored Natural Recovery 

In most sediment remediation assessments, the option of “Natural Recovery”, is normally used as 
a preferred option, since it is the least disruptive of the environment. The approach uses natural 
sedimentation to cover over contaminated material, thereby reducing the bioavailability or 
toxicity of sediments left in-place. This option should be considered only in those cases where the 
contributing sources of the contamination have been effectively terminated.  
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Since the method relies on natural sedimentation processes, it is only appropriate in low energy 
depositional zones not subject to erosive flows or human activities that could disturb the bedded 
material. This is not a “do-nothing” option because it requires that certain conditions are met 
concerning rates of natural sediment accumulation, the quality of the accumulating material and 
the physical processes operating in the area. If implemented, it also requires an on-going 
monitoring program to ensure that it is meeting the stated objectives of risk reduction. It is 
considered applicable to areas with large volumes of sediment with low or marginal levels of 
contaminants.  

Natural recovery typically requires a longer period of time to achieve remediation goals 
compared with the more invasive approaches, but is less likely to present risks associated with 
acute exposure due to sediment re-suspension or contaminant release during dredging or capping 
operations. It is a low cost option, limited mainly to monitoring costs, and avoids disruptions to 
the water body. However, contaminated sediment is left in the aquatic environment and while 
over time the natural processes act to reduce exposure and therefore risks to biota, there is 
potential for future disruption of buried contaminants by storms, ice scour or aquatic construction 
activities. Consequently, there is long term liability associated with this option. 

If used as a remedial option, it must be accompanied by a comprehensive, long-term monitoring 
program.  This ongoing monitoring program is essential for the following: 

• Determining whether Natural Recovery is taking place; 

• Verifying that there are no contributing sources of contaminants; 

• Confirming that the contaminants of concern are not present in the top 10 to 15 cm. of the 
depositional zone at concentrations that could result in adverse effects or result in 
unacceptable risks to biota, i.e. the contaminated material is effectively buried below the 
bioturbation zone where it cannot be reworked by benthic organisms or disturbed by 
larger aquatic organisms such as bottom-feeding fish; and 

• Assessing whether accumulation of contaminants by benthic organisms has decreased 
since the contaminant sources were eliminated. 
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The advantages and limitations of the natural recovery option are presented in Table 5.1. 

Table 5.1 
Suitability of Natural Recovery as a Remedial Option 

Recommended Where: Not Recommended 

Where: 

Advantages Disadvantages 

Low ecological risk exists and a 
healthy diversity of organisms is 
present. 

There is a large area and/or volume 
of sediment to deal with. 

There are historic deposits of well 
isolated contamination. 

There is low contaminant mobility 
and bioavailability. 

Contaminant sources are identified 
and eliminated. 

Sediments are stable. 

Lack of facilities to deal with or 
treat dredged material or to 
implement other options. 

There is absence of 
identifiable natural 
recovery mechanisms. 

Sediments are unstable and 
subject to erosion. 

There is potential for 
immediate and significant 
harm to human health and 
the environment. 

Invasive options can 
achieve objectives within a 
shorter time. 

No physical 
degradation of  
existing habitat.  

No risk due to re-
suspension of 
contaminants. 

No dredged material to 
be disposed of . 

Cost efficient since 

involves only 

monitoring costs. 

Contaminants  
remain in place. 

Long term process. 

 

Monitored Natural Recovery 

Natural recovery does not involve active or invasive forms of remediation of the contaminated 
sediment.  Under this option, natural sedimentation is relied upon to provide a clean layer of 
cover material over the contaminated sediment. Therefore, a number of requirements need to be 
met for the option to be considered suitable for use: 

• Sediments cannot be acutely lethal to aquatic organisms; 

• There cannot be rapid release of potentially hazardous materials, that might affect other 
uses, such as local drinking water sources; 

• Sedimentation needs to be of a sufficient rate to result in the isolation of the contaminants 
within a reasonable period of time (which will depend on the gradation of sediment 
material, the types of contaminants, their toxicity and bioavailability); and 

• The area needs to be physically stable, with no major physical disturbances due to natural 
or anthropogenic activities that could result in mass erosion. This includes bioturbation 
effects, which can potentially mix large quantities of sediment in small, limited-area 
environments. 

The types of monitoring that may be necessary to confirm the applicability and effectiveness of 
natural recovery include: 
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• Vertical and areal mapping of sediment quality of the affected area; 

• Assessment of advective and diffusive transport of contaminants from the sediment into 
the water column (by pore water or bottom water analysis); 

• Bathymetric surveys to assess whether material is accumulating or eroding; 

• Periodic benthic community assessments to evaluate the health of the community through 
species density and diversity, and benthic body burdens with regard to specific 
contaminants of concern such as PCBs; 

• Fish tissue analysis; and 

• Hydrodynamic studies to assess shifts in current patterns or water movement. 

It will be necessary to gather such information on an ongoing basis for several years, until it can 
be confirmed that the contaminated sediments have been effectively isolated from benthic 
organisms by natural sediment accumulation, that re-suspension is no longer a potential concern, 
and that advective and diffusive transport of contaminants through pore water from the sediments 
into the overlying water column are not occurring at a rate that would warrant concern.  

Advantages  

The advantages associated with a natural recovery option are: 

• Leaving the sediments in place may present less of a risk to benthic organisms than 
disrupting them through active remediation if it can be confirmed that natural 
sedimentation rates are sufficient to isolate the contaminated sediments from benthic 
organisms within a reasonable time frame or that the contaminants present are not 
resulting in adverse effects through direct toxicity or bioaccumulating to levels that may 
result in adverse effects at higher trophic levels. 

• Ongoing monitoring permits the potential for additional contamination from land-based 
sources to be assessed before active remedial options are implemented. 

• Natural recovery is not disruptive to the waterbody and therefore, to existing fish and 
benthic habitat compared with invasive types of  remediation. 

Limitations  

The following issues have been identified with the application of a Natural Recovery option: 

• May not be a viable option if the rate of sedimentation is insufficient to effectively isolate 
the contaminated sediments from the biota by providing a layer of cleaner sediments of at 
least 10-15 cm within a reasonable time frame;  

• May be perceived as a “do nothing” option and will require public education on its 
merits; 

• Requires an intensive ongoing monitoring program to confirm that it is effective;. 
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• Long term liability remains since materials are left in place. Higher PCB concentrations 
that currently reside at depth could be exposed in the future through natural events or 
anthropogenic activity; and. 

• Restrictions on in-stream activities may be required to prevent exposing, re-suspending or 
otherwise disturbing the contaminated sediments. 

Enhanced Natural Recovery 

In some areas, the potential risks to biota from contaminants in sediments may be relatively low, 
and flow conditions may be suitable for deposition of a clean sediment cover, but limited sources 
of natural sediment may result in accumulation rates that are not sufficiently high to justify 
natural recovery as an option. In these cases, the natural accumulation rate can be enhanced 
through the artificial addition of natural sediment material.  

While this approach appears to be similar to capping, it differs in the assumption that the material 
added will ultimately mix with the existing sediment to some degree, unlike capping, where the 
assumption is that the material will provide an effective barrier between the contaminated 
sediment and the aquatic environment. As such, the addition of material is expected to gradually 
dilute surface concentrations, as would be expected under natural accumulation, where the 
incremental accumulation of sediment on a yearly basis is mixed with existing sediments through 
hydrodynamic forces and bioturbation. Over time, this will result in a gradual reduction in surface 
concentrations of contaminants, with a concomitant reduction in potential risk. As with monitored 
natural recovery, this method is most suitable where effects on biota are low, and there is no risk 
of acute toxicity or significant bioaccumulation from the sediments. 

Materials are selected based on similarity in terms of particle size, material composition and 
organic content to the existing sediments. These would reflect natural soil materials in the area 
that would be expected to form most of the suspended sediments that would naturally accumulate 
through erosion from adjacent land surfaces. 

Under the variation discussed above, long term monitoring will also be required as part of the 
implementation of this option. 

Placement Methods 

A number of methods are available for placing enhancement materials, including: 

• Point dumping or controlled spreading using a clamshell bucket or backhoe, to place 
materials above or below the water surface at discrete points, creating an overlap between 
successive placements of material; 

• Hydraulic jetting of material from the surface of a barge or from shore; 
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• Placement of cap materials as a slurry via a pipeline and diffuser; and 

• In shallow habitats, placement of a uniform layer on the ice during the winter for material 
to drop through during spring melt (Photo 24). 

Advantages 

The advantages associated with an enhanced natural recovery option are: 

• Leaving the sediments in place may present less of a risk to benthic organisms than 
disruption through active remediation if potential risks to biota are low; 

• Ongoing monitoring permits the potential for additional contamination from land-based 
sources to be assessed before active remedial options are implemented; and 

• Enhanced natural recovery can preserve the ecological integrity of the area, minimizing 
habitat destruction and thereby preserving existing fish and benthic habitat compared 
with invasive types of  remediation. 

Limitations  

The following issues have been identified with the application of the Enhanced Natural Recovery 
option: 

• May not be a viable option if the existing or predicted hydrodynamic forces would result 
in erosion of the material;  

• Requires an intensive ongoing monitoring program to confirm that it is effective; and 

• Will require careful placement to ensure that potential exposure areas are addressed.  

Conclusion 

The available evidence has indicated that sediments are accumulating in Lyon’s Creek East 
(though the rate is largely unknown) with progressive decrease in PCB concentrations from 
deeper sediments to the surface. The results also indicate that the sediments in the zones currently 
have low toxicity to resident biota, but that bioaccumulation and biomagnification to higher 
trophic levels is a concern. Therefore, since the Natural Recovery option can reduce the exposure 
of aquatic organisms and their predators to PCBs, it is considered a potential remedial option. 

The high PCB concentrations and high potential risks to some receptors, coupled with the lack of 
sediment sources to Lyon’s Creek West indicates that the basic conditions for application of this 
option are not met in Lyon’s Creek West.   

Since the primary contaminant concern is exposure of organisms at higher trophic levels, 
implementation of this option will require administrative controls that ensure that the sediments 
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are not disturbed, and that higher PCB concentrations, as occur at depth are not exposed. This 
option is evaluated in more detail in Section 6. 

5.1.2 In-Situ Containment 

In-situ Remediation includes invasive remedial options that use capping (the placement of clean 
material over the contaminated sediment) to contain contaminated sediment, or use chemical 
agents to sequester or bind contaminants within the sediment matrix. This option also includes in-
filling, where fill materials are used to raise the surface of the sediment to above the water 
surface, eliminating the aquatic component. In-filling may be suitable in small, highly 
contaminated, contained areas, though typically it is not considered an option in addressing larger 
natural areas due to the significant habitat loss that occurs. 

Active intervention, such as capping, is most effectively used where it has been demonstrated that 
sediments are resulting in adverse biological effects and therefore need to be contained or isolated 
from biota. Rapid reduction in exposure to contaminants and risk can be achieved through these 
measures, but their use is only recent and there is little information on their performance as a long 
term solution. 

A variety of cap materials and placement techniques have been used at other sites (e.g., Lower 
Grasse River, Massena, New York) but most of these are variations of discharge from a barge or 
a submerged pipeline. Capping can be an applicable alternative for isolating contaminated 
sediments where sediment removal could result in unacceptable or increased risks due to release 
of contaminants through sediment disturbance and where maintenance (navigational) dredging or 
navigation is not required. In small, shallow habitats, such as Lyon’s Creek East, installation of a 
cap may result in reduction of available habitat, and may also be subject to natural disruptions 
through ice scour, wave-action, and human activities. 

In-situ chemical treatment has only recently been applied to contaminated sediment. Most of the 
experience with these agents has been obtained through their application to upland situations 
dealing with hazardous waste stabilization. Since many of the substances used are toxic, this 
option is not considered further. 

Capping methods by which contaminated sediments are covered with a layer of clean material 
(typically sand or gravel size particles) or with an impermeable geosynthetic material such as 
high density polyethylene, are used to: 

• Minimize advective or diffusive transport of contaminants from the sediments into the 
water column; 

• Reduce the potential for benthic organisms and fish to contact the contaminated 
sediments;  
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• Stabilize the contaminated sediment layer, limiting the potential for re-suspension; and  

• Creating anaerobic conditions at depth, to help reduce mobility of metals and promote 
dechlorination of chlorinated organic compounds. 

There is no single approach to capping that is applicable to all situations. Very often, changes or 
modifications have to be made to initial plans as dictated by local conditions. Granular material 
caps may be applied in single or multiple layers to provide the desired thickness of usually a 10 
cm (thin layer) to 50 cm or more cover, or where the material to be capped is relatively soft, 
sheets of polyethylene or other geosynthetic material could be placed over the material to provide 
support for a cover.  

The suitability of capping as a remedial option is summarized in Table 5.2 below: 

Table 5.2  
Suitability of Capping as a Remedial Option 

Recommended Where: Not Recommended 
Where: 

Advantages Disadvantages 

Low energy environment 
exists. 

Low contaminant mobility 
present.  

Limitations in 
treating/disposing of 
dredged material exist. 

Sediments scheduled for 
removal for purposes 
unrelated to environmental 
risk such as dredging 

Contaminant mobility and 
diffusion are high.  

The area is subject to 
significant disturbances 
(e.g., waves, propeller 
wash)  

Recreational/commercial 
development is planned for 
the general area.  

Reduces chemical 
bioavailability, has 
potential to reduce water 
column concentrations, 
and downstream migration  

Increases depth of clean 
sediment above zone of 
contamination  

Less re-suspension than 
dredging  

No dredged material 
produced  

Promotes natural 
breakdown of 
contaminants. 

Contaminants remain in 
place  

Physical changes in 
bottom contour due to 
cap may induce changes 
to hydraulic 
pattern/conditions on the 
bottom and create the 
potential for long-term 
erosion.  

Re-suspension and/or 
mixing of contaminants 
and  sediments during 
placement  

Physical alteration to 
benthic habitat  

Cap surface 
recontamination as cap 
settles and contaminated 
material from below is 
forced upwards. 

A summary of the features, advantages and limitations of the containment systems considered is 
also provided in Tables 2 and 3 for Lyon’s Creek West and East respectively.  
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Soil/Granular Cap 

Description 

The ideal capping situation is one where the area to be capped is in reasonable proximity to a 
source of natural material such as a quarry to provide easy access to material for the cover. The 
material selected should consist of a range of grain sizes compatible with the material to be 
capped at the contaminated site. A number of performance criteria must  be incorporated into the 
selection of cap materials.  Naturally occurring granular materials with a significant proportion of 
fine-grained (i.e. silt- and clay-sized) particles generally have greater effectiveness in creating a 
uniform layer that effectively seals voids in the sediment layer, resulting in better contaminant 
retention characteristics and greater potential to reduce advective or diffusive transport, compared 
with washed and graded or sorted  material of uniform grain size distributions. As well, fine-
grained materials are less likely to sink through the sediment layer over time, which in Lyon’s 
Creek East is comprised of soft, fine-grained sediment. However, at the same time, the grain size 
distribution of the cover material needs to be balanced against the need to resist the erosive 
effects of waves and currents.   

Capping also needs to consider natural processes. Water depth needs to be sufficient to avoid 
disruption of the cap by ice conditions and low-water events. The shallow depths in Lyon’s Creek 
East indicate this could be a major concern with placement and long term stability of a cap. 
Capping also needs to consider anthropogenic activities, such as human activities that may result 
in destruction of the cap (e.g., dock construction). Finally, a soil/granular cap will remain in place 
only in areas of relatively gradual slopes. 

The  thickness of the cap is usually determined on the basis of the following: 

• The need to reduce the advective and diffusive transport of contaminants through the cap 
layer; 

• The need to compensate for the potential loss in thickness due to current and wave action, 
or ice scour taking into account any deposition through natural sedimentation; and 

• The need to accommodate the depth of bioturbation and limit the potential for burrowing 
organisms to come into contact with the contaminated sediment layer below the cap. 

Placement Methods 

A number of methods are available for placing granular caps, including: 

• Point dumping, using a clamshell bucket, in which cap materials are released either above 
or below the water surface at discrete points to create an overlap between successive 
placements of material; 
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• Controlled spreading using a clamshell bucket, in which cap materials are placed by 
opening the clamshell bucket aperture slightly while moving the barge on which the 
bucket is mounted at a controlled rate; 

• Hydraulic jetting of material from the surface of a barge; 

• Placement of cap materials as a slurry via a pipeline and diffuser;  

• Placement via tremie pipe; and 

• In small areas, direct placement from shore using a crane and bucket, or long-reach 
equipment. 

The suitability of each of these methods for placement of cap materials is dependent on the grain 
size distribution of the materials to be placed.  In general, direct point discharge or controlled 
spreading of cap materials via clamshell bucket or tremie pipe leads to greater control of cap 
thickness and less potential for dispersion of fines through the water column during placement as 
compared with hydraulic placement methods. Subsurface placement methods also reduce the 
amount of dispersion of fines by currents during cap construction.  

Advantages 

The advantages of using a granular material cap include: 

• Effective isolation of the contaminated sediments, thus preventing contact by benthic 
organisms; control of advective and diffusive flux of contaminants into the water column; 
and reduction in the potential for re-suspension of the contaminated sediment through 
hydrodynamic forces; 

• Containment of sediments has far less potential for re-suspension and mobilization of 
contaminated material compared with dredging options; and 

• Less costly than dredging or chemical treatment.  

Limitations 

There are a number of issues associated with the use of granular caps in Lyon’s Creek East, such 
as: 

• Capping is only effective as a long-term management approach if all active sources of 
contaminants have been removed or isolated such that recontamination of the capping 
material does not occur. Therefore, since the major source of PCBs to Lyon’s Creek East 
appears to have been eliminated with the construction of the Canal By-Pass, this method 
could be suitable in upstream areas. Since the upstream areas (i.e., above Hwy 140) 
appear to be sources to areas downstream, capping would not be a suitable option in the 
downstream areas unless either capping or removal were implemented in upstream areas; 

• The slopes and density of the material to be capped must be such that it will be able to 
support the cap, and will likely require confirmation through bench tests; 
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• Monitoring during cap placement will be required to confirm that the selected cap 
placement method is not causing undue disturbance of the contaminated sediments, and 
to confirm that the desired cap thickness is achieved throughout the area to be capped; 

• An ongoing monitoring program will be required following placement of the cap to 
verify that the required cap thickness has been achieved throughout the area, that benthic 
recolonization is taking place, that bioturbation and/or hydrodynamic forces have not 
compromised the integrity of the cap, and that consolidation and upwelling of porewater 
is not resulting in contaminant transport through the cap;  

• Contingency plans must be available for rapid implementation of cap repair in the event 
that material is lost during severe storms or ice scour; and 

• Should water levels be increased in the future, the portions of the site may be accessible 
to more than canoes and kayaks. As such, restrictions on boating may be required to 
prevent breach of the material as a result of anchorage or propeller wash. 

Geosynthetic Cap  

Description 

A single-layer geosynthetic cap entails the placement of a geotextile or impervious geomembrane 
layer directly upon the contaminated sediment. Geotextiles are permeable synthetic textile 
materials manufactured from polyester or polypropylene, normally used for erosion control, 
filtration,  soil stabilization or fluid control. Placement of a geotextile layer on the contaminated 
sediment serves primarily to minimize re-suspension of the contaminated sediment through 
hydrodynamic forces.  Use of a geomembrane manufactured from high density polyethylene 
(HPDE) or polyvinyl chloride (PVC) serves to eliminate re-suspension of the contaminated 
sediment, provide a barrier to advective and diffusive transport of contaminants into the water 
column and preclude contact between benthic organisms and the contaminated sediment. 
Geosynthetics and geomembranes are especially useful on soft bottoms with very high levels of 
contamination. 

Placement Methods 

Geosynthetic caps are usually placed from a barge.  Sections of geosynthetic material are heat-
welded on the barge surface to cover larger areas.  In Lyon’s Creek East, the material could be 
pulled out from shore-based staging areas, particularly during the winter months when the 
material could be placed on the ice and anchored, to subsequently sink into place during the 
spring.  The  material may be fabricated with integral weights to aid in their placement through 
the water column.  Once placed on the contaminated sediments, the geosynthetic materials are 
anchored in place using concrete or steel driven anchors.  While potentially effective in isolating 
contaminated sediments, the typical placement techniques would likely require some 
modifications, in terms of seasonal timing, areal extent and method of placement to avoid 
trapping fish, amphibians and reptiles against the sediment surface. 
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Advantages 

The advantages of geosynthetic caps compared to other capping materials are: 

• They can form a very effective barrier to isolate the contaminated sediments from contact 
with benthic organisms; control the advective and diffusive flux of contaminants into the 
water column; and minimize the potential for re-suspension of the contaminated sediment 
through hydrodynamic forces. 

• Placement of a geosynthetic cap does not result in any appreciable re-suspension of 
contaminated sediments; and 

• A geosynthetic cap is less susceptible to removal by hydrodynamic forces compared with 
a soil or granular material cap. 

Limitations 

There are several potential issues associated with the installation of a geosynthetic cap, such as: 

• The successful application of a geosynthetic cap, as a long-term remedial approach, 
requires that all sources of contaminants to the area be fully controlled and any sediment 
that accumulates on the surface of the cap is not contaminated; 

• Placement of geosynthetic materials over large areas presents some logistical difficulties, 
and there are no long term experiences with this type of material to assess its 
effectiveness over time; 

• The production of methane and hydrogen sulphide gas by micro organisms under the 
geomembrane cap may cause billowing or bulging of the geosynthetic material. Vents 
through the geomembrane may be needed to prevent gas build up under the material, 
however these vents could also allow some contaminated sediments to escape; 

• Geosynthetic materials are subject to tearing or puncture during placement, or through 
biotic activity which may then limit their effectiveness; 

• Placement of a geosynthetic material on the creek bottom would disrupt benthic 
invertebrate, fish, amphibian and reptile communities.  Reestablishment of these 
communities may require long periods of time until a sufficient thickness of sediment has 
been deposited onto the geosynthetic material and until remnant populations can increase 
by reproduction and immigration from adjacent unaffected areas; 

• Monitoring during placement is required to confirm adequate coverage of the areas 
proposed for capping, control the degree of billowing during placement, and ensure that 
tearing or puncturing of the geosynthetic material does not occur during installation; 

• Ongoing monitoring after placement of the geosynthetic layer is required in order to 
confirm that sediment accumulation is occurring above the geosynthetic material, that the 
benthic community is re-establishing itself and that the integrity of the geosynthetic layer 
has not been compromised; and, 

• Restrictions on in-stream activities may be required to prevent damage to the 
geosynthetic layer. 
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Conclusions 

Geosynthetic caps are not considered suitable due to the high organic matter content of the 
sediments and the amount of decaying vegetation present. Significant gas generation is 
anticipated due to the high organic matter content (as denoted by the high TOC concentrations), 
with the result that the geosynthetic material would be difficult to maintain in place and the layer 
is expected to shift in the long term. 

Assessment of capping 

Although there are obvious benefits to capping, it is not a universal solution suited to any given 
situation. The main concern with capping stems from geotechnical considerations associated with 
the stability of the material to be capped. Conceptually, capping may be quite effective on 
relatively flat surfaces with a thin layer of material to be capped. As such, its application as a 
cover for residual contamination left after dredging, may be quite useful. With reference to 
Lyon’s Creek East and West, capping (or in-filling in the case of Lyon’s Creek West) appears to 
be a potential alternative, a least in those areas where the basic physical prerequisites are met. As 
is noted from the compression studies (Appendix E), sediments in Lyon’s Creek East are 
comprised of a significant fraction of fine grained material with high water content, suggesting 
low shear strength. Such material is very highly compressible and any attempt to add a significant 
new load such as one or more layers of soil or granular material, could result in failure and lateral 
displacement of contaminated material during capping (i.e., a “mud flow”). Placement of material 
coarser or denser than the existing sediment could result in sinking of the material through cap, 
with the result that the desired reduction in surficial PCB concentrations, and reduction in 
potential risks, may not be achieved in the long term. Placement of a geotextile material could 
result in the trapping of decomposition gases, which could float the membrane, resulting in 
bowing and subsequent displacement of the cap and any capping materials placed on the cap.   

It is also important to recognise that in most areas with net deposition, some form of equilibrium 
is achieved over time between incoming and outgoing sediment. Disruption to this regime can 
result in changes to the sediment distribution pattern. 

5.1.3 Removal and Disposal 

Removal through dredging has historically been the default option for dealing with contaminated 
sediment where adverse effects on biota are present and some type of isolation of contaminants 
from the biotic environment is necessary. Dredging or mass removal of the sediment provides a 
rapid means of reducing contaminant levels. However, dredging does not completely eliminate 
the contaminants, since there are always residual sediments that remain after dredging or resettle 
from re-suspended material.  The dredging option requires that the material removed be contained 
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or treated. In the case of PCB contaminated material, disposal will need to be in a suitably 
licensed site. 

There are basically two types of dredges available for removal of sediments, classified broadly as 
mechanical or hydraulic.  Both forms of dredging generate large volumes of water which, when 
dredging contaminated sediments, will require temporary holding facilities to dewater the 
sediment and provide treatment for the water before it is returned to the watercourse.   

For the purposes of assessing the potential sediment removal options, certain physical site 
characteristics of Lyon’s Creek East and West were reviewed.  Removal of contaminated 
sediments was assumed to be confined to those areas defined by PCB distribution.  The zones for 
sediment removal are assumed to have the same physical characteristics as those sites where data 
have been recorded (i.e., existing conditions at the sample sites are extrapolated across the entire 
site).  With respect to creek flow characteristics, while current velocities have not been measured 
due to the difficulty of obtaining these measurements under ice cover during the 2005 sampling, 
the current velocities have been observed to be very low during all site visits conducted recently 
as part of the Lyons Creek studies.  This is consistent with the generally depositional character of 
Lyons Creek within the study area.  The information suggests a moderate to low current velocity 
that would need to be considered with respect to the selection of an appropriate dredging method. 
The overall suitability of dredging as a remedial option is summarized in Table 5.3 below: 

Table  5.3  
Suitability of Dredging as a Remedial Option 

Recommended Where: Not Recommended Where: Advantages Disadvantages 

There is navigational or 
other low risk-based need 
to remove material.  

Low energy environment.  

Small site or small area 
such as  clearly defined 
hot spot.  

Highly available 
contaminants.  

Material easily accessible 
by aquatic organisms. 

Safe, efficient means to 
dispose of dredged 
material available. 

Contaminated area is very 
large. 

Potential risk from treatment 
or material disposal exceeds 
that of leaving contaminants 
in place.  

Destruction of benthic habitat 
is unacceptable.  

Risk of suspended 
contaminants in water column 
pose a greater risk than 
leaving contaminants in 
sediment. 

Presence of boulders or 
debris to affect operation of 
dredge. 

Need to achieve low residual 
contaminant levels.  

Mass removal of 
contaminants although 
some residual remain. 

Provides a permanent 
solution of 
contaminant concerns. 

Target levels of 
contaminants can be 
achieved in a short 
time period. 

 

Sediment re-suspension 
and  downstream 
migration affecting other 
areas and uses. 

Can leave residual 
sediments with high levels 
of contamination. 

Increases in contaminant 
mobility.  

Alteration of benthic 
community and habitat 
destruction. 

Difficult to remove all 
material and some areas 
are missed by dredge.  

Costs can be relatively 
high particularly when site 
containment is required.  
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5.1.4 Description and Evaluation of Dredging Methods 

Most dredging techniques currently used fall into two main categories: mechanical or hydraulic 
or some combination of the two.  They work to remove sediment either in bulk form (mechanical) 
or fluidized into a slurry (hydraulic).  An overview of the categories and the potential techniques 
evaluated for use in Lyon’s Creek East are given below. As noted earlier, dredging from floating 
platforms will not be an option in Lyon’s Creek West, due to the lack of open water areas, and the 
small area of the site, and land-based removal would need to be considered. 

Conventional mechanical dredges include clamshell dredges operated either on a cable or 
mechanical arm (Environment Canada, 1996) or excavator buckets operated on a mechanical arm.  
Experience has shown that mechanical dredges can be economical and effective in removing 
contaminated sediments in both shallow and deep waters and can operate from barges or from  
on-shore locations. In order to be effective, the clamshell bucket must hit the bottom with 
sufficient force to penetrate the sediment and obtain a full load. This action, however, causes 
impact waves which can result in significant amounts of sediment being re-suspended in the 
water column. During its ascent, the bucket also loses material as it is pulled through the water 
column. While loss of material is considered of minor concern where sediments are 
uncontaminated, loss of substantial quantities of contaminated materials during dredging is not 
considered acceptable. Where sediment materials are well-consolidated, the turbation effects will 
be minimized. However, loose sediments, with high water content as occur in Lyon’s Creek East 
will be highly susceptible to re-suspension, as well as lateral flow/slumping. Therefore, for 
environmental projects, standard dredges require implementation of additional mitigation 
measures, such as retrofitting the bucket/clam with a perimeter seal to reduce the volume of lost 
sediment and/or silt curtains, in order to contain losses of material. 

Conventional hydraulic dredges utilize suction to pull contaminated sediments from the bottom 
(in conjunction with water) and convey them in a slurry form to either a receiving vessel or to an 
on-shore facility that is intended to dewater the sediment as preparation for either disposal or 
further treatment. Often, mechanical agitation of the bottom sediment is used to enhance 
entrainment of the material into the suction head.  Mechanical agitators include devices such as 
cutter-heads, horizontal rotating augers and fixed scoops. The agitators help increase recovery 
efficiency by suspending both greater quantities and a wider range of sediments compared to 
open suction techniques.  Agitators, by their nature, increase the degree of suspended sediment 
generated at the dredge head, potentially increasing the mobility of contaminated sediments into 
the water column. Recent advances in the design of hoods and shrouds around the agitator have 
helped to reduce the escape of suspended sediment into the open water column. Recent literature 
reviews suggest that the use of a horizontal auger dredge would serve as a better agitator for 
removal of contaminated sediments, as control of suspended sediment would likely be greater 
than that typically achieved for a cutter-head dredge (Averett, 1990). 
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From an environmental perspective, dredging techniques that operate without generating excess 
suspended sediment in the water column and still maintain a high solids content in the slurry (i.e. 
as close to the in-situ density as possible) are preferred. Minimising re-suspension of sediments 
reduces the potential impact that contaminated sediments could have on biota and physical river 
characteristics once set “free” in the river environment; achieving a higher solids content in the 
slurry reduces the de-watering operations in both time and expense of the dredging activities as 
well as the need for handling and treating the remaining fluid after de-watering of the sediment is 
complete (particularly if contaminated with contaminants originally identified in the sediment). 

The various types of dredges evaluated included: 

• Standard clamshell bucket; 

• Environmental clamshell (such as the "Cable Arm"); 

• Small, barge-mounted hydraulic dredges (modified "Mud Cat" type dredge); and 

• Self-propelled hydraulic dredges (such as "Amphibex" type dredges). 

It is recognized that navigational dredging has historically made use of large hopper dredges 
and/or cutter-head dredges.  The small size of the areas in Lyon’s Creek East render these options 
unsuitable, and these are not considered further.  Therefore, the review focuses on those methods 
that would be suitable for operating in the confined areas and water depths that exist in Lyon’s 
Creek East. The lack of large areas of standing water in Lyon’s Creek West precludes the 
consideration of dredges, since most sediment removal could be conducted at this site through use 
of standard excavating equipment that can be driven on-site and can be operated from the banks 
or from within the wetland itself. Certain sections, such as the wetland area, may require 
installation of optional long-reach equipment. Insufficient water depth is present throughout the 
site for consideration of floating equipment. 

The various dredging systems/equipment considered applicable to Lyon’s Creek East are 
described below with respect to pertinent features, advantages and disadvantages and other 
considerations for implementation.  A summary table outlining the suitability of the dredging 
techniques is also provided in Table 4 (see Tables section following text). 

Shore-based Excavation 

Description 

Excavation equipment fitted with standard excavation buckets have long been a mainstay of soil 
or sediment removal and is typically used in ditching. The equipment can be operated from shore, 
or can be placed on barges for work in shallow habitats. The limited reach of the arm typically 
precludes working in deeper waters. The equipment is well suited to removal of dry or damp, but 
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highly consolidated materials. Materials are removed in successive passes and placed in 
temporary holding or de-watering areas on shore or in barges/scows.  

Advantages 

Shore-based equipment has advantages that make it suitable for limited applications, including:  

• Equipment can operate from shore with minimal disruption of sediment; 

• Positioning can be accurately determined; and 

• Can work well in shallow or narrow waterbodies where floating equipment would be 
difficult to operate. 

Limitations 

• Large area of habitat disruption or destruction along shore as equipment moves along 
length of area to be remediated. 

• Relatively low production rates compared to dredges; and 

• Extensive access route network required to transfer dredgeate to de-watering and 
containment cells. 

Assessment of Shore-based Excavation 

Shore-based (or land based) equipment would be particularly suited to existing conditions in 
Lyon’s Creek West, where aquatic habitat is very restricted, and access to the site is provided by 
nearby roads. The relatively even relief of the site would facilitate movement of equipment as 
well as construction of de-watering and containment areas. Due to the small area of available 
aquatic habitat minimal de-watering would be required in this area. 

The relatively large expanse of the contaminated Zones in Lyon’s Creek East would result in 
significant habitat destruction as equipment moves down the length of the site. The width of the 
lower sections of Zones 2 and 3 would prevent removal from the middle section, requiring 
dredging from floating equipment. Therefore, this method appears to have very limited 
application in Lyon’s Creek East. 

Standard Clamshell Bucket 

Description 

The standard clamshell bucket has been used extensively throughout the world to assist with 
dredging of large volumes of material from shipping corridors and ports. It is normally operated 
from a crane, which can either be barge-mounted or located on shore for work in shallow reaches. 
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The extracted sediment is either loaded onto a barge or into holding facilities on-shore, then 
dewatered and  placed in a disposal facility. Since the buckets are available in various sizes, use 
of smaller sized buckets, suitable for operation from a small dredge platform, would be 
technically feasible in Lyon’s Creek East. 

Advantages 

The principal advantages of a standard bucket clamshell are that: 

• It is a proven dredging technique; and 

• It is capable of removing large quantities of sediment (depending on bucket size) with 
only moderate amounts of water.  

This is principally used as a dredging technique for shipping corridors and ports and is very 
useful in working around obstructions. It is also widely available. 

Limitations 

The standard clamshell bucket is limited in environmental dredging applications due to: 

• Its working depth being limited to waters over 2m deep, as that is the minimum required 
for successful operation of barge-mounted equipment (unless the crane can successfully 
be operated over all shallow target areas from land-based positions); 

• The need for anchors, depending on river flow characteristics, or spud legs for securing 
the barge in position, resulting in the possibility of re-suspending contaminated sediments 
when the anchors/spuds are dropped and subsequently raised; 

• Lower production rates if barge stability/positioning is affected by the river conditions at 
the time of dredging or if obstructions (boulders, debris) are encountered;  

• A high potential for contaminated sediments to be re-suspended in the water column as 
the bucket makes contact with the bottom (particularly if dropped quickly through the 
water), and as the bucket (containing sediment) is raised up to the surface (as the top of 
the bucket is frequently “open”); and 

• Loss of sediment, requiring additional mitigation measures such as silt curtains, berms or 
sheet pile walls to control the spread of suspended materials. Economic use for 
environmental dredging is limited to low flow conditions where silt curtains can be 
properly installed and maintained. Use in higher flow conditions will require expensive 
containment measures that may make this option less competitive. 

Assessment of Standard Clamshell 

The conventional clamshell dredge is not very effective as an environmental dredge because of 
re-suspension of bottom material and sediment loss from the bucket. Loss of material is high, and 
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in areas where currents are a concern, the deployment of silt curtains may be compromised. This 
is not likely to be a concern in Lyon’s Creek East where flows are very low. To minimize these 
problems, modifications have been made to the bucket design and cycling time; positioning 
devices have been introduced to help reduce the amount of material that the dredge could miss. 
Different versions of environmental clamshells have been demonstrated at a number of locations 
requiring sediment remediation, and these are described below. 

Environmental Clamshell 

Description 

The cable arm-type environmental clamshell (CAEC) evolved from the standard grab buckets 
used in the handling of bulk cargoes. The equipment consists of a modified bucket that is entirely 
enclosed to prevent loss of material, and flexible seals around all opening edges to prevent water 
loss. The system operates from a barge-mounted crane or from shore in a manner similar to 
conventional clamshell dredges (Environment Canada, 1996).  Once sediment is lifted out of the 
water, it can be transferred to either lugger boxes or another barge for subsequent off-loading to a 
handling facility (for de-watering if necessary) and disposal (the sediment is typically too 
consolidated for pumping).  As the solids content of the dredgeate is typically 40% to 50%, the 
amount of water to be handled from the dredged material would be lower than that generated 
from most hydraulic dredging techniques.  

Designed for soft sediment, penetration depths can range from 0.3m to 0.45m on one pass using a 
bucket with a 3.6m × 3.6m footprint (J. Lajeunesse, Pers. Comm.).   

Advantages 

A CAEC is better suited to environmental dredging operations as compared to a standard 
clamshell as a result of several modifications which improve the overall efficiency of the 
dredging operation and reduce the potential for environmental impacts. Advantages in using this 
type of dredge include: 

• The grab arms have been replaced with cables, decreasing the total weight of the bucket, 
hence increasing the potential for a faster cycling time and payload capacity; 

• Vertical side plates have been added to reduce sediment loss during bucket closure; 

• Rubber seals and an electronic closure sensor have been added to the lip of the bucket, 
reducing the potential for sediment loss due to improper closure of and/or seepage from 
the bucket;  

• The profile of the bucket has been modified to a square head, such that the cut in the 
sediment is level instead of rounded as with a standard clamshell (where the latter has the 
potential to remove excess uncontaminated sediment since its penetration is deeper); and 
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• An air-operated venting system has been installed on the bucket which allows excess 
water to leave the bucket as it is closed, minimizing the amount of water extracted with 
the dredgeate and minimizing perturbation of the water in the vicinity of the sediment 
surface (Cable Arm, 2004).  Typical solids content of dredgeate can range from 40 to 
50%, minimizing the degree of de-watering required prior to disposal. 

One of the principal advantages of this unit is that the bucket is fitted with monitoring sensors 
that can relay information on the operating conditions of the dredging process, including: bucket 
depth (pressure transducer), an penetration (echo sounder), bucket open/close switch and 
boom/swing angle indicators. Other monitoring equipment can include inclinometers and 
turbidity monitors and the dredging apparatus can also be fitted with a boom-tip GPS, having an 
accuracy to 20cm (J. Lajeunesse, Pers. Comm.). 

Limitations 

Limitations of the CAEC are similar to those of a standard clamshell including: 

• The working depth is limited to waters over 2m depth, as that is the minimum required 
for successful operation of barge-mounted equipment (unless the crane can successfully 
be operated over all shallow target areas from land-based positions); 

• Production rates may also be impeded if barge stability/positioning is affected depending 
on the river conditions at the time of dredging; and 

• Environmental dredging is considerably more expensive compared with conventional 
dredging because of increased cycling times. 

Assessment of Environmental Clamshells 

Given the proven capabilities of the CAEC, this option is considered applicable to conditions in 
Lyon’s Creek East. However, given the large size of the equipment, it is likely not practical for 
deployment in Lyon’s Creek East due to the shallow water depths and wide areas that preclude 
successful operation from a barge. Shore-based operation is feasible, but the extensive habitat 
destruction that would result from shore-based deployment makes this option less suitable than 
other removal options. 

Barge-mounted Hydraulic Dredges 

Description 

Small, barge-mounted hydraulic dredges of which the modified Mud Cat is perhaps the best 
known example, are hydraulic suction dredges fitted with a sediment agitator (either a cutter-head 
or horizontal rotating auger).  The dredge is a floating barge, and consists of the pumping system 
and operator control cab.  The dredge head is fitted to an extending boom.  The dredge assembly 
works by agitating bottom sediment which generates suspended material in the vicinity of the 
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suction head which is subsequently pumped up to the barge unit, and conveyed directly via 
floating and/or submerged pipelines to an on-shore facility equipped for de-watering.  As the 
depth of the cut that the dredge head can achieve is limited, the barge may need to make a series 
of passes over the target area until the desired depth has been cut into the sediment.  The dredge 
manoeuvres itself via a cable positioning system, which must be secured with a series of anchor 
lines to the shore and/or buoys. 

Advantages 

The advantages of hydraulic dredges include: 

• Wide use as a sediment removal technology for various applications; and 

• Principally designed to work in shallow water environments, which comprises much of 
the area of Lyon’s Creek East. 

Limitations 

Limitations of the hydraulic dredging system include: 

• Typical solids content of the dredgate can range from 5% to 25%, indicating a relatively 
high degree of dilution.  This suggests that extensive de-watering of the resulting slurry 
will have to be carried out at an appropriate facility located on-shore followed by 
appropriate handling/disposal of the remaining fluid. 

Assessment of “Mud Cat-type” Dredges 

Overall, “Mud Cat-type” dredges would be suitable for use in Lyon’s Creek East.  While the 
fixed dredge boom and the degree of angular and pitch control available at the dredge head is 
limited (even for the modified version as used in the Welland River), and the potential for 
difficult and/or incomplete sediment removal is considered to be high, the relatively even depths 
that occur in Lyon’s Creek East would not present an insurmountable difficulty. However, the 
pilot test in the Welland River (in shallow conditions) showed that the anticipated solids content 
of slurry to be fairly low, and as such, the need for extensive de-watering would add significantly 
to the time and effort needed to dispose of the dredgate. While the dredge lacks the ability for 
self-propulsion and anchoring, the lack of navigational traffic on the creek would not result in the 
cabling system interfering with boat traffic. 
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Self-propelled Hydraulic Dredges 

Description 

Small, self-propelled hydraulic dredges, a typical example of which would be the Amphibex 
dredge, work by mechanical agitation and hydraulic pumping of the sediment.  The above-water 
part of the unit consists of a barge-type main structure, containing the operator cab, propulsion 
system, two rear spud legs (for anchoring) and two front stabilizers with detachable floats and 
removable spuds. A mechanical arm system extends out from the front of the barge structure 
down to a dredge head which can be fitted with a variety of accessories, both mechanical and 
hydraulic/mechanical (Normrock, 2004).  When using a hydraulic/mechanical system, pumped 
slurry can be conveyed further to on-shore handling facilities via floating and/or submerged 
pipelines. 

Movement of the dredge is achieved by either an on-board propeller or a “walking” technique 
using the spud legs and front mechanical arm to pull the barge unit along.  Maximum speed of the 
barge is rated at 8 knots (4.1m/s) with the propeller system.  When stationary, the dredge can be 
anchored in-place using the spud legs. 

Advantages 

Advantages of the small self-propelled hydraulic dredges over other dredging techniques include: 

• Self-propulsion and anchoring capabilities, minimizing the need for shore- and/or buoy-
mounted anchors and cables; 

• The ability to change dredge head attachments (i.e. excavator bucket, rake, cutter-head 
pump bucket or rotating horizontal auger with pump head) to accommodate a variety of 
sediment types and conditions, including debris; 

• Direct mounting of pumps on the dredge head (operating in positive pressure), mitigating 
problems with line loss up to the barge portion compared to a pumping system located on 
the barge which draws up slurry using suction (N. Grant, Pers. Comm.); 

• The ability to remove material from less than 1m water depth (with specific adaptors to 
deal with air entrainment) up to the maximum reach of the mechanical arm; 

• A relatively shallow vessel draft (i.e. 0.35m) and vertically adjustable propeller, to suit 
shallow water conditions; 

• The availability of on-board GPS to allow for relatively accurate dredge placement and 
tracking; and 

• A relatively higher solids content of the dredgate relative to other hydraulic pumping 
techniques, in the range of 20 to 40% due to the arrangement of the pumping system 
(dependent on site-specific conditions), helping to minimize de-watering requirements. 



August 2008 - 64 - 03-1112-059 (5400) 

 

Golder Associates and Dillon Consulting 

Limitations 

The limitations of these types of dredges include those associated with other hydraulic dredging 
techniques, such as: 

• The need for pipelines to carry slurry from the dredging unit to shore; 

• Relatively low production rate compared to clamshell dredges;  

• The requirement for subsequent de-watering of the slurry together with appropriate 
handling/disposal of the remaining fluid; and 

• The need to change or adapt dredge accessories, depending on sediment type and debris 
content, which adds to the overall timeframe that the dredging operation would need to 
take place (in contrast to a CAEC, where most sizes of sediment and debris can be 
captured in the bucket). 

Assessment of “Amphibex-type” Hydraulic Dredges 

Overall, the adaptability of small hydraulic dredges to both shallow and deep water environments, 
their ability to accommodate different dredging tools and their ability to generate a dredgate with 
relatively high solids content (compared to other hydraulic dredging techniques), suggests that 
these types of dredges would be suitable for sediment removal in Lyon’s Creek East. 

5.2 Selected Remedial Options 

The following options have been selected as potentially applicable to either Lyon’s Creek East, or 
West, or both. The evaluation of these options for Lyon’s Creek West and Lyon’s Creek East has 
been summarized in Tables 2 and 3 respectively. 

5.2.1 Monitored Natural Recovery  

Monitored natural recovery is considered a technically feasible options in both Lyon’s Creek East 
and Lyon’s Creek West.  The relatively low risks to ecological receptors in Lyon’s Creek East, 
coupled with the lack of toxicity in studies by the MOE in 1991 indicate that this option would 
meet the basic criteria for application.  This option includes variants, such as enhanced natural 
recovery where the natural sedimentation rate is augmented through the addition of similar 
materials. Therefore, this option is evaluated in detail in Section 6. 

High PCB concentrations, and the lack of sources of sediment in Lyon’s Creek West may 
preclude the effective use of this option at this site.  
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5.2.2 Administrative Controls  

While likely not a suitable stand alone option since it does not address ecological risks, the 
application of administrative controls would need to be a part of any option that leaves 
contaminated materials in place, including the natural recovery option and the capping/infilling 
options. 

5.2.3 In-Situ Remediation  

The addition of typical capping materials (sand and gravel sized particles) is not expected to 
result in successful long-term isolation of the sediments. The fine-grained existing sediments 
would be unlikely to support a capping layer without addition of a geomembrane to provide 
support.  As a result, it is anticipated that the coarser materials would sink through the capping 
layer, resulting in exposure of ecological receptors to PCBs. Addition of material that is similar in 
particle size to existing sediments would reduce the potential for material to sink through the cap. 
However, placement of a typical capping layer of 50cm+, would result in reduction of the creek 
and wetland areas, with resultant effects on habitat. Finally, the long term integrity of granular 
caps is largely unproven, since capping has been used for a relatively short period of time. 

Therefore, the only capping option considered suitable is a thin layer cap of 10-15 cm, that would 
be expected over time to mix with existing sediments, and reduce surface exposure. This option, 
since it is not expected to provide an effective barrier over the sediments, is considered as a 
variant of the natural recovery option. This option is considered suitable for Lyon’s Creek East, 
but would provide little additional benefit in Lyon’s Creek West due to the small area of available 
aquatic habitat. 

5.2.4 In-Filling  

In-filling could provide suitable isolation of the PCB contaminated sediments in Lyon’s Creek 
West, due mainly to the small size and poor quality of the aquatic habitat. The method is not 
considered suitable for application in Lyon’s Creek East, given its designation as a PSW and fish 
habitat and its diverse plant, fish and wildlife communities, some of which include significant 
species subject to special conservation efforts. 

5.2.5 Removal and Disposal  

Removal is considered a suitable option in both Lyon’s Creek East and Lyon’s Creek West. 
Removal through dredging is considered the most technically feasible option in Lyon’s Creek 
East, while land-based removal is the most suitable method for Lyon’s Creek West. It is 
recognized that in Lyon’s Creek East there are a number of technical challenges that will need to 
be addressed for effective application of dredging, since Lyon’s Creek East surficial sediments 
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are very soft and loose with a high water content. Since the material is likely to flow during 
dredging and slump back into the excavated area it will be difficult to ensure removal of required 
mass, and will likely require additional passes. 

5.3 Short-list of Suitable Remedial Options 

The short list of remedial options for detailed assessment in Section 6 is provided below. 

• Monitored Natural Recovery with Administrative Controls is potentially suitable for both 
Lyon’s Creek West and Lyon’s Creek East. 

• Enhanced Natural Recovery, considered here as a variant of Natural Recovery, is 
potentially suitable for Lyon’s Creek East. This method is not considered suitable for 
Lyon’s Creek West since aquatic habitats are very shallow, and addition of sediment 
could eliminate aquatic habitat in most areas. Therefore, this option provides the same 
end result as in-filling for Lyons Creek West, but without the other advantages of a 
planned engineered in-fill, such as routing of drainage away from the site. 

• Removal (dredging) is potentially suitable for both Lyon’s Creek West and Lyon’s Creek 
East. 

• In-filling is potentially suitable only for Lyon’s Creek West, where the low quality and 
limited extent of wetland and fish habitat may be compensated by works in the immediate 
area. However, the extent, quality and conservation value/designation of the aquatic and 
wetland habitats in Lyon’s Creek East makes this solution impractical, particularly as the 
habitat loss could not be compensated in any way that would be relevant locally or 
regionally. 
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6.0 EVALUATION OF SELECTED REMEDIAL OPTIONS 

The options identified in Section 5 as potentially suitable for use in either Lyon’s Creek East or 
Lyon’s Creek West are further evaluated in this section to determine their applicability to the 
conditions at each of the sites.  This section reviews the ability of each of the options to address 
the criteria described in Section 4.  

6.1 Lyon’s Creek West 

As noted in the preceding sections, the physical conditions in Lyon’s Creek West provide 
limitations on the types of options that would be suitable. The small area of available aquatic 
habitat precludes the use of floating equipment. This has potential benefits as well, since it limits 
the amount of water that will need to be treated under any removal options, and also the size and 
quality of any aquatic habitat that will be affected. Concentrations of PCBs in particular are high 
in certain areas and present significant risks to some ecological receptors. In some areas, 
concentrations exceed the 50 ppm hazardous waste criterion and these sediments would require 
disposal in specially licensed sites if removed. The disturbed nature of the site has also resulted in 
an uneven distribution of contaminants with depth, with a few areas recording PCB 
contamination to depths up to 3m. Therefore, a single remediation plan cannot easily be 
developed for the site, since specific areas of higher contamination will also need to be addressed 
in order to reduce risks to biota.    

Options for Lyon’s Creek West depend not only on the reduction of risk to receptors, but also on 
the future land uses. Currently, land use plans in this area are uncertain, but these will need to be 
developed in conjunction with the current property owners (ownership is divided between 
Transport Canada, the St. Lawrence Seaway Authority, Hydro One and the City of Welland since 
a number of properties intersect in the area of the site). The original plans for extension of Hwy 
406 involved construction of the highway through the eastern part of the site. If remediation is 
undertaken that involves restoration of habitat, it will need to be verified that the remediated areas 
will not be subsequently filled in as part of any future highway development. If plans still exist to 
extend Hwy 406 along the previously identified route, the requirements of MTO will need to be 
considered. For example, it is not known whether MTO will accept the site with contamination 
and the attached liability. MTO may require cleanup of the site prior to transfer of title.  

6.1.1 Monitored Natural Recovery with Administrative Controls 

Under this option, the contamination is left in-place. Due to the degree of contamination by 
PCBs, administrative controls would need to be included in any natural recovery option to 
minimize potential human exposures. The area will need to be posted to identify a potential PCB 
hazard, since surface contamination in some areas exceeds the MOE hazardous waste guideline of 
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50 ppm. If this option is implemented, then additional assessment of potential sediment and soil 
accumulation rates would need to be undertaken.  

Habitat 

Monitored natural recovery will not result in immediate habitat disruption or destruction within 
the wetland and adjacent upland areas. Habitats will remain essentially unchanged as follows: 

• Marginal upland, wetland and fish habitat will remain “as is”, and will be neither 
disrupted nor remediated in the short term;  

• Protective fencing as part of administrative controls may cause minor disruption of 
wildlife movement in upland areas; and 

• Long-term viability of habitat may be influenced by encroachment from the residential 
area and possible road development should Highway 406 be extended as originally 
designed. 

Sediment Quality and Biological Effects 

Since relatively high concentrations of PCBs exist in surficial sediments in Lyon’s Creek West, 
and present potential risks to ecological receptors as noted in Appendix B, the effective 
application of this option will depend heavily on sources of clean sediment to the creek and 
wetland areas that over time will serve to isolate the PCBs and arsenic. Current water flows 
through the area are minimal and are limited to surface runoff from the small drainage area of the 
southwest ditch from Southworth Ave (Area A). Given the small drainage area, and the removal 
of a significant source of water and sediments through routing of the north ditch around the site, 
there appears to be an insufficient sediment source to the creek and wetland area to result in 
sufficient sediment accumulation to cover over the existing contamination. As a result, the only 
source of sediment is decaying vegetation which will likely yield a very low rate of accumulation, 
since vegetation material will reduce in volume as material decays. 

Under this option, exposure of biota will continue at present levels for an extended period of time. 
While deposition rates have not been measured, they are likely to be minimal. Surficial PCB 
concentrations as measured in the early 1990’s are similar to concentrations noted in 2004, which 
indicates that there has been little reduction due to addition of cleaner sediments over the 
10+ year period. As a result, natural remediation of this area would depend mainly on the 
deposition rate of plant material that is deposited (and decays) on an annual basis.  

The risk assessment (Appendix B) has noted that the number of receptors potentially affected 
may be small due to the small size of the area affected. However, the actual numbers of species 
and individuals affected could be larger than anticipated due to migration of fish and turtles from 
the Welland Canal By-Pass to spawning and nesting areas, respectively, that are located within 
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and adjacent to the site. The duration of exposure to migrating adults and the resulting offspring 
may, however, be low as these individuals are expected to migrate back out of the site. The 
limited size of the area will limit the sizes of the resident populations of terrestrial and aquatic 
species, and will in turn limit exposure to higher order predators. It is unlikely that populations 
will be adversely affected. Long term implications to wildlife would likely be limited to a few 
individuals inhabiting the site. 

While there is no guarantee that sources of PCBs to Lyon’s Creek West have been controlled, the 
routing of the north ditch around the site, which is implicated as the major historical route of PCB 
transport to the wetland, would prevent additional deposition of PCBs in the wetland area. Since 
the actual source of PCBs has not been identified, it is difficult to determine whether the source 
has been controlled. Therefore, if PCBs are transported via the north ditch in the future, 
contamination should be confined to the area above the Canal where the north ditch joins the 
creek. While some back flooding in this area is possible during spring runoff and significant 
rainfall events, it is expected this area will be limited. 

Off-site transport is likely to be minor.  The small drainage area and shallow gradient are unlikely 
to result in significant flows that could transport contaminated sediments off-site.  It is expected 
that most runoff would be ponded within the wetland area and would be released gradually to the 
Canal. Open water areas within the creek and wetland are too small to be affected by wind 
generated turbidity. As well, the existing habitat is too small to support large fish, such as carp, 
that could result in significant bioturbation.  However, the periodic or annual migration of such 
species from the Welland Canal By-Pass may result in disruption of sediments for short time 
periods. 

Therefore, if implemented, the natural recovery option will require an extended time period in 
order to meet the cleanup guidelines. Soil accumulation in terrestrial areas is typically in the order 
of 1mm per year (much of the organic material deposited yearly through vegetation die-off 
decays relatively quickly). Therefore, in order to achieve a 5 cm cover over existing sediments, it 
is estimated that a minimum of 50 years would be required, while 100+ years may be required to 
achieve a 10 cm cover. This is likely to be unacceptable as a recovery period.   

Technical Feasibility and Infrastructure Requirements  

There are no technical considerations with the implementation of this option. Signage will be 
required, since the site contains elevated levels of PCBs that could pose a concern, and fencing 
may be prudent in some areas to prevent public access. 

A long term monitoring plan to measure changes in PCB concentrations would be required. This 
should assess sediment/soil concentrations, and also levels in suitable biomonitors. Use of the site 
and the adjacent north ditch as spawning and nursery habitat for resident and migratory fish 



August 2008 - 70 - 03-1112-059 (5400) 

 

Golder Associates and Dillon Consulting 

should be defined, and the importance of the on-site turtle nesting and potential nursery habitat 
assessed with respect to local turtle populations. 

Registration on title will be required, since future development would be restricted. This would 
likely restrict any future extensions of Hwy 406 through this area, since it is unlikely that MTO 
would be willing to accept any liability for the site. 

Ability to Meet RAP De-Listing Criteria 

The de-listing criteria for toxicity to benthic organisms are currently not being met for some areas 
of the site. The Phase III study identified potential chronic effects in Area E that could be 
attributable to contaminants. As well, the bioaccumulation criterion for benthos (“Benthic 
invertebrate tissue contaminant concentrations are comparable to that from reference sites (i.e. 
there is no concern about biomagnification of chemicals such as PCBs)”) is also not being met, 
based on predicted tissue residues (Appendix B). Under this option, it is estimated that these 
criteria would likely not be met for an extended period of time (50-100 years). The reduction in 
PCB concentrations in surficial soils and sediments since 1991 has been minimal, and this option 
provides no additional sources of material that could cover and isolate or dilute existing sediment 
concentrations. Currently, the main sources of sediment material would appear to be localized 
erosion and slumping of small areas of the creek banks, and decay of emergent and submergent 
vegetation. Overland runoff from adjacent areas may also contribute some sediment load, but the 
drainage area is relatively small and well vegetated, and this is not expected to result in 
significant deposition. Since the sediment concentrations have been identified as sources of risk 
to benthos and mammals, by not addressing the existing concentrations of PCBs, these risks are 
also not addressed. 

Cost Estimates  

Costs under this option will be limited to regular monitoring activities. These include sediment 
chemical analysis for PCBs and arsenic, and biota sampling. These are estimated to be undertaken 
on a 5 year schedule, for a cost of approximately $30,000 per study. 

6.1.2 In-Filling 

Under this option, the contaminated materials are left in place. A clay layer is placed on top of the 
contaminated materials to isolate the contaminants and retard water penetration.  Fill is placed on 
top of the clay layer and the level is brought up to grade.  Existing drainage through the wetland 
will need to be re-routed to minimize potential off-site transport through leaching. Limited 
groundwater data (Amec 2002) suggests that there is negligible transport of PCBs off-site via 
groundwater (flow appears to occur to a low point east of the north end of the wetland).  This 
option will require additional groundwater studies prior to implementation to further assess if 
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there is a potential for movement of contaminants with groundwater. As well, diversion of the 
shallow aquifer may need to be considered in implementing this option, to ensure that 
groundwater infusion into the capped area does not compromise the integrity of the cap. 

Habitat  

In-filling of the site will result in the loss of the wetland area, including remnant areas of 
relatively diverse native emergent vegetation, loss or disruption of the turtle nesting area and loss 
of a small area of fish habitat at the downstream end of the wetland. While most of the wetland is 
currently unlikely to contain fish, it will nevertheless be considered by DFO to, at a minimum, 
represent “contributing” or “indirect” fish habitat by the conveyance of flow, nutrients and food 
organisms to the downstream areas that support fish. On the other hand, this area may also be 
contributing PCBs and arsenic to downstream fish habitat, so infilling could be viewed as 
improving downstream water and sediment quality and reducing risks to downstream fisheries. 
As such, some amount of fish habitat compensation will likely be required, but could be tempered 
by the benefits of remediation. Habitats will be changed as follows: 

• Marginal wetland, fish habitat and a small upland area, including turtle nesting habitat 
and potential snake hibernaculum, will be lost; 

• Terrestrial naturalized or parkland habitat will be established in its place; and 

• Fish habitat compensation will result in improvements to a nearby watercourse  with 
benefits for both resident and migratory fish populations, which may be attracted from 
the Welland Canal By-Pass. The snake hibernaculum and turtle nesting areas may also be 
compensated by the construction of similar habitats in suitable nearby areas. 

As  the wetland is marginal, with little water depth and generally poor plant diversity, salvage of 
plant material, fish, amphibians or reptiles would not be necessary prior to infilling. Minor 
exceptions include the identified turtle nesting area, potential snake hibernaculum and the area of 
remnant native emergent plant diversity. Specific mitigation techniques would be required to 
avoid disruption of these areas during sensitive periods and, in the case of the plants, to conserve 
some of the local material for use in compensatory plantings (for example, within the north ditch 
if compensation is focused in this area). Individual reptiles encountered during dewatering and 
infilling activities would need to be captured and relocated to adjacent suitable habitats.  

Fish habitat compensation in this case would be appropriate, and could take the form of fish 
habitat improvements to the north drainage ditch, as it contains fish but could benefit from a 
meandering planform and riparian plantings to replace the straight and open section. Natural 
channel design would also result in the construction of diverse in-stream fish and benthic 
invertebrate habitat such as riffles, point-bars and pools and could also include the provision of 
floodplain wetland areas or large wetland pools that would provide reptile and amphibian habitat. 
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However, since it will be necessary to maintain flood capacity in the north ditch, and since it is 
not certain that the source of the PCB contamination has been controlled, habitat compensation 
may be more appropriately directed towards other, nearby areas. If areas of generally higher 
quality habitat than those that occur on-site are selected, compensation may result in a greater 
overall improvement in habitat in these areas than may be possible in watercourses on-site. 

Sediment Quality and Biological Effects  

In-filling will effectively reduce direct exposure of receptors through surface sediments and soils 
by containing contaminated materials under the clay layer. As noted above, in-filling will result in 
the loss of the remaining aquatic habitat, though this is considered marginal habitat for fish and 
wildlife that would prey on fish. 

This option will require additional groundwater studies to determine whether there is likely 
migration of PCBs and arsenic off-site. Since the area is underlaid by clay, migration is likely to 
be confined to lateral movement. 

The containment of the PCB and arsenic contamination within the sediment areas has resulted in 
minimal contamination detected in the upland areas. The exception is the remnant of the north 
ditch, and the junction of this area with the main creek. This area is at a lower elevation than 
surrounding areas, and contamination in upland soils in this area indicates that previous flooding 
has deposited contaminated sediments beyond the creek bed. As a result, a larger area of 
contamination is noted in this area in Figure 8. 

Technical Feasibility and Infrastructure Requirements  

The relatively flat terrain, close road access, and limited water on the site would permit ready 
access by construction equipment. The narrow width of the affected area will facilitate activities 
from the banks. Otherwise, infilling could advance in a northerly direction from drier upstream 
areas, providing equipment access as filling proceeds. 

It is assumed that construction will proceed through re-routing of any existing drainage away 
from the site. This will require routing of the southwest branch around the affected area to drain 
to the Canal By-Pass. Hydrogeologic investigations will be required to determine groundwater 
movement, and the potential for materials to leech off-site. Current data (Amec 2003) indicates 
that groundwater movement is towards the east. The low PCB concentrations in groundwater 
indicate that there is negligible transport of PCBs off-site and therefore this option could be 
feasible. More detailed investigation however, would be required before this option could be 
implemented. 
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A clay barrier would need to be installed over the contaminated area. Since clay currently exists 
within 30-50 cm of the creek surface, minor excavation will be required around the margins to 
connect the clay barrier to the existing clay layer. Clean fill material will be required to bring the 
site up to grade. This is estimated as up to 2m thick in the central area of the wetland, but may be 
deeper in the north end and the creek, due to compression of these sediments. It may be necessary 
to provide pressure relief for water that will be expressed from the existing sediments as they are 
loaded with the clay barrier, and provision should be made for draining this water from under the 
cap. 

Temporary areas will be needed on-site for stockpiling of fill materials, but de-watering facilities 
will not be necessary. It is possible that some fill materials may be obtained adjacent to the site as 
excavated material is removed from the north ditch to create compensatory fish habitat. 

Restrictions on title will be required to ensure that the site is not disturbed. As a result, future land 
uses will be limited. Monitoring, particularly of groundwater down gradient, but also of the 
integrity of the cover materials will be required on a regular basis, and maintenance will need to 
be undertaken if failures in the clay barrier or cover materials are found.  

If in-filling is selected, then fish habitat compensation will be required. Since this will be 
negotiated with DFO, the details are not available for inclusion.  However, as noted above, 
compensation could be undertaken either on-site (i.e., in the north ditch thereby confining any 
additional activities associated with this option to the vicinity of the site) or off-site. 
Reconstruction of turtle nesting areas, snake hibernacula and frog breeding areas should be 
included as part of any fish habitat compensation works. 

Ability to Meet RAP De-Listing Criteria 

As noted in Section 6.1.1, two of the de-listing criteria that apply to benthos are currently not 
being addressed. In-filling of the site will eliminate the aquatic habitat, but will also eliminate the 
direct sources of risk to higher trophic levels. Re-routing existing drainage around the 
contaminated area will reduce the potential for off-site migration of contaminants, and will reduce 
the potential for impact on biota in the receiving water (i.e., the Canal). However, monitoring of 
potential ongoing sources of PCBs should be included, with particular focus on the north ditch. 

Cost Estimates  

A detailed breakdown of the estimated cost of capping is provided in Table 6.1.  The costing is 
based on the following assumptions: 
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Key Assumptions 

• The costing includes constructing fish habitat to compensate for lost habitat, in the 
existing channel and bypass ditch.  Similar costs would be expected if habitat 
compensation is undertaken off-site, and these costs are therefore used as typical of these 
types of activities.  

• The work would include widening the valley and creating a flood plain and would require 
excavating approximately 24,500m3 based on a floodplain width of 12 m, a valley height 
of 2.5 m and 2:1 side slopes.  Changes to these parameters could cause significant 
changes to the cost. 

• Clay excavated from the valley will be able to be used as the cap for the wetland.  This 
estimate does not include off site disposal of the material excavated from the newly 
created valley. 

• In order to gain Department of Fisheries approvals, the standard of “No-net-loss” will be 
applied as it has been applied recently.  Under this standard, the length of new channel 
must equal the length of the impacted channel. 

• In order to limit access to the site, shrub plantings will be incorporated into the wetland 
design to make passage through the site more difficult. 

• Microtopographic relief will be needed as part of the restoration plan as the area left over 
after removal will be generally flat. 

• Aggressive planting would be needed to supplement the wetland substrate during the first 
year to prevent invasion from mono-culture producing invasive plants (Purple 
Loosestrife, Phragmites). 

• The cap would be placed over the existing contaminated sediments after dewatering and 
allowing the sediments to dry out as much as possible.  Provision would be made to 
pump out or drain water which may be expressed from the sediments after they are 
loaded with the clay capping material. 

Ground water and surface runoff, and the flow from the ditch located adjacent to Humberstone 
Road, would be diverted around the capped site as shown in Figure 16, to minimize the potential 
for erosion of the cap or infiltration of water into the capped sediments. 

6.1.3 Removal 

Under this option, it is assumed that unrestricted public access would continue, and that in 
recognition of this use, all sediments with PCB concentrations greater than 5 ppm (or 1 ppm, 
depending on the end land use) would be removed and disposed of off-site (if public access is 
restricted, then the commercial land use guideline of 25 µg/g or the risk-based target of 3.4 µg/g 
or 16 µg/g (depending on whether a wetland habitat is created) could be used as the remediation 
target). This includes most of the wetland and creek area to an average depth of 30 cm. The area 
is underlain with a clay layer, that typically occurs in the range of 30 cm bgs., though this is 
variable. Sediment removal in the wetland and creek areas would be required which includes the 
small area (Area C on Figure 8) where the remnant stream and wetland join. Removal of the 
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sediments in this area could create a larger area of open water that would increase the area of 
suitable habitat for some aquatic and wetland species, and may be large enough to attract a 
limited number of waterfowl. Removal would also include limited areas in Areas A and B where 
risks were identified due to arsenic concentrations. It is assumed that remediation of arsenic 
contaminated areas would be guided by the risk-based guideline of 11 µg/g derived in Section 3. 

The removal is based on calculated volumes of sediment/soil that exceed the cleanup guidelines. 
Estimates of the volume exceeding the guidelines were provided in Section 3, and totalled 
5785.8 m3. The extent of the area is shown on Figure 8 (note that the area designated for removal 
in Area A is not shown, since this is limited to 1m on either side of the mid line of the creek and 
cannot be adequately shown at this scale). The greatest depth of contamination, and therefore, the 
greatest mean PCB concentrations were encountered in the downstream end of the wetland and 
the creek (Areas C, D and E and a small section of the adjacent Area B). Contamination to depths 
up to 60 cm was encountered in the area where the remnant of the north ditch joins the main 
creek below the wetland (where Area C, D and E abut on Figure 8), and mean PCB 
concentrations were calculated from the available data (SLSA 1991 and ESA 1992) for this small 
area. Concentrations in the top 20 cm averaged 48 μg/g d.w., in the 20-40 cm section averaged 
207 μg/g d.w., and in the 40-60 cm section, averaged 230 μg/g d.w. Mean depth-averaged 
concentration of PCBs in this small area is estimated to be 162 μg/g d.w. Therefore, sediments in 
this section will likely require disposal in a hazardous waste site. 

PCB contamination is confined mainly to the top 20 cm in the remainder of the contaminated 
areas (i.e., the upstream sections of Area D and the downstream sections of Area E). Mean 
concentrations in these areas were 16 μg/g d.w. and 26 μg/g d.w. respectively. Similarly, in the 
wetland (Area B) elevated concentrations were typically confined to the top 20 cm.  

Therefore, removal estimates are based on predicted removal of the 30 cm depth in these areas, 
and a mean of 50 cm in Areas C, D and E (mean of 60 cm in the small area noted above, and 
30 cm in the remainder of the area). 

Habitat  

Removal of contaminated sediments at the site will destroy the marginal wetland, fish habitat and 
a small upland area within the former north drainage channel, including a confirmed turtle nesting 
area and potential snake hibernaculum. However, once the contaminated sediments are removed, 
a number of options may be employed in restoration of the site: 

• Placement of clean fill and hydric soils, followed by planting, to recreate a wetland; 

• Placement of clean fill and topsoil to a higher elevation to create a terrestrial naturalized 
habitat or a park area as desired, including restoration of turtle nesting and snake 
hibernaculum habitats; and 
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• Placement of clean sediments and seeding with aquatic plants to create an open water 
pond habitat. 

Each of these options will require fish habitat compensation, the extent of which will depend 
upon the net available fish habitat in the selected configuration. Fish habitat compensation could 
be on-site or off-site, such as in the north ditch or some other area, if a terrestrial end-use option 
is chosen, but could be included in the remediation design on-site should a wetland or pond 
configuration be preferred. A combination option may be preferred, involving reconnection of the 
north ditch to an area further upstream within the wetland to provide increased flow and water 
levels in the remediated area to provide a greater area and quality of fish habitat and wetland. 

Sediment Quality and Biological Effects  

Removal of PCB and arsenic contaminated sediments will effectively eliminate the sources of 
PCB and arsenic exposure to biota, thereby eliminating the potential risks.  

The removed sediment would need to be disposed of in a suitable landfill due to the elevated 
levels of PCBs. Mean concentrations across the site are expected to be below the 50 ppm 
hazardous waste number upon completion, though, as noted above, individual areas may be much 
higher. Since the material is contaminated with PCBs at a depth averaged concentration of 30-
50 cm, disposal would need to be in a suitable licensed landfill that will accept the material. 
While landfills are not permitted to accept any material with PCB levels in excess of 50 ppm, 
individual landfill operators can and often do set limits which are less than 50 ppm.  The PCB 
limits for individual landfill sites will also have to be confirmed before arrangements can be made 
for sediment disposal.  Furthermore some landfills require that an acid leach test be performed on 
the sediments before they can be accepted by the landfill. The acid leach test provides on 
indication of how mobile the PCBs in the sediments are in the event leaching occurs. 

In the event the sediments are not acceptable for landfilling, they would have to be disposed of as 
hazardous material. In the event they are classified as hazardous wastes or not acceptable to 
landfills, the only option for disposal is send the material to approved disposal facilities, two of 
which are: Bennett’s Récupère Sol Inc. Thermal Treatment facility, located  in Saint Ambroise, 
Quebec, and; Swan Lake in Alberta. 

Removal of PCB and arsenic contaminated soils and sediments would effectively reduce 
exposure of terrestrial and aquatic biota to below the benchmarks. As noted above, there is also 
potential to undertake habitat enhancement in this area to improve the quality of the aquatic 
habitat after removal. 
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Technical Feasibility and Infrastructure Requirements  

The relatively even terrain across the site will facilitate any on-site removal. Equipment access is 
good, with road access on three sides of the site. The area to be removed is relatively small, and 
will be accessible from land. Re-routing of existing drainage around the site during removal will 
minimize any water treatment. The small amount of water remaining on-site could be treated in 
small bermed containment areas using gravity filtration. 

The high PCB concentrations in some areas of the site may require disposal in a hazardous waste 
site. The area affected is approximately 50% of the area of the site, and comprises approximately 
2600 m3. The remaining material could be disposed of at a licensed facility. 

Temporary habitat disruption due to construction access and staging areas can be addressed 
through levelling, grading and seeding of the site after completion of the removal. 

If the option is selected to re-route the north ditch back to the wetland area, then it will need to be 
verified that the source of the PCBs has been controlled, otherwise re-contamination could occur. 
In addition, construction of sediment traps should be considered, to provide additional safeguards. 

Ability to Meet RAP De-Listing Criteria 

As noted earlier, two of the RAP de-listing criteria are currently being exceeded. The removal of 
contaminated sediments will eliminate the sources of exposure for benthic organisms and higher 
trophic levels. Therefore, under this option, the RAP de-listing criteria would be expected to be 
met within the short term (i.e., after completion of the removal). However, if the north ditch is re-
routed back to the wetland area, this could result in re-contamination of the area if sources have 
not been controlled, with the result that in the long term, the de-listing criteria may not be met. 
Under that scenario, monitoring of water and sediment quality emanating from the outfall at the 
head of the north ditch could be required. 

Cost Estimates  

Detailed costing of the sediment removal options is found in Table 6-1, located at the end of this 
section.  The costing was based on a number of scenarios as the cost of the project could vary 
substantially depending on PCB content in the sediments, the suitability of the material for 
landfill disposal and whether all of the sediments are removed or just the most contaminated 
material as determined by a detailed survey of the site.  The sediment removal cost estimate also 
includes the cost of habitat restoration within the wetland area, reconnecting the flow from the 
ditch which currently by-passes the wetland and the construction of a sedimentation pond at the 
head end of the ditch to intercept any new sources of PCB contamination.  It was determined that 
constructing a sediment trap would be prudent since the cost of removing the contaminated 
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sediments and restoring the habitat is so high.  Since it is not clear that the original source of the 
sediments has been remediated there is still a risk the reconstructed wetland could be re-
contaminated.  A sedimentation pond would trap any sediments from the original source of 
contamination, and would also provide a monitoring point where the potential migration of 
contaminants onto the site could be monitored and intercepted.  Furthermore, cleaning out a 
sedimentation pond would be far less expensive and easier to manage than restoring the site. 

The cost estimates are based on two methods for disposing of the contaminated sediments: 1) in a 
landfill site, and; 2) as hazardous material at a facility licensed for PCB disposal.  Because of the 
substantially greater cost of hazardous material disposal, the cost of selective removal, where 
only the most contaminated material is removed was also evaluated. 

The costs of the removal options are: 

Option Estimated Cost 

Full Removal with disposal to a landfill $6,817,980 

Full Removal with hazmat disposal  $50,780,824 

Selective Removal with disposal to a landfill $4,858,855 

Selective Removal with hazmat disposal  $27,070,980 

The costing includes an estimate of the cost of any necessary habitat restoration and the necessary 
pre-design and site monitoring studies that would be required to determine the most cost effective 
means for meeting the de-listing criteria for the site. 

The principal assumptions for the various options are discussed below.   

Assumptions 

Full Removal 

Under a scenario where the full volume of material is removed from the Lyons Creek West site, a 
full wetland recreation would be required.  The plant community selected for the purpose of 
costing is a emergent/shrub wetland meadow.  Since removal would be to clay and the majority 
of the seed bank would be removed as well, a high organic wetland substrate would need to be 
imported.  At the conceptual stage for all these options, planting to serve as the basis of the plant 
community, physical habitat structures and bioengineering are assumed to be required. 

Key Assumptions 

• The area to be restored includes the full area of contamination delineated based on the 
composite data that was compiled.  This area is 2.6 hectares of 26,000 m2. 

• Wetland substrate from a donor site will not be available nearby and will have to be 
blended specifically for this project.  Wetland substrate will include 70% topsoil with 
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30% high organic compost and wetland seeds that are incorporated into the soil prior to 
spreading. 

• In order to gain Department of Fisheries approvals, the standard of “No-net-loss” will be 
applied as it has been applied recently.  Under this standard, the length of new channel 
must equal the length of the impacted channel. 

• Aggressive planting would be needed to supplement the wetland substrate during the first 
year to prevent invasion from mono-culture producing invasive plants (Purple 
Loosestrife, Phragmites). 

• In order to limit access to the site, shrub plantings will be incorporated into the wetland 
design to make passage through the site more difficult. 

• Microtopographic relief will be needed as part of the restoration plan as the area left over 
after removal will be generally flat. 

• The cost estimates include items for dewatering the wetland and for treating the water 
and dewatering the sediments removed from the wetland. 

Selective Removal 

Under a scenario where the material is removed selectively based on the concentration of 
contaminants, much of the original vegetation will remain intact.  The process of removing 
selected material introduces a variable topography which is favourable to the restoration of a 
wetland on the site.  In the areas of removal the majority of the seed bank would be removed as 
well, and a high organic wetland substrate would need to be imported.  As with all other concept 
designs, physical habitat structures, bioengineering and some supplementary planting are 
included in the cost. 

Key Assumptions 

• In order to effectively remove the most highly contaminated areas, approximately 50% of 
the total volume of material will be required to be removed. 

• Wetland substrate from a donor site will not be available nearby and will have to be 
blended specifically for this project.  Wetland substrate will include 70% topsoil with 
30% high organic compost and wetland seeds that are incorporated into the soil prior to 
spreading. 

• In order to gain Department of Fisheries approvals, the standard of “No-net-loss” will be 
applied as it has been applied recently.  Under this standard, the length of new channel 
must equal the length of the impacted channel. 

• Some planting would be needed to supplement the wetland substrate during the first year 
to prevent invasion from mono-culture producing invasive plants (Purple Loosestrife, 
Phragmites). 

The cost of removing sediments under this scenario is substantially greater on a per tonne basis 
than complete removal because it must be much more targeted.  The cost of pre-design 
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monitoring is also greater under this scenario because selective removal will require a much 
better delineation of the most highly contaminated areas. 

6.1.4 Removal and In-Filling 

If future plans call for development of the site (e.g., extension of Hwy 406), then removal of PCB 
and arsenic contaminated sediments/soils may need to be undertaken in order to remove liability. 
In this case, site development plans after removal will be dictated by future development, and will 
likely not include development of a wetland area. This option would include the potential for 
some of the costs, for example any in-filling, to be borne by the potential developer. 

Under this option, the removal process will be the same as described in Section 6.1.3. Subsequent 
to removal, clean fill would be placed in the excavated areas, and the site brought up to the 
existing grade. This option does not include a clay barrier, since the contamination will be 
removed. Re-routing of existing drainage around the site will be required prior to commencement 
of the work. 

Habitat 

As for the removal option, removal of contaminated sediments followed by in-filling at the site 
will destroy the marginal wetland, fish habitat and a small upland area within the former north 
drainage channel, including breeding habitat for common amphibians, an identified turtle nesting 
area and a potential snake hibernaculum.  As the intent of this option is to facilitate subsequent 
site development, the scope for on-site habitat restoration will be more limited, depending upon 
the nature of that development. In any case, fish habitat compensation will be required and as 
noted under other options could be undertaken on-site (e.g., along the adjacent north ditch) or off-
site. Compensatory works  could also include reconstruction of turtle nesting areas, snake 
hibernacula and marshy pools to restore these habitats for local populations and to address 
conservation concerns that may exist in relation to the loss of the wetland. 

Sediment Quality and Biological Effects 

Sediment quality in the removal zone will be below the risk-based guidelines for soils and 
sediments. Since the area will become terrestrial habitat upon completion of the in-filling, the soil 
guideline will be used to guide remediation.  The removal of PCB and arsenic contaminated soils 
will result in reduction of risk and potential biological effects.  The placement of clean fill within 
the excavated area will ensure that exposure after the clean-up is negligible.  
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Technical Feasibility and Infrastructure Requirements 

Since this option is similar to both the removal option and the in-filling option, with the 
difference that a clay barrier would not be necessary, the technical feasibility is similar.  There are 
no physical restrictions on the site that would preclude undertaking this option.  However, in 
order to ensure that flooding of the site does not occur, the existing drainage will need to be 
routed around the site. 

Ability to Meet RAP De-Listing Criteria 

The removal and in-filling of the site will result in the elimination of the aquatic habitat, with the 
result that the existing routes of exposure would be eliminated.  This option would meet the de-
listing criteria in the short term.  However, monitoring of water and sediment quality would be 
required to ensure that the north ditch was not subject to an ongoing source of PCBs 
contamination from upstream areas. 

Costs 

The costs estimate for complete removal and in-filling is found in Table 6.1.  In this option the 
costs for contaminated sediment removal are similar to the complete removal option with the 
exception that instead of restoring the wetland, it would be filled in.  The habitat restoration 
which would occur would be similar to the “leave in place and in-fill” option.  The estimated cost 
for this option is $6,424,330.  For the purposes of this estimate it was assume that the sediments 
would be suitable for landfilling. 

6.2 Lyon’s Creek East 

Conditions in Lyon’s Creek East are markedly different from those in Lyon’s Creek West. The 
east side is characterized by much lower concentrations of PCBs in surficial sediments that have 
resulted in marginal risks to the receptors, though concentrations in the subsurface range up to 
levels similar to those encountered at depth in Lyon’s Creek West. The creek, however, is much 
broader, and the contamination appears to be contained within the aquatic habitat. 

The relatively low concentrations of PCBs in the surficial sediments have also translated into low 
potential risks to receptors. The extensive aquatic habitat has resulted in aquatic organisms being 
the major routes of exposure to higher trophic levels, unlike Lyon’s Creek West, where the 
reduced size of the habitat effectively eliminated exposure to piscivorous birds and mammals. As 
such, potential risks to receptors provide little justification for undertaking active intervention at 
this site. However, since the more contaminated material at depth is a potential future liability, 
particularly if flow conditions are altered and increased erosion results in exposure and 
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downstream dispersal of these sediments, removal of the entire contaminated mass is also 
considered as a potential option for Lyon’s Creek East. 

Finally, while aquatic habitat in Lyon’s Creek West was considered marginal, and of poor 
quality, the habitat in Lyon’s Creek East is considered high quality, including PSW and habitat of 
the Threatened lake chubsucker. Therefore, disruptions in this area are likely to have broader 
reaching effects. Similarly, leaving materials in place in these areas also has broader implications 
for ecological receptors.  

6.2.1 Monitored Natural Recovery 

Due to elevated tissue residues of PCBs in biota, including fish, any natural recovery option 
would need to be accompanied by administrative controls to reduce potential exposure of human 
populations to PCBs during the natural recovery period. The administrative controls would also 
need to ensure that human disturbance of sediments in those areas that may pose higher risks to 
ecological receptors is minimized, in order to ensure that risks are not augmented by such 
activities. 

Therefore, this method is most suitable if the risks to biota due to the contaminants are less than 
the damage that would occur due to intrusive options. In part it involves a value judgement, since 
the potential effects on receptors would need to be balanced against the loss of individual 
organisms, particularly fish, amphibians and reptiles, that would occur during any cleanup 
operations. Movement of heavy equipment would result in local habitat destruction, and 
invariably the loss of some individuals (terrestrial and aquatic). Dredging would severely disrupt 
the wetland, resulting in the loss of areas of diverse native vegetation and reductions in the 
populations of native invertebrates, fish, amphibians, reptiles, birds and mammals. Disruption of 
animal populations would occur both as a result of direct mortality during operations, and due to 
long-term alteration of habitat quality. Salvage of meaningful numbers of fish, amphibians and 
reptiles would be impossible given the difficulty in capturing these animals from a heavily 
vegetated and shallow wetland system. 

Habitat  

The diverse warm-water fishery, including the Threatened lake chubsucker, and Provincially 
Significant Wetland habitats would remain “as is”, with no loss of area or quality. This option is 
most protective of the integrity of the existing habitat.  

Sediment Quality and Biological Effects 

Under the natural recovery option, existing sediment contamination by PCB compounds would 
remain unchanged. The species identified as potentially at risk would continue to be at risk. As 
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well, since PCB contamination appears to have occurred in downstream areas through transport 
from upstream areas, this process would be expected to continue, which could result, over time in 
increased risks in downstream areas. The higher concentrations in the surficial layers as compared 
to the subsurface layers at stations in Zones 6 and 7 suggest that PCBs have accumulated in these 
areas relatively recently. This process is expected to be on-going under this option. 

The gradual decrease in PCB concentrations in surficial sediments in Zones 1 through 3 is 
expected to continue at the present rate. This would continue to provide a source of PCB 
contaminated sediments to downstream areas. While current deposition rates are unknown, they 
are likely to be low given that upstream sources of sediment to Zones 1 through 3 are negligible 
due to the small size of the watershed and the low expected suspended particle density in the 
canal. The drainage area contains few tributaries, and the few that are present appear to be 
intermittent in nature. There is evidence that a tributary on the south shore of Zone 3 may 
periodically contribute considerable amounts of sediment, as evidenced by a recent satellite 
photograph of the site in which turbid water appears to originate at its mouth and extends some 
distance downstream. 

If this option is implemented, then additional studies would be required in this area to determine 
the deposition rate of material, in order to verify the predicted rate. As well, studies on 
downstream transport of sediments and PCBs would need to be undertaken. This would need to 
include any tributary sources of sediments that may dilute PCB contaminated sediments that may 
be transported from upstream areas. 

The low risks predicted for ecological receptors, particularly to the piscivorous species such as 
the great blue heron, kingfisher and mink would be expected to continue until a suitable cover of 
less contaminated material has accumulated. Predicted sediment PCB reduction rates indicate that 
at current estimated rates of PCB reduction, risks to the kingfisher would continue to exist for 
approximately 10 years. However, as noted in Section 3.2, risks to the kingfisher from total PCBs 
were low, and are not expected to result in changes that could affect local populations through 
reductions in egg survival and recruitment. It should be noted that kingfishers were observed in 
Zone 1 during a site visit in April, 2005, and therefore are currently present on the site. 

The habitat would be considered suitable for herons, which typically fish in shallow areas. As 
described in Appendix 3, risks to herons are negligible due to exposure to total PCB, and low due 
to total TEQs. 

Therefore, this option would require assessment of habitat availability and the local populations 
of kingfisher and mink to determine the extent to which these species are present in, and make 
use of, the area.   
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This option would also require long-term monitoring of sediment quality, transport of PCBs and 
fish tissue residues. If risks to ecological receptors are found to be increasing in downstream 
areas, then other options may need to be considered. 

In order to predict sediment PCB concentrations into the future and determine when Natural 
Recovery could achieve risk reduction that would result in no exceedance of the MATC for any 
of the receptor species, the rate of PCB decrease in the surficial sediment layer (top 10 cm) has 
been estimated from sediment core data. Sediment PCB distribution with depth was calculated for 
Zone 2 from the 2005 core data, based on the assumption that the upper boundary of the core 
section with the highest PCB concentration corresponds to the construction of the canal by-pass. 
The construction of the by-pass would have severed the upstream sources, and it is anticipated 
that a rapid decline in concentrations would have occurred subsequent to construction of the by-
pass.  

The change in concentrations through the different 10 cm sections has been plotted in Figure 10. 
Since 5 sections were encountered, the time period for each of the sections has been derived by 
dividing the number of years since construction of the by-pass (35) by the number of sections (5) 
to provide an estimate of approximately 7 years for each 10 cm section. This is likely an 
overestimate for the deeper layers, since compaction would have occurred from both the weight 
of the overlying sediments layers, and the decay of organic matter over time, both of which would 
have reduced the thickness of the deeper layers. Conversely, the surficial layers may represent a 
period less than 7 years, since the surface layers were high in water content and uncompressed. 
However, it is believed that averaged over the length of the core, this provides a reasonable 
approximation of sediment accumulation rates, and permits an estimate of PCB reduction over 
time. The result was checked against current conditions. The curve predicted a sediment PCB 
concentration in the surficial sediments in 2005 of 4.1 μg/g d.w., which is the current mean 
concentration in Zones 2+3. Therefore, the results are considered to be reasonable estimates of 
the expected decline in PCB concentration.  

Based on Figure 10, a reduction rate for PCBs in the top 10 cm has been calculated (given as the 
equation in Figure 10), from which sediment PCB concentrations can be predicted into the future. 
The rate predicts a very slow decrease in PCB concentrations will occur at the current rate 
(Table B-9, Appendix B). This is assumed to be largely a function of the shallow nature of the 
habitat, that will promote a certain amount of re-suspension and mixing of the surficial layers, 
and the lack of substantial sources of sediments from upstream sources, thereby preventing a cap 
of cleaner materials from accumulating at a faster rate. 

It should be noted that the above estimate is based solely on predictions based on sediment 
accumulation as measured in sediment core samples, and makes a number of assumptions 
regarding accumulation rates. The predictions are not based on measured accumulation and 
mixing rates. The predictions need to be verified through actual measurements of deposition 
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rates, and potential re-suspension and mixing. As a result, these estimates should be considered 
as approximations. They are included in this review for discussion purposes only. 

The calculations indicate that at current rates of PCB decrease, risks to the receptor species 
identified above would continue to exist for approximately 10 years, based on predicted changes 
in doses to the kingfisher. As the RQMATC values in Table B-9 indicate, the risks are currently low 
and therefore exposure during the predicted recovery time is not likely to present significant risks 
to biota. As well, the use of conservative screening benchmarks may over-estimate the risk, and 
the time required to reduce risks to acceptable levels.  

Young-of-the-year fish tissue analyses were carried out by the MOE in 1992, and again in 2003. 
While the species sampled were not the same, and some differences in accumulation would be 
expected, those species that had similar habitats and habits showed little change in tissue residues 
from 1992 to 2003. Therefore, based on these results, and the sediment concentrations that have 
similarly shown no demonstrable decrease, there is no expected improvement due to natural 
recovery in the short term.  

Technical Feasibility and Infrastructure Requirements 

Since there are no alterations to the site, there are no technical considerations for implementing 
this option. However, signage will be recommended in some areas to advise against fish 
consumption. As well, future activities on the site will be restricted and any recreational use that 
could disturb the sediments should be discouraged. 

Ability to Meet RAP De-Listing Criteria 

Currently, the RAP de-listing criteria (April 1995) based on the benthic community are being 
met, and additional actions would not be required. The draft criterion for benthic tissue residues is 
not being met (i.e., “Benthic invertebrate tissue contaminant concentrations are comparable to 
that from reference sites (i.e. there is no concern about biomagnification of chemicals such as 
PCBs)”) are currently not being met, since the Environment Canada-MOE 2002-2003 data show 
benthic organism tissues residues are higher than in reference areas. Under this option, this 
criterion (i.e., reduction of PCB concentrations in sediments and biota to background levels) 
would not be met for a period of approximately >100 years based on the above predictions. If the 
definition of “no concern about biomagnification “ is based solely on reduction of risk to the 
receptors identified in Appendix B, then approximately 10 years would be required to reduce 
risks to the kingfisher to negligible levels, based on current predictions regarding the decrease in 
sediment PCB concentrations. As noted above, these predictions should be regarded as 
approximations, are likely conservative, and need to be verified through actual measurements in 
the field, particularly since sediment data indicates there has been no appreciable reduction in 
surficial PCB concentrations since the early 1990’s. 
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Cost Estimates 

Cost for implementation of the natural recovery option would be limited to regular monitoring 
costs, since this option does not include active intervention. Since deposition rates are currently 
unknown, additional studies will be required to determine how quickly sediments are 
accumulating, in order to more accurately predict recovery time. These predictions would also 
have to consider potential future changes in surrounding land use that could change the current 
sedimentation regime within Lyons Creek East. As well, since risks to some receptors are based 
on conservative benchmarks, additional studies would be necessary to determine whether effects 
actually have occurred. This may involve additional studies on nesting and recruitment on local 
populations of the kingfisher. As well, population studies to assess exposure of the mink would 
also be necessary to ascertain whether there were measurable effects on the mink. These would 
then provide the basis for a revised estimate of potential risks to these receptors. 

Finally, regular sediment and aquatic biota monitoring would be necessary to document changes 
in PCB concentrations in sediments and tissues, and to verify that concentrations are decreasing 
over time. Since concern also exists regarding potential downstream transport, these studies 
should include downstream areas, as well as measures of suspended material transport in terms of 
both mass of sediment material, and mass of PCBs. For example, while identical fish species 
were not measured, tissue residues of PCB in similar species of young fish in MOE samples 
collected in 1992 were similar to concentrations in young fish in MOE samples collected in 2003. 
Therefore, given the predicted slow rate of decrease, monitoring would be most advantageously 
undertaken on a longer time scale of every 5 to 10 years. The estimated costs for sediment and 
biota monitoring programs, based on current costs, would be approximately $30,000 per survey.  

6.2.2 Enhanced Natural Recovery 

The enhanced natural recovery option is a combination of natural recovery and in-situ capping 
and is in effect, a modified version of the thin-layer cap. This modification recognizes that a 
discrete cap will be difficult to maintain, and therefore, the capping material will be used to dilute 
the existing surficial sediments under the expectation that the cap material will mix with the 
existing sediment. The shallow depth of the creek and wetland areas precludes installation of a 
full cap (typically consisting of a minimum of 50 cm of clean material). As well, the soft, fine-
grained sediments are unlikely to support a discrete cap layer over the long term, with the result 
that granular materials are likely to sink through the cap. By using material that is similar in grain 
size and density to the existing materials, if mixing of the cap material occurs due to physical and 
biological agents, then the cap is unlikely to sink through the layers. 

Addition of fine-grained sediment material, similar in grain-size to the existing sediment, will 
serve to augment natural sediment accumulation, which is anticipated to be low due to lack of 
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sediment sources as Lyons Creek East was cut off from its upper watershed by the Welland Canal 
By-Pass.  

One of the factors that will impact the success of this technique is the natural mixing and 
bioturbation that will occur from benthic organisms and large fauna such as bottom feeding fish 
(carp and bullheads), snapping turtles and large invertebrates such as crayfish.  Therefore, one of 
the options available with this method is to manage bioturbation by placing a coarse 
biodegradable mesh made of coir fibre over the native sediments before adding new sediment 
material.  Placement of the mesh could be undertaken at a time when there is minimal risk of 
entrapping turtles or other fauna.  The material could be installed and staked in place from the 
surface in the spring before the vegetation grows in.  By using a coarse mesh, plant roots and 
stems will be able to easily penetrate through the mesh into the sediments or water column. 

Artificial addition of sufficient sediment to dilute the surficial layers through natural settling and 
mixing process therefore can serve to reduce PCB exposure to receptors over a more rapid time 
scale than anticipated under the natural recovery option. A number of options exist for the 
addition of sediment material.  

• Direct placement will require heavy equipment, and will necessarily result in some 
habitat destruction along the margins. It also has the potential to disrupt and resuspend 
the existing soft sediments.  

• Sediment can be added with a small barge dragging an umbilical hose which would pump 
a slurry or suspension of sediments over the length of the open water channel. 

• Sediment material could be spread on the ice during the winter, such that the material 
falls to the sediment during spring snow melt. This method has the potential to ensure the 
most even placement of material but is untried and would require pilot-scale testing prior 
to full implementation. It could be staged as a number of thin layer applications that 
would minimize disruption of habitat and burial of aquatic plants and aquatic organisms. 

• Finally, sediments could be added during higher runoff periods at strategic points for 
natural transport and dispersal by the natural flow. This method may not be as likely to 
result in even placement of material. Significant deposition may not occur in areas of 
concentrated flow. Or current velocities may be too low to adequately distribute the 
added material. The presence of sufficient flow velocities to suspend and carry the 
materials would need to be ascertained beforehand. 

Addition of sediment could be undertaken as a single application of a 10 cm layer, or could be 
undertaken as multiple applications of 10 cm layers over a number of years. The latter permits 
time for sediment compaction to occur while ensuring the habitat along the margins of the creek 
are not significantly reduced in depth. Multiple applications also permit reduction in surficial 
PCBs concentrations over a shorter time period than is possible during a single application. 
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Habitat  

The diverse warm-water fishery and wetland habitats would not be significantly altered by 
application of a thin layer or successive thin layers of sediments. This would be particularly true 
if the material was applied to the ice surface and allowed to settle with the spring melt or 
introduced as suspended material at various access points during the open water season. As this 
process is intended to mimic natural sedimentation processes, which include higher turbidity 
associated with spring runoff and snowmelt, it is unlikely to smother existing emergent and 
submerged plants and should not result in destruction of benthic invertebrates, fish, amphibians 
and reptiles, or their habitat. Settling of the sediment would occur prior to the onset of the lake 
chubsucker spawning period, thereby avoiding effects on this Threatened fish species. While lake 
chubsucker are considered sensitive to siltation, the discrete late winter controlled application of 
thin layers of sediment would not properly be defined as siltation, which is indicative of chronic 
erosion and deposition of excessive silt in altered landscapes. Portions of Lyons Creek East 
periodically receive turbid runoff, yet water clarity is restored by the settling of fine materials and 
the continued upstream addition of water from the Welland Canal By-Pass. 

Access to the site, during those winters where thick ice forms, could be accomplished with 
relatively little disruption of the wetland and adjacent upland habitats. Depending upon the degree 
of compaction of underlying sediments, the addition of sediment could reduce water depths 
slightly, with the potential to cause an offshore shift in the boundaries between upland, emergent 
and submerged vegetation zones. Slight changes in the habitat area and population sizes of some 
species could occur over time, although the overall diversity and habitat quality of the site would 
not be expected to change measurably. 

Conversely, the use of heavy machinery to directly place the clean material over open water 
would undoubtedly result in a higher risk of disturbing and re-suspending contaminated 
sediments, which could impair habitat quality by increasing surficial PCB concentrations within 
the treated area and in downstream areas. Placement using heavy machinery also has greater 
potential to bury aquatic organisms or their critical habitats, which could affect local population 
sizes through mortality or reduced recruitment. Use of heavy machinery for direct placement 
would also be more disruptive of adjacent terrestrial habitats. However, these are mainly old-field 
and regenerating hedgerow-type communities, and could be restored fairly easily, but at some 
expense.  

Adjustments to bathymetry may be required, depending upon results of monitoring of sediment 
transport, deposition and erosion. For instance, road and railroad culvert inverts may need to be 
raised to ensure that the deposited clean material remains in place, and is not simply transported 
downstream. Raising culvert inverts may have minor fish passage effects, but it will result in a 
greater area of wetland and fish habitat within the ponds by raising water levels. Most 
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importantly, it will increase the depositional character of the ponds such that they are less likely 
to contribute contaminated suspended sediments to downstream areas. 

Application of a thin layer or, preferably, successive thinner layers, as part of enhanced natural 
recovery has the following advantages with respect to habitat conservation: 

• Native vegetation will not be destroyed and can remain in place; 

• Fish habitat is preserved; 

• Fish reproduction will not be disrupted as material will settle prior to warm-water fish 
spawning period; and 

• Fish populations will not be affected as a temporary increase in turbidity is unlikely to be 
deleterious to these tolerant warm-water species. 

This option maintains fish and wetland habitat area, quality and diversity, while actively reducing 
risks to aquatic biota and their predators. 

Sediment Quality and Biological Effects 

Addition of a 10 cm layer of sediment would serve to initially reduce sediment concentrations in 
the top 10 cm to levels in the introduced material. However, it is expected that some of the 
sediment will gradually mix with existing sediment, while some will likely be re-suspended and 
transported downstream. It assumed that complete mixing will occur with existing sediments, 
effectively diluting existing PCB concentrations by approximately 50%. It is also assumed that 
the current rate of PCB decrease will continue following application and mixing of a layer of 
sediment (it is assumed this rate is currently defined by the natural sedimentation rate in the 
system, and that this will not change over the longer term). Therefore, over the short term, 
sediment concentrations would decrease by approximately 50% and over the longer term, would 
decrease further at the rate predicted for natural recovery.  

Predicted tissue residues for the three receptors of concern following a single 10 cm application 
are provided in Table B-9 (Appendix B). The predictions are based on the assumption that 
availability of PCBs to fish and invertebrates will continue at the current BSAF, and that fish 
tissue residues will decrease in proportion to the decrease in sediment PCB concentrations.  The 
effectiveness of the cap will depend on the ability to reduce PCB exposure to fish, which in turn 
will depend on factors such as sediment re-suspension and bioturbation by both sediment 
organisms and fish such as carp, that can cause considerable sediment disturbance while feeding.  
The results show that following a single application, risks to all receptors based on MATCs for 
total PCBs, would be reduced to acceptable levels. While a much longer time period is required to 
reduce risks due to total TEQs (approximately 27 years), as noted earlier, the estimates of risk 
based on total TEQs are likely to overestimate risks. 



August 2008 - 90 - 03-1112-059 (5400) 

 

Golder Associates and Dillon Consulting 

It should be noted that the predicted rate of decrease in PCB concentrations in sediment is based 
on the decrease in PCBs concentrations with depth in the core samples, and not on measured 
deposition and mixing rates. These predictions should be verified through actual field 
measurements, and therefore, should be regarded as approximations. They are included in this 
review for discussion purposes only. 

Technical Feasibility and Infrastructure Requirements  

Implementation of this option is technically feasible, but will require construction of site access 
routes and staging areas. A limited number of routes to the creek will be necessary, particularly if 
placement can occur on the ice during the winter. As such, habitat destruction will be limited to 
material stockpile areas, where those cannot be accommodated on previously cleared lands, and 
access routes through riparian vegetation to the creek for placement of material. 

Placement during open water will require larger equipment with sufficient reach to place material 
from shore. Careful placement will be required to ensure an even layer of the required thickness 
is obtained. If placement on the ice in winter is undertaken, this will require careful observation 
during spring snowmelt to ensure that the material is deposited in the appropriate areas. 
Additional placement may be required in some areas, either using shore-based equipment or on 
the ice the following winter. 

Since this is a relatively new method, pilot-scale studies will be necessary to determine the most 
effective means by which to place the material before full-scale implementation could be 
undertaken.  

As with the other options where the material is left at the site, restrictions on activities will be 
required to ensure the material is not disturbed, but remains in place.    

Ability to Meet RAP De-Listing Criteria 

Under the current RAP de-listing criteria (April 1995), the area meets the criteria, and additional 
actions would not be required. The draft criterion for benthic tissue residues is not being met (i.e., 
“Benthic invertebrate tissue contaminant concentrations are comparable to that from reference 
sites”) are currently not being met, since the Environment Canada-MOE 2002-2003 data show 
benthic organism tissues residues are higher than in reference areas. Under this option, initial 
dilution of sediment PCB concentrations would be achieved. If a layer of 10cm thickness is 
deposited over the sediments in Zones 1, 2 and 3, and complete mixing with the existing top 
10 cm sediment layer is achieved (i.e., the most conservative outcome is assumed), then surficial 
sediment concentrations would be reduced in the short term by 50%. However, in the long term, 
under currently predicted rates, sediment concentrations that do not result in benthic organism 
tissue residues higher than in reference areas (which are typically below the detection limits) 
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would not be achieved for over 200 years. If the definition of “no concern about biomagnification 
of chemicals such as PCBs” is based solely on reduction of risks to the receptors identified in 
Appendix B, then risks could be reduced to below the threshold values with a single application 
of 10 cm of material. In comparison, under the natural recovery option, reduction of risk to the 
kingfisher to below the MATC for total PCBs is predicted to require 10 years. As noted above, 
these predictions should be regarded as approximations, and need to be verified through actual 
measured deposition rates in the field. 

Cost Estimates 

The cost estimate for the enhanced remediation option is found in Table 6.2.  It is estimated that 
the cost of implementing this option is $1,810,700.  The cost estimate does not include the cost of 
any changes the may be required to the inverts of culverts or road crossings downstream of the 
remediation work.  This will have to be assessed in the pre-design study. 

It is important to note that depending on the method of applying the new sediments, there is the 
potential for a large variation in the cost of sediment addition.   For this reason, before the design 
can be finalized and contract specifications can be developed for tendering out the work, pilot 
trials should be conducted to determine the effectiveness of the most feasible methods for  
applying new sediments to the Creek and to assess the possible benefits of managing bioturbation 
with a coarse coir fibre mesh.  The cost estimate for this options includes a healthy budget for 
conducting the necessary field trials necessary to develop tight contract specs and cost 
projections. 

Because the enhanced recovery option will result in minimal long-term impact on fish or the 
wetland habitat, no compensation is included in the budget, other than for restoring staging areas 
and areas which may be disturbed during sediment application. 

6.2.3 Removal 

Two potential options for sediment removal were considered for addressing PCB contaminated 
sediments in Zones 1 through 3: 

• Complete removal of all sediments within the exposed banks; and 

• Focused removal of “hotspot” areas with high PCB concentrations in surficial sediments. 

However, the distribution of PCBs in surficial sediments revealed only isolated areas of higher 
PCB contamination while subsurface sampling (Appendix A) indicated that much higher 
concentrations of PCBs existed at depth. As a result, focused removal of isolated areas could 
result in exposure of more contaminated materials at depth, unless full removal to the underlying 
clay was undertaken. Since the sediments were found to have a high water content, slumping of 
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adjacent material was considered a potential concern that could expose deeper, more 
contaminated sediments if selective removal is undertaken. As well, removal of sediments from 
selected areas is likely to entrain adjacent material, with potential entrainment of more 
contaminated sediments. Finally, alteration of the bottom profile could promote erosion and 
redistribution of sediments in adjacent areas, as flow patterns are altered through deepening of 
certain sections, that could also result in exposure of deeper sediment layers. These actions could 
result in an increase in potential availability of contaminated sediments.  

Therefore, the benefits of selective removal were considered to be marginal, since: 

• few areas of higher contamination that could be considered as “hotspots” were evident in 
the data collected to date; 

• predicted risks to biota are marginal (Appendix B) and potential toxic effects to benthos 
are limited to isolated areas (Milani and Fletcher 2005); and 

• the potential for exposure of more contaminated sediments is increased. 

As result, it was considered that the potential risks from undertaking selected removal outweighed 
the potential benefits through risk reduction and therefore the following discussion focuses on 
complete removal of sediments within Zones 1 through 3.  

Since the potential risks to receptors through PCB exposure are predicted to be low or negligible, 
sediment removal is not considered as a preferred option to reduce potential risks to wildlife. 
However, as noted earlier, the potential future liabilities of leaving contaminated sediments in-
place warrant consideration of removal as a potential option. Under this option, selective removal 
would not address the concerns regarding potential liabilities, and only full removal of all 
contaminated materials, to the uncontaminated clay layer, is likely to satisfy these concerns.  

Sediment removal and disposal could be undertaken through the use of small hydraulic or 
mechanical dredges, either completely, or as a supplemental method along with shore-based 
removal. Sediment removal would need to include the entire volume of sediments, since it 
appears there is little opportunity to undertake focused dredging of hotspots due to the relatively 
even distribution of PCBs in the surficial sediments. A weir constructed at the downstream end of 
Zone 3 (i.e., at Hwy 140) combined with shutting down the pumps at the Canal would maintain 
sufficient water in the system, and would also permit settling out of re-suspended materials.   

Alternatively, removal could be undertaken in sections to reduce potential adverse effects on 
resident biota. This could involve installation of sheetpile or construction of temporary berms to 
isolate the work area and allow construction in the dry. Undertaking the project by sections will 
likely result in extension of the schedule, with the result that the project would likely proceed 
over a number of dredging seasons.  
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The use of silt curtains could be used in the shallow environments in the creek and wetland to 
permit more effective removal as well as minimizing loss of sediments through re-suspension if 
construction is undertaken in the wet. This may also help to isolate some aquatic biota such as 
fish from the work area. However, exclusion or salvage of fish and other organisms would be 
difficult in the shallow, weedy areas where deployment of a silt curtain may be difficult and could 
serve to trap organisms within the work area that might otherwise have escaped. 

Dredging would need to be undertaken to the clay layer, since deeper sediments are more 
contaminated than the surficial layers. Based on estimates in Section 3.2.2, all sediments over 
3.4 µg/g d.w. would need to be removed. The high water content of the sediments would result in 
slumping, some re-suspension and deposition of the material, such that a number of passes and/or 
re-dredging would be required to remove the contaminated materials and ensure that residual 
material do not pose an unacceptable risk to biota.   

Habitat  

Removal will result in wholesale destruction of the existing Provincially Significant Wetland 
upstream of Hwy 140, and its warm-water fish community, habitat of the Threatened lake 
chubsucker, benthic habitats, reptiles and amphibians, as well as significantly disrupting and 
decreasing the local availability of habitat for birds such as the great blue heron and kingfisher, 
and mammals, particularly muskrat. Even if it is accomplished in stages, the scope for salvage of 
existing species will be low, with little hope of catching and transferring meaningful numbers of 
fish, amphibians and reptiles from among dense growths of aquatic plants, in shallow water 
conditions. Recruitment of fish will be severely disrupted within the dredged areas, as nursery 
habitat conditions are degraded by high turbidity and destruction of vegetation. Restoration of 
fish and aquatic wildlife populations within the work areas will rely on immigration from 
adjacent areas once isolating silt curtains, weirs or cofferdams are removed. However, conditions 
within the dredged areas will not be similar to the existing conditions, and will result in reduced 
habitat quality and availability for many species and, in particular, early life stages.  Likewise, the 
native wetland plant community will be lost to dredging, although seed, cuttings and other 
propagules may be collected for later use in replanting of suitable areas. Overall, the scope for 
mitigation of impacts associated with dredging is low, as habitat destruction is unavoidable. 
Under this option, it must be accepted that restoration following dredging will be much more 
effective and feasible than mitigation during dredging, but that reasonable restoration efforts may 
still not be able to recreate the diverse plant and animal communities that currently exist in Lyons 
Creek East. 

Nevertheless, it will be necessary, to the extent possible, to rehabilitate the entire area that is 
dredged and to compensate for the fish habitat lost or disrupted by restoring productive wetland 
ponds over the hard clay remaining following dredging. This will involve: 
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• Placement of clean sediments and hydric soils as substrate for invertebrates and plants; 

• Extensive plantings using native species sourced from downstream areas or salvaged 
prior to dredging; 

• Potential reintroduction and management of fish species to restore an appropriate fish 
community; and 

• Acceptance that reptiles and other wildlife may take some time to become re-established 
and may not be restored in communities similar to pre-dredged conditions. 

This option is the most costly and disruptive to habitat. While there is some scope for restoration 
under this option, habitat similar to that which is currently available will not be reproducible after 
dredging. Selection of this option will need to balance whether the risks to biota warrant the 
destruction of existing productive habitat and the subsequent restoration costs. 

There may be some scope to retain dense stands of emergent vegetation in Lyons Creek East, and 
focus dredging on open water areas. Sampling in 2005 in the cattail areas along the margins 
indicate that low PCB concentrations exist at surface (Appendix A). Geotechnical tests will be 
required to determine if slumping or erosion of these areas is likely to occur after dredging 
adjacent open water portions. There must also be a low probability of successive destruction of 
the exposed edges of these stands by the activities of carp and increased wave action that may 
occur within the deeper dredged portions. If these areas could be left undamaged, they would 
provide a greater area of refuge for existing species during the dredging activities and retain some 
fish spawning and nursery habitat, as well as habitat for herpetiles, birds and mammals. If 
slumping or erosion of the spared emergent stands is likely to occur, then these areas would need 
to be removed as well, since sampling has shown higher PCB concentrations exist at depth 
beneath the vegetation and could be subject to exposure. 

While removal will result in an increase in depth of the creek and wetland, and a concurrent 
increase in the available open water fish habitat for larger fish, this will be achieved as a result of 
loss of wetland habitat and productive nursery habitat for young-of-the-year fish. Removal will 
result in loss of much of the bankside and emergent vegetation, with a general reduction in 
available habitat and reduced species diversity of both plants and animals. The wetland area is 
expected to re-generate over time, so long as carp or other factors do not inhibit recolonization by 
wetland plants, and since removal of the emergent marshes along the margins is not anticipated, 
natural re-generation would be preferred. 

Removal of sediments to the clay layer will result in loss of all benthic and many aquatic 
organisms (i.e., loss of amphibians, reptiles, fish during implementation). The low predicted 
deposition rate will require an extended period for organic substrates to become re-established, 
and benthic habitat to be restored, unless clean sediments are added as part of restoration. 
Otherwise, natural regeneration of aquatic plant and animal communities on the clay will be be 
slow and will also affect fish colonization and populations, and may retard the overall recovery of 
the wetland.  
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Sediment Quality and Biological Effects  

Distribution of PCBs with depth indicates that the highest concentrations of PCBs are likely to 
occur in the 20 to 40 cm depths. In many areas, PCB contamination occurs in all sediment layer 
down to the clay layer, which in all the samples that have been collected had very low (usually 
non-detectable) levels of PCBs. Therefore, removal would need to be to the clay layer in order to 
ensure that all contaminated materials have been removed. 

Since dredging typically leaves up to 10% of the sediment as residual material, a mean, depth 
averaged sediment concentration has been calculated for the area of Zones 1 through 3 to 
determine whether this material is likely to result in potential risks to receptors. Based on the 
available data for Zones 2 and 3 (summarized in the table below), the mean PCB concentration in 
the residual material is estimated to be 11.4 μg/g d.w.  

Depth (cm) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 Mean 

Mean [PCB] μg/g 3.29 5.63 30.13 20.93 19.21 0.27 0.06 11.4 

 

This concentration could result in risk to the kingfisher above the LOAEL for both total PCBs 
and the 12 congeners, to great blue heron above the MATC for total PCBs and above the LOAEL 
for total TEQ, and to the mink above the MATC for total PCBs and the LOAEL for total TEQ 
(Section 3.2). As a result, additional dredging or capping of the residuals would be required to 
ensure that the residual materials do not present similar or higher potential risks than the existing 
sediment. 

Technical Feasibility and Infrastructure Requirements 

Removal of sediments is feasible in either the wet or in the dry. Removal in the dry could be 
undertaken by shutting off the pumps at the canal and allowing the area to drain. Fish, amphibians 
and reptiles will be lost in either case, as removal of these animals will be difficult to impossible 
in the shallow weedy areas that require dredging. De-watering would likely strand fish, 
amphibians and reptiles in the mucky flats where they would be impossible to recover. 
Alternatively, dredging could also be done in the dry in sections. Areas could be walled off with 
temporary cofferdams, the water pumped out, and the removal undertaken. Destruction of plant 
and animal communities within the dredged sections would be complete, however some 
recolonization could occur from adjacent areas as cofferdams were removed. Dredging in the wet 
would require raising the current water level to accommodate shallow draught barges and could 
be achieved by construction of a temporary weir at Hwy 140. Since water levels appear to be very 
low during the summer, removal in the wet would need to take place in spring and/or fall when 
water levels are highest. Increased depths would improve the ability to salvage fish and reptiles 
using trap nets or hoop nets that operate more efficiently in depths greater than those of the 
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existing wetland. Removal in the wet or dry would require the use of small equipment, since 
standard dredging or excavating equipment could not be deployed in the shallow depths and soft 
substrates. As such, removal is likely to require operation through a number of seasons. 

Dredging will need to include mitigation measures to prevent spread of contaminants. This could 
include silt curtains, since the flow in the system is very low. Containment could be further 
enhanced through placement of a weir at the downstream end and shutting off the pumps, which 
will effectively remove most current and would increase settling time for any escaped material. 
Periodic pumping could be required to maintain sufficient depth and water volume for dredging 
purposes and to support fish that are trapped in the area. 

Due to the dense vegetation growth that develops in the creek and wetland during the summer 
months, removal would be best undertaken in early spring or late fall. Early spring would conflict 
with in-water works timing windows for warm-water fish species and would not likely be 
supported by MNR. In addition to the thick vegetation, it is likely there will be considerable 
amounts of woody debris within the sediments, both from adjacent terrestrial sources and from 
the stands of woody buttonbush found within the wetland, and this will affect the equipment used 
and the production rates. Initial reconnaissance will need to be undertaken before the removal 
method is selected.  

Equipment will require access routes that will change as removal progresses down the length of 
the creek. De-watering areas and water treatment areas will be required to minimize the volume 
of material transported off-site. Depending on the removal method(s) selected, pipelines or on-
site haul routes will be required from the working face to de-watering and stockpiling areas. 

Ability to Meet RAP De-Listing Criteria 

As noted earlier, sediments currently meet the RAP (1995) de-listing criteria. Under the removal 
option, if all sediments that exceed the criterion of 3.4 μg/g d.w. for protection of the most 
sensitive receptor are removed, the draft criterion for benthic tissue residues can be met in the 
short term. As well, potential risks to other receptors would be below the levels associated with 
any potential effects (i.e. < MATC). 

Cost Estimates 

The cost estimate for the removal option is found in Table 6.2.  This estimate includes restoration 
costs for both the wetland and riparian habitat. 

The restoration strategy that was used for Lyons Creek East was complete restoration of a 
shallow/meadow marsh system after the removal of all contaminated material.  The key features 
include seed material, plant material to serve as the skeleton of the restoration, physical habitat 
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structures and bioengineering.  All excavation of contaminated material is considered separately 
and this price assumes that work is complete before the restoration begins. 

Key Assumptions 

• The area to be restored includes both the open water and emergent cattail vegetation and 
this area is approximately 5 hectares (50,000m2). 

• Wetland substrate from a donor site will not be available nearby and will have to be 
blended specifically for this project.  Wetland substrate will include 70% topsoil with 
30% high organic compost and wetland seeds that are incorporated into the soil prior to 
spreading. 

• In order to gain Department of Fisheries approvals, the standard of “No-net-loss” will be 
applied as it has been applied recently.  Under this standard, the length of new channel 
must equal the length of the impacted channel. 

• Conservation Authorities will be applying the standard of 75% initial riparian cover to 
the newly created channel. 

• Tree planting would be required at the back property limits of the neighbours who back 
onto the property as a visual/physical barrier. 

• The design will incorporate small wet depressions throughout the floodplain to 
compensate for the lost wetland habitat. 
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Table  6.1  

Cost of Selected Remedial Options for Lyons Creek 
West

O p tio n L e a v e  in  p la c e  a n d  
In -F il l  

 C o m p le te  
R e m o v a l a n d  In -

F i l l  

A s s u m in g  d is p o s a l to  
la n d f ill 

A s s u m in g  H a z M a t 
d is p o s a l 

A s s u m in g  d is p o s a l to  
la n d f ill 

A s s u m in g  H a z M a t 
d is p o s a l 

A s s u m in g  d is p o s a l to  
la n d f ill 

P re -D e s ig n  S tu d ie s 1 2 0 ,0 0 0$                 1 8 0 ,0 0 0$                 1 2 0 ,0 0 0$                 1 8 0 ,0 0 0$                 9 0 ,0 0 0$                   9 0 ,0 0 0$                   
F in a l  D e s ig n  a n d  S p e c i f ic ia t io n s 2 4 5 ,0 0 0$                 3 0 6 ,2 5 0$                 3 0 0 ,0 0 0$                 4 5 0 ,0 0 0$                 2 1 0 ,0 0 0$                 2 1 0 ,0 0 0$                 
E x c a v a t io n 4 8 0 ,0 0 0$                 4 8 0 ,0 0 0$                 9 0 0 ,0 0 0$                 9 0 0 ,0 0 0$                 N /R 4 8 0 ,0 0 0$                 
L in e r N /R N /R N /R N /R 8 4 0 ,0 0 0$                 N /R
D e w a te r in g /W a te r  F lo w  M a n a g e m e n t 2 2 0 ,0 0 0$                 2 7 5 ,0 0 0$                 2 2 0 ,0 0 0$                 2 7 5 ,0 0 0$                 1 2 5 ,0 0 0$                 1 2 5 ,0 0 0$                 
F i l l  M a te r ia l a n d  In s ta l la t io n N /R N /R N /R N /R 1 9 2 ,0 0 0$                 5 1 2 ,0 0 0$                 
T ru c k in g 4 0 0 ,0 0 0$                 in c lu d e d  b e lo w 2 0 0 ,0 0 0$                 in c lu d e d  b e lo w N /R 4 0 0 ,0 0 0$                 
D is p o sa l 2 ,4 0 0 ,0 0 0$              4 0 ,0 0 0 ,0 0 0$            1 ,2 0 0 ,0 0 0$              2 0 ,0 0 0 ,0 0 0$            N /R 2 ,4 0 0 ,0 0 0$              
O n -s ite  W a te r  T re a tm e n t 1 8 0 ,0 0 0$                 2 7 0 ,0 0 0$                 1 8 0 ,0 0 0$                 2 7 0 ,0 0 0$                 7 5 ,0 0 0$                   1 8 0 ,0 0 0$                 
S ite  P re p a ra t io n  a n d  R e s to ra t io n 1 2 5 ,0 0 0$                 1 2 5 ,0 0 0$                 1 7 5 ,0 0 0$                 1 7 5 ,0 0 0$                 N /R 1 2 5 ,0 0 0$                 
S e d im e n ta t io n  P o n d 6 3 ,6 0 0$                   6 3 ,6 0 0$                   6 3 ,6 0 0$                   6 3 ,6 0 0$                   6 3 ,6 0 0$                   6 3 ,6 0 0$                   
H a b ita t  R e s to ra t io n /C o m p e n sa t io n 1 ,6 2 0 ,0 0 0$              1 ,6 2 0 ,0 0 0$              7 0 0 ,0 0 0$                 7 0 0 ,0 0 0$                 9 5 0 ,0 0 0$                 9 5 0 ,0 0 0$                 
L e a c h a te  C o n tro ls  w ith  O n -s i te  T re a tm e n t N /R N /R N /R N /R 2 5 0 ,0 0 0$                 N /R
P re -C o n s tru c t io n  M o n ito r in g 2 5 ,0 0 0$                   2 5 ,0 0 0$                   7 5 ,0 0 0$                   7 5 ,0 0 0$                   N /R N /R
P o s t-C o n s tru c t io n  M o n ito r in g 2 5 ,0 0 0$                   2 5 ,0 0 0$                   7 5 ,0 0 0$                   7 5 ,0 0 0$                   N /R N /R
O n g o in g  P C B  M o n ito r in g N /R N /R 5 0 ,0 0 0$                   5 0 ,0 0 0$                   N /R N /R
G ro u n d w a te r  a n d  H y d ro g e o lo g ic a l  M o n ito r in g N /R N /R N /R N /R 1 2 5 ,0 0 0$                 N /R
S ig n s , N o t i f ic a t io n s , e tc . 1 0 ,0 0 0$                   1 0 ,0 0 0$                   1 0 ,0 0 0$                   1 0 ,0 0 0$                   1 0 ,0 0 0$                   1 0 ,0 0 0$                   
M o b il iz a t io n  (2 .5 %  o f  c o n tra c t  v a lu e ) 1 4 6 ,3 4 0$                 1 ,0 8 2 ,9 9 6$              1 0 1 ,4 6 5$                 5 7 5 ,3 4 0$                 6 9 ,8 9 0$                   1 3 8 ,3 9 0$                 
C o n t in g e n c y  (1 5 % ) 8 7 8 ,0 4 0$                 6 ,4 9 7 ,9 7 8$              6 0 8 ,7 9 0$                 3 ,4 5 2 ,0 4 0$              4 1 9 ,3 4 0$                 8 3 0 ,3 4 0$                 

T o ta l 6 ,8 1 7 ,9 8 0$             5 0 ,7 8 0 ,8 2 4$           4 ,8 5 8 ,8 5 5$              2 7 ,0 7 0 ,9 8 0$           3 ,3 2 9 ,8 3 0$             6 ,4 2 4 ,3 3 0$             

N o te s  as s u m es  d ew a ter in g  
o f  w e tlan d  p r io r  to  
exc ava tion  an d  
trea tin g  o f  w a te r  on -
s ite  

 as s u m es  d ew a te r in g  
o f  w e tlan d  p r io r  to  
exc ava tion  an d  
trea tin g  o f  w a te r  on -
s ite  

 as s u m es  d ew ate r in g  
o f  w e tlan d  p r io r  to  
exc ava tion  an d  
trea t in g  o f  w a te r  on -
s ite  

 as s u m es  d ew a ter in g  
o f  w e tlan d  p r io r  to  
exc ava tion  an d  
trea tin g  o f  w a te r  on -
s ite  

 f ill to  c over  w e tlan d  to  
b e  exc ava ted  f rom  on -
s ite  c h an n e l an d  f lood  
p la in  re -c on s tru c tion  
w ork   

f ill to  c ove r  w e tlan d  to  
b e  exc ava ted  f rom  on -
s ite  c h an n e l an d  f lood  
p la in  re -c on s tru c tion  
w ork   

 A s s u m es  exc ava ted  
m ate r ia l w ill b e  
s tac k ed  on  s ite  fo r  
d ew a ter in g  an d  
tes tin g  p r io r  to  
s h ip p in g  to  d is p os a l 
s ite  

 A s s u m es  exc ava ted  
m ater ia l w ill b e  
s tac k ed  on  s ite  fo r  
d ew a te r in g  an d  
tes tin g  p r io r  to  
s h ip p in g  to  d is p os a l 
s ite  

 A s s u m es  exc ava ted  
m a te r ia l w ill b e  
s tac k ed  on  s ite  fo r  
d ew ate r in g  an d  
tes tin g  p r io r  to  
s h ip p in g  to  d is p os a l 
s ite  

 A s s u m es  exc ava ted  
m a te r ia l w ill b e  
s tac k ed  on  s ite  fo r  
d ew a ter in g  an d  
tes tin g  p r io r  to  
s h ip p in g  to  d is p os a l 
s ite  

 A s s u m es  exc ava ted  
m ater ia l w ill b e  
s tac k ed  on  s ite  fo r  
d ew a te r in g  an d  
tes tin g  p r io r  to  
s h ip p in g  to  d is p os a l 
s ite  

 A s s u m es  a ll 
exc ava ted  m a te r ia l w ill 
h ave  to  b e  d is p os ed  
o f  as  h az a rd ou s  
m ater ia l 

 A s s u m es  a ll 
exc ava ted  m a ter ia l w ill 
h ave  to  b e  d is p os ed  
o f  as  h az ard ou s  
m a te r ia l 

 C o m p le te  R e m o v a l o f  C o n ta m in a te d  
M a te r ia l  

 S e le c t iv e  R e m o v a l o f  C o n ta m in a te d  
M a te r ia l  

 

Golder Associates and Dillon Consulting 
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Option  Managed Recovery  Enhanced Managed Recovery  Removal and Disposal of 
Contaminated Material 

Pre-Design Studies N/R 78,000$                                     55,000$                                     
Field Feasibility Trials 90,000$                                     240,000$                                    N/R
Final Design and Specificiations N/R 85,000$                                     220,000$                                    
Excavation N/R N/R 720,000$                                    
Liner N/R N/R N/R
Fill Material and Installation N/R 920,000$                                    N/R
Dewatering/Water Flow Management N/R N/R 225,000$                                    
Trucking N/R N/R 600,000$                                    
Disposal N/R N/R 3,600,000$                                 
On-site Water Treatment N/R N/R 300,000$                                    
Site Preparation and Restoration N/R 75,000$                                     350,000$                                    
Habitat Restoration/Compensation N/R N/R 2,520,000$                                 
Pre-Construction Monitoring N/R 40,000$                                     25,000$                                     
Post-Construction Monitoring N/R 40,000$                                     25,000$                                     
Ongoing Monitoring 90,000$                                     90,000$                                     N/R
Signs, Notifications, etc. 30,000$                                     10,000$                                     
Mobilization (2.5% of contract value) N/R 23,000$                                     214,750$                                    
Contingency (15%) N/R 209,700$                                    1,288,500$                                 

Total 210,000$                                    1,810,700$                                 10,143,250$                               

Notes  Assumes 10 cm of additional 
sediment will be added three 
times before targets are 
achieved 

 Assumes excavated material 
will be stacked on site for 
dewatering and testing prior to 
shipping to disposal site 

 Option to install a 
biodegradeable coir mesh 
barrier to reduce bioturbation at 
an estimated cost of $200,000 

 

Cost of Selected Remedial Options for Lyons Creek East 

Table  6.2  
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7.0 CONCEPTUAL DESIGNS 

The following section details the recommended design concepts for both Lyons Creek East and 
Lyons Creek West.  Most of the technical issues related to each of the design concepts have been 
discussed in detail in the previous section.  This section focuses on describing the main features 
of each design so that each can be evaluated on its merits. 

7.1 Lyons Creek East. 

7.1.1 Design #1 – Monitored Natural Recovery 

Monitored natural recovery will result in no physical alterations to the appearance or function of 
either the wetland or riverine habitat. The appearance of the habitat to the general public will 
remain unchanged. As a result, a figure illustrating the conceptual design for this option is not 
included, since this option involves no physical change to the site. 

As noted earlier, the low risks identified to potential receptors make this the preferred option for 
addressing concerns regarding effects on aquatic and terrestrial biota. However, this option does 
not remove long-term liability. 

7.1.2 Design #2 – Enhanced Natural Recovery 

With both the managed recovery and the enhanced natural recovery, there will be little difference 
in the appearance or the function of either the wetland or the riverine fish habitat. To the general 
public the habitat will be virtually unchanged, and look much as it does today.  With the 
enhanced recovery the water levels may have to be elevated somewhat to accommodate the 20 to 
30 cm of additional sediment added to cover the existing sediments.  This increased elevation 
would be barely noticeable, and would be implemented over of number of years.  The conceptual 
design for both of these options would be essentially the same channel and wetland configuration 
as exists now. 

In the enhanced natural recovery the addition of sediment would take place over an extended 
period of time.  No more than 10 cm of sediment would be added to the creek bed at a time, so as 
to minimize the impact on the existing flora and fauna.  However it is likely that a single 
application of 10 cm of sediment would not have sufficient long-term impact on PCB levels in the 
sediment and receptor organisms to de-list the site.  Several applications will be required to 
ensure sufficient dilution of the existing sediment.  The success of sediment addition will, to large 
extent, depend on the degree of mixing between the clean sediments and the existing 
contaminated sediment.  A number of factors that may contribute to the mixing of the sediment 
have been discussed earlier.  Bioturbation, particularly by large fauna such as bottom-feeding fish 
and by snapping turtles, could penetrate through the 10 cm clean sediment that will be added with 
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each application.  As discussed in the previous section it may be possible to greatly reduce this 
bioturbation with a coarse coir fibre mesh.  A coir mesh would prevent fauna from digging and 
penetrating into the contaminated sediments.  Coarse coir mesh also is also sufficiently open that 
it will not impede gases from escaping from the sediment, and as a result would not be subject to 
gas entrapment, resulting in the separation and lifting of the barrier from the bottom. 

The clean sediment would only be placed within the river channel and not on the emergent 
aquatic plants along the margins of the channel.  The impact of these vegetated margins on the 
PCB levels in fish is felt to be minimal, with most of the contribution resulting from benthic 
organisms picking up PCBs from the sediment in the main channel. 

The best method for distributing new sediment within the channel needs to be determined.  There 
are a number of possible approaches as discussed previously.  One is to flood the ice covering the 
channel with a slurry of clean sediment and water in the winter months.  When the ice melts in 
the spring, the sediments would be deposited fairly uniformly over the bottom of the channel. The 
effectiveness of this method will be limited by the thickness of the ice, which can vary 
substantially depending on winter weather.  Ice would not be sufficiently buoyant to support a full 
10 cm of sediment, so that is may be necessary for multiple applications to achieve the 10 cm 
depth.  Another option is to build the ice up during cold weather, by flooding the ice with water 
pumped from the creek so that it can support a greater load.  A totally different approach may be 
to disperse sediments through the channel during the ice free period, with a barge connected to an 
“umbilical” flex pipe pumping a sediment slurry to the barge.  Because of the need to determine 
the best method of sediment distribution the design study would include pilot studies to assess the 
method of sediment addition and the feasibility of limiting bioturbation with a coir fibre mesh. 

In the case of both the monitored and enhanced natural recovery, no fish or wetland habitat will 
need to be restored.  It is anticipated that the existing habitat would adjust to minor changes in the 
channel elevation and water levels.  

7.1.3 Design #3 – Sediment Removal and Restoration of the Existing Habitat 

The complete removal option, on the other hand, would require extensive restoration work.  
Essentially all of the sediment above the clay layer would have to be removed. This would 
include all of the aquatic plants and the existing seed bank.  The habitat disruption would be of a 
very large scale, with limited opportunity to recreate the same habitat.  The restoration, while 
technically feasible, would be far more effective if existing soils and their seed banks could be 
used.  Since these are in contaminated soils/sediments that would be removed they would not be 
available for the restoration work.  Wetland soils would have to be imported from a site where 
their removal would not cause a problem and such removal could be permitted.  It will be a 
challenge to locate sufficient wetland soil for this project, and the replanting will probably have to 
rely on planting plant plugs.  While plant plugs will work they will take a long time to become 
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established.   Considering the marginal benefit in risk reduction relative to the expense of 
complete removal, this option cannot be recommended as a means to address ecological risks. 
However, as noted earlier, this is the recommended option for addressing long-term liabilities, 
since if the contaminated sediments are removed from the site, long-term liability will be 
extinguished.  

This option results in significant short-term changes to the wetland and riverine system, though 
the physical boundaries of the creek will remain unaltered.  Since removal will not include bank 
areas, the overall effects will be to deepen the open water areas within the existing boundaries of 
the creek.  This will result in removal of emergent vegetation, and will affect the appearance of 
the creek, since much of the current vegetation along the margins of the creek will be removed. 
Since there is no physical alteration of the creek margins, a figure illustrating the conceptual 
design has not been developed for this option. 

While this design is not identified as the preferred option for addressing risks to biota, it is the 
preferred option for addressing concerns over long-term liability for the contamination on-site. 

7.2 Lyons Creek West 

There a number of technically feasible approaches to dealing with the contaminants at Lyons 
Creek West.  The preferred alternative will depend on the options for contaminated sediment 
disposal, habitat restoration requirements and the desired end use for the property. 

7.2.1 Design #1 – Sediment Removal and Restoration of the Existing Habitat 

Complete Removal 

Depending on where the sediment is disposed, there are two feasible approaches to sediment 
removal.  If the contaminated sediment can be removed and managed in such a way that it will all 
be acceptable for landfill disposal, then complete removal would appear to be the most 
technically feasible option.  Figures 12 and 13 provide a conceptual design for the complete 
removal option.  The design calls for the complete removal of all sediment to the native clay 
layer.  By using the clay layer as a reference, complete removal of all the contaminated material 
is relatively easy to manage and administer. 

Removal of the sediment can be fairly straightforward.  Since there is not much flow through the 
wetland it would not be difficult to reroute surface runoff and dewater the area prior to 
excavation.  All of the sediment would be removed to the native clay layer.  By first dewatering 
and then excavating in the dry, the requirement for dewatering the excavated material would be 
reduced.  The water pumped for dewatering would have to be treated.  Geotextile bags such as 
GeoTube® used in conjunction with polymer solutions would be very effective at removing any 
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particulate matter in the water.  A mobile package plant could also be used depending the Ontario 
Ministry of the Environment’s requirements for water treatment.   

The excavated sediment requiring further dewatering can be dewatered in the same type of Geo-
textile bags as the pumped water.  The bags can be located in open top containers so that all of the 
water can be captured and further treated.  Once dewatered, the entire bag can be shipped to the 
landfill and dumped from the container.  This makes for fairly easy handling and limits the 
opportunities for contaminated sediments to accidentally get dispersed. 

Once the sediments are removed, suitable top soil or hydric soils would be brought in to reline the 
excavation.  Once restored and planted, the new habitat would in many ways be superior to the 
existing habitat, as the existing wetland was being gradually in filled with sediments and plant 
growth.  The water which was diverted to the by-pass channel would be reconnected to the 
reconstructed wetland.  To limit the opportunity for recontamination of the reconstructed wetland 
a sedimentation pond would be constructed at the head end of the channel.  The outflow from the 
wetland to the Welland canal would also be modified to improve fish access, to the open water 
areas which would be created in the reconstructed wetland. 

7.2.2 Selective Removal 

If for some reason the contaminated sediment is not acceptable for landfill disposal, then selective 
removal may be the preferred option.  Figures 14 and 15 provide the conceptual design for the 
selective removal option.  The main factor in selecting this approach is to reduce the quantity of 
material which needs to be removed for disposal, as the difference in cost between land filling 
and disposal at a hazardous materials site is more than ten-fold.  Selective removal would require 
a much more detailed survey of the existing sediments and their contaminants than is currently 
available.  This survey would have to be closely tied to precise locations and depths within the 
wetland.  The survey data would then be used to map out the contaminated sediments and to 
develop detailed profiles of contaminant “hot spots” within the wetland. 

The profile would be used to identify the zones with the most highly contaminated sediments that 
would have to be removed and disposed of as hazardous material.  The remainder could either be 
removed to a landfill, or if of acceptable quality, could be left in place for restoration of the 
wetland.  Under this scenario the areas where sediments were removed would be allowed to flood 
and become ponds within the wetland.  Channels would also be excavated to link all of the ponds, 
to provide fish passage and to provide a path for flow through the wetland.  As in the previous 
option, the by-pass channel would be abandoned and the flow redirected back to the wetland. A 
sedimentation pond would also be constructed to protect against recontamination, and to provide 
a future monitoring point to track contaminants. The connection to the Welland canal would also 
be modified to improve fish passage. 
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7.2.3 Design #2 – In-Fill and Enhance By-Pass Channel 

The second option for Lyons Creek West is to cap and in-fill the contaminated sediments.  This 
option would essentially abandon the wetland and fish habitat and enclose the contaminated 
sediment under a layer of fill (≥1 metre).  The wetland would have to be dewatered prior to 
capping, and surface water runoff and groundwater would have to be permanently diverted 
around the wetland.  Water pumped during the dewatering may have to be treated to ensure it 
meets MOE discharge standards.  This could be done with a package plant or geotextile tube.  
Soil for the capping and in-filling would be excavated on site as part of  the habitat compensation. 

Depending on the characteristics of the soil, clay for an impervious cap may or may not have to 
be imported.  The clay cap would be tied into the native clay forming the wetland basin, by 
cutting back sod and topsoil around the perimeter of the wetland.  Provision will also have to be 
made for dewatering the contaminated sediments, with sump wells and drainage tile, as the 
wetland soils are loaded with the clay liner and fill.  Dewatering will help to compress the fairly 
compressible wetland soils and will help to stabilize the filled area.  Leaving a large pool of water 
under the liner could potentially compromise the integrity of the liner, make the surface of the site 
unstable and could introduce the possibility of contaminants migrating off site with groundwater.  

The existing by-pass channel to the north of the wetland is poor fish habitat.  It is essentially a 
ditch that has been excavated for water conveyance, with little thought to its value as habitat.  
Part of the fish habitat compensation would be to cut back the banks of the ditch to create a river 
valley and flood plain.  This would allow the channel to function more like a natural channel.  
Sufficient fill would be excavated to fill-in the existing wetland and contaminated sediments.   

As in the previous option, the channel would have a sedimentation pond installed at its head end 
to intercept any contaminated sediments and prevent future recontamination.  The channel’s 
connection to the Welland canal would also be improved to provide for better fish passage.  The 
newly constructed flood plain would be planted with native plants including shrubs and trees, to 
increase its habitat value.  Dense plantings along the sides of the channel would provide shade 
and shelter to the channel  Microtopographic relief would ensure that the flood plain would have 
a more natural feel and function.  Small depressions and pools would be constructed to provide 
for the development of wetland areas and vernal pools along the margins of the channel.  The 
original section of channel would also be similarly improved. While there may be some loss of 
wetland habitat, overall there would be a substantial improvement in the fish habitat value of the 
channel.  If the contaminated sediments cannot be disposed in land fill, the in-fill option is much 
more cost effective than disposing of the sediment as hazardous material. 

7.3 Summary 

The design options are summarized in Table 7.1 below: 
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Table 7.1 
Summary of Remediation Design Options   

Alternative Volume of 

Material 

Cost Time Frame Considerations 

Lyon’s Creek West 

Monitored Natural 
Recovery 

N.A. Monitoring 
costs of 
~$30,000 every 
5 years 

Ongoing, 
estimated time to 
recovery >100 
yrs 

• Will not address risks to biota. 
• No risks identified to human users but restrictions 
on access recommended.  

In-Filling   $3,329,830  1-2 yr. for 
completion 

• Reduces risks to receptors 
• Requires clay barrier 
• Requires additional groundwater studies 
• Long-term liability 
• Restriction on future land use 

Selected Removal 
and Habitat 
Restoration 

 $4,858,855 to 
27,070,980 

2-3 yrs, 
including 
restoration 

• Reduces risks to receptors. 
• Requires additional studies to refine contaminant 
distribution. 
• Requires longer removal times due to selective 
removal. 
• Habitat restoration required 
• Some liability will remain  

Full Removal and 
Aquatic Habitat 
Restoration 

 $6,817,980 to 
$50,780,824 

1-2 yrs for 
completion 

• Reduces risks to receptors. 
• Restores wetland habitat and function. 
• Requires habitat restoration 
• No long term liability 

Removal and In-
filling 

 $6,424,330  1-2 yrs for 
completion 

• Reduces risks to receptors. 
• Loss of wetland habitat. 
• DFO compensation required 
• No long-term liability 
• No restrictions on land use. 

Lyon's Creek East 
Monitored Natural 
Recovery 

 Monitoring 
costs of 
~$30,000 every 
5 years 

~ 10 yrs to meet 
risk based 
targets. 
>100 yrs to meet 
background 

• Current predicted low risks to receptors will 
continue until sediment sources reduced. 
• No physical alteration/destruction of habitat. 
• Long-term liability remains 

Enhanced Natural 
Recovery 

 $1,810,700  1-2 yrs for single 
application 

• Current predicted low risks to receptors reduced to 
negligible levels. 
• Limited physical alteration of habitat. 
• Long-term liability remains. 

Removal  $10,143,250  3-4 yrs, 
including 
restoration 

• Current predicted low risks to receptors reduced to 
negligible levels. 
• May require repeat dredging for residuals. 
• Physical alteration of habitat and loss of 
individuals. 
• Habitat restoration required. 
• No long-term liability 
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As the table above indicates, the selection of the preferred option for each site depends upon a 
number of considerations, that include not only the potential risks to receptors, but also needs to 
consider long-term liability and the overall effects of the option on the ecological integrity of 
each site. 
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8.0 PREFERRED OPTION 

8.1 Public Consultation 

Public consultation on the potential remedial options was undertaken in June 2007. The 
consultation consisted of two public meetings; a meeting held in Welland to specifically present 
the options for Lyon’s Creek West (that was attended by a small number of local residents), and; 
a second meeting held in Cooks Mills to present the options for Lyon’s Creek East. 

The outcomes of the public consultations are summarized in Appendix F, by Terra-Dynamics 
Consulting Ltd. As well, agency input into the remedial options was solicited. The results of the 
public consultations and agency review are summarized in Table 7 for Lyon’s Creek West, and 
Table 8 for Lyon’s Creek East. 

The results of the public consultations indicate that preferences are mixed. In Lyon’s Creek West, 
the majority favoured removal and restoration of the aquatic habitat, though this is based on a 
small number of responses. In Lyon’s Creek East, the results were more variable. While a large 
number of respondents favoured removal, most felt that removal was a means of enhancing flows 
through the creek, which was considered to the main concern. Many perceived increased flows as 
a means to enhance human recreational uses of the creek in areas further downstream, and 
expressed little concern for preservation of the local habitat. Other respondents favoured leaving 
the area undisturbed and preserving the character of the wetland.  

The concern over flows was also identified at the November 20, 2007 open House on the South 
Niagara Falls Watershed Plan. Given the concerns expressed by local residents on the issue of 
flows in Lyons’ Creek East, this will be addressed by the NPCA through the Watershed Plan and 
the recently commissioned Fluvial Geomorphology Study. 

8.2 Stakeholder Consultation 

Currently, the largest property owner in both Lyons’ Creek West and Lyons Creek East is 
Transport Canada, which has taken over management of a large portion of the former St 
Lawrence Seaway Authority properties. Additional property owners in Lyon’s Creek West 
include Hydro One, and the City of Welland, both of which own small sections of the areas 
identified as having elevated levels of PCBs. 

Additional property owners in Lyon’s Creek East include the City of Welland, the Crown and 
may include some private properties, though the status of the latter is unclear and is currently 
being investigated. 
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Currently, Transport Canada is exploring options for addressing the contamination in Lyon’s 
Creek West. 

8.3 RAP Goals 

The RAP itself is a reflection of community interests and the RAP goals therefore need to be 
considered in any discussion of community acceptance. The Phase I and II reports discussed the 
RAP recommendations that led to the detailed assessments of the sediments areas and eventually 
to the development of the management options. In 1993 the RAP Public Advisory Committee 
established 16 goals for the Niagara River RAP. These goals were reaffirmed in 2006 through the 
Stage 2 update process. Of the 16 RAP goals the following have particular relevance for the 
Lyons East and West Sediment Management Options: 

• Improve environmental quality so that there are no adverse effects or risks to human, 
animal and plant life so that consumption guidelines are eliminated, and water can be 
used without restriction for all desired uses; 

• Remediate and restore the Niagara River ecosystem so that human health is protected 
from deterioration from persistent toxins and pathogens; 

• Maintain and improve fish and wildlife habitat to encourage populations at healthy, 
contaminant free, self-sustaining levels without fear of bio-accumulation; 

• Reduce non-point sources of pollutants, including sediments, and eventually eliminate 
discharges of persistent bio-accumulative toxics; and 

• Identify and correct contaminated sediment sites so that benthic community structure and 
toxicity is similar to un-impacted sites. 

Based on the above, the ability of each option to address the RAP goals is summarized in the 
tables below. Table 8.1, summarizes the assessment for Lyons’ Creek West while Table 8.2 
summarizes the assessment for Lyon’s Creek East. 

Table 8.1: 
Ability of Options to Address RAP Goals in Lyon’s Creek West 

Option Improvement of 
Environmental 

Quality 

Protection of 
Human 
Health 

Maintain Fish & 
Wildlife Habitat 

Reduce Non-point 
Sources 

Reduce Toxicity 
and Restore 

Benthic 
Communities. 

Monitored 
Natural 

Recovery 

Not met in the 
short or mid- term. 

No current 
effects. 

Habitat is of poor 
quality and 

deteriorating 

Source remains in 
place. 

Loss of benthic 
habitat due to flow 
alteration precludes 

restoration of 
habitat. 

In-Filling 
Without 
Removal 

Is met in the short 
term. 

No current 
effects. 

Loss of fish habitat 
(will require 

compensation) 

Source is isolated. Benthic habitat is 
lost. 
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Option Improvement of 
Environmental 

Quality 

Protection of 
Human 
Health 

Maintain Fish & 
Wildlife Habitat 

Reduce Non-point 
Sources 

Reduce Toxicity 
and Restore 

Benthic 
Communities. 

In-Filling 
With 

Removal 

Is met in the short 
term. 

No current 
effects. 

Loss of fish habitat 
(will require 

compensation) 

Source is removed. Benthic habitat is 
lost. 

Removal 
and 

Wetland 
Restoration 

Is met in the short 
term. 

No current 
effects. 

Fish habitat is 
restored 

Source is removed. Benthic habitat is 
restored. 

 
 

Table 8.2: 
Ability of Options to Address RAP Goals in Lyon’s Creek East. 

Option Improvement of 
Environmental 

Quality 

Protection of 
Human 
Health 

Maintain Fish & 
Wildlife Habitat 

Reduce Non-point 
Sources 

Reduce Toxicity and 
Restore Benthic 
Communities. 

Monitored 
Natural 

Recovery 

Ecological risks 
are marginal so 
improvements 

would be marginal. 

No current 
effects 

Option would 
maintain current 

high habitat quality. 

Source remains in 
place. 

Isolated occurrences of 
toxicity were not due 

to PCBs. Benthic 
habitat quality is good. 

Enhanced 
Natural 

Recovery 

Ecological risks 
are marginal so 
improvements 

would be marginal. 

No current 
effects. 

Loss of habitat  
along margins (will 

require 
compensation) 

Source is isolated. Benthic habitat is lost. 

Capping Ecological risks 
are marginal so 
improvements 

would be marginal. 

No current 
effects. 

Loss of wetland 
habitat and sensitive 
species (will require 

compensation) 

Source is removed. Benthic habitat is lost. 

Removal 
and 

Restoration 

Ecological risks 
are marginal so 
improvements 

would be marginal. 

No current 
effects. 

Loss of wetland 
habitat that may not 

be restorable to 
current conditions. 

Source is removed. Benthic habitat is 
disturbed. 

 

The results indicate that for Lyon’s Creek West, the broader RAP goals would not be met through 
Monitored Natural Recovery, since both contaminant exposure of biota and habitat degradation 
would continue.  Infilling, with or without removal of the contaminant mass would result in loss 
of aquatic habitat, but would increase terrestrial habitat. Restoration of the wetland after removal 
would address most of the RAP goals, but the feasibility of this option would ultimately depend 
on the final use of the site. 

In Lyon’s Creek East, Monitored Natural Recovery addresses the largest number of RAP goals. 
While active intervention measures would address the contaminant issue, which has been 
characterized as having a marginal effect on biota, these options would result in substantial 
habitat loss, including species-at-risk. 
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8.4 Regulatory Agency Response 

The results and recommendations of this study have been reviewed by the agencies having 
jurisdiction within the areas considered in this study. The official responses are provided in 
Appendix G of this report. 

8.5 Conclusions 

1. Public consultation has been undertaken for both Lyon’s Creek West and East. The small 
number of respondents that attended the open house for Lyon’s Creek West indicated a 
preference for restoration of the wetland. However, this did not consider potential future 
land use for the site, and assumed the site would be left undeveloped. For Lyon’s Creek 
East, the responses were mixed, with some favouring intervention while others favoured 
Monitored Natural Recovery. The intervention options was seen by many as a means to 
address a concern over flows, which was voiced by many respondents as their main 
concern. 

2. In Lyon’s Creek West, the preferred option among the responsible agencies was for 
Sediment Management, the details of which will be determined among the responsible 
agencies and property owners. Monitored Natural Recovery was not considered a suitable 
option. Active Sediment Management was also identified as addressing the largest 
number of RAP goals for the Area of Concern. 

3. In Lyon’s Creek East, the preferred option among the responsible agencies was 
Monitored Natural Recovery. Intervention options were considered as overly destructive 
of valuable natural habitat, given the marginal risks to biota from PCB contamination. 
The Monitored Natural Recovery option also addressed the largest number of RAP goals, 
of which habitat objectives are an important component. 

4. The issue of flows in Lyon’s Creek East will be addressed through a separate mechanism. 
However, flow adjustment, if undertaken, will need to consider PCB contamination in the 
sediments, and the needs to minimize re-suspension of sediments. 

 



August 2008 - 111 -  03-1112-059 (5400) 

 

Golder Associates and Dillon Consulting 

9.0 RECOMMENDATIONS 

1. A management plan for PCB contamination of soils and sediments in Lyon’s Creek West 
needs to be developed that addresses the identified risks, and is cognizant of the various 
objectives of the agencies involved, and the public. A number of intervention options 
would be suitable for implementation within the site. The final management plan will 
need to consider the suitability of the options relative to the planned use of the site. 

Rationale: The risk assessment has identified areas in Lyon’s Creek West where PCB 
concentrations in soils and/or sediments pose potential risks to biota. While the areas are 
relatively small and few individual receptors are likely to be exposure to potentially 
hazardous areas, the potential risks to those receptors present can be high. At present there are 
no mechanisms, such as accumulation of natural materials, by which exposure of the 
receptors to the contaminated soils/sediments can be reduced in the short term. While a 
number of options have been identified that could reduce risks, the selection of the preferred 
option will need to consider the proposed land use for the site. Currently Transport Canada is 
considering approaches to managing the site. 

2. A management plan needs to be developed for Lyon’s Creek East that recognizes the 
marginal risks to biota presented by sediment PCBs, and is cognizant of the value of the 
existing habitat. The final management plan needs to consider that the area is currently 
classified as a PSW, and also contains species considered as species-at-risk under SARA. 

Rationale: The risk assessment has identified marginal risks to ecological receptors due to PCBs 
in Lyon’s Creek East. The area of documented PCB contamination also contains sensitive 
habitat and significant species, including some listed as species-at-risk under SARA. The area 
is also a Provincially Significant Wetland. Therefore, the marginal risks need to be balanced 
against the value of the natural habitat, both of which have been identified as goals of the 
RAP. Public consultation has indicated that the primary concern of local residents is with 
flows in the creek. Any flow alterations will need to include consideration of potential 
erosion within the creek to ensure this does not increase potential exposure of ecological 
receptors. 
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LIMITATIONS 

Risk and effects assessments, by their nature, have inherent limitations and uncertainties.  It is 
believed that these uncertainties have been addressed through the conservative interpretation of 
site-specific data, and in the conservatism inherent in existing toxicity information. The estimates 
of risk provided by this process are valid only for the assumptions and conditions outlined in this 
report.  The findings of this report are based on conditions as they were observed at the time of 
the investigation.  Should knowledge of the site conditions or toxicity information change, the 
risks posed by the site may differ from that presented in this report. 

This report was prepared by Golder Associates for the Niagara Peninsula Conservation Authority 
(NPCA).  The material in it reflects Golder’s best judgement in light of the information available 
to Golder at the time of preparation.  Any use which a third party makes of this report, or any 
reliance on or decisions to be made based on it, are the responsibility of such third parties.  
Golder accepts no responsibility for damages, if any, suffered by any third parties as a result of 
decisions made or actions taken based on this report. 
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Photo 1: Welland Canal By-Pass and culverts from Lyon’s Creek West. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 2: Pump facility at upstream end of Lyon’s Creek East. 
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Photo 3: North ditch diverts flow northward around Lyon’s Creek West. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 4: Area A, Lyon’s Creek West, showing ditch-like creek section. 



  
August 2008 - 3 - 03-1112-059 (5400) 
 

Golder Associates and Dillon Consulting 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 5: Area B, Lyon’s Creek West, showing Phragmites growth in upper wetland. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 6: Area C, Lyon’s Creek West, showing transition to cattail and narrow channel. 
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Photo 7: Area D, Lyon’s Creek West, showing grass and sumac in dry north ditch. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 8: Area E, Lyon’s Creek West, showing narrow section upstream of Welland 
Canal. 
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Photo 9: Pool at confluence of north ditch and Lyon’s Creek West wetland. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 10: Zone 1, Lyon’s Creek East, relatively narrow upper end of wetland. 
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Photo 11: Zone 2, Lyon’s Creek East, emergents and narrow open water channel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 12: Zone 3, Lyon’s Creek East, wider pond upstream of Highway 140. 
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Photo 13: Zone 4, Lyon’s Creek East, between Highway 140 and CN tracks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 14: Zone 5, Lyon’s Creek East, between CN tracks and Doan’s Ridge Road. 
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Photo 15: Zone 6, Lyon’s Creek East, between Doan’s Ridge Road and McKenney Road. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 16: Zone 7, Lyon’s Creek East, between McKenney Road and Crowland Avenue. 
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Photo 17: Welland neighbourhood abutting Lyon’s Creek West. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 18: Meadow in vicinity of Lyon’s Creek West and Welland Canal By-Pass. 
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Photo 19: Remnant woodlot east of Lyon’s Creek West. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 20: Buttonbush, other wetland natives persist in a small part of Lyon’s West. 
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Photo 21: North ditch stormwater channel adjacent to Lyon’s Creek West. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 22: Sparse riparian habitat and trapezoidal channel on north ditch by-pass. 
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Photo 23: Native emergent plants flank narrow channel in Lyon’s Creek East. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 24: Winter 2005 ice conditions (~30 cm thickness) on Lyon’s Creek East.                                              
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August 2008 Table 1:
Summary of PCB Sampling in Soils and Sediment.

Lyon's Creek West. 1991-2005

 03-1112-059 (5400)

BEAK 1990 SLSA 1991 MOE 1991 ESL 1992 Golder 2003 Golder 2004
Soil Soil Soil Soil Soil Soil

Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's
Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD
(cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g

E4-10 0-10 2.80 LC-05A 0-17 <0.01 A1 0-20 32.00 A1' 0-50 <0.01 LC-1 0-5 0.07 T1-N 0-5 <0.05
E4-20 10-20 5.60 LC-05B 17-34 <0.01 LC2 0-20 15.00 A3' 0-50 <0.01 LC-2 0-5 <0.03 T1-M 0-5 <0.05
E5-10 0-10 2.90 LC-07 0 0.03 B1 0-20 3.30 A1-1 0-50 0.58 LC-3 0-5 0.08 T1-S 0-5 <0.05
E5-20 10-20 10.60 LC-09 0-20 0.02 C-1 0-20 14.00 A1-2 365-395 <0.01 LC-4 0-5 <0.03 T2-N 0-5 <0.05
E6-10 0-10 <0.05 LC-10 0-20 <0.01 D-1 0-20 6.70 A2-1 0-50 <0.01 LC-5 0-5 0-5 0.04 T2-M 0-5 0.05
EF-1-1 40 <0.05 LC-11 0-20 0.08 E1 0-20 32.00 B1-1 100-150 <0.01 LC-5 5-10 5-10 <0.03 T3-N 0-5 <1
F1-1 20 0.10 LC-13 0 <0.01 F1 0-20 6.50 B2-1 100-150 <0.01 LC-5 10-1 10-15 <0.03 T3-M 0-5 0.22
F1-2 75 <0.05 LC-17 0-10 0.03 G1 0-20 11.00 C2-1 0-50 <0.01 LC-6 0-5 0-5 11.60 T4-N 0-5 <1
F2-1 30 <0.05 LC-18 0-18 <0.01 H1 0-20 16.00 D1 100-150 <0.01 LC-6 5-10 5-10 11.00 T4-M 0-5 5.83
F2-2 90 <0.05 LC-19A 0-20 <0.01 I1 0-20 40.00 D2-1 100-150 1.86 LC-6 10-1 10-15 15.70 T5-N 0-5 <1

F2-2A 90 <0.05 LC-19B 20-40 0.05 J1 0-20 65.00 D2-2 150-190 <0.01 LC-7 0-5 18.60 T5-M 0-5 4.16
FG-1 20 <0.05 LC-21 0-20 0.22 K1 0-20 34.00 E1-A 100-150 <0.01 LC-8 0-5 27.30 T5-S 0-5 <1
FG-2 90 0.15 LC-23 0-20 <0.01 L1 0-20 6.30 E1-B 150-200 <0.01 LC-9 0-5 1.14 T6-N 0-5 <1
H3-10 0-10 <0.05 LC-24 0-21 0.02 M1 0-20 15.00 E2 100-150 8.25 LC-10 0-5 0.76 T6-M 0-5 10.50
H3-20 0-20 <0.05 LC-25 0-14 <0.01 N1 0-20 42.00 F1 0-30 <0.01 LC-11 0-5 0-5 0.41 T6-S 0-5 <0.05
I2-10 0-10 0.56 LC-26A 0-13 <0.01 O1 0-20 7.70 F2 100-150 <0.01 LC-11 5-1 5-10 0.18 T7-N 0-5 11.40
I1-10 0-10 <0.05 LC-26B 13-60 0.51 P1 0-20 5.10 G1-1 20 0.05 LC-11 10- 10-15 0.05 T7-M 0-5 40.50
A2-10 0-10 <0.05 LC-28A 0-19 0.04 Q1 0-20 16.00 G3-10 0-10 78.00 LC-12 0-5 0.52 T8-N 0-5 6.19
B3-10 0-10 <0.05 LC-28B 19-38 <0.01 R1 0-20 7.00 G3-20 10-20 67.00 LC-13 0-5 12.20 T8-N+5 0-5 <1
C2-10 0-10 <0.05 LC-31A 0-15 <0.01 S1 0-20 6.80 G3-20B 20-30 3.90 LC-14 0-5 11.50 T8-M 0-5 22.60
D2-10 0-10 <0.05 LC-31B 15-30 <0.01 T1 0-20 0.02 G1 0-50 <0.01 LC-15 0-5 1.41 T8-S 0-5 0.15

LC-32 0-20 <0.01 U1 0-20 21.00 G2-1 0-50 19.00 T9-N 0-5 0.13
LC-36A 0-20 <0.01 V1 0-20 29.00 G2-2 100-150 6.11 T9-M 0-5 9.03
LC-36B 0-40 <0.01 W1 0-20 4.00 G2-3 150-200 88.60 T9-S 0-5 <0.05
LC-38 0-20 0.02 X1 0-20 4.50 G3 100-150 6.54 T10-N 0-5 <0.05
LC-40 0-20 0.40 I3-1 100-150 114.00 T10-S 0-5 5.36
LC-41 0-20 2.98 I3-2 250-300 1.68 T10-S+5 0-5 <0.05
LC-42 0-20 19.90 I1 0-50 <0.01 T11-N 0-5 <0.05

LC-44A 0-22 0.56 I2 0-50 2.13 T11-M 0-5 3.42
LC-44B 22-40 0.47 K2-1 100-150 3.59 T11-S 0-5 <0.05
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August 2008 Table 1:
Summary of PCB Sampling in Soils and Sediment.

Lyon's Creek West. 1991-2005

 03-1112-059 (5400)

BEAK 1990 SLSA 1991 MOE 1991 ESL 1992 Golder 2003 Golder 2004
Soil Soil Soil Soil Soil Soil

Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's
Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD
(cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g

LC-45A 0-20 21.00 L1-1 0-40 1.89 T12-N 0-5 75.20
LC-45B 20-39 22.90 L1-2 40-85 <0.01 T12-N+15 0-5 <0.05
LC-48 0-17 0.11 L3-1 200-225 0.96 T12-M 0-5 6.26
LC-50 0-20 <0.01 L2-1 90-140 8.04 T12-S 0-5 0.30

LC-51A 0-18 86.90 L4 370-410 <0.01 T13-N 0-5 0.20
LC-51B 18-36 648.00 M1 0-50 0.38 T-13-S 0-5 0.11
LC-51C 36-49 123.00 N1 0-20 <0.01 T-14-N 0-5 <0.05
LC-51D 49-61 40.50 N2-1 100-150 <0.01 T14-S 0-5 <1
LC-53 0-20 0.02 N2-2 300-350 0.75
LC-54 0-24 55.60 N3-1 100-150 8.51
LC-55 0-19 <0.01 N3-2 25-55 0.05
LC-56 0-18 26.00 O2 0-50 8.00
LC-57 0-19 0.03 O3 50-100 0.64

LC-58A 0-20 4.30 P2-1 0-50 57.90
LC-58B 20-31 33.50 P2-2 100-150 5.03
LC-59 0-16 41.70 P1 0-50 0.41
LC-62 0-20 <0.01 Q1-1 45-70 15.90
LC-63 0-20 0.02 Q2 0-50 28.60

LC-67A 0-23 35.00 R1 0-50 0.28
LC-67B 23-47 0.03 R2-1 0-50 10.00
LC-68A 0-21 0.04 R2-2 100-130 13.90
LC-68B 21-42 3.34 R2-3 100-150 <0.01
LC-69A 0-20 17.60 R3 0-30 0.05
LC-69B 20-43 <0.01 T1-1 0-50 <0.01
LC-70A 0-22 71.20 T1-2 100-150 <0.01
LC-70B 22-42 0.72 T2-1 0-50 <0.01
LC-70C 42-62 0.32 T2-2 100-150 0.24
LC-71A 0-16 21.80 T3 30-80 <0.01
LC-71B 16-33 0.44 W3 30-60 0.26
LC-72A 0-19 64.10 V3 30-60 <0.01

N:\Active\2003\1112\03-1112-059 - Niagara RAP\Phase IV\Final Report Aug 08\
Table 1 LCW data.xls Golder Associates and Dillon Consulting Ltd. 2 of 5



August 2008 Table 1:
Summary of PCB Sampling in Soils and Sediment.

Lyon's Creek West. 1991-2005

 03-1112-059 (5400)

BEAK 1990 SLSA 1991 MOE 1991 ESL 1992 Golder 2003 Golder 2004
Soil Soil Soil Soil Soil Soil

Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's
Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD
(cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g

LC-72B 38-57 0.02 1A 30 0.30
LC-73A 0-22 27.80 1B 30 <0.01
LC-73B 22-43 0.31 1C 30 1.59
LC-74A 0-23 9.40 2A 15 3.00
LC-74B 23-46 0.73 2B 15 0.10
LC-75A 0-20 82.10 2C 15 0.21
LC-75B 40-59 304.00 3A 30 0.10
LC-75C 59-72 0.26 3B 30 0.37
LC-76A 0-20 7.23 3C 30 1.57
LC-76B 20-39 18.20 4A 15 1.57
LC-77A 0-19 44.80 4B 15 5.29
LC-77B 19-38 14.90 4C 15 515.00
LC-78A 0-20 11.80 5A 30 0.77
LC-78B 20-40 2.22 5B 30 2.96
LC-79A 0-16 24.40 5C 30 75.50
LC-79B 16-32 2.19 6A 15 5.49
LC-80A 0-16 17.60 6B 15 4.30
LC-80B 16-31 0.79 6C 15 67.10
LC-81A 0-23 9.40 7A 30 1.21
LC-81B 23-46 0.73 7B 30 0.74
LC-82A 0-24 1.41 7C 30 3.90
LC-82B 24-49 1.36 8A 15 0.13
LC-83A 0-19 45.00 8B 15 2.58
LC-83B 19-38 2.81 8C 15 1.11
LC-84A 0-22 72.60 9A 30 0.75
LC-84B 20-39 1.30 9B 30 1.51
LC-85A 0-22 25.10 9C 30 2.97
LC-85B 22-45 0.32 10A 15 1.53
LC-86A 0-20 43.90 10B 15 1.12
LC-86B 20-40 0.28 10C 15 4.33
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August 2008 Table 1:
Summary of PCB Sampling in Soils and Sediment.

Lyon's Creek West. 1991-2005

 03-1112-059 (5400)

BEAK 1990 SLSA 1991 MOE 1991 ESL 1992 Golder 2003 Golder 2004
Soil Soil Soil Soil Soil Soil

Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's
Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD
(cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g

LC-87 0-20 8.59 11A 30 2.02
LC-88A 0-22 68.00 11B 30 12.30
LC-88B 22-45 0.16 11C 30 1.96
LC-89A 0-23 40.40 12A 15 4.06
LC-89B 46-70 304.00 12B 15 2.34
LC-90A 0-17 10.80 12C 15 0.10
LC-90B 17-34 4.70 13A 30 3.21
LC-91A 0-19 2.48 13B 30 2.96
LC-91B 38-57 0.05 13C 30 2.78

14A 15 1.17
14B 15 4.32
14C 15 2.81
15A 30 0.20
15B 30 2.94
15C 30 5.10

DITSED-A 0-10 <0.01
DITSED-B 0-10 <0.01

117-3 0-30 <0.01
109-A 30-60 0.19
110-A 30-60 0.29
107-A 30-60 0.31
108-A 30-60 0.05
105-A 30-60 <0.01
106-A 30-60 <0.01
116-3 30-60 <0.01
118-3 30-60 <0.01
103-A 30-60 0.05
104-A 30-60 0.73
101-A 30-60 <0.01
102-A 30-60 0.21
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August 2008 Table 1:
Summary of PCB Sampling in Soils and Sediment.

Lyon's Creek West. 1991-2005

 03-1112-059 (5400)

BEAK 1990 SLSA 1991 MOE 1991 ESL 1992 Golder 2003 Golder 2004
Soil Soil Soil Soil Soil Soil

Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's Sample Id Sample PCB's
Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD Depth GC/ECD
(cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g (cm) µg/g

115-3 60-90 <0.01
114 60-90 <0.01
113 60-90 <0.01
111 60-90 <0.01
112 90-120 <0.01

< + (value) = less than detection limit, given as accompanying value

N:\Active\2003\1112\03-1112-059 - Niagara RAP\Phase IV\Final Report Aug 08\
Table 1 LCW data.xls Golder Associates and Dillon Consulting Ltd. 5 of 5



August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

MOE 1991 T1-A Surf - - 0.07 1 - - - - - - - - - - -
25 - - 0.21 1.4 -
50 - - 0.23 2 -

MOE 1991 T1-B Surf - - 0.02 5.2 - - - - - - - - - - -
25 - - 0.02 1.1 -
50 - - 0.15 1.3 -

MOE 1991 T1-C Surf - - 0.02 1.4 - - - - - - - - - - -
25 - - 0.02 1.4 -
50 - - 0.125 2.8 -

MOE 1991 T1-D Surf - - 0.11 5.1 - - - - - - - - - - -
25 - - - -
50 - - 0.09 2.6 -

MOE 1991 G-1 Surf - - <0.02 -
MOE 1991 G-1A Surf - - 0.4 -

25 - - 3.1 -
50 - - 0.7 -

MOE 2002 LC01 ~0-10 645086 4759462 0.1 -
EC 2002 LC01 ~0-10 0.02 1.9
MOE 2003 LC01 0-10 0.5

10-25 1.2
>25 1.4

MOE 2002 LC02 ~0-10 645130 4759514 15 -
MOE 2002 LC03 ~0-10 645141 4759537 6.9 -
EC 2002 LC03 ~0-10 12.5 2.8
MOE 2003 LC03 0-10 108.6

10-25 50.6
>25 4.3

MOE 1991 T2-A Surf - - 2.1 4.2 - - - - - - - - - - -
25 - - 1.95 5.7 -
50 - - 6.3 2.8 -

T2-B Surf - - 4.5 1.3 - - - - - - - - - - -
25 - - - -
50 - - 0.675 3.4 -

T2-C Surf - - 0.675 5.2 - - - - - - - - - - -

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g
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August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

25 - - 1.4 6.1 -
50 - - 3.25 2 -

T2-D Surf - - 1.8 2.2 - - - - - - - - - - -
25 - - 7.8 4.7 -
50 - - 1.4 4 -

MOE 2002 LC04 ~0-10 645173 4759581 2.5 -
MOE 2002 LC05 ~0-10 645192 4759607 3.1 -
MOE 1991 T3-A Surf - - 1.7 4.5 - - - - - - - - - - -

25 - - 26 13 -
50 - - 15 9.4 -

MOE 1991 T3-B Surf - - 1 3.8 - - - - - - - - - - -
25 - - 21 9.7 -
50 - - 0.15 4 -

MOE 1991 T3-C Surf - - 0.47 4.4 - - - - - - - - - - -
25 - - 11.4 12 -
50 - - 4.8 9.5 -

MOE 1991 T3-D Surf - - 4.6 6.4 - - - - - - - - - - -
25 - - 180 19 -
50 - - 16.9 8.8 -

MOE 1991 G-2 Surf - - 0.73 -
MOE 2002 LC06 ~0-10 645233 4759641 1.9 -
EC 2002 LC06 ~0-10 0.6 4.8
MOE 1991 G3 Surf - - 0.38 -
MOE 2002 LC07 ~0-10 645299 4759751 2.3 -
MOE 2002 LC08 ~0-10 645404 4759768 8.2 -
EC 2002 LC08 ~0-10 4.7 4.2
MOE 1991 T4-A Surf - - 0.82 3.5 - - - - - - - - - - -

25 - - - -
50 - - 1.95 2.6 -

MOE 1991 T4-B Surf - - 0.26 3.1 - - - - - - - - - - -
25 - - - -
50 - - 10.9 14 -

MOE 1991 T4-C Surf - - 0.99 3.5 - - - - - - - - - - -
25 - - - -
50 - - 4.8 5.2 -
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August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

MOE 1991 T4-D Surf - - 0.69 3.7 - - - - - - - - - - -
25 - - - -
50 - - 2.0 2.3 -

G-D 2005 T4A-B 0-10 645479 4760021 1.11 silt+roots 55 55 35 20 35 100.0 0.0 0 10
10-20 8.08 detritus+roots 10 20
20-30 30.5 silt+clay (odour) 20 30
30-40 1.15 30 40

G-D 2005 T4A-N 0-5 645358 4759784 26.8 11.8 Silt+detritus 13 15 (bottom lost)
20-25 <0.05 5.78 Clay

G-D 2005 T4A-M 0-10 645359 4759773 3.18 8.06 silt 25 103 74 60 14 89 67.4 32.6 0 13
32-42 10.4 16.3 silt + detritus 42 56
64-74 0.08 8.67 Clay

G-D 2005 T4A-S 0-5 645358 4759764 5.12 7.58 silt 20 34 23 15 8 26 57.7 42.3 0 7
15-20 <0.5 3.97 Clay

G-D 2005 T4A-C 0-10 645558 4760035 0.41 - silt+roots 0 70 70 50 20 50 100.0 0.0 0 10
20-30 0.62 - silt+roots 20 30
40-50 2.55 - silt+roots 40 50

G-D 2005 T4-B 0-10 645575 4759996 1.49 - silt+roots 0 57 57 40 17 40 100.0 0.0 0 10
20-30 7 - silt+roots 20 30
33-40 8.12 - silt+roots (odour) 33 40

MOE 2002 LC09 ~0-10 645491 4759757 4.7 -
MOE 1991 G-4 Surf - - 1 - -
MOE 2002 LC10 ~0-10 645617 4759964 5.7 -
EC 2002 LC10 ~0-10 2.5 6.3
G-D 2005 T4B-N 0-10 645643 4759787 <1 12.4 silt 24 79 61 36 25 54 66.7 33.3 0 13

25-35 <1 7.84 silt + detritus 33 46
50-60 <1 2.18 clay

G-D 2005 T4B-M 0-10 645646 4759776 15.1 7.04 silt 27 96.5 91.5 72.5 19 77.5 93.5 6.5 0 11
10-20 9.48 5.64 silt 11 21
20-30 19.2 3.45 silt + detritus 21 32
30-40 38.6 6.05 silt + detritus 32 43
40-50 255 11.8 silt + detritus 43 53
50-60 <5 9.37 silt + detritus 53 64
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August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

60-70 <0.05 5.6 silt + detritus 64 75
70-80 <0.05 3.98 clay
80-90 <0.05 6.02 Clay

G-D 2005 T4B-S 0-10 645647 4759763 <1 7.03 silt 20 96 81 61 20 76 80.3 19.7 0 12
35-45 11.3 13.1 silt + detritus 42 54
70-80 <0.05 3.64 Clay

G-D 2005 T4B-B 0-10 0.14 - silt+roots 0 52 52 37 15 37 100.0 0.0 0 10
25-35 <0.05 - silt+roots 25 35

MOE 1991 T5-A Surf - - 0.84 4.6 - - - - - - - - - - -
25 - - - - -
50 - - 2 4.3 -

MOE 1991 T5-B Surf - - 0.58 4.7 - - - - - - - - - - -
25 - - - - -
50 - - 1.9 8.7 -

MOE 1991 T5-C Surf - - 0.9 7 - - - - - - - - - - -
25 - - - - -
50 - - 24.5 12 -

MOE 1991 T5-D Surf - - 1.3 14 - - - - - - - - - - -
25 - - - - -
50 - - 0.68 12 -

MOE 1995 T6-S 0-25 - - 14 - - - - - - - - - - -
25-50 - - 7.5 -

MOE 1995 T6-M 0-25 - - 3.8 - - - - - - - - - - -
25-50 - - 20.8 -

MOE 1995 T6-N 0-25 - - 4.5 - - - - - - - - - - -
25-50 - - 7.3 -

MOE 2002 LC11 ~0-10 645717 4759803 4.1 -
MOE 2002 LC12 ~0-10 645931 4759883 1.6 -
EC 2002 LC12 ~0-10 7.4 4.8
G-D 2005 T5A-B 0-10 646131 4760144 0.1 silt+roots 0 40 40 25 15 25 100.0 0.0 0 10

10-20 0.47 silt+roots 10 20
20-25 0.32 silt+frost 20 25

MOE 2002 LC13 ~0-10 646070 4759820 1.8
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August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

MOE 1995 T7-S 0-25 - - 0.8 - - - - - - - - - - -
25-50 - - 4.4

MOE 1995 T7-M 0-25 - - 2.3 - - - - - - - - - - -
25-50 - - 7.2

MOE 1995 T7-N 0-25 - - 7.16 - - - - - - - - - - -
25-50 - - 9.9

G-D 2005 T7A-B 0-10 646267 4760117 2.13 silt+roots 0 40 40 35 5 35 100.0 0.0 0 10
15-25 9.46 detritus+roots 15 25
25-35 4.89 detritus+clay 25 35

G-D 2005 T7A-N 0-10 646161 4759888 <1 9.64 silt 28 54.5 42 37 5 49.5 74.7 25.3 0 13
20-30 <1 8.48 silt + detritus 25 38
37-42 <0.05 3.53 Clay

G-D 2005 T7A-1/3 0-10 646171 4759881 3.79 5.8 silt 38 73 59 45 14 59 76.3 23.7 0 12
25-35 66.7 8.8 silt + detritus 31 43
50-60 <0.05 2.36 Clay

G-D 2005 T7A-2/3 0-10 646180 4759869 3.86 5.1 silt 41 89.5 75.5 49 26.5 63 77.8 22.2 0 12
25-35 92.9 4.68 silt + detritus 31 43
65-75 <0.05 4.42 Clay

G-D 2005 T7A-S 0-10 646192 4759862 7.02 7.07 silt 36 90 77 52 25 65 80.0 20.0 0 12
25-35 7.92 11.6 silt + detritus 30 42
67-77 <0.05 3.86 Clay

MOE 2002 LC14 ~0-10 646252 4759917 5.7 -
EC 2002 LC14 ~0-10 2.3 4.5
G-D 2005 T7B-N 0-10 646226 4759960 3.82 9.51 silt 23 68 48 38 10 58 65.5 34.5 0 13

15-25 8.02 9.01 silt + detritus 20 34
38-48 <0.05 2.4 Clay

G-D 2005 T7B-1/3 0-10 646242 4759954 0.89 4.82 silt 46 77 51 40 11 66 60.6 39.4 0 14
20-30 4.39 10 silt + detritus 28 42
41-51 0.05 4.34 Clay

G-D 2005 T7B-2/3 0-10 646255 4759945 1.95 5.44 silt 49 65.5 44 36 8 57.5 62.6 37.4 0 14
20-30 24.8 9.48 silt + detritus 27 41
36-44 0.26 4.01 Clay

G-D 2005 T7B-S 0-10 646268 4759941 2.3 6.03 silt 40 123 98 55 43 80 68.8 31.3 0 13

N:\Active\2003\1112\03-1112-059 - Niagara RAP\Phase IV\Final Report Aug 08\
Table 2.xls Golder Associates and Dillon Consulting Ltd. 5 of 9



August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

35-45 54.7 12.2 silt + detritus 46 59
55-65 0.12 4.98 Clay
88-98 <0.05 Clay

MOE 2002 LC15 ~0-10 646299 4760084 1.2 -
G-D 2005 T7C-N 0-10 646264 4760063 3.7 7.83 silt 20 69 57 36 21 48 75.0 25.0 0 13

20-30 77.5 silt + detritus 25 38
47-57 0.07 Clay

G-D 2005 T7C-1/3 0-10 646279 4760063 4.84 silt 56 ? 51 41
15-25 33.7 silt + detritus
41-51 0.14 Clay

G-D 2005 T7C-2/3 0-10 646291 4760067 2.34 silt 67 151.5 113 48 65 86.5 55.5 44.5 0 14
35-45 85.6 silt + detritus 51 65
50-60 0.15 soft clay

103-113 <0.05 Clay
G-D 2005 T7C-S 0-10 646308 4760068 5.59 silt 24 42 42 32 10 32 100.0 0.0 0 10

15-25 137 silt + detritus 15 25
32-42 0.43 Clay

G-D 2005 T7D-N 0-10 646274 4760153 3.09 silt 44 65 53 43 10 55 78.2 21.8 0 12
20-30 74.4 silt + detritus 24 37
43-53 <0.05 Clay

G-D 2005 T7D-1/3 0-10 646288 4760160 4.11 silt 60 82 66 47 19 63 74.6 25.4 0 13
30-40 0.16 silt + detritus 38 50
56-66 <0.05 Clay

G-D 2005 T7D-2/3 0-10 646297 4760167 2.4 silt 72 65 38
28-38 38.6 silt + detritus
38-48 <0.05 Clay
55-65 <0.05 Clay

G-D 2005 T7D-S 0-10 646312 4760180 3.03 silt 50 77 56.5 38 18.5 58.5 65.0 35.0 0 14
20-30 10.2 silt + detritus 27 41
46-56 <0.05 Clay

MOE 2002 LC16 ~0-10 646325 4760243 19 -
EC 2002 LC16 ~0-10 1.5 6.6
MOE 2003 LC16 0-10 2.2
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August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

10-25 4.4
>25 52

MOE 2002 LC17 ~0-10 646396 4760287 2.8 -
EC 2002 LC17 ~0-10 1.3 5.2
MOE 2003 LC17 0-10 1.4

10-25 1
>25 1.8

MOE 1991 G-5 S - - 0.43 -
MOE 1995 T8-S 0-25 - - 2.4 - - - - - - - - - - -

25-50 - - 4.8 -
MOE 1995 T8-M 0-25 - - 6.98 - - - - - - - - - - -

25-50 - - 2.12 -
MOE 1995 T8-N 0-25 - - 6.14 - - - - - - - - - - -

25-50 - - 0.12 -
G-D 2005 T8A-N 0-10 646562 4760457 0.46 silt 23 63 48 37 11 52 71.2 28.8 0 13

20-30 7.18 silt + detritus 26 39
38-48 <0.05 Clay

G-D 2005 T8A-1/3 0-10 646569 4760442 1.03 silt 52 118 74 55 19 99 55.6 44.4 0 14
10-20 0.91 silt 16 29
20-30 2.4 silt + detritus 31 43
30-40 7.38 silt + detritus 47 58
40-50 1.36 silt, some detritus 62 72
50-60 <0.05 silt transition to clay 78 87
60-70 <0.05 Clay 93 101
70-74 <0.05 Clay

G-D 2005 T8A-2/3 0-10 646574 4760427 1.54 silt 65 81 72 36 36 45 80.0 20.0 0 12
20-30 43.7 silt + detritus 36 36
62-72 <0.05 Clay

G-D 2005 T8A-S 0-10 646579 4760415 0.85 silt 40 43.5 33 19 14 29.5 64.4 35.6 0 14
10-19 1.58 silt + detritus 16 26
23-33 <0.05 Clay

G-D 2005 T8B-N 0-10 646645 4760576 0.38 silt 28 75.5 67.5 38 29.5 46 82.6 17.4 0 12
25-35 61.5 silt + detritus 46 41
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August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

57-67 <0.05 Clay
G-D 2005 T8B-1/3 0-10 646659 4760563 1.13 silt 61 123 82 35 47 76 46.1 53.9 0 15

25-35 0.38 Silt+detritus 37 54
35-45 <0.05 soft clay
72-82 <0.05 Clay

G-D 2005 T8B-2/3 0-10 646668 4760555 1.41 4.53 silt 75 130 103 35 68 62 56.5 43.5 0 14
20-30 4.69 2.53 silt + detritus 31 43
35-45 3.14 4.64 soft clay
50-60 <0.05 4.2 Clay

G-D 2005 T8B-S 0-10 646676 4760548 1.9 4.76 silt 41 84 68 33 35 49 67.3 32.7 0 13
20-30 28.9 5.81 silt + detritus 33 40
50-60 <0.05 Clay

MOE 2002 LC18 ~0-10 646681 4760589 2.9 -
EC 2002 LC18 ~0-10 0.5 6.6
MOE 2002 LC19 ~0-10 646759 4760662 2 -
EC 2002 LC19 ~0-10 1 5.1
MOE 1995 T9-S - - 3.14 - - - - - - - - - - -

- - 2.24 -
MOE 1995 T9-M - - 3.64 - - - - - - - - - - -

- - 0.2 -
MOE 1995 T9-N - - 5.4 - - - - - - - - - - -

- - 0.1 -
MOE 2002 LC20 ~0-10 646813 4760695 1.6 -
MOE 2002 LC21 ~0-10 647287 4761163 0.84 -
MOE 2002 LC22 ~0-10 647894 4761488 1.7 -
EC 2002 LC22 ~0-10 0.3 5
MOE 2002 LC23 ~0-10 648039 4761691 1.3 -
EC 2002 LC23 ~0-10 0.9 6.3
MOE 2002 LC24 ~0-10 648426 4761904 0.26 -
MOE 2002 LC25 ~0-10 648770 4762115 0.74 -
MOE 2002 LC26 ~0-10 649129 4761987 0.46 -
MOE 2002 LC27 ~0-10 649293 4761925 0.96 -
EC 2002 LC29 ~0-10 0.4 5.5
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August 2008 TABLE 2:
Depth Distribution of PCBs in Lyon's Creek East Sediments. 1991- 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Comp-

ression % 
(exluding 

clay)

Core -depth 
to clay as % 

of actual 
length

Actual 
depth to 
clay (cm)

Clay 
thick-
ness 
(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

Data Source Depth 
(cm)Station

Water 
depth 
(cm)

Sediment typeTOC %PCB ug/g

MOE 2003 LC29 0-10 0.5
10-25 0.5
>25 0.6

Lyon's Creek West
LCW C-1 0-10 25.8 10.5 organic detritus

10-20 98.1 16.5 silt + detritus
20-30 161 11.2 detritus to soft clay
30-40 0.46 clay
40-47 <0.05 clay
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August 2008 TABLE 3
Summary of Assessment of Remedial Options for Lyon's Creek West.

 03-1112-059 (5400)

Option Description Applicability Ability to Meet Risk-Based 
Cleanup Criteria

Ability to Maintain 
Ecological Integrity Technical Feasibility Long-Term Effectiveness 

and Permanence
Reduction of Mobility or 

Volume

Short-Term 
Environmental 

Impacts

Community and 
Regulatory Acceptance

Ability to Meet RAP De-
listing Criteria

Administrative 
Controls

Exposure of human 
population is restricted 
through regulations, 
signage and barriers to 
access.

Suitable since potential 
risks to humans exist and 
there is need to minimize 
exposure. Will not address 
exposure of biota.

Signage and warnings will protect 
some human users, but may not 
be heeded by all potential users. 
Does not address ecological 
receptors, which would continue to 
be exposed to levels identified with 
risk of potential adverse effects.

Existing habitat and 
environment are left intact.

Ability to enforce controls 
will be limited to warnings 
(signage) and access 
controls, such as fencing.

Contaminants will continue to 
be available to biota, until 
existing concentrations 
decrease through accumulation 
of cleaner material. Low rate of 
change in PCB concentrations 
at surface indicate little new 
material is accumulating.

At current low accumulation 
rates, reduction of surficial 
concentrations of PCBs is 
likely to require extended time 
period. Does not affect mobility 
in the short term, but may 
reduce mobility in the long 
term.

Fencing will be required 
in some areas, with 
signage. Impractical to 
fence the entire area, 
due to need for access 
by wildlife.

May not address public 
concerns regarding 
exposure. Continued liability 
since contaminants remain 
on site.

May meet de-listing criteria 
over a very extended time 
period. Little change in 
surficial concentrations of 
PCBs and tissue residues in 
fish has been noted in LCE 
and  LCW over 10-12 years 
of sampling.

Natural 
Recovery

Reliance on natural 
sedimentation processes 
to provide material to 
cover and isolate 
contaminated sediments.

Method is most suitable 
where effects of 
contaminant on biota are 
low and bioaccumulation is 
low. Assumes local 
sources have been 
controlled. 
Bioaccumulation potential 
is high in the most 
contaminated areas of the 
site.

Would not meet cleanup criteria in 
the short term. Will require 
extended period of time (100+ 
years) to reach ecological criteria 
at current reduction rates. Human 
exposure likely to be minimal.

Existing habitat and 
environment are left intact. 
Local aquatic habitat is of 
poor quality. Effects could 
include reproductive effects 
on a limited number of 
individuals due to the small 
area of the site.

Limited to sites where 
sources are controlled and 
clean material accumulates 
at a sufficient rate to provide 
cover in reasonable time.
No technical limitations 
since there is no on-site 
activity.

Contaminants will continue to 
be available to biota, until 
existing concentrations 
decrease through accumulation 
of cleaner material. Low rate of 
change in PCB concentrations 
at surface indicates little new 
material is accumulating.

Will not reduce volume of 
contaminated sediments or 
mass of PCBs in sediments. 
Mobility is currently very low 
due to low flows through the 
site due to diversion of north 
ditch.

No short term impacts 
since there is no activity 
associated with this 
option.

May not address public and 
regulatory concerns due to 
potential for adverse effects 
on biota. Continued liability 
since contaminants remain 
on site.

May not meet de-listing 
criteria for extended time 
periods (100+ years).

In Situ Capping 
- Thin Layer 
Cap

Placement of cover of 
clean granular material 
(and in areas with soft 
substrate, usually with a 
geotextile layer for 
support) over 
contaminated sediments.

Applicable in aquatic 
habitats or terrestrial 
habitats. Thin layer may 
need to be thicker in 
terrestrial areas to provide 
sufficient isolation.

Will meet cleanup criteria in 
surface layers. May not provide 
sufficient isolation since root 
penetration or animal burrows may 
reach PCB contaminated layers.

Existing aquatic habitats are 
very shallow. Capping 
materials would significantly 
reduce already small aquatic 
habitat and could eliminate 
most aquatic habitats. 

Method could be readily 
applied due to easy vehicle 
access to the site and lack 
of open water to hinder land-
based equipment. Cap 
needs to be deep enough to 
prevent exposure.

Area is expected to be 
relatively stable with little 
disturbance of cover material. 
Decay of vegetation will 
gradually add to cover.

Little erosion is anticipated due 
to low flows through the area. 
Will not reduce volume but will 
isolate contaminants from 
most receptors. Groundwater 
studies may be required to 
monitor potential off-site 
transport.

Some destruction of 
local vegetation if 
material is placed by 
heavy equipment. 
Increased local heavy 
vehicle traffic.

May not provide sufficient 
cover to satisfy public and 
regulators that exposure will 
be controlled. Continued 
liability, since material 
remains on site. Restrictions 
on future uses.

Will likely meet de-listing 
criteria in the short term but 
at risk of loss of aquatic 
habitat.

In Situ Capping 
- Infilling

Placement of a cover of 
clean materials, of 
different layers (including 
a clay layer) to bring site 
up to existing upland 
grade.

Applicable in terrestrial and 
aquatic habitats. 

Would provide effective isolation of 
contaminants, particularly in more 
contaminated areas which are 
lower lying, and would be able to 
support a thicker cap. Clay layer 
and depth of fill would prevent 
most roots and burrowing animals 
from potential exposure.

Aquatic habitat would be 
eliminated. Compensation 
would need to be provided 
under the Fisheries Act.

Easily implemented due to 
easy vehicle access. 
Existing drainage from 
upstream areas would need 
to be re-routed around the 
site.

Contaminants will remain on-
site indefinitely. Will likely 
provide effective long term 
isolation, but will require 
restrictions on activities on site. 

Mobility will be reduced or 
eliminated with sufficient cover 
material. Volume of 
contaminated soils/sediment 
will remain unchanged.

Local destruction of 
wetland and adjacent 
terrestrial habitat. 
Localized destruction of 
terrestrial vegetation for 
construction of access 
routes.

Long term liability will remain 
since contaminants are left 
on site. Restrictions on future 
uses will need to be 
imposed.

De-listing criteria will be met 
since the source of exposure 
is eliminated.

Hydraulic 
Dredging

Sediment is slurried 
(typically 20% solids) 
and pumped to 
containment /dewatering 
area. 

Not suitable due to shallow 
depths and small area of 
open water. 

Mechanical 
Removal with 
Aquatic Habitat 
Restoration

Contaminated soil and 
sediment are removed in 
bulk form and 
transported to staging 
areas for de-watering 
where necessary, and 
transport to disposal 
facility.

Applicable to all areas of 
the site due to shallow 
depths and small area of 
aquatic habitat.

Risks to biota can be eliminated 
through removal of PCBs that 
exceed the site-specific cleanup 
guidelines.

Area could be re-vegetated, 
and pre-existing drainage 
restored to provide improved 
aquatic habitat.

Ready access for heavy 
equipment. Large open 
areas available for staging 
areas. Minimal de-watering 
and water treatment will be 
required due to small areas 
of open water.

If sources have been 
controlled, then method effects 
a permanent solution.

Effectively reduces the volume 
of material to the mass of 
soil/sediment where PCB 
concentrations are below the 
site-specific cleanup 
guidelines.

Local destruction of 
terrestrial habitat for 
staging, removal and de-
watering operations. 
Area would require re-
habilitation afterwards.

Likely to be mixed among 
community. Area is 
perceived of as poor habitat 
and concerns exist regarding 
the wetland as a source of 
nuisance species. 
Regulatory acceptance likely 
with habitat restoration. 

Will meet de-listing criteria in 
the short term.

Mechanical 
Removal with 
In-filling

Contaminated soil and 
sediment are removed in 
bulk form and 
transported to staging 
areas for de-watering 
where necessary, and 
transport to disposal 
facility.

Applicable to all areas of 
the site due to shallow 
depths and small area of 
aquatic habitat.

Risks to biota can be eliminated 
through removal of PCBs that 
exceed the site-specific cleanup 
guidelines.

Area would be filled in and a 
vegetation cover established. 
Fish habitat compensation 
could be undertaken through 
improvements to north ditch.

Ready access for heavy 
equipment. Large open 
areas available for staging 
areas. Minimal de-watering 
and water treatment will be 
required due to small areas 
of open water.

If sources have been 
controlled, then method effects 
a permanent solution.

Effectively reduces the volume 
of material to the mass of 
soil/sediment where PCB 
concentrations are below the 
site-specific cleanup 
guidelines.

Local destruction of 
terrestrial habitat for 
staging, removal and de-
watering operations. 
Area would require re-
habilitation afterwards.

Regulatory acceptance likely 
with fish habitat 
compensation. 

Will meet de-listing criteria in 
the short term.
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August 2008 TABLE 4
Summary of Assessment of Remedial Options for Lyon's Creek East.

 03-1112-059 (5400)

Option Description Applicability Ability to Meet Risk-
Based Cleanup Criteria

Ability to Maintain 
Ecological Integrity Technical Feasibility

Long-Term 
Effectiveness and 

Permanence

Reduction of Mobility or 
Volume

Short-Term 
Environmental Impacts

Community and 
Regulatory Acceptance

Ability to Meet RAP De-
listing Criteria

Administrative 
Controls

Exposure of human 
population is 
restricted through 
regulations, signage 
and barriers to 
access.

Suitable where potential 
risks to humans exist 
and there is need to 
minimize exposure. Will 
not address effects on 
biota.

Signage and warnings will 
protect some human users, 
but may not be heeded by all 
potential users. Does not 
address ecological receptors, 
which would continue to be 
exposed.

Existing habitat and 
environment are left intact.

Ability to enforce controls will 
be limited to warnings 
(signage) and access 
controls such as fencing.

Contaminants will continue to 
be available to biota, and by 
extension, to human 
consumers of biota, until 
existing concentrations 
decrease through 
accumulation of cleaner 
material.

At current low accumulation rates, 
reduction of surficial 
concentrations of PCBs is likely to 
require extended time period (50+ 
years). Shallow depths will 
promote re-suspension and 
mixing, which will retard the 
process of burial. Erosion and 
downstream transport will 
continue.

Fencing will be required in 
some areas, with signage. 
Impractical to fence the entire 
area, due to need for access 
by wildlife.

May not address public concerns 
regarding exposure, but may be 
acceptable due to maintenance 
of habitat integrity. Continued 
long term liability since 
contamination remains on site. 
Restrictions on uses will be 
required.

Likely to meet de-listing criteria 
for human consumption due to 
low exposure. May meet de-listing 
criteria over an extended time 
period (100+ years) for ecological 
receptors (may meet de-listing 
criteria in shorter time frame 
depending on outcome of 
verification of risk predictions on 
most sensitive receptors).

Natural 
Recovery

Relies on natural 
sedimentation 
processes to provide 
material to cover and 
isolate contaminated 
sediments.

Suitable since effects of 
contaminant on biota 
are relatively low and 
bioaccumulation is low. 
Assumes local sources 
have been controlled.

Ecological receptors would 
continue to be exposed until 
sufficient cover had 
accumulated or until 
dechlorination of PCB 
compounds has reduced mass 
in sediments. Will require 50+ 
years to address most 
sensitive receptor.

Existing habitat and 
environment are left intact. 
Reproductive effects on some 
sensitive receptors may occur 
due to potential exposure to 
PCBs.

Requires that sources are 
controlled and a source of 
clean sediment material.
No technical limitations since 
there is no on-site activity.

Contaminants will continue to 
be available to biota, though 
exposure, and potential effects 
will decrease over time. 
Current exposure predicts low 
potential for effects on most 
receptors.

Mobility will continue, with 
potential downstream transport of 
PCBs. Rate of loss is expected to 
decrease over time. Volume will 
remain relatively unchanged, but 
may be spread out over a greater 
distance.

None, since there is no active 
intervention. 

May be acceptable to public if 
perceived value of natural 
ecosystem is high. Long term 
liability will continue. Will require 
restrictions on some activities to 
ensure sediment disturbance is 
minimized.

Likely to meet de-listing criteria 
for human consumption due to 
low exposure. May meet de-listing 
criteria over an extended time 
period (100+ years) for ecological 
receptors (may meet de-listing 
criteria in shorter time frame 
depending on outcome of 
verification of risk predictions on 
most sensitive receptors).

Enhanced 
Natural 
Recovery

Natural 
sedimentation is 
augmented by 
addition of similar 
material to cover or 
dilute surface 
material. Assumes 
mixing with existing 
sediment.

May be a viable option 
since surface material 
is unlikely to support a 
granular cap.

Will not meet the cleanup 
targets in the short term, but 
will reduce the time required to 
meet the criteria in the longer 
term. Immediate reduction in 
surface concentrations will 
reduce but not eliminate 
exposure.

Will affect some organisms in 
the short term due to 
smothering and turbidity. 
Some local habitat 
destruction due to access of 
equipment. Some loss of 
aquatic habitat in shallow 
margins.

Can be applied in a number 
of ways (e.g., placement on 
ice in winter). Will require 
access routes for equipment.

Will enhance recovery rates, 
but over the longer term. 
Restrictions on activities will 
remain.

Mobility of more contaminated 
material will be reduced. Volume 
of material will remain unchanged 
but will be buried or diluted.

Local disruption and 
destruction of habitat will 
occur due to operation of 
equipment.

May not provide a sufficiently 
rapid recovery rate. Concerns will
continue over long term liability. 
Restrictions on uses will be 
required.

Likely to meet de-listing criteria 
for human consumption due to 
low exposure. May reduce the 
time required to meet de-listing 
criteria for ecological receptors.

In Situ Capping 
- Thin Layer 
Capping

Placement of cover 
of clean granular 
material (and in areas 
with soft substrate, 
usually with a 
geotextile layer for 
support) to isolate 
contaminated 
sediments.

Existing soft sediments 
may not support a 
granular cap in the long 
term. Cap thickness will 
need to be minimized to 
reduce aquatic habitat 
loss. 

Will meet cleanup targets in 
the short term, but long term 
stability uncertain. Could result 
in increase in exposure if cap 
sinks through sediment.

Will affect some organisms in 
the short term due to 
smothering and turbidity. 
Some local habitat 
destruction due to access of 
equipment. Some loss of 
aquatic habitat in shallow 
margins.

Will require geotechnical 
assessment to ensure cap 
integrity. Some habitat 
destruction due to access 
and operation of equipment.

Long term effectiveness 
uncertain, and will require 
continual monitoring. Repairs 
will be necessary if cap is 
compromised.

Mobility of contaminants will be 
reduced as long as cap integrity is 
maintained. Volume will remain 
unchanged but will be buried.

Local disruption and 
destruction of habitat will 
occur due to operation of 
equipment.

Contaminants will remain in 
place and long term liability will 
remain. Can address public 
concerns over availability and 
mobility. Restrictions on uses will 
be required.

Can meet de-listing criteria over 
the short term. Will require long 
term monitoring to ensure criteria 
continue to be met.

In-Situ Capping 
- Infilling

Area is filled in to 
above the water line, 
eliminating aquatic 
habitat and potential 
for exposure or 
mobility.

Not considered an 
acceptable solution due 
to low levels of effects 
which do not warrant 
extensive aquatic 
habitat loss.

Will meet cleanup targets, but 
will require monitoring of other 
pathways, such as 
groundwater.

Will result in complete loss of 
aquatic habitat.

Not assessed. Not assessed. Not assessed. Not assessed. Unlikely to be acceptable to 
community of regulators.

Not assessed.
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August 2008 TABLE 4
Summary of Assessment of Remedial Options for Lyon's Creek East.

 03-1112-059 (5400)

Option Description Applicability Ability to Meet Risk-
Based Cleanup Criteria

Ability to Maintain 
Ecological Integrity Technical Feasibility

Long-Term 
Effectiveness and 

Permanence

Reduction of Mobility or 
Volume

Short-Term 
Environmental Impacts

Community and 
Regulatory Acceptance

Ability to Meet RAP De-
listing Criteria

Shore-based 
removal

Sediment is removed 
using long reach 
mechanical 
equipment operating 
from shore.

Will not reach all areas 
of contamination and 
will require combining 
with other removal 
methods to address 
sediments in the centre 
of the creek and 
wetland.

Can meet cleanup targets with 
repeated passes. Initial pass 
will leave residues that could 
have potentially greater 
impacts than current surficial 
sediments.

Removal will need to be 
taken to clay layer, and will 
take time to re-establish 
suitable sediment layers for 
biotic communities. 
Destruction of terrestrial 
habitat for operation of 
equipment, and aquatic 
communities through loss of 
habitat.

Access routes to site will 
need to be prepared. De-
watering areas and 
temporary water treatment 
facilities will need to be 
constructed. Disposal site 
will need to be determined 
and transport routes 
selected.

Provided there are no sources 
of re-contamination and 
residuals are below the 
cleanup criteria, the option 
provides a long term solution 
since contaminants are 
removed.

Both volume and mobility are 
significantly reduced, depending 
on effectiveness of removal.

Destruction of local aquatic 
habitat. Can be minimized 
through dredging in stages, 
behind temporary 
containment to minimize loss 
of contaminants, and effects 
on aquatic organisms.

Will result in destruction of local 
habitat that may not be perceived 
as warranted given the risks to 
biota. Will require habitat 
compensation.

Will meet de-listing criteria in the 
short term provided residuals are 
minimized.

Hydraulic 
Dredging

Sediment is slurried 
(typically 20% solids) 
and pumped to 
containment 
/dewatering area. 

Will require small, 
shallow draught vessels 
due to shallow depth of 
water. Applicable to 
most areas of the site.

Can meet cleanup criteria with 
repeated passes. Initial pass 
will leave residues that could 
have potentially greater 
impacts than current surficial 
sediments.

Removal will need to be 
taken to clay layer, and will 
take time to re-establish 
suitable sediment layers for 
biotic communities. 
Destruction of terrestrial 
habitat for operation of 
equipment, and aquatic 
communities through loss of 
habitat.

Access routes to site will 
need to be prepared. De-
watering areas and 
temporary water treatment 
facilities will need to be 
constructed. Disposal site 
will need to be determined 
and transport routes 
selected.

Provided there are no sources 
of re-contamination and 
residuals are below the 
cleanup criteria, the option 
provides a long term solution 
since contaminants are 
removed.

Both volume and mobility are 
significantly reduced, depending 
on effectiveness of removal.

Destruction of local aquatic 
habitat. Can be minimized 
through dredging in stages, 
behind temporary 
containment to minimize loss 
of contaminants and effects 
on aquatic organisms. Will 
require extensive water 
treatment since hydraulic 
dredging uses large amounts 
of water.

Will result in destruction of local 
habitat that may not be perceived 
as warranted given the risks to 
biota. Will require habitat 
compensation.

Will meet de-listing criteria in the 
short term provided residuals are 
minimized.

Mechanical 
Dredging

Sediment is removed 
in bulk form and 
transported to staging 
areas in scows or 
barges.

Will require small, 
shallow draught vessels 
due to shallow depth of 
water. Applicable to 
most areas of the site.

Can meet cleanup criteria with 
repeated passes. Initial pass 
will leave residues that could 
have potentially greater 
impacts than current surficial 
sediments.

Removal will need to be 
taken to clay layer, and will 
take time to re-establish 
suitable sediment layers for 
biotic communities. 
Destruction of terrestrial 
habitat for operation of 
equipment and aquatic 
communities through loss of 
habitat.

Access routes to site will 
need to be prepared. De-
watering areas and 
temporary water treatment 
facilities will need to be 
constructed. Disposal site 
will need to be determined 
and transport routes 
selected.

Provided there are no sources 
of re-contamination and 
residuals are below the 
cleanup criteria, the option 
provides a long term solution 
since contaminants are 
removed.

Both volume and mobility are 
significantly reduced, depending 
on effectiveness of removal.

Destruction of local aquatic 
habitat. Can be minimized 
through dredging in stages, 
behind temporary 
containment to minimize loss 
of contaminants, and effects 
on aquatic organisms. 

Will result in destruction of local 
habitat that may not be perceived 
as warranted given the risks to 
biota. Will require habitat 
compensation.

Will meet de-listing criteria in the 
short term provided residuals are 
minimized.
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August 2008 TABLE 5
Summary of Suitable Remedial Options for Lyon's Creek West

 03-1112-059 (5400)

Category Type of Option Placement Method Advantages Limitations Special Considerations Overall Suitability

Administrative 
Controls

Passive. Not applicable. ● Requires no additional site disturbance or habitat 
destruction, thereby preserving ecological integrity.
● Inexpensive to implement.
● Can reduce potential human exposure.

● Contaminant mobility and availability is not affected in the 
short term, though concentrations and mass transported will 
decrease over time. 
● Extent of low level contamination could increase over time.
● Long-term liability will continue as long as contaminants 
remain on-site.

● Will minimize human exposure, but will not reduce exposure of 
non-human biota.
● Suitable where environmental effects due to contaminants are 
minimal, and erosion and transport are negligible.

● Administrative controls would be suitable for 
minimizing exposure of humans. 
● Would be suitable in those areas where risks 
to biota are low, and where the disadvantages, 
such as habitat destruction, outweigh the effects 
of the contaminants on biota.

Natural Recovery Passive. Not applicable. ● Uses natural sedimentation rates coupled with stable 
depositional areas to create a natural isolation barrier to 
contaminants.
● Involves no habitat destruction or site disturbance.
● PCB concentrations are not likely to result in lethality if left in 
place provided there is no wide scale disturbance. Effects 
would be limited to possible reproductive effects on a few 
species.

● Will permit continued erosion and downstream transport of 
contaminants. Contaminant mobility and availability is not 
affected in the short term, though concentrations and mass 
transported will decrease over time. 
● Deposition rates based on current information are low, and 
contaminant reduction to cleanup criteria could take 100+ 
years to achieve.
● Long term liability will continue as long as contaminants 
remain on-site.

● Current predicted risks are confined to a limited number of 
species, with potential effects confined to reproductive impairment, 
which could affect recruitment of population. Risks are minimized 
due to poor quality of habitat that precludes use of site by a larger 
number of potential receptors.

● Would be suitable based on preservation of 
ecological integrity of the area, but would entail 
continued risks to some receptors until sediment 
concentrations of PCBs decrease.
 ● Current slow rate of decrease suggests 100+ 
years would be required to eliminate potential 
risks to all receptors.

Enhanced 
Natural Recovery

Active placement 
of ~10 cm 
thickness of 
material similar in 
grain size to 
existing surficial 
sediments.

Would require 
mechanical placement, 
either directly into water 
or on ice during the 
winter.

● Assumes that since existing sediment is very soft with little 
physical strength, a cap of similar material could result in a 
more effective seal in some areas, or at a minimum, dilution of 
concentrations in surficial sediment, which is the main source 
of exposure to biota.
● Will reduce the mass of contaminant that is susceptible to 
erosion and downstream transport. 

● Will significantly reduce the already small area of aquatic 
habitat.
● Will permit continued erosion and downstream transport of 
contaminants but concentrations and mass transported will be 
reduced. 
● Deposition rates based on current information are low, and 
contaminant reduction to cleanup criteria could take ~50 years 
to achieve.

● Assumes that mixing of the cap layer with existing sediments will 
occur but that contaminant concentrations to which most biota 
would be exposed would be reduced by ~50%. Reduction of risks 
by 50% will still present risks to some receptors. 
● Will result in some local habitat destruction due to equipment 
access. 
● Will require long term monitoring of the site.

● Will not likely achieve cleanup targets or de-
listing goals in the short term since roots and 
animal burrows could penetrate contaminated 
layers increasing exposures.
● Will result in substantial loss of aquatic habitat 
without benefits of effective isolation of 
contaminants.

In-Situ 
Remediation

In-Situ Capping 
(Single Layer 
Sediment-Based 
Cap) (~50 cm+).

Can be placed in dry or 
wet. Option for sectional 
placement using silt 
curtains or 
berms/cofferdams to 
work in the dry.

● Can result in immediate reduction of exposure of receptors. ● Will require testing of material to prevent sinking through soft 
fine-grained sediment.
● Will effectively eliminate aquatic habitat.
● Cap permeability could result in saturation of cap and 
migration of contaminants.
● Monitoring of groundwater may be required to ensure that 
contaminants are not migrating off-site under the cap.

● Monitoring is required prior to cap placement, during cap 
placement, and on an ongoing basis following cap placement to 
confirm performance.
● A cap monitoring and repair program may have to be 
implemented to maintain integrity of the cap.

● Requires bench tests to confirm cap material 
will not sink through sediment.
● May not provide effective isolation of 
contaminants. 

In-Filling Wetland and creek 
are filled in to 
above the water 
level.

Placed in dry. Will need 
a clay layer to isolate 
contaminants. Existing 
drainage will need to be 
re-routed. Site is brought 
up to grade and re-
vegetated.

● Contaminants are effectively isolated under a clay barrier 
and clean fill.
● Drainage is re-routed to prevent future migration off-site.

● Complete loss of aquatic habitat.
● Requires long term monitoring to confirm that contaminants 
are not migrating off-site, and to maintain integrity of the cover. 
●Will require interception and re-routing of groundwater.
● Potential limitations on future use of the site.
● Long term liability continues as long as contaminants remain 
on-site.

● Future land uses for the site are undecided. Potential extension 
of Hwy 406 through the site needs to be considered before option 
is selected, since contamination on-site may limit these land uses.
● Habitat compensation will be required, but can be undertaken in 
north ditch.
● Additional groundwater studies will be necessary to confirm 
groundwater movement.

● Aquatic habitat is of marginal quality and could 
be readily compensated through improvements 
in other areas, such as the north ditch. 
● Infilling can effectively reduce exposure, but 
will limit future uses of the site.

Removal Land-Based 
Excavation with 
standard 
clamshell/shovel.

Clamshells are limited to 
working in the wet but 
most shovels can work in 
dry or wet. 

● Shallow depths and small aquatic area of the site will enable 
excavation using land-based equipment. Accurate positioning 
is more readily achievable.
● Minimal de-watering and treatment will be required. Site can 
be effectively contained during excavation to minimize turbidity 
released to the Canal.
● Can increase the size and quality of the aquatic habitat.
● Long term liability is eliminated through removal of 
contaminants.

● Will result in extensive destruction to shoreline vegetation 
and habitat destruction as equipment moves down the site, but 
shoreline vegetation is of marginal quality and will readily re-
generate.
● Will increase truck traffic in local area.

● Material will need to be disposed of in licensed sites, which will 
increase disposal costs.
● Need to ensure sources are controlled to prevent re-
contamination.
● Re-vegetation of site will be necessary.
● Sediment traps will be necessary in north ditch if drainage is 
routed back to wetland.

● Affords opportunity to enhance local aquatic 
habitat. 
● If north drainage is routed back to the wetland 
after removal, need to ensure sources have 
been eliminated.
● Effectively eliminates exposure.
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August 2008 TABLE 6
Summary of Suitable Remedial Options for Lyon's Creek East

 03-1112-059 (5400)

Category Type of Option Placement Method Advantages Limitations Special Considerations Overall Suitability

Administrative 
Controls

Passive. Not applicable. ● Requires no additional site disturbance or habitat 
destruction, preserving ecological integrity.
● Inexpensive to implement.
● Can reduce potential human exposure.

● Contaminant mobility and availability is not affected in the 
short term, though concentrations and mass transported will 
decrease over time. 
● Extent of low level contamination could increase over time.
● Long-term liability remains.

● Will minimize human exposure, but will not reduce exposure of 
non-human biota.
● Suitable where environmental effects due to contaminants are 
minimal, and erosion and transport are negligible.

● Administrative controls would be suitable for 
minimizing exposure of humans. 
● Would be suitable in those areas where risks 
to biota are low, and the disadvantages, such as 
habitat destruction, outweigh the effects of the 
contaminants on biota.

Natural Recovery Passive. Not applicable. ● Uses natural sedimentation rates coupled with stable 
depositional areas to create a natural isolation barrier to 
contaminants.
● Involves no habitat destruction or site disturbance.
● PCB concentrations are not likely to result in lethality if left in 
place provided there is no wide scale disturbance. Effects 
would be limited to possible reproductive effects on a few 
species.

● Will permit continued erosion and downstream transport of 
contaminants. Contaminant mobility and availability is not 
affected in the short term, though concentrations and mass 
transported will decrease over time. Downstream extent of low 
level contamination could increase over time.
● Deposition rates based on current information are low, and 
contaminant reduction to cleanup criteria could take 50+ years 
to achieve.

● Current predicted risks are confined to a limited number of 
species with potential effects confined to reproductive impairment, 
which could affect recruitment of population. Potential risks to 
these receptors needs to be considered relative to habitat loss 
through intervention options.

● Would be suitable based on preservation of 
ecological integrity of the area, but may entail 
continued risks to some receptors until sediment 
concentrations of PCBs decrease.
● Current slow rate of decrease suggests 50+ 
years would be required to eliminate potential 
risks to all receptors.
● Actual effects on receptors at current exposure 
would need to be established.

Enhanced 
Natural Recovery

Active placement 
of ~10 cm 
thickness of 
material similar in 
grain size to 
existing surficial 
sediments.

Would require 
mechanical placement, 
either directly into water 
or on ice during the 
winter.

● Assumes that since existing sediment is very soft with little 
physical strength, a cap of similar material could result in a 
more effective seal in some areas, or at a minimum, dilution of 
concentrations in surficial sediment, which is the main source 
of exposure to biota.
● Will reduce the mass of contaminant that is susceptible to 
erosion and downstream transport. 

● Will permit continued erosion and downstream transport of 
contaminants but concentrations and mass transported will be 
reduced. Extent of low level contamination could increase over 
time.
● Deposition rates based on current information are low, and 
contaminant reduction to cleanup criteria could take ~50 years 
to achieve.

● Assumes that mixing of the cap layer with existing sediments will 
occur due to hydrodynamic forces and bioturbation. Under 
complete mixing, contaminant concentrations to which most biota 
would be exposed would be reduced by ~50%. Downstream 
transport would be similarly reduced. 
● Will result in some local habitat destruction due to equipment 
access. 
● Will require long term monitoring of the site.

● Could be suitable for broad areas due to 
relatively low contaminant concentrations and 
potential effects that are limited to a small 
number of receptors. 
● Will not likely achieve cleanup targets or de-
listing goals in the short term.
● Actual effects on receptors at current exposure 
would need to be established.

In-Situ 
Remediation

In-Situ Capping 
(Single Layer 
Sediment-Based 
Cap) (~50 cm+).

Can be placed in dry or 
wet. Option for sectional 
placement using silt 
curtains or 
berms/cofferdams to 
work in the dry.

● Can effectively isolate contaminated sediments from biota 
and water column and reduce potential for re-suspension of 
contaminated sediment.
● Placement of a single material minimizes handling and 
placement costs. Placement can be undertaken in sections, 
with adjacent sections isolated by silt curtains, or in the dry by 
isolating section with berms or cofferdams. 
● Can result in immediate reduction of exposure of receptors.

● Will require fine-grained material to prevent sinking through 
soft fine-grained sediment in creek and wetland.
● Cap is subject to removal through hydrodynamic forces 
(wind/wave), ice scour or in-stream activities (e.g. propeller 
wash or in-water construction) and will require long term 
monitoring and maintenance.
● Water quality impairment (e.g. increased turbidity) will likely 
occur during cap placement and will require mitigation. May 
result in increased exposure to biota from re-suspension.
● Reduction in the depth of available aquatic habitat will likely 
result.

● Monitoring is required prior to cap placement, during cap 
placement, and on an ongoing basis following cap placement to 
confirm performance.
● Restrictions on navigation and in-water construction will be 
required in all capped areas in perpetuity.
● A rapid-deployment cap monitoring and repair program may 
have to be implemented in the event of storm events, ice scour or 
ice jams that could compromise the integrity of the cap.
● Will require some time for benthic recolonization to occur.  Cap 
placement will temporarily disrupt fish habitat.

● May be suitable in some areas within the site if 
suitably fine-grained material is available.             
● Requires bench tests to confirm cap material 
will not sink through sediment. 
● Potential loss of some aquatic habitat, and 
effects on resident biota, will have to be 
considered relative to the benefits of reduction of 
exposure of some receptors.

In-Situ 
Remediation

Thin-Layer 
Capping (<15 cm).

Can be placed in dry or 
wet. Option for sectional 
placement using silt 
curtains or 
berms/cofferdams to 
work in the dry.

● Can effectively isolate contaminated sediments from the 
biota and the water column and prevent re-suspension in low-
flow environments.
● Reduces the expected decrease in available fish habitat as 
compared with a standard layer sediment cap.
● Can be placed in sections, minimizing disruption to fish and 
habitat.
● Shore-based installation (in dry) will require destruction of 
shoreline vegetation over an extended area.

● Cap is susceptible to sinking through soft sediments, 
resulting in increased exposure of biota in the long term.
● Cap is more susceptible to removal through hydrodynamic 
forces, ice scour or in-stream activities (e.g. propeller wash).
●Water quality impairment (e.g. increased turbidity) will likely 
occur during cap placement and will need to be mitigated.

● Benthic recolonization will be limited by the placement of 
armouring layers.
● Monitoring is required prior to cap placement, during cap 
placement, and on an ongoing basis following cap placement to 
confirm performance.
● Restrictions on navigation and in-stream activities may be 
required to protect the integrity of the in-situ cap.

● Unsuitable for application owing to likely 
inability to achieve and maintain the target cap 
thickness over the entire area proposed for 
remediation.

Removal Shore-Based 
Excavation with 
standard 
clamshell, Cable 
Arm Bucket or 
hydraulic head.

Clamshells can work in 
dry or wet. Can 
undertake sectional 
removal, with silt 
curtains, berms or 
cofferdams. Hydraulic 
heads require working in 
wet.

● Shallow depths and soft sediments can present difficulties to 
floating equipment.
● Accurate positioning is more readily achievable.
● Can be applied in sections, with suitable isolation of 
adjacent areas to minimize disruption to fish.

● Shallow depths and soft sediments can present difficulties to 
floating equipment.
● Will result in extensive destruction to shoreline vegetation, 
and habitat destruction as equipment moves down the site.
● Will require multiple handling of material due to length of the 
site and extensive access network (transport to de-watering 
areas, access for haul trucks, etc.).

● Will be suitable for small areas with relatively flat terrain and 
easy vehicle access. Will likely not reach all areas, and will require 
combination with dredging. Would be more destructive of shoreline 
than barge-based dredging which would affect shoreline in limited 
access points.
● Less expensive to undertake than floating equipment.

● Would be difficult to implement in all areas of 
Lyon's Creek East, and if used, some areas may 
still require floating equipment to reach 
contaminated areas. 
● Destruction of shoreline habitat will likely be 
greater than if floating equipment was used.

Removal Tractor-mounted 
buckets.

Can work only in dry. ● Can work in small, de-watered areas, minimizing disruption 
of fish.
● Can access work area.

● Will require berms or cofferdams to isolate work areas, 
which will need to be pumped out.
● May not work in areas where sediment depth could result in 
sinking, or where loose sediments could flow easily since 
equipment will need to excavate a stable work area.

● Equipment may get stuck in areas where depth of soft 
sediments exceeds ability of equipment to maneuver. Soft, easily 
flowing sediments may hamper equipment movement.

● May be suitable for some areas of Lyon's 
Creek East, particularly where shallow depths 
may limit accessibility of floating equipment.
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August 2008 TABLE 6
Summary of Suitable Remedial Options for Lyon's Creek East

 03-1112-059 (5400)

Category Type of Option Placement Method Advantages Limitations Special Considerations Overall Suitability

Removal Barge-mounted 
Standard 
Clamshell Bucket.

Can work in wet only. ● Can remove a variety of materials including debris.
● Buckets come in a range of sizes, so can be fitted to small 
barges.

● Barges and cranes are typically too large to work in shallow 
depths of Lyon's Creek. Full sized equipment requires 
minimum of ~2m depth.
● High potential loss of sediments and contaminants, high 
potential re-suspension will require additional mitigation 
measures.

● Will require small barge and bucket to work effectively in shallow 
depths on the site (specialty equipment).
● Smaller equipment will extend working time, and therefore period 
of habitat disturbance and result in higher costs.
● Will require mitigation measures to contain re-suspended 
materials when working in the wet. Will likely require berming or 
cofferdam construction around work area to reduce exposure to 
aquatic organisms and reduce downstream transport. 
 ● Will require time for sediment layer to establish and benthic 
communities to re-establish following removal.

● Unlikely to be suitable for use due to shallow 
depths in the creek and wetland (<1m).

Removal Barge-mounted 
Cable Arm 
Environmental 
Bucket.

Can work in wet only. ● Suitable for waters of any depth.
● Can be operated from shore by crane or barge-mounted.
● Bucket design minimizes loss of contaminated materials.

● Will require small barge and crane, and small bucket, which 
may not be readily available (special order) since water depths 
are too shallow for full-sized equipment which requires ~2m 
depth.
● Equipment has difficulty operating effectively where debris is 
present, and will require additional mitigation measures due to 
higher sediment losses with debris.

● Standard bucket requires large floating platform to operate, 
which cannot be used in Lyon's Creek East due to shallow depths.
● Will require time for sediment layer to establish and benthic 
communities to re-establish following removal. 

● Generally not suitable due to equipment size.

Removal Modified Mud Cat. Can work in wet only. ● Small design and shallow draught make it ideal for shallow 
areas.
● Typically fitted with hydraulic cutter head, but could operate 
with mechanical bucket.
● Hydraulic heads minimize sediment re-suspension but result 
in greater volume of water to be treated.
● Readily transported to site, and requires single access point. 
Self-propelled in water. Easily maneuverable in small areas.

● Hydraulic head will require extensive treatment of decant 
water.
● Small size will result in added work time and added costs.

● Will require additional mitigation measures if mechanical 
dredging is used.
● Small size means work areas can be isolated, minimizing 
disruption to fish.
● Will require time for sediment layer to establish and benthic 
communities to re-establish following removal.

● Would be suitable in Lyon's Creek East, due to 
small size and on-board propulsion.

Removal Amphibex. Can work in wet only. ● Small design and shallow draught makes it ideal for shallow 
areas.
● Typically fitted with hydraulic cutter head, but could operate 
with mechanical bucket.
● Hydraulic heads minimize sediment re-suspension but 
results in greater volume of water to be treated.
● Readily transported to site, and requires single access point. 
Self-propelled in water. Easily maneuverable in small areas.

● Hydraulic head will require extensive treatment of decant 
water.
● Small size will result in added work time and added costs.

● Will require additional transfer measures if mechanical dredging 
is used (loading and off-loading of barges). Support measures for 
mechanical dredging (barges, transfer points, etc) will cause 
additional habitat destruction.
● Small size means work areas can be isolated, minimizing 
disruption to fish.
● Will require time for sediment layer to establish and benthic 
communities to re-establish following removal.

● Would be suitable in Lyon's Creek East, due to 
small size and on-board propulsion.
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August 2008 TABLE 7
Evaluation of Remedial Options for Lyon's Creek West.

 03-1112-059 (5400)

Option Ability to Address 
Identified Risks

Ability to Maintain 
Ecological Integrity

Ability to Meet 
Regulatory 

Requirements

Long-Term 
Effectiveness and 

Permanence

Reduction of Toxicity, 
Mobility or Volume Short-Term Impacts Technical 

Feasibility Cost Community 
Acceptance

Regulatory 
Acceptance Conclusions

Monitored 
Natural 
Recovery

● Risk reduction depends 
on deposition of clean 
sediment to isolate PCB-
contaminated sediments at 
depth. The small watershed 
and drainage alteration 
have reduced the amount of 
sediment being deposited. 
Risk reduction would occur 
only over an extended time 
period.

● The option does not 
involve any intrusive action, 
thus, existing ecological 
integrity is maintained.

● There is no destruction 
of habitat, and therefore 
compensation under the 
Fisheries Act would not be 
necessary. 

● No short-term reduction 
in risk.
● Risk reduction depends 
on maintenance of any 
covering materials, that 
could be subject to 
erosion. 

● No reduction in toxicity or 
availability of PCBs and 
arsenic will occur in the 
short-term.
● Sediments will be 
susceptible to erosion and 
transport under unusually 
high flow conditions. 

● The option does not 
involve active intervention, 
so there are no short-term 
impacts associated with 
this option.

● The option involves 
only long-term 
monitoring, so it is 
technically feasible.

● Costs include only 
monitoring costs, 
which are estimated 
as approximately 
$200,000 over the 
next 20 years.

● Responses obtained 
during public consultation 
indicates community 
acceptance of this option 
is low. There is a feeling 
that the contamination on-
site should be addressed.

● Given that risks have 
been identified to 
ecological receptors, 
agency acceptance of 
leaving risks in place is 
low.

● Elevated risks and low 
natural recovery rates resulted 
in low community and 
regulatory acceptance.

In-Filling 
Without 
Removal

● The option would address 
risks by isolating the PCB-
contaminated sediments 
under clean fill. This would 
reduce direct exposure of 
biota, and reduce risks to 
acceptable levels provided 
there is no transport off-site, 
for example, through 
groundwater movement.

● The wetland and remnant 
creek would be removed, 
and the area infilled to 
become upland habitat. As 
such, there would be a 
reduction in ecological 
diversity on the site, and 
ecological integrity would 
be affected.

● Habitat compensation 
would be necessary due 
to infilling of the existing 
aquatic habitat. 

● Cap integrity is expected 
to be maintained through 
regular inspections. PCB 
contaminated soils would 
remain isolated for the 
long term if there is no 
development on site.

● Toxicity is reduced due to 
isolation of the sediment 
under clean fill.
● Mobility is reduced, since 
potential for erosion of 
sediments has been 
eliminated.
● With proper groundwater 
controls, off-site migration 
could be contained.
● No reduction in volume 
occurs, since material 
remains in-place.

● Local destruction of 
vegetation for access road, 
stockpiling areas, and 
equipment storage/laydown 
areas. 
● Impacts can be mitigated 
through implementation of 
best management 
practices, and revegetation 
upon completion of 
construction.

● The methods for 
implementation are well 
established, and the 
approach is well tested.

● Rough cost 
estimates are $3 to 
$4 million. Follow-up 
monitoring costs and 
long term monitoring 
for integrity are 
additional costs.

● Community acceptance 
is low. The option was not 
among those preferred by 
the public during the 
public consultation.

● Regulatory acceptance 
depends on the final 
plans for the site, and 
whether development will 
occur in the future. If 
future development is 
planned, may need 
additional assessment 
(e.g., O. Reg 153/04).

● Regulatory acceptance 
depends on future use of the 
site, but community 
acceptance is low since 
contamination remains on site.

In-Filling With 
Removal

● The option would reduce 
risks by removing the PCB 
contaminated soils and 
sediments that exceed the 
target values.
● Any remaining 
contaminants would be 
isolated under clean fill.

● The wetland and remnant 
creek would be removed, 
and the area infilled to 
become upland habitat. As 
such, there would be a 
reduction in ecological 
diversity on the site, and 
ecological integrity would 
be affected.

● Habitat compensation 
would be necessary due 
to infilling of the existing 
aquatic habitat. 

● There are no concerns 
over long-term 
effectiveness, since the 
contaminants are 
removed.

● Toxicity and mobility 
concerns are eliminated 
through removal of the 
contamination.
● Volume of contaminants 
is reduced through removal 
of soils and sediments 
above the target values.

● Local destruction of 
vegetation for access road, 
stockpiling areas, and 
equipment storage/laydown 
areas. 
● Impacts can be mitigated 
through implementation of 
best management 
practices, and revegetation 
upon completion of 
construction.

● The methods for 
implementation are well 
established, and the 
approach is well tested.

● Rough cost 
estimates are $6 to 
$7 million. Follow-up 
monitoring costs and 
long term monitoring 
for integrity are 
additional costs.

● Moderate level of 
community acceptance.

● High level of regulatory 
acceptance, provided 
habitat compensation is 
provided.

● Acceptable solution to both 
public and regulators. Permits 
future development of the site 
for other land uses.

Removal and 
Wetland 
Restoration

● The option would reduce 
risks by removing the PCB 
contaminated soils and 
sediments that exceed the 
target values.
● Some residual 
contamination below the 
target levels would remain.

● The contaminated soils 
and sediments above 
target values would be 
removed. 
● The excavated area 
would be sculpted and 
graded to provide a variety 
of wetland habitats.
● Existing stormwater 
drainage would be re-
routed to the wetland area 
to provide sufficient water 
depth.
● Ecological integrity will 
be altered, and in some 
cases, improved.

● Habitat compensation 
would not be necessary, 
since habitat would be 
restored.

● Potential sources of 
contaminants are 
removed, so the option 
provides a permanent 
solution.

● Toxicity and mobility 
concerns are eliminated 
through removal of the 
contamination.
● Volume of contaminants 
is reduced through removal 
of soils and sediments 
above the target values.

● Local destruction of 
vegetation for access road, 
stockpiling areas, and 
equipment storage/laydown 
areas. 
● Impacts can be mitigated 
through implementation of 
best management 
practices, and revegetation 
upon completion of 
construction.

● The methods for 
implementation are well 
established, and the 
approach is well tested.

● Rough cost 
estimates are $6 to 
$7 million. Follow-up 
monitoring costs and 
long term monitoring 
for integrity are 
additional costs.

● High level of community 
acceptance.

● High level of regulatory 
acceptance, provided 
habitat compensation is 
provided.
● This option would 
depend on future uses of 
the site. If site is 
redeveloped, then could 
result in loss of 
constructed wetland.

● Acceptable alternative to all 
parties, but depends on future 
land uses.
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August 2008 TABLE 8
Evaluation of Remedial Options for Lyon's Creek East.

 03-1112-059 (5400)

Option Ability to Address 
Identified Risks

Ability to Maintain 
Ecological Integrity

Ability to Meet 
Regulatory 

Requirements

Long-Term 
Effectiveness and 

Permanence

Reduction of Toxicity, 
Mobility or Volume Short-Term Impacts Technical 

Feasibility Cost Community 
Acceptance

Regulatory 
Acceptance Conclusions

Monitored 
Natural 
Recovery

● Risk reduction depends 
on deposition of clean 
sediment to isolate PCB-
contaminated sediments at 
depth.  Risk reduction would 
occur only over an extended 
time period, but current 
risks are marginal.

● The option does not 
involve any intrusive 
action, thus, existing 
ecological integrity is 
maintained.

● There is no 
destruction of habitat, 
and therefore 
compensation under the 
Fisheries Act would not 
be necessary. 
●  Presence of species 
at risk as identified 
under the federal 
SARA.

● Risk to receptors has 
been identified as 
marginal. 
● Risk reduction depends 
on maintenance of any 
covering materials, that 
could be subject to 
erosion. 

● No predicted toxicity 
under current conditions, so 
no significant reduction in 
toxicity is expected.
● No reduction in availability 
of PCBs will occur in the 
short-term.
● Sediments will be 
susceptible to erosion and 
transport under unusually 
high flow conditions. 

● The option does not involve 
active intervention, so there 
are no short-term impacts 
associated with this option.

● The option involves 
only long-term 
monitoring, so it is 
technically feasible.
● Administrative controls 
(e.g., signage) may also 
be required.

● Costs include only 
monitoring costs, 
which are estimated as 
approximately 
$200,000 over the next 
20 years.
● Additional minor 
costs for administrative 
controls.

● Responses obtained 
during public consultation 
indicates community 
acceptance of this option is 
variable. Some felt that the 
contamination on-site 
should be addressed while 
others felt the habitat 
should be preserved.

● Given that only 
marginal risks have been 
identified to ecological 
receptors, agency 
acceptance of leaving 
risks in place is 
moderate.

● Community consultation 
indicated there is confusion 
of the contaminant issue with 
flow issues. These need to 
be resolved separately.
● Low risks and significance 
of the wetland habitat 
indicate this would be the 
best option.

Enhanced 
Natural 
Recovery

● The option would address 
risks by mixing the PCB-
contaminated sediments 
with clean fill. This would 
reduce direct exposure of 
biota, and reduce risks, 
though currently risks are 
marginal.

● The wetland area would 
be reduced, with marginal 
areas infilled to become 
upland habitat. As such, 
there would be a 
reduction in ecological 
diversity on the site, and 
ecological integrity would 
be affected.

● Habitat compensation 
would be necessary due 
to some infilling of the 
existing aquatic habitat. 
●  Presence of species 
at risk as identified 
under the federal 
SARA.

● Cap material is 
expected to mix over 
time with underlying 
sediments. PCB 
contamination would 
increase in surface due 
to this mixing, but would 
be a lower levels than 
currently measured on 
site.

● No predicted toxicity 
under current conditions, so 
no significant reduction in 
toxicity is expected.
● Mobility is reduced, since 
potential for erosion of 
sediments has been 
eliminated.
● No reduction in volume 
occurs, since material 
remains in-place.

● Local destruction of 
vegetation for access roads, 
stockpiling areas, and 
equipment storage/laydown 
areas in or through private 
properties. 
● Impacts can be mitigated 
through implementation of 
best management practices, 
and revegetation upon 
completion of construction.

● The methods for 
implementation are not 
well defined. Pilot 
testing may be required 
prior to full 
implementation.

● Rough cost 
estimates are $3 to $4 
million. Follow-up 
monitoring costs and 
long term monitoring 
for integrity are 
additional costs.

● Community acceptance 
is low. The option was not 
among those preferred by 
the public during the public 
consultation.

● Regulatory acceptance 
is problematic. Since 
marginal risks are 
predicted currently there 
is little justification for 
habitat loss associated 
with this option.

● Habitat loss does not 
appear to be justified given 
the low risks to biota.
● Area is classified as a 
PSW.

Capping ● The option would reduce 
risks by isolating the PCB 
contaminated sediments 
that exceed the target 
values. However, risks are 
marginal.
● Any remaining 
contaminants would be 
isolated under clean fill.

● The wetland and creek 
would be infilled and 
much of the area would 
become upland habitat. 
As such, there would be 
a reduction in ecological 
diversity on the site, and 
ecological integrity would 
be affected.

● Habitat compensation 
would be necessary due 
to infilling of the existing 
aquatic habitat.
●  Presence of species 
at risk as identified 
under the federal 
SARA. 

● Long-term 
effectiveness will depend 
on the integrity of the 
cap. Cap will need to be 
inspected regularly, and 
maintained as required.

● Bioavailability and mobility 
concerns are reduced 
through isolation of PCBs 
under 0.5 to 1.0m of clean 
fill.
● Volume of contaminants 
is not reduced since there is 
no removal of sediments.

● Local destruction of 
vegetation for access road, 
stockpiling areas, and 
equipment storage/laydown 
areas in or through private 
properties. 
● Impacts can be mitigated 
through implementation of 
best management practices, 
and revegetation upon 
completion of construction. 
Habitat loss to the cap cannot 
be mitigated.

● The methods for 
implementation are well 
established, and the 
approach is well tested.

● Rough cost 
estimates are $8 to 
$10 million. Follow-up 
monitoring costs and 
long term monitoring 
for integrity are 
additional costs.

● Low level of community 
acceptance since would 
further impede flows.

● Low level of regulatory 
acceptance, since 
significant habitat is lost.

● Habitat loss does not 
appear to be justified given 
the low risks to biota.
● Area is classified as a 
PSW.
● Public has confused the 
contaminant issue with flow 
issues. Public is concerned 
this would further reduce 
flows.

Removal and 
Wetland 
Restoration

● The option would reduce 
risks by removing the PCB 
contaminated soils and 
sediments that exceed the 
target values. Current risks 
are marginal.
● Some residual 
contamination below the 
target levels would remain.

● The contaminated 
sediments above target 
values would be 
removed. 
● The excavated area 
would be sculpted and 
graded to promote 
wetland habitat recovery.
● Ecological integrity will 
be altered, and in some 
cases, may not recover 
to existing levels.

● Habitat compensation 
would not be necessary, 
since habitat would be 
restored.
●  Presence of species 
at risk as identified 
under the federal 
SARA.

● Potential sources of 
contaminants are 
removed, so the option 
provides a permanent 
solution.

● Bioavailability and mobility 
concerns are eliminated 
through removal of the 
contamination.
● Volume of contaminants 
is reduced through removal 
of sediments above the 
target values.

● Local destruction of 
vegetation for access road, 
stockpiling areas, and 
equipment storage/laydown 
areas in or through private 
properties. 
● Impacts can be mitigated 
through implementation of 
best management practices, 
and revegetation upon 
completion of construction.

● The methods for 
implementation are well 
established, and the 
approach is well tested.

● Rough cost 
estimates are $10 to 
$15 million. Follow-up 
monitoring costs and 
long term monitoring 
for integrity are 
additional costs.

● High level of acceptance 
by some. This acceptance 
is partly based on a 
misunderstanding that 
sediment removal will 
increase flows 
downstream.  Others felt 
habitat should be 
preserved.

● Low level of regulatory 
acceptance due to 
significant habitat loss.

● Area is classified as a 
PSW.
● Significant habitats and 
species could be lost, and 
may not recover.
● Public believes dredging 
would enhance flows 
downstream, which is their 
main concern.
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Figure 10: 
Estimated Rate of Decrease of PCB Concentrations in 

Surficial Sediment  (0-10 cm) in Lyon's Creek East Based on Changes in
Concentration w ith Depth in Zone 2
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2005 SEDIMENT SAMPLING
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A1 INTRODUCTION 

Previous sampling in Lyons’ Creek East has identified higher concentrations of PCBs in the 
deeper layers of the sediment. While a number of core samples were collected throughout the 
length of the creek, from the Canal By-Pass to McKenney Rd, core sampling had not been 
conducted in the wetland area immediately upstream of Hwy 140. As well, additional areas were 
identified where detail on sediment distribution of PCBs was lacking. In order to provide more 
detailed estimates of surface and sub-surface concentrations of PCBs for the estimation of 
sediment volumes, and also for the exposure and risk estimates, additional sampling was 
undertaken along a number of transect both upstream and downstream of Hwy 140. The sampling 
locations are shown on Figures 4 and 5. 

A2 METHODS 

Sampling was conducted through the ice using a modified Benthos-type corer, fitted with a 2 m 
long Plexiglas core tube of 3” (~7.6 cm) diameter on February 4 through 6, 2005. In all cases, 
sampling was conducted to refusal, at which clay was invariably encountered. The till, as reported 
in earlier studies, was not observed at any sampling locations, despite cores that sampled up to 
1.5 m in depth. Cores were obtained by pushing the core tube in by hand until refusal. In nearly 
all cases, a full core was obtained, with no loss of contents. 

At each coring location the depth from the ice surface to the sediment surface was measured by 
extending the tape measure until the end was in visible contact with the sediment surface (water 
clarity was high, and depths were shallow, which permitted visual confirmation of contact with 
the sediment surface). After water depth was measured, the core was placed until the end of the 
core tube was just in contact with the sediment surface, and the water level was marked on the 
barrel of the core tube. The tube was then pushed into the sediment until refusal, and the water 
surface marked on the core tube. Upon removal, the distance between the two marks provided the 
actual depth of the core sample. Where possible, the actual length of the core was measured 
before extrusion, and this length was compared to the actual depth of sampling to determine the 
ratio of compression. 

Cores were extruded by pushing from the bottom (i.e. against the clay layer), so as not to 
compress the softer materials. Since smearing of the bottom and middle layers occurred during 
sample extrusion, the outer surface of each core was scraped until clean material was 
encountered. Representative samples were selected from each section, based on the different 
types of material encountered, as described below. At two sites where long cores were obtained 
(one each in the creek/wetland upstream of Hwy 140, and one downstream) the entire core was 
divided into 10 cm sections, and each section retained for analysis of PCBs. These were used to 
reference the contaminated sections in the other cores. 
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The sampling results from the February 4-6, 2005 sampling indicated that the highest 
concentrations are in the 20 to 40 cm depths (compressed depths), and that in the upper section of 
the creek, some elevated concentrations occurred in surface materials. The distribution also 
indicates that relatively less material has been deposited downstream of the culvert at Hwy 140, 
and that most of the PCB contamination is contained upstream. 

Since the results indicated elevated PCBs concentrations at the surface, and also at some locations  
adjacent to the cattail marshes along the banks of the creek, concern arose regarding the lateral 
distribution of PCBs in the system. The original expectation had been that the contamination 
would be confined to the depositional areas, and that the cattail areas could be excluded from the 
remediation area, should an active remediation alternative be selected. The results indicated the 
potential for contamination of the cattail marshes, and necessitated the need for additional 
sampling in these areas. 

On February 23, 2005, additional sediment coring was undertaken at 6 locations along the 
margins of the creek from the first upstream cattail areas, to the pond area above Hwy 140. 
Samples were submitted to Maxxam for analysis on February 24, 2005. 

Sampling was again conducted through the ice using a modified Benthos-type corer, fitted with a 
2 m long Plexiglas core tube of 3” (~7.6 cm) and by hand with a spade. Since no surface water (as 
ice) was encountered in these areas, the samples were collected from damp marginal areas that 
suggested these areas would only periodically be flooded. Since samples were collected at the 
surface, with no visible surface water, it was possible to directly observe any compression. The 
material encountered was typically brown soils with a dense network of weeds, that underwent no 
visible compression (collection with a spade would also have minimized any compression since 
the sediment was severed at the sides, and lifted out). Therefore, measured depths represent actual 
depths for these samples. 

In all cases, sampling was conducted to refusal, at which clay was invariably encountered. Core 
extrusion, cleaning and sectioning were conducted as described above. Samples collected by hand 
were collected by removing a square section of sediment from the bottom, from which the 
samples were collected from the middle of the square (i.e., the sediment was split and the samples 
collected from the clean face in the middle). A core was then collected from the bottom of the 
sampled hole, to measure depth to clay (coring could not be conducted from the surface, since the 
dense network of roots limited core depth and also resulted in significant compression of the 
sample). 
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A3 RESULTS 

Results of the sampling program are provided in Table A-1. Cores were typically shortest near the 
margins where the clay layer was close to the surface, and were usually in the range of 30-50 cm. 
Cores in the central, deeper sections ranged from 75 cm to 150 cm (uncompressed). Compression 
was typically in the order of 25% of the length of the uncompressed core, and most compression 
would have been limited to the softer materials at the surface. The bottom clay materials showed 
very little compression, despite the considerable force that was sometimes exerted in extruding 
the core. 

A3.1 Lyons’ Creek East 

The creek and wetland area are very similar in terms of habitat type. The wetland represents a 
wider section of the stream, which flows over a very shallow gradient. Similar substrate types 
were encountered at all the locations sampled, and differed mainly in water depth between 
the upstream transects (T4A and T4B on Figure 4), and the downstream transects (T7A-D and 
T8A-B on Figure 5). No apparent differences in substrate types or bankside vegetation were 
noted between the creek transects and those in the pond. As such, the ponded area appears to 
simply be a wider area of the creek. The substrate consists of three distinct layers: 

1. A surface layer of fine, loose silt that varies from light brown in the top 1-2 cm (the 
oxidized layer) and grades to a black colour (anoxic) with depth. The depth of this layer 
varies from 10 cm in the shallow, marginal areas, to 30 cm in the central deeper areas. 
This layer has a very high water content, and showed significant compression during 
sample collection. Therefore, the depths given above as compressed or sampled depths 
are less than the true depth. Measurements were taken of the compression, and the actual 
depths estimated. 

2. A deeper layer, comprised of a mix of black silt and organic detritus (very fibrous), and 
included leaves, stems and small root fragments. This layer typically had an oily feel and 
a distinct odour as well. This layer varied in thickness from 10 cm in the shallow 
marginal areas to 30 cm in the central, deeper areas. In the deeper areas, where the 
surface layer was deepest, this layer could extend down to the 50-60 cm depth. This 
layer underwent some compression during sampling, but typically much less than the 
loose surface layers. 

3. A layer of soft grey clay that gradually, with depth, transitions to a hard, firm yellowish-
grey clay. Small lenses of organic matter (pieces of wood) were occasionally observed in 
the clay layer. In some cases, the clay layer was extensive, and comprised up to one-half 
the core sample. The clay layer showed negligible compression, and could be extruded 
without further compaction. 

4. Water depths in the creek and pond were similar along the margins and were in the range 
of 20-40 cm. Water depths in the middle varied from approximately 40 cm in the creek 
to up to 75 cm in the broader ponded area adjacent to Hwy 140. 
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Since similar substrate and vegetation types were encountered along all transects, there is no clear 
differentiation of habitats. Similarly, since the clay layer occurred at approximately the same 
depth throughout the site, and water depths were shallow throughout, this infers that the pond has 
formed through widening of the banks, and does not occur in a depression. As such, the depths 
(and volumes) of sediment materials will be limited. 

In addition to the chemical analysis, a single sample of the soft, surface materials (combined 
upper layers of silt and silt+detritus as described above) was collected for geotechnical 
assessment. Since sediment type did not change between the creek and the wetland area, 
additional geotechnical samples were not considered necessary. Geotechnical analysis includes 
compression testing, water content analysis and particle size analysis. Results of chemical 
analyses are presented in Table A-1. 

Additional sampling was undertaken on February 23, 2005 in cattail areas along the margins. 
Depths to clay in these areas were typically in the order of 35-40 cm. At the two upstream 
locations (T4A-B and T4A-C), a black oily layer was encountered at the 30 to 40 cm depth. The 
material encountered had a heavy grease feel, and had a strong solvent type of odour. Samples 
were collected from all sections at the most upstream locations, where the oily layer was most 
visible. The black oily layer was not visible in downstream locations nor was there a detectable 
odour in any of the sediment sections. 

Sampling was focused in the stream section, rather than the pond area, since the cattail areas were 
more extensive in the stream (cattails typically lined to creek on one or both sides to depths of 
10 m or more). Cattail areas in the pond were limited to narrow strips along the margins of the 
pond, typically less than 4 m deep. A single sample was considered to adequately represent these 
areas, since there were no visible signs of contamination in the sediments at the downstream 
locations. 

A3.2 Lyon’s Creek West 

A single core sample was collected from the central area of the wetland where previous sampling 
had not been conducted. A 50 cm core was collected, with clay encountered in the bottom 26 cm. 
The core was sectioned into 10 cm sections, and all sections were submitted for analysis of PCBs 
and TOC. As well, a single soil/sediment sample was collected from the wetland for geotechnical 
assessment, including compression testing, water content, and particle size. The results are 
presented in Table A-1. 
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Figure A-1: 
Total PCBs in Lyon's Creek East Sediments - 

Compressed Depths February 2005
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August 2008 TABLE A-1:
Depth Distribution of PCBs in Lyon's Creek East Sediments. February 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

T4A-B 0-10 645479 4760021
10-20
20-30
30-40

T4A-N 0-5 645358 4759784 26.8 11.8 Silt+detritus 13 15 (bottom lost)
20-25 <0.05 5.78 Clay

T4A-M 0-10 645359 4759773 3.18 8.06 silt 25 103 74 60 14 89 67.4 32.6 0 13
32-42 10.4 16.3 silt + detritus 42 56
64-74 0.08 8.67 Clay

T4A-S 0-5 645358 4759764 5.12 7.58 silt 20 34 23 15 8 26 57.7 42.3 0 7
15-20 <0.5 3.97 Clay

T4A-C 0-10 645558 4760035
20-30
40-50

T4-B 0-10 645575 4759996
20-30
33-40

T4B-N 0-10 645643 4759787 <1 12.4 silt 24 79 61 36 25 54 66.7 33.3 0 13
25-35 <1 7.84 silt + detritus 33 46
50-60 <1 2.18 clay

T4B-M 0-10 645646 4759776 15.1 7.04 silt 27 96.5 91.5 72.5 19 77.5 93.5 6.5 11
10-20 9.48 5.64 silt 11 21
20-30 19.2 3.45 silt + detritus 21 32
30-40 38.6 6.05 silt + detritus 32 43
40-50 255 11.8 silt + detritus 43 53
50-60 <5 9.37 silt + detritus 53 64
60-70 <0.05 5.6 silt + detritus 64 75
70-80 <0.05 3.98 clay
80-90 <0.05 6.02 Clay

T4B-S 0-10 645647 4759763 <1 7.03 silt 20 96 81 61 20 76 80.3 19.7 0 12
35-45 11.3 13.1 silt + detritus 42 54
70-80 <0.05 3.64 Clay

T4B-B 0-10

Estimated depth
Compression 
% (exluding 

clay)

Core -depth to 
clay as % of 
actual length

Actual 
depth to 
clay (cm)

Clay 
thickness 

(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

DepthStation
Water 
depth 
(cm)

Sediment typeTOCPCB

N:\Active\2003\1112\03-1112-059 - Niagara RAP\Phase IV\Final Report Aug 08\Appendix A files
Table A 1 Feb 05 sampling data.xls Golder Associates and Dillon Consulting Page 1 of 4



August 2008 TABLE A-1:
Depth Distribution of PCBs in Lyon's Creek East Sediments. February 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Compression 
% (exluding 

clay)

Core -depth to 
clay as % of 
actual length

Actual 
depth to 
clay (cm)

Clay 
thickness 

(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

DepthStation
Water 
depth 
(cm)

Sediment typeTOCPCB

25-35
T5A-B 0-10 646131 4760144

10-20
20-25

T7A-B 0-10 646267 4760117
15-25
25-35

T7A-N 0-10 646161 4759888 <1 9.64 silt 28 54.5 42 37 5 49.5 74.7 25.3 0 13
20-30 <1 8.48 silt + detritus 25 38
37-42 <0.05 3.53 Clay

T7A-1/3 0-10 646171 4759881 3.79 5.8 silt 38 73 59 45 14 59 76.3 23.7 0 12
25-35 66.7 8.8 silt + detritus 31 43
50-60 <0.05 2.36 Clay

T7A-2/3 0-10 646180 4759869 3.86 5.1 silt 41 89.5 75.5 49 26.5 63 77.8 22.2 0 12
25-35 92.9 4.68 silt + detritus 31 43
65-75 <0.05 4.42 Clay

T7A-S 0-10 646192 4759862 7.02 7.07 silt 36 90 77 52 25 65 80.0 20.0 0 12
25-35 7.92 11.6 silt + detritus 30 42
67-77 <0.05 3.86 Clay

T7B-N 0-10 646226 4759960 3.82 9.51 silt 23 68 48 38 10 58 65.5 34.5 0 13
15-25 8.02 9.01 silt + detritus 20 34
38-48 <0.05 2.4 Clay

T7B-1/3 0-10 646242 4759954 0.89 4.82 silt 46 77 51 40 11 66 60.6 39.4 0 14
20-30 4.39 10 silt + detritus 28 42
41-51 0.05 4.34 Clay

T7B-2/3 0-10 646255 4759945 1.95 5.44 silt 49 65.5 44 36 8 57.5 62.6 37.4 0 14
20-30 24.8 9.48 silt + detritus 27 41
36-44 0.26 4.01 Clay

T7B-S 0-10 646268 4759941 2.3 6.03 silt 40 123 98 55 43 80 68.8 31.3 0 13
35-45 54.7 12.2 silt + detritus 46 59
55-65 0.12 4.98 Clay
88-98 <0.05 Clay

T7C-N 0-10 646264 4760063 3.7 7.83 silt 20 69 57 36 21 48 75.0 25.0 0 13

N:\Active\2003\1112\03-1112-059 - Niagara RAP\Phase IV\Final Report Aug 08\Appendix A files
Table A 1 Feb 05 sampling data.xls Golder Associates and Dillon Consulting Page 2 of 4



August 2008 TABLE A-1:
Depth Distribution of PCBs in Lyon's Creek East Sediments. February 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Compression 
% (exluding 

clay)

Core -depth to 
clay as % of 
actual length

Actual 
depth to 
clay (cm)

Clay 
thickness 

(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

DepthStation
Water 
depth 
(cm)

Sediment typeTOCPCB

20-30 77.5 silt + detritus 25 38
47-57 0.07 Clay

T7C-1/3 0-10 646279 4760063 4.84 silt 56 ? 51 41
15-25 33.7 silt + detritus
41-51 0.14 Clay

T7C-2/3 0-10 646291 4760067 2.34 silt 67 151.5 113 48 65 86.5 55.5 44.5 0 14
35-45 85.6 silt + detritus 51 65
50-60 0.15 soft clay

103-113 <0.05 Clay
T7C-S 0-10 646308 4760068 5.59 silt 24 42 42 32 10 32 100.0 0.0 0 10

15-25 137 silt + detritus 15 25
32-42 0.43 Clay

T7D-N 0-10 646274 4760153 3.09 silt 44 65 53 43 10 55 78.2 21.8 0 12
20-30 74.4 silt + detritus 24 37
43-53 <0.05 Clay

T7D-1/3 0-10 646288 4760160 4.11 silt 60 82 66 47 19 63 74.6 25.4 0 13
30-40 0.16 silt + detritus 38 50
56-66 <0.05 Clay

T7D-2/3 0-10 646297 4760167 2.4 silt 72 65 38
28-38 38.6 silt + detritus
38-48 <0.05 Clay
55-65 <0.05 Clay

T7D-S 0-10 646312 4760180 3.03 silt 50 77 56.5 38 18.5 58.5 65.0 35.0 0 14
20-30 10.2 silt + detritus 27 41
46-56 <0.05 Clay

T8A-N 0-10 646562 4760457 0.46 silt 23 63 48 37 11 52 71.2 28.8 0 13
20-30 7.18 silt + detritus 26 39
38-48 <0.05 Clay

T8A-1/3 0-10 646569 4760442 1.03 silt 52 118 74 55 19 99 55.6 44.4 0 14
10-20 0.91 silt 16 29
20-30 2.4 silt + detritus 31 43
30-40 7.38 silt + detritus 47 58
40-50 1.36 silt, some detritus 62 72
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August 2008 TABLE A-1:
Depth Distribution of PCBs in Lyon's Creek East Sediments. February 2005

 03-1112-059 (5400)

Easting Northing
top (cm 

from 
surface)

bottom 
(cm from 
surface)

Estimated depth
Compression 
% (exluding 

clay)

Core -depth to 
clay as % of 
actual length

Actual 
depth to 
clay (cm)

Clay 
thickness 

(cm)

Depth 
to clay 
(cm)

Core 
length 
(cm)

Actual 
depth 
(cm)

DepthStation
Water 
depth 
(cm)

Sediment typeTOCPCB

50-60 <0.05 silt transition to clay 78 87
60-70 <0.05 Clay 93 101
70-74 <0.05 Clay

T8A-2/3 0-10 646574 4760427 1.54 silt 65 81 72 36 36 45 80.0 20.0 0 12
20-30 43.7 silt + detritus 36 36
62-72 <0.05 Clay

T8A-S 0-10 646579 4760415 0.85 silt 40 43.5 33 19 14 29.5 64.4 35.6 0 14
10-19 1.58 silt + detritus 16 26
23-33 <0.05 Clay

T8B-N 0-10 646645 4760576 0.38 silt 28 75.5 67.5 38 29.5 46 82.6 17.4 0 12
25-35 61.5 silt + detritus 46 41
57-67 <0.05 Clay

T8B-1/3 0-10 646659 4760563 1.13 silt 61 123 82 35 47 76 46.1 53.9 0 15
25-35 0.38 Silt+detritus 37 54
35-45 <0.05 soft clay
72-82 <0.05 Clay

T8B-2/3 0-10 646668 4760555 1.41 4.53 silt 75 130 103 35 68 62 56.5 43.5 0 14
20-30 4.69 2.53 silt + detritus 31 43
35-45 3.14 4.64 soft clay
50-60 <0.05 4.2 Clay

T8B-S 0-10 646676 4760548 1.9 4.76 silt 41 84 68 33 35 49 67.3 32.7 0 13
20-30 28.9 5.81 silt + detritus 33 40
50-60 <0.05 Clay

Lyon's Creek West
LCW C-1 0-10 25.8 10.5 organic detritus

10-20 98.1 16.5 silt + detritus
20-30 161 11.2 detritus to soft clay
30-40 0.46 clay
40-47 <0.05 clay
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B1 INTRODUCTION 

The assessment of effects of PCBs, arsenic and zinc on ecological receptors in this section is 
conducted at a level consistent with a Preliminary Quantitative Risk Assessment. The risk 
assessment makes use of site specific information wherever available. The risk assessments 
consider effects due to PCBs, arsenic and zinc in Lyon’s Creek West, and PCBs in Lyon’s Creek 
East. Risks due to zinc in Lyon’s Creek East have not been considered in this assessment since 
the effects were assessed in a separate study by Environment Canada and the Ontario MOE 
(Milani and Fletcher 2005). The effects of these metals in sediments is expected to be limited to 
those organisms, such as benthos and fish, that would be directly exposed to the sediment 
sources. Since these metals are not known to biomagnify, the effects of these metals on higher 
trophic levels through ingestion of prey would be limited. Risks from PCBs are assessed relative 
to benchmarks obtained from the literature, since studies to assess the specific effects of PCBs on 
individual receptors have not been conducted as part of this study. 

A number of studies have noted that the toxicity of PCB compounds can vary significantly.  
While PCBs as a group have been considered as toxic, studies have found that only a limited 
number of the 209 possible congeners are toxic.  As well, the effects on receptors have been 
found to vary with the types of PCB compounds.  For example, those PCBs that resemble the 
dioxins in structure (the co-planar and mono-ortho PCBs  that for ease of reference are referred to 
collectively as “dioxin-like” congeners in this report) have been associated with effects in 
mammals that include chlor-acne, dermal lesions, weight loss, immuno-supression, 
hepatotoxicity, reproductive and developmental toxicity and endocrine disruption.  The non-
dioxin-like PCBs (mainly the ortho-substituted nonplanar congeners) have been associated 
mainly with neurotoxicity, carcinogenicity and endocrine disruption (Giesy and Kannan 1998).  

Therefore, the assessment of PCBs is made with respect to total PCBs, which usually means the 
technical mixtures or Aroclors (which includes all of the possible 209 PCB congeners), and with 
respect to dioxin equivalents through the TEQ approach (i.e., the toxic equivalency of the 12 
coplanar and mono-ortho-substituted PCB that have been found to resemble dioxins in both 
structure and effects, with respect to the toxicity of 2,3,7,8-TCDD).  Both assessments have been 
included since the available information indicates that specific types of effects are associated with 
each group.  

Since the coplanar and mono-ortho-substituted PCBs are structurally similar to dioxins, their 
mode of action is also similar and accordingly, the toxicity of these congeners has been assessed 
relative to 2,3,7,8-TCDD (which has been identified as the most toxic of the dioxins and furans).  

The existing studies by the Ontario MOE and Environment Canada in Lyon’s Creek East have 
shown that PCBs are present in sediments and in those organisms most closely associated with 
sediments: benthic invertebrates and fish. It is unlikely that PCBs will be present in the water 
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column to any substantial degree, since the solubility of these compounds in water is extremely 
low. As a result, the pathway from sediments to biota is the focus of this assessment. Since PCBs 
are extremely stable compounds that are known to biomagnify through higher trophic levels, the 
risk assessment focuses on those organisms that would be most likely to be exposed through their 
feeding habits. This includes those species of birds and mammals that feed on fish or 
invertebrates, and the risk assessment has selectively focused on those species that include a high 
proportion of either in their diets, that are known to occur in the region (and therefore have a 
strong likelihood of being present on the site), and for which exposure information is available 
against which to assess the potential risks.  

B2 METHODS 

The exposure model for Lyon’s Creek West is presented in Figure B-1. The exposure model for 
Lyon’s Creek East is provided in Figure B-2. The models identify the pathways of concern, and 
the potential receptors that could be exposed within those pathways. The selection of the 
receptors, and the rationale for their inclusion, is provided under the discussion of estimated risks 
for each of the sites. 

The effects of elevated levels of COCs in soils and sediments were assessed directly through 
toxicity testing, and indirectly through toxicity benchmark values obtained from the scientific 
literature. Risk/effects estimates are based as much as possible on site-specific data, and include 
soil/sediment concentrations, tissue residues in vegetation, and tissue residues in terrestrial 
invertebrates.  Tissue residues in aquatic invertebrates and fish are estimated based on data from 
Lyon’s Creek East collected by the MOE and Environment Canada (the data are provided in 
Appendix D). Since both sites have historically been connected as a single system, the benthic 
organism and fish tissue residue data for Lyon’s Creek East are considered to be applicable to 
Lyon’s Creek West 

The exposure of wildlife is based on the generic equations provided in the CCME guidance 
(CCME 1996): 

k

m

k
kkpot NIRFRCADD ∑

=

××=
1
(       (Equation 1) 

where:  ADDpot  =  potential average daily dose (mg/kg) 
Ck    = average contaminant concentration in the kth type of food (mg/kg w.w) 
FRk   = Fraction of the intake of the kth food type that is contaminated 
NIRk  = Normalized ingestion rate of the kth food type (w.w.) 
m   = number of contaminated food types. 

Similarly, soil or sediment ingestion is estimated by the following equation from CCME (1996): 

Golder Associates and Dillon Consulting 
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 where: ADDpot  = potential average daily dose (μg/g) 
   Ck   = average contaminant concentration in soil in kth foraging area (μg/g d.w.) 
   FS   = fraction of soil in diet 
   IRtotal  = Food ingestion rate (kg/day d.w.) 
   FRk   = fraction of total food intake from the kth foraging area 
   BW   = body weight (kg) 
   m   = total number of foraging areas. 

Total exposure is then estimated on the basis of exposure via food, and exposure via incidental 
ingestion of soil as the sum of Equations 1 and 2.  

Exposure to PCB congeners was also estimated for soils in Lyon’s Creek West and for sediments 
in both Lyon’s Creek West and Lyon’s Creek East for those sampling sites where congener-
specific analysis of PCBs was not undertaken.  In order to estimate the concentration of dioxin-
like congeners on the site, the ratio of total PCBs to the total for the 12 dioxin-like congeners was 
calculated for each of the sample results where congeners were analyzed.  A mean ratio was then 
calculated to derive a conversion factor (Equation 3).  
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[ ]

∑
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con N
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CF          (Equation 3) 

where:  CFcon   = Conversion factor for estimating congener concentration; 
  [tPCBcon]n  = sum of PCB toxic congener concentrations in the nth sample; 
  [tPCB]n  = total PCB concentration in the nth sample; and 
  N   = number of samples  

This ratio was applied to the remaining total PCB concentrations in soil or sediment to obtain an 
estimated concentration of PCB congeners.  Subsequently, in order to estimate total PCB TEQs, 
the ratio of total dioxin-like congeners to total TEQ (using the WHO TEFs for mammals for soils 
and the WHO TEFs for fish, mammals and birds for sediments) was calculated for the samples 
collected on site (Equation 4). 
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  where: CFTEQ  = conversion factor for estimating total mammalian TEQ; 
   [tPCBTEQ]n = concentration of total TEQ in nth sample; 
   [tPCBcon]n = concentration of total dioxin-like congeners in the nth sample; and 
     N = total number of samples. 

Golder Associates and Dillon Consulting 
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Based on this conversion factor, a TEQ was estimated for the remaining sample sites in order to 
calculate the mean and upper 95% C.L. (confidence limit) for TEQs. 

PCB congeners were not analyzed in grass or earthworm samples from Lyon’s Creek West and 
therefore, PCB congeners were estimated in grasses and earthworms by applying the BSAF for 
uptake of total PCBs calculated from site data for grasses and earthworms respectively to the 
estimated toxic congener concentration in soil.  The assumption is made that the ratio in which 
the dioxin-like congeners occur in soil also applies to the uptake of the dioxin-like congeners in 
plants and earthworms, and that these organisms would accumulate the dioxin-like congeners in 
the same ratio at which they occur in the soil.  This is likely an overestimate, since the MOE 
young-of-the-year fish data from Lyon’s Creek East (Appendix D) indicates that uptake is 
variable, and not all of the dioxin-like congeners are accumulated equally. However, the mean 
BSAF for accumulation of PCB congeners from sediment by oligochaetes in the MOE data was 
calculated as 3.84, which is higher than the calculated earthworm BSAF of 2.35 for total PCBs 
that was used in estimating uptake of the dioxin-like congeners from soil by earthworms.  The 
MOE estimates are based on total PCB calculated as the sum of 55 PCB congeners and not total 
PCBs, and therefore the MOE estimate may be overly conservative.  Nonetheless, the comparison 
indicates that the BSAFs upon which the estimates are based are reasonable approximations of 
availability of PCBs from soil. 

Finally, the TEQ was estimated by first calculating the total mammalian TEQ for the soil 
samples, then determining the ratio of the concentration of the dioxin-like PCB congeners to the 
total TEQ, and applying this ratio to the estimated concentration of dioxin-like PCB congeners in 
the soil.  For the grass and earthworm TEQ concentration estimates, the ratio of Total Toxic 
(dioxin-like) PCB Congeners:Total TEQ (Equation 4) as calculated from the soil samples was 
applied to the estimated tissue residues of PCB congeners.  

Based on this conversion factor, a TEQ was estimated for the remaining sample sites in order to 
calculate the mean and upper 95% C.L. (confidence limit) for TEQs. 

Tissue residues were not measured in vegetation from Lyon’s Creek East. Rather, tissue residues 
in aquatic plants were estimated from concentrations measured in Lyon’s Creek West in 2004 
(Golder Associates 2005). BSAFs are calculated for plant tissues based on concentrations 
measured in cattail samples collected from the wetland area in Lyon’s Creek West. The 
maximum BSAF is used in the estimation of tissue residues in cattails in Lyon’s Creek East since 
only a single cattail tissue sample was obtained above detection limits. The single site-specific 
result is used preferentially over literature values, since this value likely provides a more realistic 
expression of PCB uptake on the site than literature based data.  Even so, this value likely over 
estimates the availability and uptake of PCBs by cattails, since only one site yielded measurable 
levels of PCBs in cattail tissues, despite similar sediment PCB concentrations at other sampling 
sites.  
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BSAFs for vegetation at Lyon’s Creek West were calculated as the concentration in the soil or 
sediments and the concentration in plant tissue using the following equation: 

[biota] μg/g wet weight 
BSAF = 

[soil/sediment] μg/g dry weight 
                   (Equation 5) 

 
Fish tissue residues and benthic organism tissue residues were collected by MOE and 
Environment Canada in 2002 and 2003. Benthic organism tissue residues for total PCBs are 
estimated based on the measured tissue residues and corresponding sediment concentrations for 
each sampling point in the Environment Canada-MOE data. Measured sediment concentrations 
for the top 10 cm are used to estimate tissue residues for each sampling point for biota. The 
results of these analyses (Appendix D) are used directly in the risk calculations. The recent 
sediment survey (2005, Appendix A), indicates that surficial sediment concentrations in 2005 are 
similar to levels encountered in 2002 and 2003, and it is expected, therefore, that there will be 
little change in tissue residues over this time period. 

Young-of-the-year fish tissue residues are calculated based on measured PCB concentrations in 
young-of-the-year fish, and the mean sediment concentrations for the area in which the fish were 
collected. Since fish range over a larger area, the tissue residues cannot reliably be related to a 
single sediment concentration. Rather, exposure to PCBs is likely to occur over the entire 
available range. Similarly, BSAFs in sport fish are based on sediment concentrations within the 
entire zone. It is recognized that sport fish can range over a larger area than young fish. By 
assuming the sport fish are exposed to the highest concentrations, a suitably conservative 
assessment can be made. In the exposure calculations, the BSAFs for young fish are used, rather 
than the BSAFs for sport fish. The low BSAFs for sport fish as compared to the BSAFs for young 
fish may be an artefact of the method of sampling for sport fish. Tissue residues for sport fish are 
typically measured on a sample of the skinless, boneless dorsal fillet. Since PCBs are lipophilic, 
they tend to accumulate in fatty tissues. As a result, the measurement of PCB concentrations in 
the sport fish will likely underestimate actual tissue residues. The analysis of PCBs in young fish 
is performed on the whole fish, and therefore likely represents a more realistic concentration from 
which to calculate BSAFs. Finally, wildlife consumers of fish will typically consume all parts of 
the fish, and the skinless, boneless dorsal fillet will underestimate exposure to wildlife. Therefore, 
by using the young fish BSAFs, a more conservative assessment is made.  

The calculated BSAFs are used within the same site to estimate BSAFs at sample sites where 
tissue residue analysis was not undertaken. It is assumed that since a historical connection existed 
between Lyon’s Creek East and Lyon’s Creek West, that sediment characteristics would be 
similar in both systems. Therefore, BSAFs were not corrected for organic carbon levels since it is 
assumed that sediment characteristics would not differ between sites, or between sampling 
locations within sites. Similarly, since the tissue residues were used to estimate accumulation of 
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PCBs within the same site, for similar organisms, lipid correction was not undertaken. In both 
cases, it was considered that the corrections would introduce an additional step in the calculations 
that would ultimately have little effect on the outcome. 

Since BSAFs for organic compounds can vary, often as a result of sediment concentrations (i.e., 
BSAFs are often higher in sediments with low contaminant concentrations compared to areas of 
high concentrations), where young fish data were available for separate zones in Lyon’s Creek 
East, the calculated BSAFs for these zones were used in the risk estimates to provide a more 
accurate estimate of potential exposure to piscivorous birds and mammals. For Lyon’s Creek 
West, where aquatic habitat was limited, the mean BSAF for fish in Lyon’s Creek East was used 
to estimate tissue residues in fish.  

The BSAFs for the respective organisms are used to derive estimated tissue residues for each 
sediment sampling point. These are then used to determine exposure to the receptors. 
Concentrations in receptors are subsequently averaged over the home range area for each species, 
relative to the size of each of the Areas or Zones. As a result, where the home range is smaller 
than the Area or Zone, the species is assumed to be feeding in the area 100% of the time. Where 
the range of the species is larger than the Area or Zone, the exposure is averaged over the number 
of Areas or Zones required to equal the home range. Where the home range of the species is 
larger than the study area, the exposure is pro-rated based on the ratio of the area to the home 
range. 

Many of the species considered were selected since they feed on aquatic organisms, and thus 
would be most directly exposed to sediment PCBs. Since the ability to feed in the area is based on 
access to the creek and wetlands, the available access period is based on the ice-free period. This 
is estimated to include the 8 month period, from approximately mid-April to mid-December. As a 
result, exposure to those species feeding on fish or invertebrates is pro-rated on this basis. 

Assessments were based on mean concentrations in sediments and food within each Area (Lyon’s 
Creek West) or Zone (Lyon’s Creek East). In many of the Areas or Zones, concentrations in 
sediments were highly variable, with no discrete area of higher contamination. Since the 
organisms considered as receptors are highly mobile, they are unlikely to feed exclusively in one 
small area, but rather, are expected to feed generally throughout the Area or Zone. As such, they 
would be more likely to be exposed to the mean concentration of PCBs than to the highest 
concentrations. The density of sampling on the sites, particularly in Lyon’s Creek West, where a 
number of samples have been collected since the early 1990’s in a rather limited area, suggests 
that the site has been well characterized. While the distribution of PCBs on the site is biased 
towards lower concentrations (<20 µg/g), with the majority of sampling sites <50 µg/g, and 
would suggest that the upper 95% confidence limits would be more appropriate for estimating 
potential effects, the relatively few locations where high concentrations (>50 µg/g) were obtained 
are not likely to result in significant exposure since, as noted above, the receptors are unlikely to 
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be preferentially exposed to these concentrations. For this reason, exposure is calculated based on 
mean concentrations, though the tables include calculation of the upper 95% confidence limits, 
and provides risk quotients (RQs) based on both the mean concentration and the upper 95% 
confidence limits. 

For each location, a risk quotient (RQ) was calculated for each of the COCs, based on the 
available benchmarks. These included both NOAEL and LOAEL values, from which a Maximum 
Acceptable Toxicant Concentration (MATC) was calculated as the geometric mean. As well, in 
Tables B-3 through B-8, an RQ is calculated using both the mean concentrations for each Area or 
Zone, and the upper 95% confidence limit. While concentrations of COCs do not show significant 
variability within each Zone in Lyon’s Creek East, greater variation was observed in sediment 
and soil concentrations in Lyon’s Creek West (though division of the site in Areas has mitigated 
this effect to some extent). While the mean values are considered to provide a reasonable estimate 
of exposure, given typical movement of receptors within a site, the upper 95% confidence limits 
provide an indication of potential exposure were a receptor to spend a significant portion of time 
within a small localized part of each Area or Zone. A potential risk is identified where the 
RQMATC> 1, with the risk potential increasing with increasing RQMATC values.  

In some cases, such as for vegetation, published guideline values (e.g., CCME 19__) are used as 
benchmarks. In these cases, a MATC was not derived, and the RQ is expressed as exposure 
relative to the guideline. 

The screening concentrations represent conservative values that are based on the sensitive 
receptors, similar to the methods used to derive guidelines. As such, they will not necessarily 
represent conditions that would occur at the site, i.e., a RQ > 1 does not necessarily mean that an 
adverse effect will occur. The ratio merely indicates a greater potential for risks as the value 
increases above unity. Nonetheless, the risk quotient method provides a means by which 
concentrations of COCs can be screened to assess potential risks. 

The RQ values calculated from the soil and sediment sampling results are presented in Table B-3 
for arsenic, Table B-4 for zinc, Tables B-5 and B-6 for total PCBs, and Table B-7 for PCB 
congeners in sediments and soils for Lyon’s Creek West and in Table B-8 for Lyon’s Creek East. 

Example calculations have been included in the following text box to illustrate how the average 
daily dose, and risk quotients are calculated. The example uses the data for the muskrat exposed 
to arsenic at station T3-M in Area B of Lyon’s Creek West, as calculated in Table B-3. 
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Example calculation for exposure of the muskrat to arsenic at station T3-M in Area B In Lyon’s 

Creek West (Table B-3): 

The concentration of arsenic in sediment at station T3-M (see Table B-3) was measured as 480 µg/g 
d.w. The corresponding concentration of arsenic in cattails was 4.1 µg/g w.w. BSAF was calculated 
as: 

 (concentration of As in cattails)/ (concentration of As in sediment) 

Substituting the values above : BSAF = (4.1 µg/g) / (480 µg/g) = 0.009 

 

 The BSAFs for all sample sites were calculated, and a mean BSAF of 0.008 was derived for Lyon’s 
Creek West. This value was used to estimate tissue residues in cattails for all sample sites. Hence, for 
station T3-M, the estimated concentration of arsenic in cattails was 3.68 µg/g w.w. (i.e., 480 µg/g As in 
sediment x 0.008), which is slightly lower than the measured value. 

The estimated concentration in cattail tissues was subsequently used in the prediction of risks to the 
muskrat. Exposure through ingestion of cattails was calculated using the following equation. 

([As] in cattails) x (% of diet comprised of cattails) x (food ingestion rate) 

Substituting values for station T3-M into the above equation yields: 

 (3.68 µg/g (mg/kg) As) x (0.6 (% expressed as a fraction)) x (0.116 kg/day) 

which yields an estimate of exposure through consumption of cattails of: 0.256 mg /kg As/day. 

 

Similarly, exposure through ingestion of soil/sediment was estimated using the following equation: 

 ([As] in soil/sediment) x (soil/sediment ingestion rate) 

 Substituting values for station T3-M into the above equation yields: 

 (480 mg/kg As) x (0.004 kg/day) 

Which yields a soil/sediment exposure of: 1.92 mg/kg/day. 

Total exposure of the muskrat at station T3-M through ingestion is therefore calculated as: 

 (total ingestion through cattail consumption) + (total ingestion through soil consumption) 

Substituting the above results into this equation yields: 

 (0.256 mg/kg As/day) + (1.92 mg/kg As/day) = 2.176 mg/kg As/day 

This result is then divided by the body weight (reported in Table B-_ as 1.2 kg) to yield a final estimate 
of exposure through ingestion of cattails and incidental ingestion of soil of 1.813 mg/kg-b.w./day. 

The above calculation is repeated for each sample point within an Area or Zone. The mean, standard 
deviation, and upper 95% confidence limits are then calculated from all the sample points within each 
Area or Zone. 

 

The risk quotient (RQ) is then calculated by comparing the estimated daily dose for each Area or Zone  
to the published benchmarks. For muskrat, the MATC (geometric mean of the NOAEL and LOAEL  
concentration) of 0.155 mg/kg-bw/day was calculated. The mean daily dose for Area B was calculated 
as 0.6 mg/kg-bw/day. Therefore, using the equation for the risk quotient: 

 RQ = (estimated average daily dose)/ (benchmark) 

an RQ for muskrat in Area B is calculated as: 

 RQ = 0.6/ 0.155 = 4.0 

Golder Associates and Dillon Consulting 
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B3  LYON’S CREEK WEST 

The ecological risk assessment for Lyon's Creek West (Golder 2004) has been used as the basis 
of the risk assessment described in the following sections. The original risk assessment conducted 
by Golder (2005) was undertaken to conservative benchmarks based on NOAEL values, and as a 
result, the risks have been re-assessed to reflect more realistic measures of exposure. 

The risk assessment considered three compounds of concern:  

• PCB compounds, which were confined mainly to the northern section of the site; 

• arsenic, which was confined mainly to the southeast and central section of the site; and 

• zinc, which was also confined mainly to the northern section of the site. 

While there is evidence to suggest there are different sources for some of the contaminants, all 
three contaminant concerns overlap in the wetland area, and therefore the assessment of effects 
considered the combined effects of the COCs in part of the study area. 

The Lyon’s Creek West site has undergone changes to site drainage that have resulted in some 
areas of contaminated sediment being exposed as terrestrial areas. The presence of PCBs in soils 
in some upland areas along the banks suggests that PCBs were likely transported to the wetland 
during higher flows, and that ponding on the site resulted in local flooding, with deposition of 
suspended materials contaminated with PCBs, arsenic and zinc on the banks.  Due to subsequent 
alteration of the drainage pattern, these areas have since remained as exposed upland areas. As a 
result, ecological receptors included both terrestrial and aquatic receptors, since both sediments 
and soils are contaminated with, in some cases, high concentrations of arsenic, zinc and PCBs. 

The selection of receptors for assessing aquatic effects focuses on benthic organisms and fish, and 
through modelling, on those organisms that feed on benthos and fish, assuming the latter are 
present on the site.  As well, since some receptors, such as aquatic mammals (e.g., muskrat) feed 
on aquatic vegetation, potential accumulation of the COCs by vegetation was also assessed. 

Terrestrial receptors include vegetation, which may accumulate PCBs directly from soils via root 
uptake, and also via PCB contaminated dust that settles on plant surfaces.  Local vegetation, in 
turn, will be an important pathway for primary consumers, including insects, small mammals, and 
birds (via seeds).  Invertebrates, such as earthworms, may also accumulate PCBs directly from 
soils, and may provide a pathway by which higher trophic level organisms, such as insectivorous 
mammals (e.g., shrews) and birds (e.g., robins), may be exposed to elevated levels of PCBs that 
could affect reproduction or survival. 

Biological assessment of the effects of arsenic and zinc in sediments concentrated on 
measurement of toxicity to exposed organisms.  The effects of sediment arsenic and zinc 
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concentrations were assessed through toxicity tests with both lethal and sublethal endpoints.  
Soils testing used those organisms that, through ingestion, were most likely to be exposed to 
elevated levels of arsenic, zinc or PCBs.  In the case of soils, this focused on earthworms, since 
by ingesting soil, these organisms are most likely to accumulate tissue residues and suffer 
potential adverse effects.  As well, this facilitated assessment of potential exposure of both birds 
and mammals to dietary arsenic, based on measured tissue residues in vegetation and 
invertebrates. 

The potential receptors considered as suitable candidates for the risk assessment were: 

• Deer Mouse (herbivores, feeding primarily on grasses and seeds):  

• Short-tailed Shrew (feed on earthworms); 

• Muskrat (herbivores, feed on cattails); 

• Fish (feed on small invertebrates); and 

• Red Fox (preys on small mammals such as mice and shrews). 

Larger herbivores, such as deer, were considered, but were not evaluated since risks through 
exposure to food to small herbivores, such as the deer mouse that spend their entire lives within 
the area of the site, were minimal.  As well, the calculated accumulation factors for leaves (i.e., 
leaf-soil BSAFs) were lower than the accumulation factors for grasses, such that potential 
exposure to the COCs through consumption of leaves would be expected to be lower.  Therefore, 
it became apparent that large herbivores that feed over a much larger home range than the site and 
would be expected to spend only a small fraction of time feeding on the site would not be 
significantly exposed. 

The area of the site is calculated as approximately 120,000 m2 (or 12 ha), and includes the area 
from the property boundaries of the lots to the west of the site, east to the canal service road, and 
from Humberstone Road north to the creek outlet at the canal.  In the exposure calculations, it is 
anticipated that the area of the site will be greater than the home range of some of the receptors, 
and the site has been divided into a number of sub-areas (Figure 8) as described in Section 2.  An 
attempt has been made in the delineation of sub-areas to include similar types of habitats, to the 
greatest extent possible. Where the home range of the receptor coincides with the size of these 
sub-areas, it is assumed in the exposure estimates that 100% of the exposure occurs within the 
sub-area.  

Fish-eating birds in the aquatic environment are not assessed directly due to the lack of suitable 
habitat at the site which in turn is a function of the low water within the system. Alteration of 
flows to the site since 1994 have diverted a substantial amount of water from the wetland area 
reducing the available habitat for fish and waterfowl, such that few receptors are currently present 
on the site. The lack of sizable fish habitat within the wetland means that currently there is very 
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limited potential for exposure of fish-eating wildlife. Similarly, the use of the wetland by 
waterfowl would be very limited due to the small areas of open water.  

B3.1 Assessment of Potential Effects/Risks 

B3.1.1 Terrestrial Vegetation 

Initial screening of potential risks to vegetation was undertaken using phytotoxicity screening 
values from the literature.  These are concentrations of the contaminants of concern in soils that 
have been shown in toxicity tests to result in measurable effects on plants, usually measured as 
effects on growth (i.e., chronic or sublethal effects).  The screening values are typically based on 
spiked soil/sediment tests, and as such, represent conservative estimates. 

The reported No Observed Adverse Effect Levels (NOAELs) for soil for the protection of plant 
species from Sample et al. (1996) were 10 μg/g for arsenic, 40 μg/g for zinc and 40 μg/g for 
PCBs.  The CCME (1996) guidance for the protection of vegetation provides guidelines of 
20 μg/g for arsenic, 600 μg/g for zinc and 0.5 μg/g for PCBs.  Since the value for zinc provided 
by Sample et al. (1996) is lower than the background zinc concentrations at the site, the values 
provided by Sample et al. are considered as overly conservative, and comparison is made to the 
CCME guidelines for the COCs.   

In addition to simple comparison with calculated screening levels, tissue residue results were 
considered as a measure of the potential availability of the COC from soils and sediments.  Since 
a limited number of sites were sampled for vegetation analysis, the results from these are 
calculated as mean BSAF values for each plant species from which the potential concentrations 
are estimated for the remainder of the site.  BSAFs are calculated as the concentration in the soil 
or sediments and the concentration in plant tissue.  

Calculation of the BSAF on a dry weight soil to wet weight tissue permits estimation of the wet 
weight concentration in plant tissues.  The results were used to estimate potential uptake from 
soils, and can be considered as a measure of potential availability of the COC.  As well, the tissue 
residues provided a measure of potential exposure of various herbivorous receptors on the site, 
and thereby provided base data for use in modeling exposure of higher trophic levels. 

Measured and estimated BSAFs in the plant species tested are provided in Table B-3 for arsenic, 
Table B-4 for zinc and Tables B-5 and B-6 for PCBs in sediments and soils respectively. 

B3.1.1.1 Arsenic 

The results of vegetation sampling for arsenic are presented in Table B-3.  In general, uptake of 
arsenic by plants was very low.  In aquatic species, the highest accumulation factor (ratio of 
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arsenic in cattail tissue vs. concentration in sediment) was 0.02 at one station in Area E.  Among 
terrestrial species, the highest ratio of uptake (BSAF) for arsenic was 0.14 at one station in Area 
B in the grasses, while the highest ratio of uptake (BSAF) in leaf tissues occurred in Area A.  In 
general, plants appeared to accumulate low concentrations of the COC. 

In bank or upland areas, based on a simple comparison of concentrations on-site to the CCME 
screening values, three areas along the banks in Area B, Area D and Area E, exceeded these 
values for arsenic and resulted in RQveg values ranging up to 2.3.  Additional sampling further up 
the banks at T12-N+15 and T10-S+5 (Table B-3) yielded soil concentrations below this 
benchmark, and indicate that potential risks to vegetation are confined to limited areas of the 
banks. 

In contrast to the bank soils, the majority of the wetland soils/sediments exceeded the screening 
values for arsenic, with concentrations up to 24 times higher at station T3-M (i.e., a RQveg of 24). 
The distribution of arsenic in wetland soils/sediments indicates that most of the potential risk is 
confined to the southern end of the wetland and the southwest ditch (Areas A and B), with 
localized areas of higher risk in the main stem below the wetland area (T8-M (Area E)). Risk 
quotients ranged from a low of 1.7 at T8-M downstream of the wetland, to a high of 24 at the 
south end of the wetland.  While the screening values are necessarily conservative, the areas with 
greatest exceedances of the screening concentrations can be considered as presenting potential 
risks to plant growth. 

B3.1.1.2 Zinc 

Comparison with the CCME screening value for zinc in soil of 600 μg/g w.w. indicates that 
exceedances occurred primarily in the north ditch (Area D) where RQveg values ranged up to 6.9, 
and in the main stem below the wetland (Area E).  In some cases,  zinc concentrations were well 
above the screening values (up to 6.9 times at one location). 

Zinc concentrations in sediments exceeded the CCME screening criteria predominantly in the 
north branch (Area D) and in the north end of the wetland (Area B).  Calculated risk quotients 
(Table B-4) were relatively low at most sites, but RQveg values ranged up to 7.1, and may indicate 
some risks to vegetation at the mouth of the north ditch (Area D). 

B3.1.1.3 PCBs 

PCB concentrations in bank soils exceeded the CCME screening values at limited locations in the 
north ditch and in the main stem below the wetland.  As with zinc, potential risks, assessed as 
RQveg, were only identified in isolated locations in the north ditch (T12-N and T7-M (Area D)), 
and in the main stem (T8-N, T8-S, T9-N and T10-S (Area E)) (Table B-6).  However, RQveg 
values in this area ranged up to 174 and suggest adverse effects are likely in this area.  
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The accumulation of PCBs was assessed in both grasses and leaves.  Uptake factors (BSAFgrass) in 
grasses were 0.01 (calculated from the results in Table B-6), and are considered low. 

PCB concentrations in sediments are considered to present potential risks to vegetation at 
concentrations above 0.5 μg/g w.w. (CCME 1999).  RQveg values ranged up to 164, and nearly all 
sites in the wetland (Area B), the north ditch (Area D) and the main stem (Area E) exceeded the 
screening level, often by significant amounts.  PCB uptake factors for cattails (BSAFcattails), based 
on the ratio of wet weight PCB in tissue to a dry weight of PCB in sediment, was 0.009 (Table 4). 

As noted earlier, the screening values are based on toxicity tests using spiked soils.  As a result, 
bioavailability would be expected to be higher in these tests than would occur from natural soils 
where weathering would favour formation of complexes that would limit uptake and toxicity. 
Under field conditions therefore, toxicity would be expected to occur at higher concentrations of 
the PCBs than is indicated by the screening level. 

B3.1.2 Terrestrial Invertebrates 

Concentrations of arsenic and PCBs were measured in terrestrial invertebrates (earthworms) at 
two of the sites.  Sampling locations were selected such that they would provide low and high 
concentrations of each contaminant. Concentration factors for PCBs ranged from a nominal value 
of 1.0 (sediment concentrations were below the detection limit of 0.05 μg/g) to a high of 2.35.  In 
order to assess exposure and calculate potential uptake, the higher value is used since this would 
represent the most conservative approach.  

The measured tissue residues of arsenic and PCBs were used to estimate tissue residues across all 
sampling locations in order to provide a base from which to predict exposure of those species, 
such as shrews, that feed on earthworms.  Earthworm tissue residues were estimated based on  
calculated BSAFs as shown in Equation 5.  Since worms were collected in the creek bed 
immediately adjacent to open water, the sediment concentrations have been included in the 
estimation of tissue residues in the expectation that earthworms would inhabit the bank areas 
adjacent to sediment sampling areas.  It is also assumed that soil concentrations in immediately 
adjacent areas would be similar to sediment concentrations, and that the estimation of earthworm 
tissue concentrations on the basis of sediment concentrations would provide a realistic estimate of 
exposure through bank soils. Bank soils immediately adjacent to the creek bed were sampled only 
in the north ditch (Area D), and indicate that the concentrations of COCs were similar to the creek 
sediments, and that this is, therefore, a reasonable assumption.  

B3.1.2.1 Arsenic 

Screening levels for arsenic for the protection of soil invertebrates are based on the reported 
values from the literature.  Efroymson et al. (1997) report a value of 60 ppm (μg/g) for screening 
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of soils for effects on earthworms.  This value is based on a study in Eisenia fetida in which 
earthworms were exposed to 68 ppm (μg/g) potassium arsenate in soil (Fischer and Koszorus, 
1992).  Earthworms experienced a 56% reduction in the number of cocoons produced per worm 
at this exposure concentration, which was the most sensitive endpoint.  Based on this screening 
value, a limited number of specific locations on the site would present potential risks to 
earthworms, and include two locations in the southwest ditch (Area A), the south and north ends 
of the wetland (Area B), and the main creek stem below the wetland (Area E).  However, none of 
the mean values for the sub-areas resulted in exceedances of the screening criteria. 

B3.1.2.2 Zinc 

The screening levels for zinc for the protection of soil invertebrates are based on values from 
Efroymson et al. 1997, who reported a value of 100 μg/g for screening soils for potential effects 
on earthworms.  The screening benchmark is based on two studies in which Eisenia fetida were 
exposed to zinc in soil.  In the first, cocoon production was reduced in two artificial soils 
containing 136 μg/g and 142 μg/g (Spurgeon and Hopkin, 1996); in the second, the LC50 of zinc 
for Eisenia fetida was divided by 5 to result in an effect concentration of 132 μg/g (Neuhauser et 
al., 1985).  Based on this screening value, virtually all areas of the site exceed the screening 
value, including sampling sites in Area A, which have no indication of local sources of zinc, and 
suggest that this screening value is likely set too low.  

B3.1.2.3 PCBs 

The tissue residues of PCBs at the two sites sampled permitted an estimation of potential tissue 
residues in worms from other areas of the site, based on the calculated BSAFs.  The mean BSAF 
of 2.35 was used to estimate tissue residues in the remainder of the site based on soil 
concentrations (the predicted tissue residues are provided in Table 5 and are broken down by 
area).  No studies directly relating toxicity of total PCBs to earthworms could be found. 
Therefore, toxicity is assessed relative to TEQ (WHO, 1997) estimated on the basis of BSAFs. 
The CCME guidelines report a single study regarding dioxin/furan toxicity to earthworms.  The 
lethal concentration in soil ranged from 5-10 mg/kg 2,3,7,8-TCDD (5-10 mg/kg TEQ).  Estimated 
TEQ values in soil at Lyon’s Creek West ranged up to 2.1 ng/g (Table D-1), which is well below 
the effects level cited in CCME (1999).  Therefore, PCBs are unlikely to exert a toxic effect on 
earthworms, and the primary concern will be with bioaccumulation of PCBs to higher trophic 
levels. 

B3.1.3 Deer Mouse (Peromyscus maniculatus) 

The assessment of exposure of the deer mouse is based on estimates of feeding in different areas 
of the site.  This is necessarily a conservative approach, and may overestimate exposure in some 
areas where the home range of the mouse overlaps one or more sub-areas with different 
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contaminant concentrations or where the home range includes uncontaminated upland areas. The 
exposure estimates are based on the following assumptions: 

• Since each of the sub-areas is larger than the estimates for the home range (Table B-1), 
the mouse is assumed to feed entirely within each sub-area; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 48% 
of the diet consists of grasses; 

• Exposure estimates through ingestion are based on site-specific vegetation tissue residue 
data for arsenic and PCBs 

• The deer mouse was considered to be confined to the upland grassy areas, and exposure 
within the wetland was not considered; 

• PCB accumulation through ingestion of water is negligible; and 

• Since some soil is typically ingested during feeding, the incremental additional exposure 
through soil ingestion is estimated using standard equations and the soil ingestion rate 
provided in Table B-1. 

The exposure is calculated as a daily dose of the COC using the equations in Section B-2, and 
these are compared to the MATCs calculated from the screening benchmarks as provided in 
Table B-2.  

Concentrations of the COCs in soil and grasses at each sample site are estimated using the BSAF 
for transfer from soil to grass calculated from the measured data in Tables B-3 to B-6.  A mean 
BSAF for the site for each COC is used to estimate tissue residues in grasses at the remaining 
sample locations (i.e., the locations where vegetation samples were not collected).  This is based 
on the assumption that the BSAFs at all sites will be within the defined range for BSAFs and that 
this range is adequately described by the mean BSAF for the site. Where only limited values were 
available, the maximum BSAF is used to estimate tissue residues. 

For PCBs, historical data from the site are included in the exposure estimates.  Studies conducted 
under Phases I, II and III indicated little change in PCB concentrations has occurred on the site 
since the early 1990s, and PCB concentrations in 2003 and 2005 were comparable to the 
concentrations obtained during previous sampling.  Therefore, it is concluded that exposure could 
still occur to these levels. 

Exposure of the mouse to the COCs is then calculated using the estimated tissue residues for 
grasses at each location, with the estimated exposures for all stations within a specific sub-area 
then averaged to obtain an average daily dose for each sub-area. Calculations are based on both 
mean and upper 95% confidence limits. 
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B3.1.3.1 Arsenic 

The results of the exposure estimates are presented in Table B-3, and are based on the factors in 
Tables B-1 and B-2. 

Sample et al. (1996) estimate a NOAEL of 0.126 mg/kg-bw/day for arsenic based on 
reproductive effects (embryo development) which is derived from a LOAEL of 1.26 mg/kg-
bw/day.  Reported average weight of mice is provided in Sample et al. (1996) as 0.022 kg, with a 
reported food intake rate of 0.0034 kg/d. The average daily dose is compared to a Maximum 
Acceptable Toxicant Concentration (MATC) of 0.43 mg/kg-bw/day derived from the NOAEL 
and LOAEL values (calculated as the geometric mean) in Table B-3.   

None of the Areas resulted in estimated exposures above the MATC.  The results indicate that no 
risks are likely to the deer mouse due to consumption of arsenic through food.  

B3.1.3.2 Zinc 

The results of the exposure estimates are presented in Table B-4, and are based on the factors in 
Tables B-1 and B-2. Zinc concentrations were estimated in a similar manner using a MATC of 
1010.3 mg/kg-bw/day, and resulted in no identified risks for any of the areas (Table B-4). 
Predicted exposure concentrations were also well below the NOAEL of 319.5 mg/kg-bw/day in 
all areas of the site. 

B3.1.3.3 PCBs 

The results of the exposure estimates are presented in Table B-6 for total PCBs and B-7 for PCB 
congeners, and are based on the factors in Tables B-1 and B-2. Toxicity reference values for 
PCBs were obtained from SRS (1999), and provide a NOAEL of 0.068 mg/kg-bw/day and a 
LOAEL of 0.68 mg/kg-bw/day for a mouse of body weight of 0.014kg.  Based on the above 
reported weight for the deer mouse, this results in a calculated MATC of 0.202 mg/kg-bw/day.  
The results (Table B-6) indicate that exposure of the deer mouse to concentrations in excess of 
this benchmark are not likely to occur in any of the areas on the site and there are no predicted 
risks due to PCBs.  

Exposure to PCB congeners was compared to published data on TCDD toxicity through 
comparison of TEQs.  Based on data provided in Sample et al (1996), a LOAEL of 20 ng/kg-
bw/day and a NOAEL of 2 ng/kg-bw/day were derived, which yielded a MATC of 6.33 ng/kg-
bw/day. This benchmark was not exceeded in any of the Areas, and therefore, there are no 
expected risks to the deer mouse from PCB congeners in soil. 
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B3.1.4 Short-Tailed Shrew (Blarina brevicauda) 

Both the shrew and robin were considered as potential receptors for assessing exposure to on-site 
contaminants via ingestion of invertebrates since earthworms are known to comprise significant 
portions of the diet of each.  The robin, however, is likely to feed only in open upland areas of the 
site.  Since the more contaminated areas, particularly the north ditch, are in areas of densely 
vegetated scrub, the robin is unlikely to be present and feeding in these areas.  As well, the home 
range of the robin is larger than the site and therefore, the exposure of the robin to on-site 
contaminants is likely to be lower than the shrew.  In order to ensure that a conservative approach 
was followed, the shrew was selected as the most suitable receptor.    

Shrews, while not observed on the site, are considered to be potentially present on the site since 
there is available habitat, and shrews are ubiquitous in southern Ontario (Banfield 1974).  Due to 
the small reported range for the shrew, exposure and risk are assessed on the basis of sub-areas 
within the site. 

Earthworm tissue residue concentrations across the site were predicted on the basis of calculated 
BSAFs for the two sites where worms were obtained.  The mean BSAF was calculated for each 
site and earthworm tissue residues were estimated for the remaining sample sites based on the 
mean BSAF and measured sediment concentrations. These estimates were used as estimates of 
exposure to the shrew through food consumption. 

The exposure estimates are based on the following assumptions: 

• Since each of the sub-areas is larger than the estimates for the home range (Table B-1), 
the shrew is assumed to feed entirely within each area; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 60% 
of the diet consists of earthworms; 

• water ingestion rate is assumed to be negligible and exposure is through ingestion of 
food; 

• Since some soil is typically ingested during feeding, the incremental additional exposure 
through soil ingestion is estimated using standard equations and the soil ingestion rate 
provided in Table B-1;  

• Since earthworms occurred in bank soils immediately adjacent to open water, the shrew 
is assumed to feed within the wetland area since large areas of the wetland did not 
contain surface water;  

• Since earthworms were obtained from bank soils immediately adjacent to the creek, the 
sediment concentrations of the COCs are assumed to be representative of these soils, and 
were used in the estimates of exposure; and 

• For PCBs, historical data from the site are included in the exposure estimates.  Studies 
conducted under Phase I and II indicated little change in PCB concentrations has 
occurred on the site since the early 1990s, and PCB concentrations in 2003 were 
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comparable to the concentrations obtained during previous sampling.  Therefore, it is 
concluded that exposure could still occur to these levels, and accordingly they have been 
included in the dataset.  

The exposure estimate does not consider other potential sources of the COCs, though these are 
likely to result in minor additional doses compared to ingestion of food. The exposure estimates 
are based on the factors in Tables B-1 and B-2. 

B3.1.4.1 Arsenic 

The results of the exposure estimates are presented in Table B-3.  In Table B-3, the estimated 
daily doses were averaged over each of the sub-areas to obtain an average daily dose for that sub-
area.  

Comparison with the MATC derived from the NOAEL and LOAEL concentrations in Table B-2 
indicates that there are potential risks to the shrew in the wetland (Area B), the north ditch 
(Area D) and in the lower creek (Area E).  All three areas had elevated soil/sediment 
concentrations of arsenic, and tissue residue data showed accumulation of arsenic in earthworm 
tissues.  The maximum RQMATC was calculated in Areas D and E where alteration of drainage 
patterns has resulted in exposure of previously submerged areas as suitable habitat for the shrew. 

B3.1.4.2 Zinc 

Risks to shrews from consumption of earthworms were not calculated, since earthworm tissues 
were not analyzed for zinc.  

B3.1.4.3 PCBs 

Based on the calculations in Table B-6, exposure of shrews to PCBs through consumption of 
earthworms is expected to significantly exceed the calculated MATC of 0.209 mg/kg-bw/day in 
the North Ditch (Area D, RQMATC = 41.6), and in the main stem below the wetland (Area E, 
RQMATC = 53.3). As well, predicted exposure of the shrew also exceeded the MATC in the 
wetland (Area B), though the exceedance was significantly lower in this area (RQMATC = 6.4) 
(Table B-6). Given these high RQ values, adverse effects could be expected in shrews feeding in 
these areas. 

Exposure to PCB congeners (Table B-7) was compared to a calculated MATC of 6.96 ng/kg-
bw/day, derived from the NOAEL and LOAEL values in Table B-2.  Average daily doses to the 
shrew in Area D (the north ditch) and Area E  (Table B-7) significantly exceed this value and 
indicate that toxic effects due to exposure to the dioxin-like PCB congeners could occur.  As 
such, there are significant risks predicted to the shrew in Areas D and E due to both total PCBs 
and congeners. 
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B3.1.5 Red Fox (Vulpes vulpes) 

The fox is considered the most likely large predator to occur on the site.  Foxes are significant 
predators on rodents and are known to consume large quantities of mice and shrews (Banfield 
1974).  The fox has been selected, rather than an avian raptor, since they are likely to be exposed 
to a larger selection of mice and shrews across the site.  Raptors will typically be confined to 
feeding in open areas.  As noted earlier, the open grassland areas of the site are typically lower in 
contaminant levels. Foxes are likely to feed on shrews and other rodents in the more densely 
vegetated areas, where higher soil and sediment levels of the COCs have been recorded, and 
therefore are likely to be exposed to higher concentrations. The fox is also considered to be 
representative of other predators, including domesticated animals (dogs and cats). 

The exposure is calculated as a daily dose of the COC based on the equations provided in 
Section B-2, and these are compared to the screening benchmarks as provided in Table B-6 . 

The exposure estimates are based on the following assumptions: 

• Since each of the sub-areas is smaller than the estimated home range of the fox (Table B-
1), the fox is assumed to feed across the entire site; 

• Water ingestion of COCs is assumed to be negligible; 

• For the purposes of calculating potential exposure, the fox is assumed to feed on a diet 
consisting of 50% mice and 50% shrews; 

• Tissue residues in mice and shrews are based on average expected life spans for each. 
The fox is assumed to feed on mature adults, which would have accumulated maximum 
estimated tissue residues; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 
68.8% of the diet consists of mice and shrews; 

• Since some soil is typically ingested during feeding, the incremental additional exposure 
through soil ingestion is estimated using standard equations and the soil ingestion rate 
provided in Table B-1; and 

• Since risks to the shrew and deer mouse were not identified for zinc, and only minor risks 
were identified for arsenic, and since neither is known to biomagnify through trophic 
levels, only risks due to PCBs are estimated. 

The exposure estimate does not consider other potential sources of PCBs, though these are likely 
to result in minor additional doses compared to ingestion of mice and shrews from the site. 

Tissue residues in mice and shrews were estimated on the basis of the average daily dose and the 
typical life span of the animal.  Since tissue residues for mice and shrews from the site were not 
available, these are estimated based on conservative assumptions.  The rodents are assumed to 
have a life span of 10 months for the deer mouse and 18 months for the shrew (Banfield 1974). 
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Consumption is assumed to be at the given rate during the adult stage, and is assumed to be 50% 
of the adult consumption rate during the juvenile stage.  Maturity is based on the time to sexual 
maturity, which in the deer mouse is given as 35 days and in the shrew as up to 60 days (Banfield 
1974).  Therefore, the tissue residue estimates in Table B-6 for the deer mouse and shrew are 
based on a life span of 300 days for the deer mouse, of which 35 days are spent as juveniles, and 
460 days for the shrew, of which 60 days are spent as juveniles.  Tissue accumulation of PCBs is 
assumed to occur at a constant rate over the life span of the animal, and for PCBs, depuration is 
assumed to be negligible due to the long half-life of the compounds and the short life span of the 
rodents.  The estimates of tissue residues are based on the following equation: 
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where: [PCBprey] = predicted tissue residue in prey at full maturity (mg/kg); 
  [PCBexp]  = expected daily dose in mg/kg-bw/day, as calculated in Table 6; 
  tLE   = life expectancy in days; 
  tm   = time to maturity, in days. 

B3.1.5.1 PCBs 

Since the home range of the fox is considerably larger than the site (699 ha compared to 12 ha), it 
is estimated that the fox would only spend approximately 1.7% of the time feeding in this area. 
Therefore the estimated exposures in Table B-6 for each of the sub-areas include a correction 
factor of 0.017 that is applied to adjust for the home range size.  Since foxes would be expected to 
feed across the site, the average concentration for the entire site is taken as the most likely 
exposure concentration.  Based on these calculations, there are no identified risks to foxes. 

B3.1.6 Benthic Invertebrates 

B3.1.6.1 Arsenic 

Effects of contaminants in sediments on benthic invertebrates were assessed directly through 
sediment toxicity tests Golder 2005). The test results indicate that at the arsenic concentrations 
tested (41.2 μg/g) there were no indications of increased mortality on either test organism.  There 
were no significant differences in growth in the chironomids at this concentration, while the 
mayflies exhibited higher growth than in the controls, which may be a reflection of the higher 
organic matter content (and nutrient content) of the sediments in Lyon’s Creek relative to the 
controls. However, mean concentrations in sediments in both Area A (86.8 μg/g d.w.) and Area B 
(163.2 μg/g d.w.) were substantially higher than the maximum concentration tested, and does not 
preclude some adverse effects on benthic organisms.  

Golder Associates and Dillon Consulting 
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Therefore, comparison is made with effects concentrations from other studies.  MOE studies in 
the Porcupine River (Jaagumagi and Bedard 2001), showed no growth impairment or mortality in 
either mayflies or chironomids in sediment with 500 μg/g d.w. of arsenic, and also did not show 
any effects on benthic community structure at locations where sediment arsenic was elevated. 
While studies in the Moira River (Golder 2000) did not provide bioassay results, no effects on 
benthic community structure were noted in sediments with up to 600 μg/g d.w. of arsenic.  These 
results suggest that under in situ conditions, effects on benthic communities are limited, and that 
elevated levels of arsenic can occur without significant effects on sediment-dwelling biota.  These 
studies further indicate that the results of the sediment bioassay tests in Lyon’s Creek West are 
consistent with the findings of similar tests in other areas with arsenic contamination.  Since mean 
concentrations in Areas A and B were well below these levels, effects on benthos are not 
anticipated due to arsenic. 

B3.1.6.2 Zinc 

Effects of contaminants in sediments were assessed directly through toxicity tests.  The test 
results indicate that at the zinc concentrations tested (up to 2680 μg/g) there were no indications 
of increased mortality on either test organism.  There were no significant differences in growth in 
the chironomids at this concentration, while the mayflies exhibited higher growth than in the 
controls, which may be a reflection of the higher organic matter content (and nutrient content) of 
the sediments in Lyon’s Creek, relative to the controls.  Since the maximum concentration tested 
is much higher than the mean concentrations in sediments in any of the sub-areas (Table B-4), 
there would be no anticipated effects on benthic organisms in any of the sub-areas. 

B3.1.6.3 PCBs 

The toxicity of PCBs was assessed directly through toxicity tests.  The test results indicate that at 
the PCB concentration tested (25 μg/g dw), there were no indications of increased mortality on 
either test organism.  There were no significant differences in growth in the chironomids at this 
concentration, while the mayflies exhibited a reduction in growth relative to the controls (station 
T7-M – Table 10 (Golder 2005)).  Since the highest mean concentration of PCBs in the sub-areas 
was 26 μg/g d.w. in Area C and E, it is possible that elevated levels of PCBs could result in 
chronic effects on some benthic organisms at this location. 

Tissue residues of PCBs in benthic invertebrates could not be obtained from the mayflies at the 
end of bioassay tests due to accidental loss of the samples.  Therefore, tissue residues in benthic 
invertebrates were estimated using data collected in Lyon’s Creek East by the MOE and 
Environment Canada in 2002 and 2003 (data are provided in Appendix D).  

The benthic organism tissue concentrations of PCB dioxin-like congeners in Table D-1 were 
estimated using MOE and Environment Canada tissue residue data for a range of benthic 
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organisms in Lyon’s Creek East.  For each benthic species represented in the MOE-EC database 
for Lyon’s Creek East, matching sediment concentrations (top 10 cm) and benthic tissue residue 
concentrations were used to derive a BSAF specific to each congener and for each species by 
calculating first, individual BSAFs for each sample set, and then calculating a mean BSAF for the 
congener and for each organism across all sample sites using the equation below. 
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where:  BSAFcong  = BSAF for the specific congener; 
  [PCBbenth] = PCB congener concentration in the specific organism in the nth sample; 
  [PCBsed]  = corresponding sediment PCB congener concentration in the nth sample; 
  N   = number of samples. 

The mean value derived is provided in Table D-3, and this value was used to estimate tissue 
residues at Lyon’s Creek West using the following equation. 

[ ] congsedcong BSAFPCBTR ×=           

 where: TR  = estimated tissue residue 
  [PCBcong]sed = PCB congener concentration in sediment in Lyon’s Creek West (Table 4) 
  BSAFcong  = the BSAF calculated from equation 16 above. 

BSAFs for the invertebrates were calculated using tissue residue data and corresponding sediment 
concentrations of the 12 dioxin-like PCB congeners for the sites in Lyon’s Creek East (Table D-
2). Predicted tissue residues for Lyon’s Creek West sites are presented in Table D-1.  While tissue 
residues in Lyon’s Creek West were estimated based on concentrations in the top 5 cm, the 
limited number of core samples collected in 2003 indicates that concentrations in the 0-5 cm and 
5-10 cm sections are similar.  For example, PCB concentrations at station LC-6 in 2003 were 
11.6 µg/g and 11.0 µg/g in the 0-5 cm and 5-10 cm sections respectively, and suggest that there is 
little change in the distribution of PCBs in the top 10 cm.  Therefore, the BSAFs derived from 
Lyon’s Creek East that are based on sediment concentrations in the top 10 cm are likely 
representative of exposure in Lyon’s Creek West. 

The MOE-EC data for Lyon’s Creek East indicated that only a limited number of congeners were 
detected in organism tissues (Appendix D).  Therefore, only selected dioxin-like PCB congeners 
are likely to be accumulated in benthic invertebrate tissues in Lyon’s Creek West. Of the four 
organisms for which estimates are made (based on the organisms collected in Lyon’s Creek East) 
(Table D-1), the oligochaetes are predicted to accumulate the highest tissue residues (mean BSAF 
= 3.84) while predicted tissue residues in the odonates (1st order predators) were the lowest (mean 
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BSAF = 0.23).  Since oligochaetes feed by ingesting sediment, it is not surprising that they 
accumulated the highest tissue residues.  

While studies on the toxicity of PCBs to benthic organisms are few, toxicity testing conducted by 
Borgmann et al. (1990) assessed tissue residues of PCBs (as Aroclor 1242) in relation to chronic 
toxicity in the amphipod Hyalella azteca.  Borgmann et al. (1990) noted that body burdens of 
30 μg/g w.w to 180 μg/g w.w of Aroclor 1242 were associated with chronic toxicity.  Since this 
provides a suitable benchmark for benthic organisms, tissue residues in amphipods were 
estimated in Lyon’s Creek West based on measured sediment concentration and the mean BSAF 
calculated for amphipods in Lyon’s Creek East.  The calculated mean BSAF of 1.57 (Table D-3) 
was applied to the sediment concentrations in Lyon’s Creek West, and the results are provided in 
Table B-5 for each of the areas (Area D was excluded since this area is no longer aquatic habitat). 
The results indicate that tissue residues greater than 30 μg/g w.w. are predicted in amphipods in 
both the wetland (Area B), the area immediately below the wetland (Area C) and in the main 
creek below the wetland (Area E), and indicate that chronic effects could occur on sensitive 
benthic organisms.  It is not known how sensitive other benthic species may be to PCBs. 
However, since the sediment bioassay tests noted growth reduction in the mayflies in sediments 
from this area (station T7-M, Golder 2005), at a sediment PCB concentration of 25 μg/g d.w., the 
results suggest that the observed toxicity in the bioassay tests could be due to elevated levels of 
PCBs in the sediments.  

Since Aroclors are complex mixtures of individual PCB congeners, with the final two digits 
denoting the percent by weight of PCBs in the mixture (i.e., 42% in Aroclor 1242), the presence 
of Aroclors 1254 and 1260 (54% and 60% PCB respectively) in Lyon’s Creek West indicates that 
these mixture should be at least as toxic to benthic organisms as Aroclor 1242. 

The highest predicted tissue residues occurred in sediments collected from station T7-M in 
Area D (Table B-5). Bioassay tests showed that the only location in Lyon’s Creek West where 
growth reduction was apparent was in the mayflies at this station (Golder 2005).  Therefore, 
while direct correlation of toxicity test results and predicted tissue residues of the dioxin-like PCB 
congeners is not possible with the data available, the co-occurrence of high predicted 
accumulation and growth reduction in the mayfly may indicate the potential for adverse effects 
due to PCBs in sediments.  

It should be noted that these are general estimates only.  BSAFs in Lyon’s Creek East varied over 
a wide range for identical organisms (e.g., from 0.008 to 8.52 in oligochaetes), and suggest other 
factors (such as the concentration of organic carbon) can influence local availability and, 
therefore, tissue residues.  However, by calculating a mean value from the Lyon’s Creek East 
data, a reasonable approximation of expected tissue residues can be obtained.  With a larger 
dataset, including TOC concentrations, development of a predictable relationship may be possible 
that would provide better predictive ability. 
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B3.1.7 Fish 

Effects on fish were considered on the basis of direct toxicity through exposure to the COCs, and 
the potential for contaminant transfer, and hence exposure to those species that feed on fish.  Fish 
tissue residues were not measured directly but were estimated using data from Lyon’s Creek East 
using the equations noted above in Section B3.2.6 and the data in Appendix D. 

B3.1.7.1 Arsenic 

The lack of adverse effects in the bioassay tests with sediment organisms suggests that there are 
no likely effects on fish from arsenic concentrations in the sediments.  A number of bioassay tests 
conducted by the MOE were reviewed (Jaagumagi and Bedard 1991, 1995, 2001a, 2001b) , and 
in all cases, fathead minnows were less sensitive to metals in sediments than benthic organisms.  

B3.1.7.2 Zinc 

The lack of adverse effects in the bioassay tests with sediment organisms suggests that there are 
no likely effects on fish from zinc concentrations in the sediments. 

B3.1.7.3 PCBs 

Fish exposure is estimated from existing studies on PCB uptake from sediments in bioassay tests, 
and also on the basis of values reported in the literature.  Direct toxicity is considered unlikely, 
since previous studies (Bedard and Petro, 1997) noted no mortality in fish in bioassay tests due to 
PCB exposure.  BSAFs for PCBs are computed from previous studies in Lyon’s Creek (Bedard 
and Petro, 1997) and are provided in the table below.  

Medium T1 

(1992) 

T3 

(1992) 

T5 

(1992) 

Stn 4 

(1992) 

Stn 5 

(1992) 

T3 

(1996) 

T5 

(1996) 

Mean 

Sediment (ng/g d.w.) 240 600 3080 6040 1040 2400 780  

Minnows (ng/g w.w.) 200 630 1890 2480 1420 1400 660  

BSAF 0.8 1.05 0.6 0.4 1.4 0.6 0.85 0.8 

 

The mean BSAF from the above studies is 0.8 for accumulation of total PCBs by fish from 
sediments.  In those areas where there is currently standing water that could be considered fish 
habitat, the estimated tissue concentrations of total PCBs in fish tissue, using the BSAF of 0.8, 
are presented in Table B-5.  This value is likely an underestimate of accumulation by fish, since 
Ankley et al. (1992) noted that fathead minnows accumulated less PCBs than other species, and 
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they noted that use of fathead minnows in laboratory tests may significantly under predict 
exposure of fish.  

Since fish tissues were not analyzed for concentrations of the dioxin-like PCB congeners directly, 
these are estimated from sediment concentrations. The estimates are based on measured 
concentrations in sediments and biota from studies conducted by the MOE on Lyon’s Creek East. 
This is based on the assumption that the sources and therefore, types of PCBs, on the east side are 
similar to those on the west side and therefore, that accumulation of PCBs by fish on the west 
side would be similar to accumulation by fish on the east side. The calculation of estimates 
proceeded through a number of steps as described below. 

The BSAF (accumulation from sediments to fish) (Table D-3) was calculated from MOE tissue 
residue data for young-of-the-year (YOY) fish (2002-2003) for each of the 12 congeners for 
which detectable levels were present in both fish and sediments (Table D-2) and is similar to the 
method used to estimate benthic organism tissue residues.  BSAFs were not estimated if the 
concentrations in either fish or sediments were below detection limits. 
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where: BSAFcong = BSAF for the specific congener; 
  [PCBfish]  = PCB congener concentration in fish in the nth sample; 
  [PCBsed]  = corresponding sediment PCB congener concentration in the nth sample; 
  N   = number of samples. 

The calculated BSAF was used to estimate the concentration of dioxin-like PCB congeners in 
fish in Lyon’s Creek West by multiplying the sediment concentration for each congener by 
the respective BSAF for that congener (Table D-1), as shown in the equation below. 

[ ] congsedcong BSAFPCBTR ×=           

 where: TR  =  estimated tissue residue 
  [PCBcong]sed = PCB congener concentration in sediment in Lyon’s Creek West (Table 4) 
  BSAFcong  = the BSAF calculated from equation 18 above. 

The total TEQ was calculated from the estimated concentrations of dioxin-like PCB congeners 
(Table D-1). The estimated congener concentration derived through the equation above was 
multiplied by the WHO fish TEF, and the results summed to provide a total TEQ. 

Since the MOE data for Lyon’s Creek East indicated that not all congeners are accumulated to a 
similar degree, this approach is believed to provide a more realistic estimate of total TEQ. 

Golder Associates and Dillon Consulting 
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Predicted fish tissue residues (Table D-1) were compared to CCME guidelines for the protection 
of fish-eating birds and mammals (CCME 2001).  The CCME guidelines for total TEQ for 
mammalian and avian consumers of aquatic life are 0.79 ng TEQ/kg diet w.w. and 2.4 ng TEQ/kg 
diet w.w. respectively.  Total estimated dioxin-like PCB congeners in young fish resulted in 
estimated TEQs in mammals (based on the mammalian TEFs) of up to 523 ng TEQ/kg diet in 
Area C and up to 360 ng TEQ/kg diet w.w. in Area E.  Potential TEQs that fish-eating birds could 
be exposed to ranged up to 864 ng TEQ/kg diet w.w in Area C and 510 ng TEQ/kg diet w.w in 
Area E.  The results are 662 times and 360 times the CCME criteria for fish-eating mammals and 
birds respectively, and indicate that significant risks of exposure to fish-eating birds and 
mammals could result from feeding on fish from these areas.  

B3.1.8 Muskrat (Ondatra zibethicus) 

The muskrat is considered the most likely aquatic mammalian receptor to occur on-site.  While 
individuals were not observed during site visits, tracks were observed, indicating that the species 
is present in the area.  Muskrats typically feed on aquatic vegetation, including the stems of 
cattails which comprise a substantial fraction of their diet.  

The results of the exposure estimates are based on the factors in Tables B-1 and B-2. The 
exposure estimates are based on the following assumptions: 

• Since each of the sub-areas is larger than the estimates for the home range, the muskrat is 
assumed to feed entirely within each area; 

• Only those areas where aquatic vegetation (mainly cattails) were observed during the site 
visits are included in the exposure estimates.  Exposure was not estimated for the north 
ditch (Area D) since this area currently does not constitute muskrat habitat, and does not 
support the growth of aquatic vegetation; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 
100% of the diet consists of aquatic vegetation of which 60% consists of cattails; 

• Since some soil/sediment is typically ingested during feeding, the incremental additional 
exposure through soil/sediment ingestion is estimated using standard equations and the 
soil/sediment ingestion rate provided in Table B-1; and 

• For PCBs, historical data from the site are included in the exposure estimates.  Studies 
conducted under Phase I and II indicated little change in PCB concentrations has 
occurred on the site since the early 1990s, and PCB concentrations in 2003 were 
comparable to the concentrations obtained during previous sampling.  Therefore, it is 
concluded that exposure could still occur to these levels, and accordingly they have been 
included in the dataset. 

Risks to the muskrat were considered through consumption of contaminated food and the 
incidental ingestion of contaminated sediments using the equations in Section B-2.  
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Cattails were selected as the primary food source since they are abundant on the site, and 
muskrats have been recorded has obtaining a significant portion of their diet from consumption of 
cattails (60%). Cattails were sampled for arsenic and PCBs by collecting and analyzing a 30 cm 
section of stem beginning at the soil/sediment-water interface. This section was selected since it 
is the most likely to be consumed by muskrats. While muskrats will consume the tubers, the 
dense vegetation in the sample sites made collection of corms very difficult, since the roots were 
buried under layers of decomposing vegetation and it is assumed this would also limit the 
availability and consumption of corms by muskrats.  

B3.1.8.1 Arsenic 

The results of the exposure estimates are presented in Table B-3.  The estimates of exposure were 
compared to the MATC calculated from the NOAEL and LOAEL concentrations in Table B-2. 
Potential risks due to exposure of arsenic through ingestion were identified in the southwest 
branch upstream of the wetland (Area A) and in the wetland area (Area B).  The highest risks 
were identified in the wetland area (RQMATC = 4.0), and coincided with the highest concentrations 
of arsenic in sediment and vegetation.   

B3.1.8.2 Zinc 

The effects of zinc were not assessed in muskrats, since tissue residue data were not collected for 
cattails.  The low risks identified for other receptors due to zinc indicated that assessment would 
likely not identify risks to muskrats. 

B3.1.8.3 PCBs 

Exposure to PCBs was based on the tissue residues of PCBs in cattails.  However, the stations at 
the southeast end of the north ditch (MOE 1991 stations K and J) were included in the area 
between the downstream end of the wetland and the north ditch (Area C), since this represents 
one contiguous habitat area suitable for muskrats.  

The results of the exposure estimates are presented in Table B-5 and are based on the factors in 
Table B-1 and B-2.  

Comparison of the results with the MATC of 0.066 mg/kg-bw/day (Table B-5) indicates the 
highest risk was in the area between the downstream end of the wetland and the north ditch 
(Area C)  (RQMATC = 1.5) and the creek section below the wetland area to the canal (Area E; 
RQMATC = 1.5).  The minor exceedance of the MATC for both Areas suggests that risks could be 
minor, particularly given the conservative assumptions using in assessing exposure and risk. In 
contrast, risks were not identified in the section upstream of the wetland. 
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B3.2 Summary of Potential Risks in Lyon’s Creek West  

Potential risks to the receptors above were based on comparison of mean concentrations of the 
COCs in soil/sediment and food. In addition, RQs were also calculated for the upper 95% 
confidence limits (95% UCL) for each receptor-COC-Area combination, and these are also 
presented in Tables B-3 through B-7. In all cases, the RQMATCs calculated on the basis of the 95% 
UCLs resulted in slightly higher risk quotients than calculated based on mean values, but did not 
result in designation of additional Areas as presenting potential risks to any of the receptors. 
While the estimation of exposure based on the mean values could be considered less 
conservative, the division of the site into Areas, in which contaminant concentrations are 
generally relatively evenly distributed, has overcome some of the concerns with variability in 
contaminant distributions that typically favour the use of the 95% UCL as the preferred measure 
of exposure on contaminated sites. 

PCB concentrations in soils/sediments indicate that higher potential risks to vegetation occur in 
the north ditch (Area D), the north end of the wetland (Areas B and C), and in the main stem 
below the wetland (Area E).  The majority of the sampling sites in these areas significantly 
exceeded the RQveg values and indicate potential risks to vegetation could occur. (Studies 
conducted under Phase I and II indicated little change in PCB concentrations has occurred on the 
site since the early 1990s, and that PCB concentrations in 2003 were comparable to the 
concentrations obtained during previous sampling.  Therefore, it is concluded that exposure could 
still occur to these levels, and accordingly they have been included in the dataset). 

Limited risks to vegetation were also identified due to elevated levels of arsenic and zinc, mainly 
in the southwest ditch (Area A) and wetland (Area B) for arsenic and in the north ditch (Area D) 
and main stem (Area E) due to zinc. 

Only limited areas of the site were identified with potential risks to earthworms due to arsenic 
contamination. While risks were identified from exposure to zinc relative to screening 
concentrations from the literature in all areas of the site, these include those areas with no 
identified sources of zinc, and suggest that the available screening concentrations are set too low. 

PCB TEQs, were below screening benchmarks and suggest there is no likely toxic effect on 
earthworms from current levels on-site.  However, earthworms have accumulated PCBs in tissues 
to concentrations higher than in soils/sediments, and the potential effects of bioaccumulation and 
biomagnification of PCBs through consumption of earthworms by some receptors is a concern. 

Risks to the deer mouse through exposure to the COCs were negligible in all Areas of the site. 

Potential risks to the shrew were identified in Areas B, D and E due to arsenic and PCB 
contamination.  As well, potential risks in Areas D and E could be considered as significant risks 
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that could interfere with reproductive success.  As such, these effects could be expressed at the 
community or population level through reductions in local populations. Since earthworms 
accumulated relatively high levels of both arsenic and PCBs, and earthworms comprise a major 
part of the diet of shrews, feeding preferences and contamination of food items could account for 
the greater potential risks to shrews as compared to the deer mouse. 

No risks to the red fox were identified through the consumption of rodents from the site. 
However, this would not preclude a smaller predator, that feeds preferentially in some of the sub-
areas of the site, to be exposed to higher concentrations than are predicted in this study. 

The study results indicate that effects on benthos could potentially occur due to elevated arsenic 
levels in Area A and Area B, since concentrations in these areas were higher than the 
concentration tested  in the bioassay tests.  However, the remaining areas had lower average 
concentrations of arsenic in sediments than the bioassay test sediments and are unlikely to result 
in adverse effects on benthos.  

Concentrations of zinc were at or below the levels tested in the bioassay tests, and are expected to 
result in negligible effects on benthic organisms, though they could be contributing to growth 
effects in Area D. 

PCB concentrations are sufficiently high, relative to results from other studies, to suggest that 
some growth impairment could result in some species.  The tissue residues would also be of 
concern with regard to potential transfer and biomagnification of PCBs in higher trophic levels, 
such as fish.  

Adverse effects on fish are not predicted to occur due to exposure to arsenic or zinc in sediments, 
based on the outcomes of the bioassay tests for benthic organisms.  However, significant 
accumulation of PCBs is considered likely by fish, to levels that are well above the CCME 
guidelines for tissue residues in aquatic organisms.  As a result, while usage of the area by fish-
eating birds and mammals is likely to be minor, there are potential risks to birds and mammals 
from the consumption of fish t could affect remedial options for the site.   

Risks to the muskrat were identified through consumption of vegetation for both arsenic and 
PCBs in the wetland (Area B) and downstream areas (Areas C and E).  Exposure to PCBs in 
cattail tissues is predicted to result in exposure of muskrats to concentrations that could result in 
adverse effects. 

B4 LYON’S CREEK EAST 

Since the contamination in Lyon’s Creek East is confined to the sediments, those receptors that 
are most likely to be exposed to sediments, either directly, such as fish and benthic invertebrates, 
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or indirectly through exposure to PCBs though ingestion of contaminated organisms are 
considered. Since sediment contamination will primarily affect benthic organisms, fish and 
aquatic macrophytes directly through tissue accumulation, those receptors at higher trophic levels 
that feed upon these organisms have been selected to assess exposure. The species selected are 
outlined below. 

• Mallard: these are typical dabbling ducks that feed on vegetation and invertebrates in 
shallow water. Mallards are common in all shallower open waters, where they can readily 
feed on the sediment invertebrates and vegetation. They would be exposed to PCBs 
directly through ingestion of vegetation, and through benthic invertebrates and occasional 
fish. The available data indicate that incidental sediment ingestion is negligible (Sample 
et al. 1996). 

• Great blue heron: these are wading birds that are predators on fish, larger invertebrates, 
and amphibians. They are common throughout southern Ontario and prefer wide shallow 
streams with marsh vegetation, since these are the areas where fish and amphibians will 
often congregate. They would be exposed to PCBs directly through ingestion of prey, 
with negligible ingestion of sediment (Sample et al. 1996). 

• Easter Belted Kingfisher: these are entirely piscivorous birds. They prey on fish by 
perching on overhanging branches and will dive on suitable prey. As such, they prefer 
areas with stream-side trees and are not usually found in wide, wetland areas due to a 
lack of suitable perches. Due to the relatively small size of these birds, they would prey 
primarily on minnows and young fish. Incidental ingestion of sediment is negligible, and 
they would be exposed to PCBs entirely through consumption of prey (Sample et al. 
1996). 

• Snapping turtle: these can be considered as omnivorous, since they will ingest both plant 
and animal matter. Snappers feed primarily on fish and aquatic vegetation, and will catch 
live prey or will scavenge dead organisms. The primary route of ingestion is through 
prey, but they typically ingest some sediments incidentally while feeding (Sample et al. 
1996). 

• Muskrat: these feed entirely on vegetation, with cattails as the preferred food. Muskrats 
prefer wide, relatively shallow cattail marshes where they can build their lodges and have 
a ready supply of food. Numerous lodges were observed on the site during the February 
2005 sampling. Exposure would be primarily through consumption of vegetation, with 
some incidental ingestion of sediment (Sample et al. 1996). 

• Mink: these are common predators in southern Ontario, and would be expected to be 
present in the area. Mink feed heavily on fish, supplemented by larger invertebrates 
during the open water season (spring to fall). During winter, they are primarily predators 
on other small mammals, including muskrats. Exposure would be through ingestion of 
prey, and incidental ingestion of sediment is considered to be negligible (Sample et al. 
1996). 

Larger herbivores, such as deer, were not considered, since the contamination would be confined 
to the creek, and there is no reasonable pathway by which terrestrial species could be exposed. 
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Exposure of each of these receptors is based on existing information on sediment concentrations 
of PCBs, and tissue residues in benthic invertebrate species and fish. Environment Canada data 
for benthic invertebrate species have been used to estimate tissue residues, while combined data 
from MOE, Environment Canada, Golder and Dillon have been used to develop a map of 
sediment PCB distribution in surficial sediments. 

Since higher PCB contamination occurred at depths greater than 30 cm, exposure to these 
concentrations under normal conditions is considered negligible, and the assessment is therefore 
based on surficial sediment PCB concentrations (i.e., the 0-10 cm depth). 

As noted in Section 2.2.2, in order to facilitate the assessment, Lyon’s Creek East has been 
divided into a number of zones that are generally based on naturally occurring habitat features. 
Since some habitat features are common throughout the area, some of the stretches have been 
subdivided on the basis of the known distribution of PCBs in sediments. Where possible, the size 
of the areas has been chosen to include the home ranges of the majority of the species considered 
as potential receptors. The Zones are shown on Figures 3, 4 and 5 and are described in more 
detail in Section 2.2.2. 

B4.1 Assessment of Potential Effects/Risks 

The effects of elevated levels of PCBs in sediments and the accumulation of PCB residues in 
organism tissues were assessed through screening values obtained from the scientific literature. 
Risk/effects estimates in this section are based as much as possible on site-specific data, and 
include sediment concentrations, tissue residues in vegetation, and tissue residues in benthic 
invertebrates and fish. Tissue residues in aquatic invertebrates and fish are estimated based on 
sediment and tissue residue data for PCBs and PCB congeners from Lyon’s Creek East collected 
by Environment Canada and MOE in 2002-2003. Tissue residues in vegetation are based on 
measured concentrations in Lyon’s Creek West (Golder 2005). 

Exposure calculations for the species considered are derived using the specific information in 
Table B-1. Screening values are based on effects values from the literature and are summarized in 
Table B-2.  

Exposure calculations for the above species are provided in Table B-8. The exposure calculations 
are based on the information in Table B-1, and on Environment Canada-MOE data on sediment 
and biota tissue residues (Appendix D), supplemented by additional sediment data collected by 
Golder-Dillon in 2005. 
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B4.1.1 Mallard (Anas platyrhynchos) 

Exposure assessment of the mallard was calculated based on the factors in Tables B-1 and B-2, 
and the results of the exposure estimates are presented in Table B-8. Exposure of the mallard is 
based on the minimum home range size of 111 ha., since this provides the most conservative 
estimate of risk. Since the pond area is expected to be frozen during the winter, mallards are 
considered to be potentially present during the ice-free period, which has been calculated as 
8 months of every year. Mallards are dabbling ducks, feeding primarily on aquatic vegetation and 
benthos. Benthic organisms are considered to comprise 78% of the diet, with vegetation 
comprising an addition 14% (Sample et al. 1996). Benthic tissue residues for the amphipod and 
chironomid, from the Environment Canada data, were used to derive BSAFs from which 
invertebrate tissue residues were estimated for all sediment data points. Oligochaete tissue 
residues were not used to estimate risks to the mallard since these typically burrow in the 
sediments, and would not be readily available. Vegetation tissue residues were estimated from 
concentrations in cattails in Lyon’s Creek West (Golder 2005). 

The exposure estimates for the mallard are provided in Table B-8. Based on the calculated MATC 
of 0.57 mg/kg-bw/day (based on a NOAEL of 0.18 mg/kg-bw/day and a LOAEL of 1.8 mg/kg-
bw/day), potential risks to mallards were not identified in any of the Zones. None of the areas 
exceeded the NOAEL of 0.18 kg/kg-b.w./day, even when the upper 95% confidence limit for 
PCB distribution was used for predicting exposure. 

Since the feeding range of the mallard is estimated to be larger than the creek and wetland areas, 
this likely accounts for the low estimated exposure to PCBs. As a result, predicted risk to the 
mallard is negligible. 

B4.1.2 Great Blue Heron (Ardea herodias) 

Exposure of the heron was calculated based on the factors in Tables B-1 and B-2, and the results 
of the exposure estimates are presented in Table B-8. Exposure estimates were based on a feeding 
range of 0.6 ha. As with the other piscivorous species, exposure was limited to the ice-free period 
which was considered to be from mid-April to mid-December (i.e., 8 months). Great blue herons 
are considered to be predominantly piscivorous, but will consume other aquatic species, such as 
frogs. Since data were only available for fish species, the estimates of exposure have been based 
on fish comprising 100% of the diet. It is assumed that other organisms, such as frogs and 
tadpoles, will be similar in PCB tissue residues to the young fish. The MOE young-of-the-year 
fish data have been used to derive estimated tissue residues in fish. As noted above, young fish 
BSAFs were higher than those calculated for sport fish, and therefore represent a more 
conservative estimate. As well, herons are expected to consume a much larger proportion of 
smaller fish, and will be limited in the size of fish they can catch and consume. Finally, fish-
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eating birds and mammals are expected to consume the entire fish and not just muscle tissue, and 
the use of sport fish data could therefore underestimate actual exposure. 

Based on the calculated MATC of 0.57 mg/kg-bw/day (based on a NOAEL of 0.18 mg/kg-
bw/day and a LOAEL of 1.8 mg/kg-bw/day), potential risks to herons were not identified in any 
of the Zones. None of the areas exceeded the LOAEL of 1.8 kg/kg-b.w./day, a concentrations at 
which reproductive effects could be anticipated. 

Effects on biota could include some impairment of reproductive function where concentrations 
exceed the NOAEL. However, since the NOAEL is based on a conversion from the LOAEL of 
1.8 mg/kg-b.w./day, this may be a conservative estimate. 

B4.1.3 Eastern Belted Kingfisher (Ceryle alcyon) 

Exposure of the kingfisher was calculated based on the factors in Tables B-1 and B-2, and the 
results of the exposure estimates are presented in Table B-8. Exposure estimates were based on a 
feeding range of 2.2 km of shoreline (Sample et al. 1996). As with the other piscivorous species, 
exposure was limited to the ice-free period which was considered to be from mid-April to mid-
December (i.e., 8 months).  

Kingfishers are considered to be entirely piscivorous, and therefore exposure estimates are based 
on 100% of the diet being comprised of fish. Fish tissue estimates based on young-of-the-year 
BSAFs were used in the estimates since these were higher than the sport fish BSAFs and will 
provide a more conservative estimate. As well, the small size of the kingfisher would limit 
feeding to small fish. 

Kingfishers exceeded the MATC of 0.57 mg/kg-bw/day in Zones 2 and 3 for total PCBs and 
Zones 2 through 6 for PCB congeners (calculated as TEQs). Exposure was highest in Zones 2 and 
3 (RQMATCs for total PCB were 1.12 and 1.22 respectively) and only slightly exceeded the 
MATC. Neither the mean nor 95% UCL estimates exceeded the LOAEL of 1.8 mg/kg-bw/day in 
any of the Zones, and suggest that risk of reproductive effects is negligible. Risk with respect to 
TEQs showed the highest potential (RQMATC) in Zone 5. However, since only limited recent data 
on surficial concentrations of PCB in sediment in Zones 5 through 7 were available, the exposure 
estimates include sediment data from 1995. The earlier data were based on a much deeper 
sediment profile (up to 25 cm depth compared to the top 10 cm used in estimating risks in Zones 
1 through 4). Since concentrations have been shown to increase with depth at all sample sites 
(Appendix A), the high RQ in this Zone is likely an artefact of the sediment data, and may not be 
a realistic assessment of potential risks in this Zone (most benthic organisms would be exposed to 
the top 10 cm since this is the typical depth to which organisms have been found to burrow). 
Therefore, concentrations in the top 10 cm would need to be checked before assessment of risk in 
these areas can be verified. 
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B4.1.4 Snapping Turtle (Chelydra serpentina) 

Exposure of the snapping turtle was calculated based on the factors in Tables B-1 and B-2. The 
results of the exposure estimates are presented in Table B-3. Exposure estimates were based on a 
feeding range of 3.8 ha. Since turtles hibernate in bottom sediments during the winter months, 
exposure was limited to the warmer period which was considered to be from mid-April to mid-
November (i.e., 7 months). Since turtles will feed on both live and dead prey, with fish as a major 
component of the diet, the concentrations in young-of-the-year fish, are used to estimate 
exposure. As noted earlier, BSAFs were higher in young fish than in sport fish, and provide a 
more conservative estimate of exposure. 

No benchmarks for exposure of turtles could be found. However, USGS (2003) notes that very 
high tissue residues (up to 3,608 μg/g w.w) have been found in individual turtles, though these 
levels cannot be considered as suitable benchmarks, since little information is available on actual 
effects at these tissue residues. Analysis of snapping turtle tissue (lipids) by the MOE (A. Hayton, 
Pers. Comm.) yielded a maximum tissue residue of 56 µg/g, which is well below the 
concentration noted above. This does not preclude other effects, such as reproductive effects, 
from occurring, but currently there are no benchmarks against which these can be assessed. 
However, since snapping turtles are particularly long-lived, it is possible that these residues 
represent PCB accumulation during those periods when sediment and biota concentrations may 
have been much higher (as indicated by sediment concentrations of PCBs at depth). As such, a 
better indication of tissue residues could be obtained by more recent analysis of young tutles.   

It should be noted that there could be potential concern with consumption of snapping turtles, 
either by human or non-human biota at the concentrations noted above. 

B4.1.5 Muskrat (Ondatra zibethicus) 

Exposure of the muskrat was calculated based on the factors in Tables B-1 and B-2. The results of 
the exposure estimates are presented in Table B-8. Exposure estimates were based on a feeding 
range of 0.17 ha. Since muskrats are active throughout the year exposure was considered on a full 
12 month period. 

No risks to muskrat were identified in any of the Zones, based on the MATC of 0.066 mg/kg-
bw/day. 

B4.1.6 Mink (Mustela vison) 

Exposure of the mink was calculated based on the factors in Tables B-1 and B-2. The results of 
the exposure estimates are presented in Table B-8. Exposure estimates were based on a feeding 
range of 2.2 km of shoreline. Mink are active throughout the year, but change their feeding habits 
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depending on the season. During the ice-free period, a substantial portion of the diet (63%) is 
comprised of fish, with an additional 11% comprised of larger invertebrates such as crayfish. In 
the exposure estimates, the young-of-the-year fish data are used to estimate exposure through fish 
in the diet. Since crayfish were not analyzed, the Environment Canada amphipod data were used 
to estimate the exposure through this component. Since mink are reported to hunt over a range of 
2.2 km of shoreline, this area corresponds to the available shoreline in most of the Zones, with the 
exception of Zones 1 and 4. In these areas, exposure has been pro-rated based on the relative size 
of the zone relative to the feeding range. 

During the winter months, when fish and invertebrates are not available, feeding changes to 
predation on small mammals. Sample et al. (1994) note that up to 48% of the diet can be 
comprised of muskrats during the winter months. Since muskrat exposure was very low, the 
exposure assessment has focused on the spring-fall diet, which is heavily influenced by 
concentrations of PCBs in fish and invertebrates, and is expected to be responsible for the 
majority of the exposure. 

Exposure benchmarks for the mink were obtained from Sample et al. (1995) for exposure to total 
PCBs and from Brunström et al. (2001) for exposure to the dioxin-like PCBs (assessed on the 
basis of TEQs). Brunström et al. (2001) note that in their study, reproductive effects, as reduced 
litter size and reduced survival of kits, typically occurred in the second reproductive season, and 
was not accompanied by any apparent effects on the parent. Therefore, the reproductive effects 
appear to be the most sensitive endpoint. For estimation of exposure of the mink to total PCBs, a 
MATC of 0.22 mg/kg-bw/day was calculated from a LOAEL of 0.69 mg/kg-bw/day and a 
NOAEL of 0.069 mg/kg-bw/day. A MATC of 0.76 ng/kg-bw/day, (based on a LOAEC of 2.4 ng 
TEQ/kg-body weight/day and an estimated NOAEL of 0.24 ng TEQ/kg-b.w/day) was used to 
estimate exposure to PCB congeners. 

Risks to mink based only on the spring to fall diet were identified in Zones 1 through 3 for PCB 
congeners (as TEQs) only (Table B-3). The slight exceedance of the MATC in these Zones 
(maximum RQMATC = 1.14 in Zone 3) suggests risk are likely to be low. Neither mean nor 95% 
UCL estimates exceeded the LOAELs in any of the Zones. Since estimated muskrat exposure was 
low, predation on muskrats during winter months is expected to add only incrementally to the 
exposure via fish.   

B4.2 Summary of Potential Risks to Ecological Receptors 

Assessment of risks in Lyon’s Creek East has included both assessment relative to technical PCB 
mixtures (i.e., Aroclors), as total PCBs, and with respect to TEQs. As noted in Section B1, each 
considers a different mechanism of toxicity. This may explain the differences in RQMATCs 
between total PCBs (as Aroclor 1254) and total TEQ, since the PQs for the latter were 
consistently higher. 
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It should be noted that in a number of studies, weathered PCBs (as total PCBs) appeared to be 
more toxic than fresh technical mixtures (which are typically used in the tests upon which the 
reference doses are based) (Giesy and Kannan 1998). The difference in toxicity has been 
attributed to the selective removal of the less toxic congeners during weathering. The finding has 
implications for risk assessment, and suggests that assessment relative to benchmarks for total 
PCBs based on fresh technical mixtures may underestimate risks to biota.   

In a recent review, Giesy and Kannan (1998) note that in general, population level effects are not 
noted until RQNOAELs are in the range of 10 to 20. They go on to note that in mink studies where 
mink were fed PCB contaminated fish, a dose of 0.66 μg/g caused complete reproductive failure. 
Within the current assessment, this corresponds to an RQMATC of 3. This level was not reached in 
any of the Zones. The results suggest that reproductive impairment in the mink is unlikely to 
occur at existing PCB concentrations within Lyon’s Creek East.  

Of the available studies using birds, two separate studies were reviewed. The study by Dahlgren 
et al. (1972) (cited in Sample et al. 1996) using Aroclor 1254 derived the 0.18 mg/kg-b.w./day 
NOAEL, using reproductive impairment in ring-necked pheasants, from a measured LOAEL of 
1.8 mg/kg-b.w./day and the application of a 0.1 safety factor. This result has been extrapolated to 
avian receptors in general to establish the benchmark. Since this is the most conservative value, it 
was used in the assessment of potential risks. Safety factors are themselves designed to be 
conservative, and therefore the derivation of a NOAEL from a LOAEL could result in an overly 
conservative value. The study by McLane and Hughes (1980, cited in Sample et al. 1996) using 
reproductive effects in the screech owl calculated a NOAEL of 0.4 mg/kg-b.w./day for Aroclor 
1242, rather than estimating a value from a LOAEL. Recognizing that there are some differences 
in congener composition among the different Aroclors, the differences between the two studies, 
and in particular the derivation of a NOAEL from the study results, rather than the estimation of a 
NOAEL from a LOAEL values indicates that the latter study may provide a more realistic 
benchmark. While the more conservative benchmark of 0.18 mg/kg-b.w/day is used to assess 
potential risks, the use of the less conservative benchmark of 0.4 mg/kg-b.w./day resulted only in 
a reduction in risk quotients of less than 1 for the kingfisher in Zones 2 and 3.  

The use of MATC values as benchmarks is a reasonably conservative approach for assessment of 
effects. It recognizes that benchmarks based on LOAEL values may not be sufficiently 
conservative, since effects on organisms could occur at these concentrations. Similarly, 
benchmarks based on NOAEL values may be overly conservative. As such the MATC represents 
a value that could be considered sufficiently conservative that adverse effects are not anticipated 
while not being overly conservative. The results indicate that it is unlikely that effects would 
occur in avian receptors exposed to PCB in Lyon’s Creek East at concentrations below these 
conservative benchmarks. However, since there is conservatism incorporated into this 
benchmark, it also cannot be assumed that where concentrations exceed these values, effects are 
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likely. This is particularly true where there is marginal exceedance of the benchmark (i.e., the 
RQMATC is marginally greater than 1).  

The risks to avian receptors from coplanar and mono-ortho substituted PCBs were assessed 
through benchmarks based on ring-necked pheasants exposed to 2,3,7,8-TCDD (Nosek et al. 
1992, cited in Sample et al. 1996). The LOAEL screening benchmark of 0.00014 mg/kg/day is 
based on reproductive effects (i.e., egg production and hatchability). In the study, egg production 
and hatchability were significantly reduced in birds receiving a weekly dose of 1 ug/kg but no 
observed effect at a dose of 0.1 ug/kg/wk. Therefore, the 1 ug/kg/wk dose was used to establish 
the LOAEL and the 0.1 ug/kg/wk dose was used to establish the NOAEL. The results suggest that 
there is potential for adverse effects (i.e., reproductive effects that could affect recruitment at the 
population level) in some receptors in Zones 1 to 4, and supports the assessment with respect to 
total PCBs. 

The study by Brunström et al. (2001), indicates that mink are particularly susceptible to exposure 
to dioxins and dioxin-like PCBs, and that the TEQ assessment is likely a more sensitive 
benchmark than total PCBs. Nonetheless, different benchmarks for mink exposure were obtained 
from the literature, which ranged from 7.7 ng TEQ/kg-b.w./day in Sample et al. (1996) to 
2.4 ng/kg TEQ in Brunström et al. (2001). 

While potential risks to individuals may be identified, the significance of the risk assessment is 
whether these can result in potential impacts at the population level. Endpoints that could be 
directly related to effects on populations include reproductive effects, since the ability of a 
population to reproduce successfully ultimately determines its long term viability. The effects 
considered for both the mammalian and avian species are based on potential reproductive effects, 
that in some cases could result in either total reproductive failure of the parents, as in the case of 
the mink, or in the failure of eggs to hatch, as in the case of the avian receptors. Both, if they 
occur, could affect the ability of the species to survive in the local areas, since as adults die out, 
there needs to be a replacement or recruitment of young to take their place. Based on the 
outcomes above it is concluded that these types of effects are unlikely in most Zones. However, 
there is potential for some adverse effects where risks were highest, particularly where both 
indicators (total PCB risks and TEQs) identified concerns. 

Among the receptors considered, highest risks were noted in those species that feed heavily on 
fish. Kingfishers and herons had higher potential risks than the mallard due to the large 
proportion of fish within their diets. Similarly, the risks to mink were due primarily to the fish 
component of the diet of this species. In contrast, herbivorous species such as the muskrat had 
negligible risks, due mainly to the low measured uptake of PCBs in cattails, the primary food 
source for this species. 



August 2008 - B-38 - 03-1112-059 (5400) 
 

Golder Associates and Dillon Consulting 

The risk assessment indicates that contaminated sediments contribute to potential risks at higher 
trophic levels primarily through the availability of PCBs to fish, which is then transferred and 
magnified through higher trophic levels. The study results suggest that while the direct effects on 
the fish may be minor, the potential effects at higher trophic levels may include reproductive 
effects, which could potentially be damaging at the population level. However, this is off-set to 
some degree by the conservative assumptions used in the assessment. 

B5 DISCUSSION OF UNCERTAINTIES 

Risk assessment involves the prediction of effects on biota using measured inputs and modeled 
accumulation or exposures. Since it is often impractical and sometimes undesirable to measure 
exposures in all receptors, the process typically relies heavily on modeled exposures for 
organisms at higher trophic levels. However, all models are simplifications of natural systems or 
processes, and therefore, rely heavily on a number of assumptions. These, in turn, create 
uncertainties in the outcomes. Since the intent of risk assessments is to predict effects in order to 
take preventative or corrective action, the assumptions typically err on the side of caution. As a 
result, most risk assessments will over-predict the likely occurrence of adverse effects. 

In conducting risk assessments, there are typically numerous sources of uncertainty that can affect 
the final risk estimates. Since many of the assumptions and uncertainties cannot be readily 
quantified, the risk assessment is typically conducted to conservative estimates. 

The sources of conservatism in the risk assessments conducted for Lyon’s Creek East and Lyon’s 
Creek West include: 

• Estimation of tissue residues in vegetation (grasses and cattails) from limited sample 
sizes. Since only the most contaminated sites sampled yielded detectable concentrations 
of PCBs in plant tissues, the BSAFs are based on single samples. Since these reflect 
actual site conditions, they are used preferentially. However, the lack of uptake data from 
less contaminated sites suggests these values may be biased towards higher 
concentrations.  

• Estimation of tissue residues in earthworms is similarly based on limited samples (two 
sites). Since a large range in BSAFs was obtained, the highest value, obtained at the more 
contaminated site, was used to estimate exposures. This is a conservative approach that 
may overestimate actual accumulation by the earthworm, and may similarly overestimate 
exposure to the shrew. However, since large areas of Lyon’s Creek West had PCB 
concentrations that were similar or higher than those at the earthworm collection sites, the 
tissue residue data is likely a reasonable approximation of exposure. Since the maximum 
value represents actual availability on-site, it is used preferentially over literature derived 
values. 

• Estimation of tissue residues in fish and benthos in Lyon’s Creek West from tissue 
residues in biota in Lyon’s Creek East assumes that availability from sediments in Lyon’s 
Creek West would be similar to Lyon’s Creek East. Since the systems were historically 
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connected, and are from similar areas separated by approximately 1.5 km, this is likely a 
reasonable assumption, but cannot be verified without fish tissue samples from Lyon’s 
Creek West. 

• Young-of-the-year fish tissue residues are assumed to be related to a sediment area of 
1000 m2 around the collection site. While fish may range in larger areas, the relatively 
low concentrations of PCBs throughout Zones 1 through 3, and the relatively low 
variability (i.e., mean sediment concentrations as compared to 95% UCLs) indicates 
consideration of larger ranges will not result in substantial changes in BSAFs. 

• Oligochaetes were not included as potential food items for the mallard since consumption 
data were not found. Based on a calculated mean BSAF for Lyon’s Creek East (MOE-EC 
data, Appendix D) of 3.84 for oligochaete accumulation of PCBs, this would result in an 
incremental risk to the mallard if 40% of the diet is assumed to consist of oligochaetes, 
and did not result in exceedance of the MATCs for any of the Zones. 

• Conservative outputs from one model were in many cases used as input parameters in 
other models, with the result that any conservatism in the initial model is transferred over 
to the second model. Thus, conservative estimates of BSAFs for earthworms would result 
in conservative estimates of exposure for the shrew. 

• Consumption of snapping turtles with elevated tissue residues of PCBs by other predators 
and humans has not been directly considered, since consumption data could not be found 
for predators or scavengers. The local population of snapping turtles is largely unknown, 
as is the incidence of mortality. 

• It is assumed that the exposure of receptors is adequately represented by the samples 
collected and analyzed on the sites. Since a relatively large number of sediment samples 
have been collected from both sites, it is assumed that the range of COC concentrations to 
which receptors could be exposed has been included. 

• It is assumed that the receptors represent those species that are actually present on the 
site. In some cases assumptions have been made on species potentially present, but not 
actually observed on the site. 

• It is assumed that the ranges used in estimating exposures to receptors corresponds to 
actual site usage. In some cases, the actual area used by the receptor may be smaller than 
the risk assessment assumes. In the case of both Lyon’s Creek East and Lyon’s Creek 
West, this is unlikely to change estimates of potential risk, since the receptors selected, 
with the exception of the mallard and the red fox, are assumed to feed entirely within the 
identified Area or Zone. However, if the feeding area is larger than the contaminated 
areas of each site, this may result in an over-estimate of exposure, and hence an 
overestimation of potential risks. 

• The use of mean concentrations to assess exposure, in many cases could be considered as 
potentially resulting in an under-estimate of exposure. However, in most site assessments, 
the area of contamination is small relative to the area of the site. The risk assessment for 
Lyon’s Creek West and Lyon’s Creek East divides the site into Areas or Zones that 
include only the contaminated area. This is possible since the wetland areas are distinct 
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from upland areas, and each has distinct receptors. As such, most receptors are assumed 
to be exposed only to contaminated areas. Since the areas of each Area or Zone 
correspond to the typical home ranges of the majority of receptors and the receptor is 
assumed to be present within this range 100% of the time, it is reasonable to assume that 
the receptor would be exposed to mean concentrations on the site, since there is no reason 
to assume the receptor preferentially favours any particular area within its home range. 
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Figure B-1: 
Conceptual Site Model for Lyon's Creek West
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Figure B-2: 
Conceptual Site Model for Lyon's Creek East
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August 2008 Table B-1:
Receptor Exposure Data

 03-1112-059 (5400)

Species Body weight 
(kg)

Food Ingestion rate 
(kg/kg-b.w./day)

Soil/Sediment ingestion 
rate (kg/day) Diet composition Home range 

Time on 
site1

Deer Mouse 0.022 0.0034 0.000068 100% vegetation 0.059 ha 100%

Short-tailed Shrew 0.015 0.009 0.00117 60% earthworms 0.39 ha 100%

Mallard 1.134 0.063 negligible 78% invertebrates
14 % vegetation 111-468 ha 67%

Great Blue Heron 2.2 0.18 negligible 100% fish 0.6 ha (feeding range) 67%

Kingfisher 0.147 0.5 negligible 100% fish up to 2.2 km of shoreline 67%

Snapping Turtle 7.9 0.013 2.5% of ingestion rate 84% fish
13.5% vegetation up to 3.8 ha 60%

Muskrat 1.2 0.116 0.004 60% cattails 0.17 ha 100%

Mink 1 0.137 negligible 63% fish; 11% crayfish 
winter diet - 43% muskrat up to 2.2 km of shoreline 100%

Red Fox 5.25 0.45 0.0126 68.6% rodents (assume 50% 
mice and 50% shrews) 699 ha

1 - based on migratory or hibernation patterns in the species

All data based on Sample et al.  (1994).

N:\Active\2003\1112\03-1112-059 - Niagara RAP\Phase IV\Final Report Aug 08\Appendix B\
Table B 1 Rev.xls Golder Associates and Dillon Consulting



August 2008 Table B-2 
Screening Benchmarks for Receptors

03-1112-059 (5400)

-
-

Receptor Arsenic 
Screening 

concentration 
(NOAEL) (mg/kg

bw/day

Arsenic 
Screening 

concentration 
(food) (mg/kg-

bw/day)

Arsenic 
Screening 

concentration 
(LOAEL) (mg/kg-

bw/day

Zinc Screening 
concentration 

(NOAEL) (mg/kg
bw/day)

Zinc Screening 
concentration 
(food) (mg/kg-

bw/day)

PCB Screening 
concentration 

(NOAEL) (mg/kg-
bw/day)

PCB Screening 
concentration 
(food) (mg/kg-

bw/day)

PCB Screening 
concentration 

(LOAEL) (mg/kg-
bw/day)

Deer Mouse 0.136b 0.88b 1.36b 319.5b 2067.6b 0.06b 0.39b 0.68b

Short-tailed 
shrew 0.15b 0.25b 1.5b 351.7b 586.1b 0.066b 0.111b 0.668b

Red Fox 0.016b 0.16b

Musk rat 0.049b 0.49b 115.8b 0.021b 0.21b

a - EPA 1993
b - Sample et al 1996

Golder Associates and Dillon Consulting



August 2008 TABLE B-3:
Distribution of Arsenic in Soil, Sediment and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Deer Mouse Short-tailed Shrew Muskrat

Sample Date Soil Sediment RQVeg Leafest Grass Grass est Cattails Cattailest

ug/g ug/g d.w. ug/g 
w.w.

ug/g 
w.w.

ug/g w.w. ug/g 
w.w.

ug/g w.w.

NOAEL 0.136 0.150 0.049
LOAEL 1.360 1.500 0.490
MATC 0.430 0.474 0.155

Area A: Upstream of wetland on south branch (Area = ~360 m2)
T1-N 2004 3.2 0.2 0.40 0.26 0.20 0.33 0.71 0.035 0.383
T1-M 2004 53.0 2.7 0.70 0.41 16.57 11.76 0.200
T1-S 2004 2.8 0.1 0.22 0.29 0.62 0.030 0.335
LC-1 2003 167.0 8.4 1.29 37.06 0.631
LC-2 2003 47.0 2.4 0.36 10.43 0.178
T2-N 2004 3.7 0.2 0.30 0.38 0.82 0.040 0.443
T2-M 2004 80.2 4.0 0.62 17.80 0.303
Mean 3.23 86.80 0.26 0.34 0.67 11.31 0.035 0.387 0.328
RQ MATC 0.081 0.817 2.117
Standard Deviatio 0.45 55.38 0.04 0.05 0.43 13.18 0.00 0.05 0.21
95% C.L. (+/-) 0.51 54.28 0.04 0.05 0.42 9.77 0.01 0.06 0.21
Upper 95% C.L. 3.74 141.08 0.30 0.39 1.09 21.08 0.04 0.45 0.53
RQ MATC 0.09 0.95 3.44

Area B: Wetland (Area = ~8000 m2)
T3-N 2004 2.6 0.1 0.21 0.27 0.58 0.028 0.311
T3-M 2004 480.0 24.0 4.10 3.70 106.51 1.814
T4-N 2004 3.2 0.2 0.26 0.33 0.71 0.035 0.383
T4-M 2004 19.0 1.0 0.15 4.22 0.072
T5-N 2004 2.4 0.1 < 0.10 0.19 0.30 0.25 0.53 0.026 0.288
T5-M 2004 58.7 2.9 0.40 0.45 13.03 0.222
T5-S 2004 5.2 0.3 0.42 0.54 1.15 0.056 0.623
T6-N 2004 23.9 1.2 0.90 1.91 3.30 2.49 5.30 0.258 2.863
T6-M 2004 95.2 4.8 0.20 0.73 21.12 0.360
T6-S 2004 2.3 0.1 0.18 0.24 0.51 0.025 0.276
Mean 6.6 163.2 0.5 0.7 1.3 15.4 0.1 0.8 0.6
RQ MATC 0.2 1.7 4.0
Standard Deviatio 8.54 213.46 0.68 0.89 1.64 32.74 0.09 1.02 0.81
95% C.L. (+/-) 6.84 209.19 0.55 0.71 1.32 20.29 0.07 0.82 0.79
Upper 95% C.L. 13.44 372.42 1.07 1.40 2.57 35.66 0.15 1.61 1.41
RQ MATC 0.34 3.39 9.08

Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)
LC-10 2003 5.5 0.3 0.04 1.22 0.021
T-14-N 2004 5.2 0.3 0.42 0.54 1.15 0.056 0.623
T14-S 2004 6.6 0.3 0.53 0.69 1.46 0.071 0.791
T13-N 2004 5.0 0.3 0.40 0.52 1.11 0.054 0.599
T-13-S 2004 8.4 0.4 0.67 0.87 1.86 0.091 1.006
T12-N 2004 45.7 2.3 3.66 4.75 10.14 0.494 5.475
T12-N+15 2004 7.8 0.4 0.62 0.70 0.81 1.73 0.084 0.934
T12-M 2004 16.0 16.0 0.8 1.28 1.66 2.1 3.55 0.173 1.917
T12-S 2004 4.8 0.2 0.38 0.50 1.07 0.052 0.575
T7-N 2004 18.5 0.9 1.48 1.92 4.11 0.200 2.216
T7-M 2004 13.8 0.7 0.11 3.06 0.052
LC-13 2003 14.3 0.7 0.11 3.17 0.054

Arsenic

average daily 
dose (mg/kg 

b.w./day)

average daily 
dose (mg/kg 

b.w./day)

average daily dose 
(mg/kg b.w./day)

Exposure Estimates

ug/g w.w.

Leaf
Earth-

wormest 

ug/g w.w.

Earth-
worm 

ug/g w.w.
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August 2008 TABLE B-3:
Distribution of Arsenic in Soil, Sediment and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Deer Mouse Short-tailed Shrew Muskrat

Sample Date Soil Sediment RQVeg Leafest Grass Grass est Cattails Cattailest

ug/g ug/g d.w. ug/g 
w.w.

ug/g 
w.w.

ug/g w.w. ug/g 
w.w.

ug/g w.w.

Arsenic

average daily 
dose (mg/kg 

b.w./day)

average daily 
dose (mg/kg 

b.w./day)

average daily dose 
(mg/kg b.w./day)

Exposure Estimates

ug/g w.w.

Leaf
Earth-

wormest 

ug/g w.w.

Earth-
worm 

ug/g w.w.

Mean 13.1 12.4 1.0 1.4 0.1 2.8 0.1 1.6 0.042
RQ MATC 0.3 3.3 0.3
Standard Deviatio 13.18 4.70 1.05 1.37 2.54 0.14 1.58 0.019
95% C.L. (+/-) 8.61 4.60 0.69 0.90 1.50 0.09 1.03 0.026
Upper 95% C.L. 21.72 17.00 1.74 2.26 4.31 0.23 2.60 0.068
RQ MATC 0.55 5.49 0.44

Area E: Main stem, North ditch to mouth (Area = ~400 m2)
T8-N 2004 11.0 0.6 0.88 1.14 2.44 0.119 1.318
T8-N+5 2004 5.3 0.3 0.42 0.55 1.18 0.057 0.635
T8-M 2004 33.9 1.7 0.26 7.52 4.061 0.128
LC-8 2003 71.1 3.6 0.55 15.78 8.518 0.269
T8-S 2004 3.9 0.2 0.31 0.41 0.87 0.042 0.467
T9-N 2004 3.1 0.2 0.25 0.32 0.69 0.033 0.371
T9-M 2004 16.8 0.8 0.30 0.13 3.73 2.013 0.064
T9-S 2004 2.8 0.1 < 0.10 0.22 < 0.10 0.29 0.62 0.030 0.335
LC-6 2003 8.2 0.4 0.06 1.82 0.982 0.031
T10-N 2004 2.9 0.1 0.23 0.30 0.64 0.031 0.347
T10-S 2004 24.5 1.2 1.96 2.55 5.44 0.265 2.935
T10-S+5 2004 4.5 0.2 0.36 0.47 1.00 0.049 0.539
T11-N 2004 2.9 0.1 0.23 0.30 0.64 0.031 0.347
T11-M 2004 8.6 0.4 0.07 1.91 1.030 0.033
T11-S 2004 2.4 0.1 0.19 0.25 0.53 0.026 0.288
Mean 6.3 27.7 0.5 0.7 0.2 3.0 0.068 1.613 0.105
RQ MATC 0.159 3.400 0.676
Standard Deviatio 6.86 26.39 0.55 0.71 0.20 4.08 0.07 2.20 0.10
95% C.L. (+/-) 4.25 23.13 0.34 0.44 0.18 2.07 0.05 1.12 0.09
Upper 95% C.L. 10.58 50.85 0.85 1.10 0.39 5.05 0.11 2.73 0.19
RQ MATC 0.27 5.75 1.24
RQVeg - Calculated as the concentration in soil or sediment/screening concentration of 20 ug/g.
BSAFleaf - Calculated as concentration in the leaf samples/ concentration in the soil samples.
Leafest - Calculated as the concentration in soil x BSAFleaf of 0.08.
BSAFGr - Calculated as the concentration in the grass samples/concentration in the soil samples.
Grassest - Calcualted as the concentration in soil x BSAFGr of 0.104.
BSAFcat - Calculated as the concentration in cattail smaples/concentration in the sediment samples.
Cattailest - Calculated as the concentration in the sediment x BSAFcat of 0.0077.
BSAFworm - Calculated as the concentration in earthworm tissues/concentration in the soil samples.
Earthwormest - Calculated as the concentration in soil x BSAFworm of 0.222.
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August 2008 TABLE B-4:
Zinc in Soil, Sediment and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Deer Mouse Muskrat
Soil Sediment RQVeg Leaf Leafest Grass Grassest Cattails Cattail est

ug/g d.w. ug/g d.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w.

NOAEL 319.5 115.8
LOAEL 3195.0 1158.0
MATC 1010.3 366.2

Area A: Upstream of wetland on south branch (Area = ~360 m2)
T1-N 2004 101 0.17 20.8 14.8 12.5 34.3 2.860
T1-M 2004 516 0.86 23.5 21.7 1.720
T1-S 2004 109 0.18 16.0 37.1 3.086
LC-1 2003 970 1.62 40.7 3.233
LC-2 2003 397 0.66 16.7 1.323
T2-N 2004 184 0.31 27.0 62.6 5.210
T2-M 2004 515 0.86 21.6 1.717
Mean 131 600 19 45 25 3.718 1.998

RQ MATC 0.004 0.005
Standard Deviation 45.79 253.24 6.73 15.57 10.64 1.30 0.84
95% C.L. (+/-) 51.81 248.17 7.62 17.62 10.42 1.47 0.83
Upper 95% C.L. 183.14 847.67 26.92 62.27 35.60 5.19 2.83
RQ MATC 0.01 0.01

Area B: Wetland (Area = ~8000 m2)
T3-N 2004 78 0.13 11.5 26.5 2.208
T3-M 2004 462 0.77 38.8 19.4 1.540
T4-N 2004 172 0.29 25.3 58.5 4.870
T4-M 2004 1010 1.68 42.4 3.367
T5-N 2004 185 0.31 13.7 27.2 25.3 62.9 5.238
T5-M 2004 1340 2.23 20.6 56.3 4.467
T5-S 2004 140 0.23 20.6 47.6 3.964
T6-N 2004 167 0.28 26.9 24.5 38.0 56.8 4.728
T6-M 2004 1130 1.88 24.5 47.5 3.767
T6-S 2004 93 0.16 13.7 31.6 2.633
Mean 139 986 20 47 41 3.940 3.285

RQ MATC 0.004 0.009
Standard Deviation 44.33 374.70 6.52 15.07 15.74 1.26 1.25
95% C.L. (+/-) 35.47 367.20 5.21 12.06 15.42 1.00 1.22
Upper 95% C.L. 174.64 1352.70 25.67 59.38 56.81 4.94 4.51
RQ MATC 0.00 0.01

Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)
LC-10 2003 211 0.35 8.9 0.703
T-14-N 2004 94 0.16 13.8 32.0 2.661
T14-S 2004 273 0.46 40.1 92.8 7.729
T13-N 2004 165 0.28 24.3 56.1 4.672
T-13-S 2004 900 1.50 132.3 306.0 25.481
T12-N 2004 4120 6.87 605.6 1400.8 116.648

T12-N+15 2004 149 0.25 21.9 130.0 50.7 4.219
T12-M 2004 2110 3.52 310.2 717.4 59.740
T12-S 2004 176 0.29 25.9 59.8 4.983
T7-N 2004 2260 3.77 332.2 768.4 63.987
T7-M 2004 2070 3.45 86.9 6.900
LC-13 2003 2920 4.87 122.6 9.733
Mean 1139 1734 167 387 73 32.236 5.779

RQ MATC 0.032 0.016
Standard Deviation 1407.17 1385.46 206.85 478.44 58.19 39.84 4.62
95% C.L. (+/-) 919.34 1567.77 135.14 312.57 65.85 26.03 5.23
Upper 95% C.L. 2057.89 3301.44 302.51 699.68 138.66 58.26 11.00
RQ MATC 0.06 0.03

Area E: Main stem, North ditch to mouth (Area = ~400 m2)
T8-N 2004 848 1.41 124.7 288.3 24.009

T8-N+5 2004 121 0.20 17.8 41.1 3.426
T8-M 2004 2970 4.95 124.7 9.900
LC-8 2003 4280 7.13 179.8 14.267
T8-S 2004 150 0.25 22.1 51.0 4.247
T9-N 2004 101 0.17 14.8 34.3 2.860
T9-M 2004 2760 4.60 108.0 115.9 9.200
T9-S 2004 88 0.15 50.1 12.9 9.7 29.9 2.492
LC-6 2003 1440 2.40 60.5 4.800

T10-N 2004 96 0.16 14.1 32.6 2.718
T10-S 2004 2290 3.82 336.6 778.6 64.836

T10-S+5 2004 98 0.16 14.4 33.3 2.775
T11-N 2004 120 0.20 17.6 40.8 3.398
T11-M 2004 1940 3.23 81.5 6.467
T11-S 2004 90 0.15 13.2 30.6 2.548
Mean 400 2678 59 136 112 11.331 8.927

RQ MATC 0.011 0.024
Standard Deviation 703.80 1088.08 103.46 239.29 45.70 19.93 3.63
95% C.L. (+/-) 436.21 953.73 64.12 148.31 40.06 12.35 3.18
Upper 95% C.L. 836.41 3631.73 122.95 284.38 152.53 23.68 12.11
RQ MATC 0.02 0.03
RQVeg - Calculated as the concentration in soil or sediment/screening concentration of 600 ug/g
BSAFleaf - Calculated as concentration in the leaf samples/ concentration in the soil samples.
Leafest - Calculated as the concentration in soil x BSAFleaf of 0.147
BSAFGr - Calculated as the concentration in the grass samples/concentration in the soil samples.
Grassest - Calcualted as the concentration in soil x BSAFGr of 0.34
BSAFcat - Calculated as the concentration in cattail samples/concentration in the sediment samples.
Cattailest - Calculated as the concentration in the sediment x BSAFcat of 0.042

average daily 
dose (mg/kg 

b.w./day)

Receptors
Zinc

Sample average daily 
dose (mg/kg 

b.w./day)
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August 2008 TABLE B-5:
Total PCB in Sediment and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Sample Id Muskrat 
Date Depth

(cm)

NOAEL 0.0210

LOAEL 0.2100

MATC 0.0664
Area A: Upstream of wetland on south branch (Area = ~360 m2)
T1-M 2004 0-5 < 0.05 < 0.05 0.00 0.0002 0.80 < 0.04 2.57
T2-M 2004 0-5 0.05 0.003 0.10 0.00 0.08 0.0002 0.80 0.04 0.00 0.00
LC-2 2003 0-5 < 0.03 0.00 0.0001 0.80 0.02 0.00 0.00
LC-3 2003 0-5 0.08 0.004 0.16 0.00 0.13 0.0003 0.80 0.06 0.00 0.00
LC-4 2003 0-5 < 0.03 0.00 0.0001 0.80 0.02 0.00 0.00
LC-5 2003 0-5 0.04 0.002 0.08 0.00 0.06 0.0002 0.80 0.03 0.00 0.00
Mean 0.05 0.003 0.0002 0.04 0.00 0.00
RQ MATC 0.0028
Standard Deviation 0.02 0.001
95% C.L. (+/-) 0.01 0.001
Upper 95% C.L. 0.06 0.004
RQ MATC

Area B: Wetland (Area = ~8000 m2)
T3-M 2004 0-5 0.22 0.017 0.012 0.44 < 0.05 0.00 0.35 0.0009 0.80 0.18 2.57 0.03 0.01

SLSA-79A 1991 0-16 24.40 1.293 48.80 0.24 38.31 0.0955 0.80 19.52 2.57 3.32 1.66
T4-M 2004 0-5 5.83 0.309 11.66 0.06 9.15 0.0228 0.80 4.66 2.57 0.79 0.40

SLSA-78A 1991 0-20 11.80 0.625 23.60 0.12 18.53 0.0462 0.80 9.44 2.57 1.61 0.80
SLSA-77A 1991 0-19 44.80 2.374 89.60 0.45 70.34 0.1753 0.80 35.84 2.57 6.10 3.05

T5-M 2004 0-5 4.16 0.215 0.220 8.32 < 0.05 0.04 6.53 0.0163 0.80 3.33 2.57 0.57 0.28
SLSA-76A 1991 0-20 7.23 0.383 14.46 0.07 11.35 0.0283 0.80 5.78 2.57 0.98 0.49
SLSA-59 1991 0-16 41.70 2.210 83.40 0.42 65.47 0.1632 0.80 33.36 2.57 5.68 2.84

T6-M 2004 0-5 10.50 0.557 21.00 < 0.05 0.11 16.49 0.0411 0.80 8.40 2.57 1.43 0.72
LC-14 2003 0-5 11.50 0.610 23.00 0.12 18.06 0.0450 0.80 9.20 2.57 1.57 0.78

SLSA-58A 1991 0-20 4.30 0.228 8.60 0.04 6.75 0.0168 0.80 3.44 2.57 0.59 0.29
SLSA-89A 1991 0-23 40.40 2.141 80.80 0.40 63.43 0.1581 0.80 32.32 2.57 5.50 2.75
SLSA-90A 1991 0-17 10.80 0.572 21.60 0.11 16.96 0.0423 0.80 8.64 2.57 1.47 0.74
SLSA-91A 1991 0-19 2.48 0.131 4.96 0.02 3.89 0.0097 0.80 1.98 2.57 0.34 0.17
SLSA-75A 1991 0-20 82.10 4.351 164.20 0.82 128.90 0.3213 0.80 65.68 2.57 11.18 5.59

Mean 20.15 1.07 0.20 31.63 0.08 16.12 2.74 1.37
RQ MATC 1.19
Standard Deviation 22.76 1.21 0.23 35.73 0.09 1.55
95% C.L. (+/-) 11.52 0.61 0.12 18.08 0.05 0.78
Upper 95% C.L. 31.67 1.68 0.32 49.71 0.12 2.16
RQ MATC 1.87

Area C: Creek from north end of wetland to North ditch 
SLSA-80A 1991 0-16 17.60 0.933 35.20 0.18 27.63 0.0689 0.80 14.08 2.57 2.40 1.20
SLSA-88A 1991 0-22 68.00 3.604 136.00 0.68 106.76 0.2661 0.80 54.40 2.57 9.26 4.63
SLSA-81A 1991 0-23 9.40 0.498 18.80 0.09 14.76 0.0368 0.80 7.52 2.57 1.28 0.64
SLSA-74A 1991 0-23 9.40 0.498 18.80 0.09 14.76 0.0368 0.80 7.52 2.57 1.28 0.64
MOE-K1 1991 0-20 34.00 1.802 68.00 0.34 53.38 0.1331 0.80 27.20 2.57 4.63 2.32
MOE-J1 1991 0-20 65.00 3.445 130.00 0.65 102.05 0.2544 0.80 52.00 2.57 8.85 4.43
Mean 26.10 1.38 0.26 40.98 0.10 27.1200 4.6175 1.78

RQ MATC 1.54
Standard Deviation 26.82 1.42 0.27 42.11 0.10 1.83
95% C.L. (+/-) 21.46 1.14 0.21 33.69 0.08 1.46
Upper 95% C.L. 47.56 2.52 0.48 74.67 0.19 3.24

Fish - Exposure Estimates

Cattail ug/g 
w.w. 

(measured)

Cattailest 

ug/g w.w.

average daily 
dose (mg/kg 
b.w./day)

Estimated 
TEQ (pg/g)5

PCBs

Sediment 
ug/g d.w. 

(measured)
RQVeg

BSAFconplanar
3

Estimated 
[congeners]4 

ug/g w.w.

Total 
coplanar 

PCBs ug/g

Estimated 
[PCBcongener]

1 

ug/g d.w.
BSAFFish

2

[PCB] in fish 
(estimated) 
ug/g w.w.

Amphipod 
[PCB est]

6
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August 2008 TABLE B-5:
Total PCB in Sediment and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Sample Id Muskrat 
Date Depth

(cm)

Fish - Exposure Estimates

Cattail ug/g 
w.w. 

(measured)

Cattailest 

ug/g w.w.

average daily 
dose (mg/kg 
b.w./day)

Estimated 
TEQ (pg/g)5

PCBs

Sediment 
ug/g d.w. 

(measured)
RQVeg

BSAFconplanar
3

Estimated 
[congeners]4 

ug/g w.w.

Total 
coplanar 

PCBs ug/g

Estimated 
[PCBcongener]

1 

ug/g d.w.
BSAFFish

2

[PCB] in fish 
(estimated) 
ug/g w.w.

Amphipod 
[PCB est]

6

RQ MATC 2.80

Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)
MOE-P1 1991 0-20 5.10 0.270 10.20 0.80 4.08 2.57 0.69 0.35

LC-12 2003 0-5 0.52 0.028 1.04 0.80 0.42 2.57 0.07 0.04
MOE-O1 1991 0-20 7.70 0.408 15.40 0.80 6.16 2.57 1.05 0.52

T12-M 2004 0-5 6.26 0.432 0.332 12.52 0.80 5.01 2.57 0.85 0.43
LC-11 2003 0-5 0.41 0.022 0.82 0.80 0.33 2.57 0.06 0.03

MOE-M1 1991 0-20 15.00 0.795 30.00 0.80 12.00 2.57 2.04 1.02
MOE-N1 1991 0-20 42.00 2.226 84.00 0.80 33.60 2.57 5.72 2.86
SLSA-87 1991 0-20 8.59 0.455 17.18 0.80 6.87 2.57 1.17 0.59

T7-M 2004 0-5 40.50 1.347 2.147 81.00 0.80 32.40 2.57 5.52 2.76
MOE-L1 1991 0-20 6.30 0.334 12.60 0.80 5.04 2.57 0.86 0.43

LC-13 2003 0-5 12.20 0.647 24.40 0.80 9.76 2.57 1.66 0.83
Mean 13.14 0.70 10.51 1.79 0.90

RQ MATC

Standard Deviation 14.55 0.77 0.99
95% C.L. (+/-) 8.60 0.46 0.59
Upper 95% C.L. 21.74 1.15 1.48
RQ MATC

Area E: Main stem, North ditch to mouth (Area = ~400 m2)
T8-M 2004 0-5 22.60 0.899 1.198 45.20 0.23 35.48 0.0884 0.80 18.08 2.57 3.08 1.54
LC-8 2003 0-5 27.30 1.447 54.60 0.27 42.86 0.1068 0.80 21.84 2.57 3.72 1.86
LC-7 2003 0-5 18.60 0.986 37.20 0.19 29.20 0.0728 0.80 14.88 2.57 2.53 1.27

MOE-F1 1991 0-20 6.50 0.345 13.00 0.07 10.21 0.0254 0.80 5.20 2.57 0.89 0.44
MOE-G1 1991 0-20 11.00 0.583 22.00 0.11 17.27 0.0430 0.80 8.80 2.57 1.50 0.75
MOE-H1 1991 0-20 16.00 0.848 32.00 0.16 25.12 0.0626 0.80 12.80 2.57 2.18 1.09
MOE-I1 1991 0-20 40.00 2.120 80.00 0.40 62.80 0.1565 0.80 32.00 2.57 5.45 2.72

SLSA-71A 1991 0-16 21.80 1.155 43.60 0.22 34.23 0.0853 0.80 17.44 2.57 2.97 1.48
SLSA-85A 1991 0-22 25.10 1.330 50.20 0.25 39.41 0.0982 0.80 20.08 2.57 3.42 1.71
SLSA-72A 1991 0-19 64.10 3.397 128.20 0.64 100.64 0.2508 0.80 51.28 2.57 8.73 4.37
SLSA-86A 1991 0-20 43.90 2.327 87.80 0.44 68.92 0.1718 0.80 35.12 2.57 5.98 2.99
SLSA-73A 1991 0-22 27.80 1.473 55.60 0.28 43.65 0.1088 0.80 22.24 2.57 3.79 1.89

T9-M 2004 0-5 9.03 0.479 18.06 0.08 0.09 14.18 0.0353 0.80 7.22 2.57 1.23 0.61
LC-6 2003 0-5 11.60 0.615 23.20 0.12 18.21 0.0454 0.80 9.28 2.57 1.58 0.79

MOE-C1 1991 0-20 14.00 0.742 28.00 0.14 21.98 0.0548 0.80 11.20 2.57 1.91 0.95
MOE-D1 1991 0-20 6.70 0.355 13.40 0.07 10.52 0.0262 0.80 5.36 2.57 0.91 0.46
MOE-E1 1991 0-20 32.00 1.696 64.00 0.32 50.24 0.1252 0.80 25.60 2.57 4.36 2.18

SLSA-70A 1991 0-22 71.20 3.774 142.40 0.71 111.78 0.2786 0.80 56.96 2.57 9.70 4.85
SLSA-84A 1991 0-22 72.60 3.848 145.20 0.73 113.98 0.2841 0.80 58.08 2.57 9.89 4.94

T11-M 2004 0-5 3.42 0.165 0.181 6.84 0.03 5.37 0.0134 0.80 2.74 2.57 0.47 0.23
MOE-A1 1991 0-20 32.00 1.696 64.00 0.32 50.24 0.1252 0.80 25.60 2.57 4.36 2.18

SLSA-67A 1991 0-23 35.00 1.855 70.00 0.35 54.95 0.1370 0.80 28.00 2.57 4.77 2.38
MOE-B1 1991 0-20 3.30 0.175 6.60 0.03 5.18 0.0129 0.80 2.64 2.57 0.45 0.22

SLSA-68A 1991 0-21 0.04 0.002 0.08 0.00 0.06 0.0002 0.80 0.03 2.57 0.01 0.00
SLSA-69A 1991 0-20 17.60 0.933 35.20 0.18 27.63 0.0689 0.80 14.08 2.57 2.40 1.20
SLSA-83A 1991 0-19 45.00 2.385 90.00 0.45 70.65 0.1761 0.80 36.00 2.57 6.13 3.06

Mean 26.08 1.38 0.26 40.95 0.10 20.87 3.55 1.78
RQ MATC 1.54
Standard Deviation 20.27 1.07 0.20 31.83 0.08 1.38
95% C.L. (+/-) 7.79 0.41 0.08 12.23 0.03 0.53
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August 2008 TABLE B-5:
Total PCB in Sediment and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Sample Id Muskrat 
Date Depth

(cm)

Fish - Exposure Estimates

Cattail ug/g 
w.w. 

(measured)

Cattailest 

ug/g w.w.

average daily 
dose (mg/kg 
b.w./day)

Estimated 
TEQ (pg/g)5

PCBs

Sediment 
ug/g d.w. 

(measured)
RQVeg

BSAFconplanar
3

Estimated 
[congeners]4 

ug/g w.w.

Total 
coplanar 

PCBs ug/g

Estimated 
[PCBcongener]

1 

ug/g d.w.
BSAFFish

2

[PCB] in fish 
(estimated) 
ug/g w.w.

Amphipod 
[PCB est]

6

Upper 95% C.L. 33.88 1.80 0.34 53.19 0.13 2.31
RQ MATC 2.00
1 Calculated as [total PCB] in sediment x mean ratio of [total PCB] to [total coplanar PCBs] of 0.053
2 BSAF calculated from MOE bioassay data with fathead minnows, 1992 and 1996 (Bedard and Petro 1998)
3 BSAF calculated from MOE 2002-2003 data for Lyon's Creek East (R. Fletcher, Pers. Comm. 2005)
4 Calculated as [PCB congeners] in sediment samples x average BSAF for PCB coplanar congeners in young-of-the-year fish, as calcualted from the MOE data for Lyon's Creek East.
5 Estimated total TEQfish calculated as estimated [PCB congeners] x conversion factor (0.000005) for TEQfish which is calculated as the ratio between [PCBcongeners] in fish and [total TEQ] in fish from the MOE data for Lyon's C
6 Estimate based on mean BSAF of 1.57 calculated for Lyon's Creek East 
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August 2008 TABLE B-6:
Total PCB in Soil and Biota in Lyon's Creek West and Potenial Risks to Biota

03-1112-059 (5400)

TOC Deer mouse Short-tailed shrew Red Fox
Station Depth Date Soil Sediment RQVeg Grass Grassest Earthworms Wormest

4 Soil

ug/g d.w. ug/g d.w. ug/g 
w.w.

ug/g w.w. ug/g w.w. ug/g 
w.w.

%

NOAEL 0.0600 0.066 0.016
LOAEL 0.6800 0.660 0.16

MATC 0.2020 0.2087 0.0506
Area A: Upstream of wetland on south branch (Area = ~360 m2)

T1-N 0-5 2004 < 0.05 0.000 0.06 0.06 5.08 0.0002 0.015 0.001 0.10 0.000
T1-M < 0.05 0.000 0.00 0.0000 0.004 0.000 0.03 0.000
T1-S 0-5 2004 < 0.05 0.000 0.06 7.09 0.0002 0.015 0.001 0.10 0.000
T2-N 0-5 2004 < 0.05 0.000 0.06 5.31 0.0002 0.015 0.001 0.10 0.000
T2-M 0.05 0.001 0.12

LC-2 2003 0-5
LC-3 2003 0-5
LC-4 2003 0-5
LC-5 2003 0-5

Mean 0.05 0.06 5.83 0.0001 0.012
RQ MATC 0.0007 0.0590
Standard Deviation
95% C.L. (+/-)
Upper 95% C.L.
RQ MATC

Area B: Wetland (Area = ~8000 m2)
T3-N 0-5 2004 < 1.00 3.14

T3-M 2004 0-5 0.22 0.002 0.52 0.0002
SLSA-79A 1991 0-16 24.40 0.244 58.07 0.0181

T4-N 0-5 2004 < 1.00 0.005 3.91
T4-M 2004 0-5 5.83 0.058 13.88 0.0043
SLSA-78A 1991 0-20 11.80 0.118 28.08 0.0088 6.211 0.054 40.06 0.021
SLSA-77A 1991 0-19 44.80 0.448 106.62 0.0332 23.582 0.207 152.11 0.078

T5-N 0-5 2004 < 1.00 0.005 4.67
T5-S 0-5 2004 < 1.00 0.005 6.14
T6-N 0-5 2004 < 1.00 0.005 4.08

T6-M 2004 0-5 10.50 0.105 24.99 0.0078 5.527 0.048 35.65 0.018
T6-S 0-5 2004 < 0.05 0.000 0.06 4.47 0.015 0.000 0.10 0.000

SLSA-05A 0-17 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-07 0 1991 < 0.03 0.000 0.04 0.009 0.000 0.06 0.000
SLSA-09 0-20 1991 < 0.02 0.000 0.02 0.006 0.000 0.04 0.000
SLSA-10 0-20 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-11 0-20 1991 0.08 0.16 0.001 0.19 0.0003 0.042 0.002 0.27 0.000
SLSA-13 0 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-17 0-10 1991 < 0.03 0.000 0.04 0.009 0.000 0.06 0.000
SLSA-18 0-18 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000

SLSA-19A 0-20 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-21 0-20 1991 0.22 0.44 0.002 0.52 0.0008 0.116 0.005 0.75 0.000
SLSA-23 0-20 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-24 0-21 1991 < 0.02 0.000 0.02 0.006 0.000 0.04 0.000
SLSA-25 0-14 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000

SLSA-26A 0-13 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-28A 0-19 1991 0.04 0.08 0.000 0.10 0.0002 0.021 0.001 0.14 0.000
SLSA-31A 0-15 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-32 0-20 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000

SLSA-36A 0-20 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-36B 0-40 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000

PCBs
average 
daily dose 
(mg/kg 
b.w./day)3

[PCB] in 
Deer 
Mouse1

average daily dose 
(mg/kg b.w./day)

average daily 
dose (mg/kg 
b.w./day)

[PCB] in 
shrew 2
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August 2008 TABLE B-6:
Total PCB in Soil and Biota in Lyon's Creek West and Potenial Risks to Biota

03-1112-059 (5400)

TOC Deer mouse Short-tailed shrew Red Fox
Station Depth Date Soil Sediment RQVeg Grass Grassest Earthworms Wormest

4 Soil

ug/g d.w. ug/g d.w. ug/g 
w.w.

ug/g w.w. ug/g w.w. ug/g 
w.w.

%

PCBs
average 
daily dose 
(mg/kg 
b.w./day)3

[PCB] in 
Deer 
Mouse1

average daily dose 
(mg/kg b.w./day)

average daily 
dose (mg/kg 
b.w./day)

[PCB] in 
shrew 2

SLSA-38 0-20 1991 0.02 0.04 0.000 0.05 0.0001 0.011 0.000 0.07 0.000
SLSA-40 0-20 1991 0.40 0.80 0.004 0.95 0.0015 0.211 0.010 1.36 0.001

SLSAC-62 0-20 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-63 0-20 1991 0.02 0.04 0.000 0.05 0.0001 0.011 0.000 0.07 0.000

Mean 0.21 16.26 0.03 7.81 4.40 0.0063 1.327
RQ MATC 0.0311 6.3558
Standard Deviation 16.12 0.09 22.37 0.01 4.71
95% C.L. (+/-) 12.90 0.05 8.01 0.01 1.78
Upper 95% C.L. 29.16 0.08 15.82 0.01 3.10
RQ MATC 0.06 14.88

Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)
T-14-N 0-5 2004 < 0.05 0.000 0.06 2.27 0.015 0.000 0.10 0.000
T14-S 0-5 2004 < 1.00 0.005 6.38
T13-N 0-5 2004 0.20 0.40 0.002 0.48 5.23 0.0008 0.105 0.005 0.68 0.000
T-13-S 0-5 2004 0.11 0.22 0.001 0.26 6.71 0.0004 0.058 0.003 0.37 0.000
T12-N 0-5 2004 75.20 150.40 0.752 178.98 8.47 0.2882 39.585 1.791 255.32 0.132

T12-N+15 0-5 2004 < 0.05 0.000 0.06 4.91 0.015 0.000 0.10 0.000
T12-M 0-5 2004 6.26 12.52 0.063 14.70 14.90 9.31 0.0240 3.295 0.149 21.25 0.011
T12-S 0-5 2004 0.30 0.60 0.003 0.71 5.56 0.0011 0.158 0.007 1.02 0.001

LC-11 2003 0-5 0.41 0.004 0.98 0.0016 0.216 0.010 1.39 0.001
MOE-M1 1991 0-20 15.00 0.150 35.70 0.0575 7.896 0.357 50.93 0.026
MOE-N1 1991 0-20 42.00 0.420 99.96 0.1610 22.108 1.000 142.60 0.074

T7-N 0-5 2004 11.40 22.80 0.114 27.13 11.00 0.0437 6.001 0.272 38.71 0.020
T7-M 0-5 2004 40.50 81.00 0.405 96.39 3.31 0.1552 21.319 0.965 137.51 0.071

SLSA-87 1991 0-20 8.59 0.086 20.44 0.0329 4.522 0.205 29.17 0.015
SLSA-41 0-20 1991 2.98 5.96 0.030 7.09 0.0114 1.336 0.071 8.62 0.004
SLSA-42 0-20 1991 19.90 39.80 0.199 47.36 0.0763 10.475 0.474 67.57 0.035

SLSA-44A 0-22 1991 0.56 1.12 0.006 1.33 0.0021 0.295 0.013 1.90 0.001
SLSA-45A 0-20 1991 21.00 42.00 0.210 49.98 0.0805 11.054 0.500 71.30 0.037
SLSA-48 0-17 1991 0.11 0.22 0.001 0.26 0.0004 0.058 0.003 0.37 0.000
SLSA-50 0-20 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000

SLSA-51A 0-18 1991 86.90 173.80 0.869 206.82 0.3331 45.743 2.070 295.05 0.152
SLSA-53 0-20 1991 < 0.02 0.000 0.02 0.006 0.000 0.04 0.000
SLSA-54 0-24 1991 55.60 111.20 0.556 132.33 0.2131 29.267 1.324 188.77 0.097
SLSA-55 0-19 1991 < 0.01 0.000 0.01 0.003 0.000 0.02 0.000
SLSA-56 0-18 1991 26.00 52.00 0.260 61.88 0.0997 13.686 0.619 88.28 0.046
SLSA-57 0-19 1991 0.03 0.06 0.000 0.07 0.0001 0.016 0.001 0.10 0.000

Mean 15.83 16.50 0.16 39.33 6.32 0.0792 8.689
RQ MATC 0.3919 41.6340
Standard Deviation 25.93 18.02 0.25 59.23 0.101 13.11
95% C.L. (+/-) 10.84 17.66 0.11 23.22 0.044 5.14
Upper 95% C.L. 26.66 34.16 0.27 62.55 0.123 13.83
RQ MATC 0.611 66.249

Area E: Main stem, North ditch to mouth (Area = ~400 m2)
T8-N 0-5 2004 6.19 12.38 0.062 14.73 4.29 0.0237 3.258 0.147 21.02 0.011

T8-N+5 0-5 2004 < 1.00 0.005 1.19 4.77
T8-S 0-5 2004 0.15 0.30 0.002 0.36 4.46 0.0006 0.079 0.004 0.51 0.000

SLSA-71A 1991 0-16 21.80 0.218 51.88 0.0836 11.475 0.519 74.02 0.038
SLSA-85A 1991 0-22 25.10 0.251 59.74 0.0962 13.212 0.598 85.22 0.044
SLSA-72A 1991 0-19 64.10 0.641 152.56 0.2457 33.742 1.527 217.63 0.112
SLSA-86A 1991 0-20 43.90 0.439 104.48 0.1683 23.109 1.046 149.05 0.077
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August 2008 TABLE B-6:
Total PCB in Soil and Biota in Lyon's Creek West and Potenial Risks to Biota

03-1112-059 (5400)

TOC Deer mouse Short-tailed shrew Red Fox
Station Depth Date Soil Sediment RQVeg Grass Grassest Earthworms Wormest

4 Soil

ug/g d.w. ug/g d.w. ug/g 
w.w.

ug/g w.w. ug/g w.w. ug/g 
w.w.

%

PCBs
average 
daily dose 
(mg/kg 
b.w./day)3

[PCB] in 
Deer 
Mouse1

average daily dose 
(mg/kg b.w./day)

average daily 
dose (mg/kg 
b.w./day)

[PCB] in 
shrew 2

SLSA-73A 1991 0-22 27.80 0.278 66.16 0.1065 14.634 0.662 94.39 0.049
T9-N 0-5 2004 0.13 0.26 0.001 0.31 3.60 0.0005 0.068 0.003 0.44 0.000
T9-S 0-5 2004 < 0.05 0.000 0.06 3.17 0.015 0.000 0.10 0.000

T10-N 0-5 2004 < 0.05 0.000 0.06 2.02 0.015 0.000 0.10 0.000
T10-S 0-5 2004 5.36 10.72 0.054 12.76 12.10 0.0205 2.821 0.128 18.20 0.009

T10-S+5 0-5 2004 < 0.05 0.000 0.06 3.78 0.015 0.000 0.10 0.000
SLSA-70A 1991 0-22 71.20 0.712 169.46 0.2729 37.479 1.696 241.74 0.125
SLSA-84A 1991 0-22 72.60 0.726 172.79 0.2783 38.216 1.729 246.49 0.127

T11-N 0-5 2004 < 0.05 0.000 0.06 3.97 0.015 0.000 0.10 0.000
T11-S 0-5 2004 < 0.05 0.000 0.06 4.11 0.015 0.000 0.10 0.000

SLSA-68A 1991 0-21 0.04 0.000 0.10 0.0002 0.021 0.001 0.14 0.000
SLSA-69A 1991 0-20 17.60 0.176 41.89 0.0675 9.264 0.419 59.76 0.031
SLSA-83A 1991 0-19 45.00 0.450 107.10 0.1725 23.688 1.072 152.79 0.079

Mean 1.31 46.64 0.199 47.45 4.63 0.1179 11.136 0.020
RQ MATC 0.5836 53.3544 0.125
Standard Deviation 2.38 22.46 0.27 63.98 0.11 14.36 0.048
95% C.L. (+/-) 1.48 13.92 0.26 28.04 0.06 6.46 0.022
Upper 95% C.L. 2.78 60.56 0.46 75.49 0.17 17.59 0.041
RQ MATC 0.86 84.29 0.259

1 Based on life span of 300 days, of which 35 days immature and feeding at on-half the normal rate.
2 Based on life span of 460 days, of which 60 days immature and feeding at one-half adult rate.
3 Exposure caclulated as average daily dose as a fraction of the time spent of site (based on a home range of 699 ha).
4 Based on BSAF of 2.38.
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August 2008 TABLE B-7:
Coplanar and Mono-Ortho PCBs in Soil and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Deer Mouse Short-tailed Shrew
Station Depth Date

NOAEL 2.0000 2.200

LOAEL 20.0000 22.000

MATC 6.3246 6.9570
Area A: Upstream of wetland on south branch (Area = ~360 m2)

T1-N 0-5 2004 < 0.05 50.00 0.68 2.75 0.03 0.011 3.23 1.293 0.0008 0.244
T1-S 0-5 2004 < 0.05 50.00 2.75 0.03 0.011 3.23 1.293 0.0008 0.244
T2-N 0-5 2004 < 0.05 50.00 2.75 0.03 0.011 3.23 1.293 0.0008 0.244
Mean 0.05 3.23 0.0008 0.244

RQ MATC 0.0001 0.0350
Standard Deviation
95% C.L. (+/-)
Upper 95% C.L.
RQ MATC

Area B: Wetland (Area = ~8000 m2)
T3-N 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.55 0.220 64.63 25.850
T3-M 0-5 2004 0.22 220.00 12.10
T4-N 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.55 0.220 64.63 25.850
T4-M 0-5 2004 5.83 5830.00 320.65 0.000
T5-N 0-5 2004 < 1.00 1000.00 5.69 < 55.00 < 22.00 0.55 0.220 64.63 25.850
T5-S 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.55 0.220 64.63 25.850
T6-N 0-5 2004 < 1.00 1000.00 165.60 < 55.00 < 22.00 0.55 0.220 64.63 25.850
T6-M 0-5 2004 10.50 10500.00 577.50 231.00 1357.13 542.850 120.291
T6-S 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329

SLSA-05A 0-17 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-07 0 1991 < 0.03 30.00 < 1.65 < 0.66 0.02 0.007 1.94 0.776 0.198
SLSA-09 0-20 1991 < 0.02 20.00 < 1.10 < 0.44 0.01 0.004 1.29 0.517 0.132
SLSA-10 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-11 0-20 1991 0.08 80.00 4.40 1.76 0.04 0.018 10.34 4.136 0.0067 0.917
SLSA-13 0 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-17 0-10 1991 < 0.03 30.00 < 1.65 < 0.66 0.02 0.007 1.94 0.776 0.198
SLSA-18 0-18 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066

SLSA-19A 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-21 0-20 1991 0.22 220.00 12.10 4.84 0.12 0.048 28.44 11.374 0.0186 2.520
SLSA-23 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-24 0-21 1991 < 0.02 20.00 < 1.10 < 0.44 0.01 0.004 1.29 0.517 0.132
SLSA-25 0-14 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066

SLSA-26A 0-13 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-28A 0-19 1991 0.04 40.00 2.20 0.88 0.02 0.009 5.17 2.068 0.0034 0.458
SLSA-31A 0-15 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-32 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066

SLSA-36A 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-36B 0-40 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-38 0-20 1991 0.02 20.00 1.10 0.44 0.01 0.004 2.59 1.034 0.0017 0.229
SLSA-40 0-20 1991 0.40 400.00 22.00 8.80 0.22 0.088 51.70 20.680 0.0337 4.583

SLSAC-62 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-63 0-20 1991 0.02 20.00 1.10 0.44 0.01 0.004 2.59 1.034 0.0017 0.229

Mean 0.71 706.56 38.86 12.14 0.046 59.97 0.0110 5.041
RQ MATC 0.0017 0.7246
Standard Deviation 246.24 0.01 23.53

PCBs

Soil* 
ug/g 
d.w.

Soil* ng/g 
d.w.

Grassest
2 

ng/g
Grassest 

TEQ pg/g
Wormest 

ng/g w.w.
Worm 

TEQ pg/g
average daily dose 
(ng/kg b.w./day TEQ)

average daily 
dose (ng/kg 
b.w./day TEQ)

PCB 
Congener

s ng/g 
d.w.

Estimated 
PCB 

congeners 
ng/g d.w.1

Soil Est TEQ 
pg/g
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August 2008 TABLE B-7:
Coplanar and Mono-Ortho PCBs in Soil and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Deer Mouse Short-tailed Shrew
Station Depth Date

PCBs

Soil* 
ug/g 
d.w.

Soil* ng/g 
d.w.

Grassest
2 

ng/g
Grassest 

TEQ pg/g
Wormest 

ng/g w.w.
Worm 

TEQ pg/g
average daily dose 
(ng/kg b.w./day TEQ)

average daily 
dose (ng/kg 
b.w./day TEQ)

PCB 
Congener

s ng/g 
d.w.

Estimated 
PCB 

congeners 
ng/g d.w.1

Soil Est TEQ 
pg/g

95% C.L. (+/-) 98.52 0.01 9.04
Upper 95% C.L. 158.49 0.02 14.08
RQ MATC 0.00 2.02

Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)
T-14-N 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329
T14-S 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.55 0.220 64.63 25.850
T13-N 0-5 2004 0.20 200.00 11.00 4.40 0.11 0.044 25.85 10.340 0.0169 2.291
T-13-S 0-5 2004 0.11 110.00 6.05 2.42 0.06 0.024 14.22 5.687 0.0093 1.260
T12-N 0-5 2004 75.20 75200.00 4136.00 1654.40 41.36 16.544 9719.60 3887.840 6.3409 861.512

T12-N+15 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329
T12-M 0-5 2004 6.26 6260.00 344.30 137.72 3.44 1.377 809.11 323.642 0.5278 71.716
T12-S 0-5 2004 0.30 300.00 16.40 16.50 6.60 0.17 0.066 38.78 15.510 0.0253 3.437
LC-11 0-5 2003 0.41 410.00 22.55 9.02 52.99 21.197 4.697

MOE-M1 0-20 1991 15.00 15000.00 825.00 330.00 1938.75 775.500 171.844
MOE-N1 0-20 1991 42.00 42000.00 2310.00 924.00 5428.50 2171.400 481.164

T7-N 0-5 2004 11.40 11400.00 649.30 627.00 250.80 6.27 2.508 1473.45 589.380 0.9612 130.602
T7-M 0-5 2004 40.50 40500.00 2227.50 891.00 22.28 8.910 5234.63 2093.850 3.4150 463.979

SLSA-87 0-20 1991 8.59 8590.00 472.45 188.98 1110.26 444.103 98.409
SLSA-41 0-20 1991 2.98 2980.00 163.90 65.56 1.64 0.656 385.17 154.066 0.2513 34.140
SLSA-42 0-20 1991 19.90 19900.00 1094.50 437.80 10.95 4.378 2572.08 1028.830 1.6780 227.980

SLSA-44A 0-22 1991 0.56 560.00 30.80 12.32 0.31 0.123 72.38 28.952 0.0472 6.416
SLSA-45A 0-20 1991 21.00 21000.00 1155.00 462.00 11.55 4.620 2714.25 1085.700 1.7707 240.582
SLSA-48 0-17 1991 0.11 110.00 6.05 2.42 0.06 0.024 14.22 5.687 0.0093 1.260
SLSA-50 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066

SLSA-51A 0-18 1991 86.90 86900.00 4779.50 1911.80 47.80 19.118 11231.83 4492.730 7.3274 995.551
SLSA-53 0-20 1991 < 0.02 20.00 < 1.10 < 0.44 0.01 0.004 1.29 0.517 0.132
SLSA-54 0-24 1991 55.60 55600.00 3058.00 1223.20 30.58 12.232 7186.30 2874.520 4.6882 636.969
SLSA-55 0-19 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.002 0.65 0.259 0.066
SLSA-56 0-18 1991 26.00 26000.00 1430.00 572.00 14.30 5.720 3360.50 1344.200 2.1923 297.863
SLSA-57 0-19 1991 0.03 30.00 1.65 0.66 0.02 0.007 3.88 1.551 0.0025 0.344

Mean 15.93 15930.38 876.17 350.47 3.482 2056.17 822.47 1.8290 189.318
RQ MATC 0.2892 27.2125
Standard Deviation 24.57 3177.86 1271.14 2.395 285.12
95% C.L. (+/-) 10.27 1327.92 531.17 1.174 111.77
Upper 95% C.L. 26.20 3384.09 1353.63 3.003 301.08
RQ MATC 0.475 43.278

Area E: Main stem, North ditch to mouth (Area = ~400 m2)
T8-N 0-5 2004 6.19 6190.00 340.45 136.18 3.40 1.362 800.06 320.023 0.5219 70.914

T8-N+5 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.55 0.220 64.63 25.850 6.586
T8-S 0-5 2004 0.15 150.00 8.25 3.30 0.08 0.033 19.39 7.755 0.0126 1.718

SLSA-71A 0-16 1991 21.80 21800.00 1199.00 479.60 2817.65 1127.060 249.747
SLSA-85A 0-22 1991 25.10 25100.00 1380.50 552.20 3244.18 1297.670 287.553
SLSA-72A 0-19 1991 64.10 64100.00 3525.50 1410.20 8284.93 3313.970 734.348
SLSA-86A 0-20 1991 43.90 43900.00 2414.50 965.80 5674.08 2269.630 502.931
SLSA-73A 0-22 1991 27.80 27800.00 1529.00 611.60 3593.15 1437.260 318.485

T9-N 0-5 2004 0.13 130.00 7.15 2.86 0.07 0.029 16.80 6.721 0.0110 1.489
T9-S 0-5 2004 < 0.05 50.00 7.30 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329

T10-N 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329
T10-S 0-5 2004 5.36 5360.00 294.80 117.92 2.95 1.179 692.78 277.112 0.4520 61.406
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August 2008 TABLE B-7:
Coplanar and Mono-Ortho PCBs in Soil and Biota in Lyon's Creek West and Potential Risks to Biota

03-1112-059 (5400)

Deer Mouse Short-tailed Shrew
Station Depth Date

PCBs

Soil* 
ug/g 
d.w.

Soil* ng/g 
d.w.

Grassest
2 

ng/g
Grassest 

TEQ pg/g
Wormest 

ng/g w.w.
Worm 

TEQ pg/g
average daily dose 
(ng/kg b.w./day TEQ)

average daily 
dose (ng/kg 
b.w./day TEQ)

PCB 
Congener

s ng/g 
d.w.

Estimated 
PCB 

congeners 
ng/g d.w.1

Soil Est TEQ 
pg/g

T10-S+5 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329
SLSA-70A 0-22 1991 71.20 71200.00 3916.00 1566.40 9202.60 3681.040 815.687
SLSA-84A 0-22 1991 72.60 72600.00 3993.00 1597.20 9383.55 3753.420 831.726

T11-N 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329
T11-S 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.03 0.011 3.23 1.293 0.329

SLSA-68A 0-21 1991 0.04 40.00 2.20 0.88 5.17 2.068 0.458
SLSA-69A 0-20 1991 17.60 17600.00 968.00 387.20 2274.80 909.920 201.631
SLSA-83A 0-19 1991 45.00 45000.00 2475.00 990.00 5816.25 2326.500 515.533
Mean 20.11 20111.00 1106.11 442.44 0.288 2577.05 1030.82 0.2494 228.484
RQ MATC 0.0394 32.8423
Standard Deviation 26.86 0.52 3474.67 1389.87 0.28 307.93
95% C.L. (+/-) 16.64 0.51 2153.58 861.43 0.27 134.96
Upper 95% C.L. 36.76 0.80 4730.64 1892.25 0.52 363.44
RQ MATC 0.08 52.24

* - "sediment" concentrations shown in italics
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August 2008 TABLE B-8:
Distribution of PCBs in Lyon's Creek East Sediments and Potential Risks to Biota

 03-1112-059 (5400)

Muskrat Mallard Snapping Turtle

Estimated2  

[PCB] 
cattails ug/g

Estimated3 

[PCB] in 
amphipods 

ug/g

Amphipod 
Estimated5 

[tTEQb]  
ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated3 

[PCB] in 
chiroomids 

ug/g

YOY 
Estimated4 

[PCB] ug/g

YOY 
Estimated6 

TEQbird

YOY 
Estimated 
TEQmamm 

average daily 
dose (mg/kg 

b.w./day)

average daily 
dose (mg/kg 

b.w./day) total 
PCB

average daily
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

average daily 
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) 
total TEQ

average daily dose 
(mg/kg b.w./day) 

total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total TEQ

NOAEL 0.0210 0.180 0.180 0.000014 0.180 0.000014 0.069 0.00000024

LOAEL 0.2100 1.800 1.800 0.000140 1.800 0.000140 0.690 0.00000240

MATC 0.0664 0.5692 0.5692 0.000044 0.5692 0.000044 0.2182 0.00000076

Zone 1
MOE 1991 T1-A Surf 0.07 0.0042 0.0007 0.14 0.0000042 0.0000014 0.14 0.035 0.00001 0.0000002 0.0003 0.001 0.002 0.000000 0.004 0.000001 0.000 0.002 0.00000001
MOE 1991 T1-B Surf 0.02 0.0012 0.0002 0.04 0.0000012 0.0000004 0.04 0.010 0.00000 0.0000001 0.0001 0.000 0.001 0.000000 0.001 0.000000 0.000 0.001 0.00000000
MOE 1991 T1-C Surf 0.02 0.0012 0.0002 0.04 0.0000012 0.0000004 0.04 0.010 0.00000 0.0000001 0.0001 0.000 0.001 0.000000 0.001 0.000000 0.000 0.001 0.00000000
MOE 1991 T1-D Surf 0.11 0.0066 0.0011 0.22 0.0000066 0.0000022 0.22 0.055 0.00001 0.0000003 0.0004 0.001 0.003 0.000001 0.006 0.000001 0.000 0.003 0.00000002
MOE 1991 G-1 Surf <0.02 0.000 0.00000000
MOE 1991 G-1A Surf 0.4 0.024 0.004 0.8 0.000024 0.000008 0.8 0.200 0.00004 0.0000010 0.0016 0.004 0.012 0.000002 0.020 0.000004 0.001 0.012 0.00000008

MOE 2002 LC01 0.1 0.006 0.001 0.2 0.000006 0.000002 0.2 0.050 0.00001 0.0000003 0.0004 0.001 0.003 0.000001 0.005 0.000001 0.000 0.003 0.00000002
EC 2002 LC01 Surf 0.02 0.0012 0.0002 0.04 0.0000012 0.0000004 0.04 0.010 0.00000 0.0000001 0.0001 0.000 0.001 0.000000 0.001 0.000000 0.000 0.001 0.00000000
MOE 2003 LC01 0-10 0.5 0.03 0.005 1 0.00003 0.00001 1 0.250 0.00005 0.0000013 0.0020 0.004 0.015 0.000003 0.025 0.000005 0.002 0.015 0.00000010
MOE 2002 LC02 15 0.9 0.15 30 0.0009 0.0003 30 7.500 0.00135 0.0000375 0.0604 0.132 0.456 0.000082 0.754 0.000136 0.049 0.442 0.00000312
MOE 2002 LC03 6.9 0.414 0.069 13.8 0.000414 0.000138 13.8 3.450 0.00062 0.0000173 0.0278 0.061 0.210 0.000038 0.347 0.000062 0.023 0.203 0.00000143
EC 2002 LC03 Surf 12.5 0.75 0.125 25 0.00075 0.00025 25 6.250 0.00113 0.0000313 0.0504 0.110 0.380 0.000068 0.628 0.000113 0.041 0.368 0.00000260
MOE 2003 LC03 0-10 50 3 0.5 100 0.003 0.001 100 25.000 0.00450 0.0001250 0.2014 0.440 1.520 0.000274 2.513 0.000452 0.164 1.473 0.00001040
MOE 1991 T2-A Surf 2.1 0.126 0.021 4.2 0.000126 0.000042 4.2 1.050 0.00019 0.0000053 0.0085 0.018 0.064 0.000011 0.106 0.000019 0.007 0.062 0.00000044

T2-B Surf 4.5 0.27 0.045 9 0.00027 0.00009 9 2.250 0.00041 0.0000113 0.0181 0.040 0.137 0.000025 0.226 0.000041 0.015 0.133 0.00000094
T2-C Surf 0.675 0.0405 0.00675 1.35 0.0000405 0.0000135 1.35 0.338 0.00006 0.0000017 0.0027 0.006 0.021 0.000004 0.034 0.000006 0.002 0.020 0.00000014
T2-D Surf 1.8 0.108 0.018 3.6 0.000108 0.000036 3.6 0.900 0.00016 0.0000045 0.0073 0.016 0.055 0.000010 0.090 0.000016 0.006 0.053 0.00000037

MOE 2002 LC04 2.5 0.15 0.025 5 0.00015 0.00005 5 1.250 0.00023 0.0000063 0.0101 0.022 0.076 0.000014 0.126 0.000023 0.008 0.074 0.00000052
MOE 2002 LC05 3.1 0.186 0.031 6.2 0.000186 0.000062 6.2 1.550 0.00028 0.0000078 0.0125 0.027 0.094 0.000017 0.156 0.000028 0.010 0.091 0.00000064
MOE 1991 T3-A Surf 1.7 0.102 0.017 3.4 0.000102 0.000034 3.4 0.850 0.00015 0.0000043 0.0068 0.015 0.052 0.000009 0.085 0.000015 0.006 0.050 0.00000035
MOE 1991 T3-B Surf 1 0.06 0.01 2 0.00006 0.00002 2 0.500 0.00009 0.0000025 0.0040 0.009 0.030 0.000005 0.050 0.000009 0.003 0.029 0.00000021
MOE 1991 T3-C Surf 0.47 0.0282 0.0047 0.94 0.0000282 0.0000094 0.94 0.235 0.00004 0.0000012 0.0019 0.004 0.014 0.000003 0.024 0.000004 0.002 0.014 0.00000010
MOE 1991 T3-D Surf 4.6 0.276 0.046 9.2 0.000276 0.000092 9.2 2.300 0.00041 0.0000115 0.0185 0.041 0.140 0.000025 0.231 0.000042 0.015 0.136 0.00000096
MOE 1991 G-2 Surf 0.73 0.0438 0.0073 1.46 0.0000438 0.0000146 1.46 0.365 0.00007 0.0000018 0.0029 0.006 0.022 0.000004 0.037 0.000007 0.002 0.022 0.00000015
MOE 2002 LC06 1.9 0.114 0.019 3.8 0.000114 0.000038 3.8 0.950 0.00017 0.0000048 0.0077 0.017 0.058 0.000010 0.095 0.000017 0.006 0.056 0.00000040
EC 2002 LC06 Surf 0.6 0.036 0.006 1.2 0.000036 0.000012 1.2 0.300 0.00005 0.0000015 0.0024 0.005 0.018 0.000003 0.030 0.000005 0.002 0.018 0.00000012
MOE 1991 G3 Surf 0.38 0.0228 0.0038 0.76 0.0000228 0.0000076 0.76 0.190 0.00003 0.0000010 0.0015 0.003 0.012 0.000002 0.019 0.000003 0.001 0.011 0.00000008
Mean 4.30 0.26 0.04 8.59 0.00026 0.00009 8.59 2.15 0.0004 0.0000107 0.017 0.038 0.131 0.000024 0.216 0.000039 0.014 0.122 0.0000009
RQMATC 0.26 0.07 0.23 0.53 0.38 0.88 0.56 1.13
St Dev 10.05 0.60 0.10 20.09 0.00060 0.00020 20.09 5.02 0.0009 0.0000251 0.04 0.088 0.305 0.000055 0.505 0.000091 0.033 0.291 0.0000021
95% CL 3.79 0.23 0.04 7.58 0.00023 0.00008 7.58 1.89 0.0003 0.0000095 0.02 0.033 0.115 0.000021 0.190 0.000034 0.012 0.110 0.0000008
Upper 95% C.L. 8.09 0.49 0.08 16.17 0.00049 0.00016 16.17 4.04 0.0007 0.0000202 0.0326 0.071 0.246 0.000044 0.406 0.000073 0.027 0.232 0.0000016
RQMATC 0.49 0.13 0.43 1.00 0.71 1.65 1.06 2.15

Zone 2
MOE 2002 LC07 Surf 2.3 0.138 0.023 4.6 0.000138 0.000046 4.6 1.150 0.00017 0.0000058 0.0093 0.020 0.140 0.000021 0.385 0.000058 0.008 0.113 0.00000080
MOE 2002 LC08 Surf 8.2 0.492 0.082 16.4 0.000492 0.000164 16.4 4.100 0.00062 0.0000205 0.0330 0.072 0.499 0.000075 1.374 0.000206 0.027 0.403 0.00000284
EC 2002 LC08 Surf 4.7 0.282 0.047 9.4 0.000282 0.000094 9.4 2.350 0.00035 0.0000118 0.0189 0.041 0.286 0.000043 0.787 0.000118 0.015 0.231 0.00000163
MOE 1991 T4-A Surf 0.82 0.0492 0.0082 1.64 0.0000492 0.0000164 1.64 0.410 0.00006 0.0000021 0.0033 0.007 0.050 0.000007 0.137 0.000021 0.003 0.040 0.00000028
MOE 1991 T4-B Surf 0.26 0.0156 0.0026 0.52 0.0000156 0.0000052 0.52 0.130 0.00002 0.0000007 0.0010 0.002 0.016 0.000002 0.044 0.000007 0.001 0.013 0.00000009
MOE 1991 T4-C Surf 0.99 0.0594 0.0099 1.98 0.0000594 0.0000198 1.98 0.495 0.00007 0.0000025 0.0040 0.009 0.060 0.000009 0.166 0.000025 0.003 0.049 0.00000034
MOE 1991 T4-D Surf 0.69 0.0414 0.0069 1.38 0.0000414 0.0000138 1.38 0.345 0.00005 0.0000017 0.0028 0.006 0.042 0.000006 0.116 0.000017 0.002 0.034 0.00000024
G-D 2005 T4A-B 0-10 1.11 0.0666 0.0111 2.22 0.0000666 0.0000222 2.22 0.555 0.00008 0.0000028 0.0045 0.010 0.067 0.000010 0.186 0.000028 0.004 0.055 0.00000038

Estimated1 

sediment 
[PCB12 cong] 

ug/g

Data Source Depth 
(cm)Station

Sediment 
[PCB] 
ug/g

Estimated [PCB] in Biota MinkKingfisher Great Blue Heron
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August 2008 TABLE B-8:
Distribution of PCBs in Lyon's Creek East Sediments and Potential Risks to Biota

 03-1112-059 (5400)

Muskrat Mallard Snapping Turtle

Estimated2  

[PCB] 
cattails ug/g

Estimated3 

[PCB] in 
amphipods 

ug/g

Amphipod 
Estimated5 

[tTEQb]  
ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated3 

[PCB] in 
chiroomids 

ug/g

YOY 
Estimated4 

[PCB] ug/g

YOY 
Estimated6 

TEQbird

YOY 
Estimated 
TEQmamm 

average daily 
dose (mg/kg 

b.w./day)

average daily 
dose (mg/kg 

b.w./day) total 
PCB

average daily
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

average daily 
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) 
total TEQ

average daily dose 
(mg/kg b.w./day) 

total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total TEQ

Estimated1 

sediment 
[PCB12 cong] 

ug/g

Data Source Depth 
(cm)Station

Sediment 
[PCB] 
ug/g

Estimated [PCB] in Biota MinkKingfisher Great Blue Heron

G-D 2005 T4A-N 0-5 26.8 1.608 0.268 53.6 0.001608 0.000536 53.6 13.400 0.00201 0.0000670 0.1080 0.236 1.629 0.000244 4.489 0.000673 0.088 1.316 0.00000929
G-D 2005 T4A-M 0-10 3.18 0.1908 0.0318 6.36 0.0001908 0.0000636 6.36 1.590 0.00024 0.0000080 0.0128 0.028 0.193 0.000029 0.533 0.000080 0.010 0.156 0.00000110
G-D 2005 T4A-S 0-5 5.12 0.3072 0.0512 10.24 0.0003072 0.0001024 10.24 2.560 0.00038 0.0000128 0.0206 0.045 0.311 0.000047 0.858 0.000129 0.017 0.251 0.00000177
G-D 2005 T4A-C 0-10 0.41 0.0246 0.0041 0.82 0.0000246 0.0000082 0.82 0.205 0.00003 0.0000010 0.0017 0.004 0.025 0.000004 0.069 0.000010 0.001 0.020 0.00000014
G-D 2005 T4-B 0-10 1.49 0.0894 0.0149 2.98 0.0000894 0.0000298 2.98 0.745 0.00011 0.0000037 0.0060 0.013 0.091 0.000014 0.250 0.000037 0.005 0.073 0.00000052
MOE 2002 LC09 4.7 0.282 0.047 9.4 0.000282 0.000094 9.4 2.350 0.00035 0.0000118 0.0189 0.041 0.286 0.000043 0.787 0.000118 0.015 0.231 0.00000163
MOE 1991 G-4 Surf 1 0.06 0.01 2 0.00006 0.00002 2 0.500 0.00008 0.0000025 0.0040 0.009 0.061 0.000009 0.168 0.000025 0.003 0.049 0.00000035
MOE 2002 LC10 5.7 0.342 0.057 11.4 0.000342 0.000114 11.4 2.850 0.00043 0.0000143 0.0230 0.050 0.347 0.000052 0.955 0.000143 0.019 0.280 0.00000198
EC 2002 LC10 Surf 2.5 0.15 0.025 5 0.00015 0.00005 5 1.250 0.00019 0.0000063 0.0101 0.022 0.152 0.000023 0.419 0.000063 0.008 0.123 0.00000087
G-D 2005 T4B-N 0-10 <1
G-D 2005 T4B-M 0-10 15.1 0.906 0.151 30.2 0.000906 0.000302 30.2 7.550 0.00113 0.0000378 0.0608 0.133 0.918 0.000138 2.529 0.000379 0.050 0.742 0.00000523
G-D 2005 T4B-S 0-10 <1
G-D 2005 T4B-B 0-10 0.14 0.0084 0.0014 0.28 0.0000084 0.0000028 0.28 0.070 0.00001 0.0000004 0.0006 0.001 0.009 0.000001 0.023 0.000004 0.000 0.007 0.00000005
MOE 1991 T5-A Surf 0.84 0.0504 0.0084 1.68 0.0000504 0.0000168 1.68 0.420 0.00006 0.0000021 0.0034 0.007 0.051 0.000008 0.141 0.000021 0.003 0.041 0.00000029
MOE 1991 T5-B Surf 0.58 0.0348 0.0058 1.16 0.0000348 0.0000116 1.16 0.290 0.00004 0.0000015 0.0023 0.005 0.035 0.000005 0.097 0.000015 0.002 0.028 0.00000020
MOE 1991 T5-C Surf 0.9 0.054 0.009 1.8 0.000054 0.000018 1.8 0.450 0.00007 0.0000023 0.0036 0.008 0.055 0.000008 0.151 0.000023 0.003 0.044 0.00000031
MOE 1991 T5-D Surf 1.3 0.078 0.013 2.6 0.000078 0.000026 2.6 0.650 0.00010 0.0000033 0.0052 0.011 0.079 0.000012 0.218 0.000033 0.004 0.064 0.00000045
MOE 1995 T6-S 0-25 14 0.84 0.14 28 0.00084 0.00028 28 7.000 0.00105 0.0000350 0.0564 0.123 0.851 0.000128 2.345 0.000352 0.046 0.688 0.00000485
MOE 1995 T6-M 0-25 3.8 0.228 0.038 7.6 0.000228 0.000076 7.6 1.900 0.00029 0.0000095 0.0153 0.033 0.231 0.000035 0.637 0.000095 0.013 0.187 0.00000132
MOE 1995 T6-N 0-25 4.5 0.27 0.045 9 0.00027 0.00009 9 2.250 0.00034 0.0000113 0.0181 0.040 0.274 0.000041 0.754 0.000113 0.015 0.221 0.00000156
MOE 2002 LC11 4.1 0.246 0.041 8.2 0.000246 0.000082 8.2 2.050 0.00031 0.0000103 0.0165 0.036 0.249 0.000037 0.687 0.000103 0.013 0.201 0.00000142
MOE 2002 LC12 1.6 0.096 0.016 3.2 0.000096 0.000032 3.2 0.800 0.00012 0.0000040 0.0064 0.014 0.097 0.000015 0.268 0.000040 0.005 0.079 0.00000055
EC 2002 LC12 Surf 7.4 0.444 0.074 14.8 0.000444 0.000148 14.8 3.700 0.00056 0.0000185 0.0298 0.065 0.450 0.000067 1.240 0.000186 0.024 0.363 0.00000256
G-D 2005 T5A-B 0-10 0.1 0.006 0.001 0.2 0.000006 0.000002 0.2 0.050 0.00001 0.0000003 0.0004 0.001 0.006 0.000001 0.017 0.000003 0.000 0.005 0.00000003
MOE 2002 LC13 1.8 0.108 0.018 3.6 0.000108 0.000036 3.6 0.900 0.00014 0.0000045 0.0073 0.016 0.109 0.000016 0.302 0.000045 0.006 0.088 0.00000062
MOE 1995 T7-S 0-25 0.8 0.048 0.008 1.6 0.000048 0.000016 1.6 0.400 0.00006 0.0000020 0.0032 0.007 0.049 0.000007 0.134 0.000020 0.003 0.039 0.00000028
MOE 1995 T7-M 0-25 2.3 0.138 0.023 4.6 0.000138 0.000046 4.6 1.150 0.00017 0.0000058 0.0093 0.020 0.140 0.000021 0.385 0.000058 0.008 0.113 0.00000080
MOE 1995 T7-N 0-25 7.16 0.4296 0.0716 14.32 0.0004296 0.0001432 14.32 3.580 0.00054 0.0000179 0.0288 0.063 0.435 0.000065 1.199 0.000180 0.024 0.352 0.00000248
Mean 4.01 0.24 0.04 8.02 0.00024 0.00008 8.02 2.01 0.0003 0.000010 0.0162 0.035 0.244 0.000037 0.672 0.000101 0.013 0.197 0.0000014
RQMATC 0.24 0.06 0.43 0.83 1.18 2.28 0.90 1.83
St Dev 5.41 0.32 0.05 10.82 0.00032 0.00011 10.82 2.71 0.0004 0.000014 0.02 0.048 0.329 0.000049 0.907 0.000136 0.018 0.266 0.0000019
95% CL 1.82 0.11 0.02 3.64 0.00011 0.00004 3.64 0.91 0.0001 0.000005 0.01 0.016 0.111 0.000017 0.305 0.000046 0.006 0.089 0.0000006
Upper 95% C.L. 5.83 0.35 0.06 11.66 0.00035 0.00012 11.66 2.92 0.0004 0.000015 0.0235 0.051 0.354 0.000053 0.977 0.000146 0.019 0.286 0.0000020
RQMATC 0.35 0.09 0.62 1.20 1.72 3.31 1.31 2.66

Zone 3
G-D 2005 T7A-B 0-10 2.13 0.1278 0.0213 4.26 0.0001278 0.0000426 4.26 1.065 0.00010 0.0000053 0.0086 0.019 0.130 0.000012 0.357 0.000032 0.007 0.105 0.00000074
G-D 2005 T7A-N 0-10 <1
G-D 2005 T7A-1/3 0-10 3.79 0.2274 0.0379 7.58 0.0002274 0.0000758 7.58 1.895 0.00017 0.0000095 0.0153 0.033 0.230 0.000021 0.635 0.000057 0.012 0.186 0.00000131
G-D 2005 T7A-2/3 0-10 3.86 0.2316 0.0386 7.72 0.0002316 0.0000772 7.72 1.930 0.00017 0.0000097 0.0155 0.034 0.235 0.000021 0.647 0.000058 0.013 0.190 0.00000134
G-D 2005 T7A-S 0-10 7.02 0.4212 0.0702 14.04 0.0004212 0.0001404 14.04 3.510 0.00032 0.0000176 0.0283 0.062 0.427 0.000038 1.176 0.000106 0.023 0.345 0.00000243
MOE 2002 LC14 5.7 0.342 0.057 11.4 0.000342 0.000114 11.4 2.850 0.00026 0.0000143 0.0230 0.050 0.347 0.000031 0.955 0.000086 0.019 0.280 0.00000198
EC 2002 LC14 Surf 2.3 0.138 0.023 4.6 0.000138 0.000046 4.6 1.150 0.00010 0.0000058 0.0093 0.020 0.140 0.000013 0.385 0.000035 0.008 0.113 0.00000080
G-D 2005 T7B-N 0-10 3.82 0.2292 0.0382 7.64 0.0002292 0.0000764 7.64 1.910 0.00017 0.0000096 0.0154 0.034 0.232 0.000021 0.640 0.000058 0.013 0.188 0.00000132
G-D 2005 T7B-1/3 0-10 0.89 0.0534 0.0089 1.78 0.0000534 0.0000178 1.78 0.445 0.00004 0.0000022 0.0036 0.008 0.054 0.000005 0.149 0.000013 0.003 0.044 0.00000031
G-D 2005 T7B-2/3 0-10 1.95 0.117 0.0195 3.9 0.000117 0.000039 3.9 0.975 0.00009 0.0000049 0.0079 0.017 0.119 0.000011 0.327 0.000029 0.006 0.096 0.00000068
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August 2008 TABLE B-8:
Distribution of PCBs in Lyon's Creek East Sediments and Potential Risks to Biota

 03-1112-059 (5400)

Muskrat Mallard Snapping Turtle

Estimated2  

[PCB] 
cattails ug/g

Estimated3 

[PCB] in 
amphipods 

ug/g

Amphipod 
Estimated5 

[tTEQb]  
ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated3 

[PCB] in 
chiroomids 

ug/g

YOY 
Estimated4 

[PCB] ug/g

YOY 
Estimated6 

TEQbird

YOY 
Estimated 
TEQmamm 

average daily 
dose (mg/kg 

b.w./day)

average daily 
dose (mg/kg 

b.w./day) total 
PCB

average daily
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

average daily 
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) 
total TEQ

average daily dose 
(mg/kg b.w./day) 

total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total TEQ

Estimated1 

sediment 
[PCB12 cong] 

ug/g

Data Source Depth 
(cm)Station

Sediment 
[PCB] 
ug/g

Estimated [PCB] in Biota MinkKingfisher Great Blue Heron

G-D 2005 T7B-S 0-10 2.3 0.138 0.023 4.6 0.000138 0.000046 4.6 1.150 0.00010 0.0000058 0.0093 0.020 0.140 0.000013 0.385 0.000035 0.008 0.113 0.00000080
MOE 2002 LC15 1.2 0.072 0.012 2.4 0.000072 0.000024 2.4 0.600 0.00005 0.0000030 0.0048 0.011 0.073 0.000007 0.201 0.000018 0.004 0.059 0.00000042
G-D 2005 T7C-N 0-10 3.7 0.222 0.037 7.4 0.000222 0.000074 7.4 1.850 0.00017 0.0000093 0.0149 0.033 0.225 0.000020 0.620 0.000056 0.012 0.182 0.00000128
G-D 2005 T7C-1/3 0-10 4.84 0.2904 0.0484 9.68 0.0002904 0.0000968 9.68 2.420 0.00022 0.0000121 0.0195 0.043 0.294 0.000026 0.811 0.000073 0.016 0.238 0.00000168
G-D 2005 T7C-2/3 0-10 2.34 0.1404 0.0234 4.68 0.0001404 0.0000468 4.68 1.170 0.00011 0.0000059 0.0094 0.021 0.142 0.000013 0.392 0.000035 0.008 0.115 0.00000081
G-D 2005 T7C-S 0-10 5.59 0.3354 0.0559 11.18 0.0003354 0.0001118 11.18 2.795 0.00025 0.0000140 0.0225 0.049 0.340 0.000031 0.936 0.000084 0.018 0.275 0.00000194
G-D 2005 T7D-N 0-10 3.09 0.1854 0.0309 6.18 0.0001854 0.0000618 6.18 1.545 0.00014 0.0000077 0.0124 0.027 0.188 0.000017 0.518 0.000047 0.010 0.152 0.00000107
G-D 2005 T7D-1/3 0-10 4.11 0.2466 0.0411 8.22 0.0002466 0.0000822 8.22 2.055 0.00018 0.0000103 0.0166 0.036 0.250 0.000022 0.688 0.000062 0.014 0.202 0.00000142
G-D 2005 T7D-2/3 0-10 2.4 0.144 0.024 4.8 0.000144 0.000048 4.8 1.200 0.00011 0.0000060 0.0097 0.021 0.146 0.000013 0.402 0.000036 0.008 0.118 0.00000083
G-D 2005 T7D-S 0-10 3.03 0.1818 0.0303 6.06 0.0001818 0.0000606 6.06 1.515 0.00014 0.0000076 0.0122 0.027 0.184 0.000017 0.508 0.000046 0.010 0.149 0.00000105
MOE 2002 LC16 19 1.14 0.19 38 0.00114 0.00038 38 9.500 0.00086 0.0000475 0.0765 0.167 1.155 0.000104 3.183 0.000286 0.063 0.933 0.00000658
EC 2002 LC16 Surf 1.5 0.09 0.015 3 0.00009 0.00003 3 0.750 0.00007 0.0000038 0.0060 0.013 0.091 0.000008 0.251 0.000023 0.005 0.074 0.00000052
MOE 2003 LC16 0-10 2.2 0.132 0.022 4.4 0.000132 0.000044 4.4 1.100 0.00010 0.0000055 0.0089 0.019 0.134 0.000012 0.369 0.000033 0.007 0.108 0.00000076
Mean 3.94 0.24 0.04 7.89 0.00024 0.00008 7.89 1.97 0.0002 0.000010 0.0159 0.035 0.240 0.000022 0.661 0.000059 0.013 0.194 0.0000014
RQMATC 0.24 0.06 0.42 0.49 1.16 1.34 0.89 1.80
St Dev 3.70 0.22 0.04 7.41 0.00022 0.00007 7.41 1.85 0.0002 0.000009 0.01 0.033 0.225 0.000020 0.620 0.000056 0.012 0.182 0.0000013
95% CL 1.55 0.09 0.02 3.09 0.00009 0.00003 3.09 0.77 0.0001 0.000004 0.01 0.014 0.094 0.000008 0.259 0.000023 0.005 0.076 0.0000005
Upper 95% C.L. 5.49 0.33 0.05 10.98 0.00033 0.00011 10.98 2.75 0.0002 0.000014 0.0221 0.048 0.334 0.000030 0.920 0.000083 0.018 0.270 0.0000019
RQMATC 0.33 0.08 0.59 0.68 1.62 1.87 1.24 2.51

Zone 4
MOE 2002 LC17 2.8 0.168 0.028 5.6 0.000168 0.000056 5.6 1.400 0.00046 0.0000070 0.0113 0.025 0.170 0.000056 0.469 0.000155 0.009 0.138 0.00000097
EC 2002 LC17 Surf 1.3 0.078 0.013 2.6 0.000078 0.000026 2.6 0.650 0.00021 0.0000033 0.0052 0.011 0.079 0.000026 0.218 0.000072 0.004 0.064 0.00000045
MOE 2003 LC17 0-10 1.4 0.084 0.014 2.8 0.000084 0.000028 2.8 0.700 0.00023 0.0000035 0.0056 0.012 0.085 0.000028 0.235 0.000077 0.005 0.069 0.00000049
MOE 1991 G-5 S 0.43 0.0258 0.0043 0.86 0.0000258 0.0000086 0.86 0.215 0.00007 0.0000011 0.0017 0.004 0.026 0.000009 0.072 0.000024 0.001 0.021 0.00000015
MOE 1995 T8-S 0-25 2.4 0.144 0.024 4.8 0.000144 0.000048 4.8 1.200 0.00040 0.0000060 0.0097 0.021 0.146 0.000048 0.402 0.000133 0.008 0.118 0.00000083
MOE 1995 T8-M 0-25 6.98 0.4188 0.0698 13.96 0.0004188 0.0001396 13.96 3.490 0.00115 0.0000175 0.0281 0.061 0.424 0.000140 1.169 0.000386 0.023 0.343 0.00000242
MOE 1995 T8-N 0-25 6.14 0.3684 0.0614 12.28 0.0003684 0.0001228 12.28 3.070 0.00101 0.0000154 0.0247 0.054 0.373 0.000123 1.028 0.000339 0.020 0.302 0.00000213
G-D 2005 T8A-N 0-10 0.46 0.0276 0.0046 0.92 0.0000276 0.0000092 0.92 0.230 0.00008 0.0000012 0.0019 0.004 0.028 0.000009 0.077 0.000025 0.002 0.023 0.00000016
G-D 2005 T8A-1/3 0-10 1.03 0.0618 0.0103 2.06 0.0000618 0.0000206 2.06 0.515 0.00017 0.0000026 0.0041 0.009 0.063 0.000021 0.173 0.000057 0.003 0.051 0.00000036
G-D 2005 T8A-2/3 0-10 1.54 0.0924 0.0154 3.08 0.0000924 0.0000308 3.08 0.770 0.00025 0.0000039 0.0062 0.014 0.094 0.000031 0.258 0.000085 0.005 0.076 0.00000053
G-D 2005 T8A-S 0-10 0.85 0.051 0.0085 1.7 0.000051 0.000017 1.7 0.425 0.00014 0.0000021 0.0034 0.007 0.052 0.000017 0.142 0.000047 0.003 0.042 0.00000029
G-D 2005 T8B-N 0-10 0.38 0.0228 0.0038 0.76 0.0000228 0.0000076 0.76 0.190 0.00006 0.0000010 0.0015 0.003 0.023 0.000008 0.064 0.000021 0.001 0.019 0.00000013
G-D 2005 T8B-1/3 0-10 1.13 0.0678 0.0113 2.26 0.0000678 0.0000226 2.26 0.565 0.00019 0.0000028 0.0046 0.010 0.069 0.000023 0.189 0.000062 0.004 0.055 0.00000039
G-D 2005 T8B-2/3 0-10 1.41 0.0846 0.0141 2.82 0.0000846 0.0000282 2.82 0.705 0.00023 0.0000035 0.0057 0.012 0.086 0.000028 0.236 0.000078 0.005 0.069 0.00000049
G-D 2005 T8B-S 0-10 1.9 0.114 0.019 3.8 0.000114 0.000038 3.8 0.950 0.00031 0.0000048 0.0077 0.017 0.116 0.000038 0.318 0.000105 0.006 0.093 0.00000066
MOE 2002 LC18 2.9 0.174 0.029 5.8 0.000174 0.000058 5.8 1.450 0.00048 0.0000073 0.0117 0.026 0.176 0.000058 0.486 0.000160 0.010 0.142 0.00000100
EC 2002 LC18 Surf 0.5 0.03 0.005 1 0.00003 0.00001 1 0.250 0.00008 0.0000013 0.0020 0.004 0.030 0.000010 0.084 0.000028 0.002 0.025 0.00000017
Mean 1.97 0.12 0.02 3.95 0.00012 0.00004 3.95 0.99 0.0003 0.000005 0.0080 0.017 0.120 0.000040 0.331 0.000109 0.006 0.097 0.0000007
RQMATC 0.12 0.03 0.21 0.89 0.58 2.46 0.44 0.90
St Dev 1.90 0.11 0.02 3.80 0.00011 0.00004 3.80 0.95 0.0003 0.000005 0.01 0.017 0.117 0.000039 0.322 0.000106 0.006 0.094 0.0000007
95% CL 0.90 0.05 0.01 1.81 0.00005 0.00002 1.81 0.45 0.0001 0.000002 0.00 0.008 0.056 0.000018 0.153 0.000050 0.003 0.045 0.0000003
Upper 95% C.L. 2.88 0.17 0.03 5.75 0.00017 0.00006 5.75 1.44 0.0005 0.000007 0.0116 0.025 0.176 0.000058 0.484 0.000160 0.009 0.142 0.0000010
RQMATC 0.18 0.04 0.31 1.31 0.85 3.60 0.65 1.32

Zone 5
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August 2008 TABLE B-8:
Distribution of PCBs in Lyon's Creek East Sediments and Potential Risks to Biota

 03-1112-059 (5400)

Muskrat Mallard Snapping Turtle

Estimated2  

[PCB] 
cattails ug/g

Estimated3 

[PCB] in 
amphipods 

ug/g

Amphipod 
Estimated5 

[tTEQb]  
ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated3 

[PCB] in 
chiroomids 

ug/g

YOY 
Estimated4 

[PCB] ug/g

YOY 
Estimated6 

TEQbird

YOY 
Estimated 
TEQmamm 

average daily 
dose (mg/kg 

b.w./day)

average daily 
dose (mg/kg 

b.w./day) total 
PCB

average daily
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

average daily 
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) 
total TEQ

average daily dose 
(mg/kg b.w./day) 

total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total TEQ

Estimated1 

sediment 
[PCB12 cong] 

ug/g

Data Source Depth 
(cm)Station

Sediment 
[PCB] 
ug/g

Estimated [PCB] in Biota MinkKingfisher Great Blue Heron

MOE 2002 LC19 0-10 2 0.12 0.02 4 0.00012 0.00004 4 1.000 0.00031 0.0000050 0.0081 0.018 0.122 0.000038 0.335 0.000104 0.007 0.098 0.00000069
EC 2002 LC19 Surf 1 0.06 0.01 2 0.00006 0.00002 2 0.500 0.00016 0.0000025 0.0040 0.009 0.061 0.000019 0.168 0.000052 0.003 0.049 0.00000035
MOE 1995 T9-S 0-25 3.14 0.1884 0.0314 6.28 0.0001884 0.0000628 6.28 1.570 0.00049 0.0000079 0.0126 0.028 0.191 0.000059 0.526 0.000163 0.010 0.154 0.00000109
MOE 1995 T9-M 0-25 3.64 0.2184 0.0364 7.28 0.0002184 0.0000728 7.28 1.820 0.00056 0.0000091 0.0147 0.032 0.221 0.000069 0.610 0.000189 0.012 0.179 0.00000126
MOE 1995 T9-N 0-25 5.4 0.324 0.054 10.8 0.000324 0.000108 10.8 2.700 0.00084 0.0000135 0.0218 0.048 0.328 0.000102 0.905 0.000280 0.018 0.265 0.00000187
MOE 2002 LC20 0-10 1.6 0.096 0.016 3.2 0.000096 0.000032 3.2 0.800 0.00025 0.0000040 0.0064 0.014 0.097 0.000030 0.268 0.000083 0.005 0.079 0.00000055
MOE 2002 LC21 0-10 0.84 0.0504 0.0084 1.68 0.0000504 0.0000168 1.68 0.420 0.00013 0.0000021 0.0034 0.007 0.051 0.000016 0.141 0.000044 0.003 0.041 0.00000029
MOE 2002 LC22 0-10 1.7 0.102 0.017 3.4 0.000102 0.000034 3.4 0.850 0.00026 0.0000043 0.0068 0.015 0.103 0.000032 0.285 0.000088 0.006 0.083 0.00000059
EC 2002 LC22 Surf 0.3 0.018 0.003 0.6 0.000018 0.000006 0.6 0.150 0.00005 0.0000008 0.0012 0.003 0.018 0.000006 0.050 0.000016 0.001 0.015 0.00000010
Mean 2.18 0.13 0.022 4.36 0.00013 0.00004 4.36 1.09 0.00034 0.000005 0.009 0.019 0.13 0.00004 0.365 0.000113 0.007 0.11 0.0000008
RQMATC 0.13 0.03 0.23 0.93 0.64 2.56 0.49 1.00
St Dev 1.61 0.10 0.016 3.22 0.00010 0.00003 3.22 0.81 0.00025 0.000004 0.006 0.014 0.09 0.00003 0.259 0.000080 0.005 0.08 0.0000005
95% CL 1.05 0.06 0.011 2.10 0.00006 0.00002 2.10 0.53 0.00016 0.000003 0.004 0.009 0.06 0.00002 0.169 0.000053 0.003 0.05 0.0000004
Upper 95% C.L. 3.23 0.19 0.032 6.46 0.00019 0.00006 6.46 1.62 0.00050 0.000008 0.013 0.028 0.19 0.00006 0.535 0.000166 0.011 0.16 0.0000011
RQMATC 0.19 0.05 0.34 1.36 0.94 3.74 0.72 1.46

Zone 6
MOE 2002 LC23 0-10 1.3 0.078 0.013 2.6 0.000078 0.000026 2.6 0.650 0.00020 0.0000033 0.0052 0.011 0.079 0.000025 0.218 0.000068 0.004 0.064 0.00000045
EC 2002 LC23 Surf 0.9 0.054 0.009 1.8 0.000054 0.000018 1.8 0.450 0.00014 0.0000023 0.0036 0.008 0.055 0.000017 0.151 0.000047 0.003 0.044 0.00000031
MOE 2002 LC24 0-10 0.26 0.0156 0.0026 0.52 0.0000156 0.0000052 0.52 0.130 0.00004 0.0000007 0.0010 0.002 0.016 0.000005 0.044 0.000014 0.001 0.013 0.00000009
MOE 1995 T10-S 0-25 1.6 0.096 0.016 3.2 0.000096 0.000032 3.2 0.800 0.00025 0.0000040 0.0064 0.014 0.097 0.000030 0.268 0.000083 0.005 0.079 0.00000055

T10-M 0-25 1.2 0.072 0.012 2.4 0.000072 0.000024 2.4 0.600 0.00019 0.0000030 0.0048 0.011 0.073 0.000023 0.201 0.000062 0.004 0.059 0.00000042
T10-N 0-25 2 0.12 0.02 4 0.00012 0.00004 4 1.000 0.00031 0.0000050 0.0081 0.018 0.122 0.000038 0.335 0.000104 0.007 0.098 0.00000069

MOE 2002 LC25 0-10 0.74 0.0444 0.0074 1.48 0.0000444 0.0000148 1.48 0.370 0.00011 0.0000019 0.0030 0.007 0.045 0.000014 0.124 0.000038 0.002 0.036 0.00000026
MOE 2002 LC26 0-10 0.46 0.0276 0.0046 0.92 0.0000276 0.0000092 0.92 0.230 0.00007 0.0000012 0.0019 0.004 0.028 0.000009 0.077 0.000024 0.002 0.023 0.00000016
MOE 2002 LC27 0-10 0.96 0.0576 0.0096 1.92 0.0000576 0.0000192 1.92 0.480 0.00015 0.0000024 0.0039 0.008 0.058 0.000018 0.161 0.000050 0.003 0.047 0.00000033
MOE 1995 T10a-S 0-25 0.28 0.0168 0.0028 0.56 0.0000168 0.0000056 0.56 0.140 0.00004 0.0000007 0.0011 0.002 0.017 0.000005 0.047 0.000015 0.001 0.014 0.00000010

T10a-M 0-25 1 0.06 0.01 2 0.00006 0.00002 2 0.500 0.00016 0.0000025 0.0040 0.009 0.061 0.000019 0.168 0.000052 0.003 0.049 0.00000035
T10a-N 0-25 0.8 0.048 0.008 1.6 0.000048 0.000016 1.6 0.400 0.00012 0.0000020 0.0032 0.007 0.049 0.000015 0.134 0.000042 0.003 0.039 0.00000028

Mean 0.96 0.058 0.010 1.917 0.00006 0.00002 1.917 0.479 0.00015 0.000002 0.004 0.008 0.058 0.000018 0.161 0.000050 0.003 0.047 0.0000003
RQMATC 0.06 0.01 0.10 0.41 0.28 1.12 0.22 0.44
St Dev 0.52 0.031 0.005 1.035 0.00003 0.00001 1.035 0.259 0.00008 0.000001 0.002 0.005 0.031 0.000010 0.087 0.000027 0.002 0.025 0.0000002
95% CL 0.29 0.018 0.003 0.586 0.00002 0.00001 0.586 0.146 0.00005 0.000001 0.001 0.003 0.018 0.000006 0.049 0.000015 0.001 0.014 0.0000001
Upper 95% C.L. 1.25 0.075 0.012 2.502 0.00008 0.00003 2.502 0.626 0.00019 0.000003 0.005 0.011 0.076 0.000024 0.210 0.000065 0.004 0.061 0.0000004
RQMATC 0.08 0.02 0.13 0.53 0.37 1.47 0.28 0.57

Zone 7
MOE 2002 LC28 0-10 0.46 0.0276 0.0046 0.92 0.0000276 0.0000092 0.92 0.230 0.00007 0.0000012 0.0019 0.004 0.028 0.000009 0.077 0.000024 0.002 0.023 0.00000016
MOE 2002 LC29 0-10 0.48 0.0288 0.0048 0.96 0.0000288 0.0000096 0.96 0.240 0.00007 0.0000012 0.0019 0.004 0.029 0.000009 0.080 0.000025 0.002 0.024 0.00000017
EC 2002 LC29 Surf 0.4 0.024 0.004 0.8 0.000024 0.000008 0.8 0.200 0.00006 0.0000010 0.0016 0.004 0.024 0.000008 0.067 0.000021 0.001 0.020 0.00000014
MOE 2002 LC30 0-10 0.64 0.0384 0.0064 1.28 0.0000384 0.0000128 1.28 0.320 0.00010 0.0000016 0.0026 0.006 0.039 0.000012 0.107 0.000033 0.002 0.031 0.00000022
MOE 2002 LC31 0-10 0.26 0.0156 0.0026 0.52 0.0000156 0.0000052 0.52 0.130 0.00004 0.0000007 0.0010 0.002 0.016 0.000005 0.044 0.000014 0.001 0.013 0.00000009
MOE 2002 LC32 0-10 0.34 0.0204 0.0034 0.68 0.0000204 0.0000068 0.68 0.170 0.00005 0.0000009 0.0014 0.003 0.021 0.000006 0.057 0.000018 0.001 0.017 0.00000012
MOE 2002 LC33 0-10 0.26 0.0156 0.0026 0.52 0.0000156 0.0000052 0.52 0.130 0.00004 0.0000007 0.0010 0.002 0.016 0.000005 0.044 0.000014 0.001 0.013 0.00000009
MOE 2002 LC34 0-10 0.32 0.0192 0.0032 0.64 0.0000192 0.0000064 0.64 0.160 0.00005 0.0000008 0.0013 0.003 0.019 0.000006 0.054 0.000017 0.001 0.016 0.00000011
MOE 2002 LC35 0-10 0.12 0.0072 0.0012 0.24 0.0000072 0.0000024 0.24 0.060 0.00002 0.0000003 0.0005 0.001 0.007 0.000002 0.020 0.000006 0.000 0.006 0.00000004
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August 2008 TABLE B-8:
Distribution of PCBs in Lyon's Creek East Sediments and Potential Risks to Biota

 03-1112-059 (5400)

Muskrat Mallard Snapping Turtle

Estimated2  

[PCB] 
cattails ug/g

Estimated3 

[PCB] in 
amphipods 

ug/g

Amphipod 
Estimated5 

[tTEQb]  
ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated3 

[PCB] in 
chiroomids 

ug/g

YOY 
Estimated4 

[PCB] ug/g

YOY 
Estimated6 

TEQbird

YOY 
Estimated 
TEQmamm 

average daily 
dose (mg/kg 

b.w./day)

average daily 
dose (mg/kg 

b.w./day) total 
PCB

average daily
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

average daily 
dose (mg/kg 

b.w./day) 
total PCB

average daily 
dose (mg/kg 

b.w./day) 
total TEQ

average daily dose 
(mg/kg b.w./day) 

total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total PCB

average daily 
dose (mg/kg 

b.w./day) spring-
fall total TEQ

Estimated1 

sediment 
[PCB12 cong] 

ug/g

Data Source Depth 
(cm)Station

Sediment 
[PCB] 
ug/g

Estimated [PCB] in Biota MinkKingfisher Great Blue Heron

Mean 0.36 0.022 0.004 0.729 0.00002 0.00001 0.729 0.182 0.00006 0.000001 0.0015 0.0032 0.022 0.00001 0.061 0.000019 0.001 0.018 0.0000001
RQMATC 0.02 0.01 0.04 0.16 0.11 0.43 0.08 0.17
St Dev 0.15 0.009 0.002 0.303 0.00001 0.00000 0.303 0.076 0.00002 0.000000 0.0006 0.0013 0.009 0.00000 0.025 0.000008 0.000 0.007 0.0000001
95% CL 0.10 0.006 0.001 0.198 0.00001 0.00000 0.198 0.050 0.00002 0.000000 0.0004 0.0009 0.006 0.00000 0.017 0.000005 0.000 0.005 0.0000000
Upper 95% C.L. 0.46 0.028 0.005 0.927 0.00003 0.00001 0.927 0.232 0.00007 0.000001 0.0019 0.0041 0.028 0.00001 0.078 0.000024 0.002 0.023 0.0000002
RQMATC 0.03 0.01 0.05 0.20 0.14 0.54 0.10 0.21

Sediment concentrations in italics are based on the sum of 55 congeners
1 - Based on a ratio of 0.06 of total 55 congeners to 12 toxic congeners calculated from MOE/EC sediment data for 2002-3. 
2 - Calculated using a BSAF of 0.01 based on Golder 2005 data for Lyon's Creek West.
3 - Based on a BSAF of 2 in amphipods and chironomids, and 3.4 in oligochaetes calculated from MOE 2002-3 data (sum of 55 congeners in sediments and sum of 55 congeners in tissue).
4 - Based on a BSAF of 0.5 calculated from MOE 2002-3 data (mean concentration of 55 congeners in yoy species and mean concentration of 55 congeners in sediment for approx. a 100m radius around sampling point for yoy).
5 - Based on calculated ratio of [totalPCB] to [TEQbird] in amphipod tissues from MOE 2002/3 data (total PCB based on sum of 55 congeners).
6- Based on calculated ratio of [totalPCB] to [TEQbird] in YOY tissues from MOE 2002/3 data (total PCB based on sum of 55 congeners).
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August 2008 TABLE B-9:
Predicted Decline in Sediment PCBs and Exposure of Receptors Under Natural Recovery and Enhanced Natural Recovery Options

03-1112-059 (5400)

Year Predicted 
[PCB]

Mean ratio 
[PCBtcong] to 

12 
congeners1

Estimated 
sediment 

[PCB12 cong] 
ug/g

Estimated  
[PCB] 

cattails ug/g

Estimated 
[PCB] in 

amphipods 
ug/g

Amphipod 
Estimated 

[tTEQb]  ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated 
[PCB] in 

chiroomids 
ug/g

Estimated 
[PCB] in 

oligochaetes 
ug/g

Estimated 
[PCB] yoy 

ug/g

YOY 
Estimated 

TEQbird

YOY 
Estimated 

TEQmamm

Estmated 
[PCB]in sport 

fish

average daily 
dose (mg/kg 

b.w./day) total 
PCB

RQNOAEL for 
total PCB 
exposure

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

RQNOAEL for 
TEQ 

exposure

average daily 
dose (mg/kg 

b.w./day) 
spring-fall

RQNOAEL for 
total PCB 
exposure

average daily 
dose (mg/kg 

b.w./day) 
spring-fall 
total TEQ

RQNOAEL for 
TEQ 

exposure

NOAEL 0.180 0.000014 0.069 0.00000024
LOAEL 1.800 0.000140 0.690 0.00000240

0.5692 0.000044 0.2182 0.00000076
Monitored Natural Recovery - Zones 1 to 3

2001 31 4.66 0.06 0.280 0.047 9.32 0.00028 0.00009 9.32 15.85 2.330 0.00035 0.00001 0.671 0.78 1.4 0.000117 2.6 0.229 1.0 0.00000161 2.1
2002 32 4.52 0.06 0.271 0.045 9.03 0.00027 0.00009 9.03 15.35 2.258 0.00034 0.00001 0.650 0.76 1.3 0.000113 2.6 0.222 1.0 0.00000156 2.1
2003 33 4.38 0.06 0.263 0.044 8.76 0.00026 0.00009 8.76 14.89 2.190 0.00033 0.00001 0.631 0.73 1.3 0.000110 2.5 0.215 1.0 0.00000152 2.0
2004 34 4.25 0.06 0.255 0.043 8.50 0.00026 0.00009 8.50 14.46 2.126 0.00032 0.00001 0.612 0.71 1.3 0.000107 2.4 0.209 1.0 0.00000147 1.9
2005 35 4.13 0.06 0.248 0.041 8.26 0.00025 0.00008 8.26 14.05 2.066 0.00031 0.00001 0.595 0.69 1.2 0.000104 2.3 0.203 0.9 0.00000143 1.9
2006 36 4.02 0.06 0.241 0.040 8.04 0.00024 0.00008 8.04 13.66 2.009 0.00030 0.00001 0.579 0.67 1.2 0.000101 2.3 0.197 0.9 0.00000139 1.8
2007 37 3.91 0.06 0.235 0.039 7.82 0.00023 0.00008 7.82 13.29 1.955 0.00029 0.00001 0.563 0.65 1.2 0.000098 2.2 0.192 0.9 0.00000135 1.8
2008 38 3.81 0.06 0.228 0.038 7.62 0.00023 0.00008 7.62 12.95 1.904 0.00029 0.00001 0.548 0.64 1.1 0.000096 2.2 0.187 0.9 0.00000132 1.7
2009 39 3.71 0.06 0.223 0.037 7.42 0.00022 0.00007 7.42 12.62 1.855 0.00028 0.00001 0.534 0.62 1.1 0.000093 2.1 0.182 0.8 0.00000129 1.7
2010 40 3.62 0.06 0.217 0.036 7.24 0.00022 0.00007 7.24 12.30 1.809 0.00027 0.00001 0.521 0.61 1.1 0.000091 2.1 0.178 0.8 0.00000125 1.7
2011 41 3.53 0.06 0.212 0.035 7.06 0.00021 0.00007 7.06 12.01 1.766 0.00026 0.00001 0.508 0.59 1.0 0.000089 2.0 0.173 0.8 0.00000122 1.6
2012 42 3.45 0.06 0.207 0.034 6.90 0.00021 0.00007 6.90 11.72 1.724 0.00026 0.00001 0.496 0.58 1.0 0.000087 2.0 0.169 0.8 0.00000119 1.6
2013 43 3.37 0.06 0.202 0.034 6.74 0.00020 0.00007 6.74 11.45 1.684 0.00025 0.00001 0.485 0.56 1.0 0.000085 1.9 0.165 0.8 0.00000117 1.5
2014 44 3.29 0.06 0.198 0.033 6.58 0.00020 0.00007 6.58 11.19 1.646 0.00025 0.00001 0.474 0.55 1.0 0.000083 1.9 0.162 0.7 0.00000114 1.5
2015 45 3.22 0.06 0.193 0.032 6.44 0.00019 0.00006 6.44 10.95 1.610 0.00024 0.00001 0.464 0.54 0.9 0.000081 1.8 0.158 0.7 0.00000112 1.5
2016 46 3.15 0.06 0.189 0.032 6.30 0.00019 0.00006 6.30 10.71 1.575 0.00024 0.00001 0.454 0.53 0.9 0.000079 1.8 0.155 0.7 0.00000109 1.4
2017 47 3.08 0.06 0.185 0.031 6.17 0.00019 0.00006 6.17 10.48 1.542 0.00023 0.00001 0.444 0.52 0.9 0.000077 1.7 0.151 0.7 0.00000107 1.4
2018 48 3.02 0.06 0.181 0.030 6.04 0.00018 0.00006 6.04 10.27 1.510 0.00023 0.00001 0.435 0.51 0.9 0.000076 1.7 0.148 0.7 0.00000105 1.4
2019 49 2.96 0.06 0.178 0.030 5.92 0.00018 0.00006 5.92 10.06 1.479 0.00022 0.00001 0.426 0.50 0.9 0.000074 1.7 0.145 0.7 0.00000103 1.4
2020 50 2.90 0.06 0.174 0.029 5.80 0.00017 0.00006 5.80 9.86 1.450 0.00022 0.00001 0.418 0.49 0.9 0.000073 1.6 0.142 0.7 0.00000100 1.3
2021 51 2.84 0.06 0.171 0.028 5.69 0.00017 0.00006 5.69 9.67 1.422 0.00021 0.00001 0.409 0.48 0.8 0.000071 1.6 0.140 0.6 0.00000099 1.3
2022 52 2.79 0.06 0.167 0.028 5.58 0.00017 0.00006 5.58 9.48 1.395 0.00021 0.00001 0.402 0.47 0.8 0.000070 1.6 0.137 0.6 0.00000097 1.3
2023 53 2.74 0.06 0.164 0.027 5.47 0.00016 0.00005 5.47 9.31 1.369 0.00021 0.00001 0.394 0.46 0.8 0.000069 1.6 0.134 0.6 0.00000095 1.2
2024 54 2.69 0.06 0.161 0.027 5.37 0.00016 0.00005 5.37 9.13 1.343 0.00020 0.00001 0.387 0.45 0.8 0.000068 1.5 0.132 0.6 0.00000093 1.2
2025 55 2.64 0.06 0.158 0.026 5.28 0.00016 0.00005 5.28 8.97 1.319 0.00020 0.00001 0.380 0.44 0.8 0.000066 1.5 0.130 0.6 0.00000091 1.2
2026 56 2.59 0.06 0.155 0.026 5.18 0.00016 0.00005 5.18 8.81 1.296 0.00019 0.00001 0.373 0.43 0.8 0.000065 1.5 0.127 0.6 0.00000090 1.2
2027 57 2.55 0.06 0.153 0.025 5.09 0.00015 0.00005 5.09 8.66 1.273 0.00019 0.00001 0.367 0.43 0.7 0.000064 1.4 0.125 0.6 0.00000088 1.2
2028 58 2.50 0.06 0.150 0.025 5.01 0.00015 0.00005 5.01 8.51 1.251 0.00019 0.00001 0.360 0.42 0.7 0.000063 1.4 0.123 0.6 0.00000087 1.1
2029 59 2.46 0.06 0.148 0.025 4.92 0.00015 0.00005 4.92 8.37 1.230 0.00018 0.00001 0.354 0.41 0.7 0.000062 1.4 0.121 0.6 0.00000085 1.1
2030 60 2.42 0.06 0.145 0.024 4.84 0.00015 0.00005 4.84 8.23 1.210 0.00018 0.00001 0.348 0.41 0.7 0.000061 1.4 0.119 0.5 0.00000084 1.1
2031 61 2.38 0.06 0.143 0.024 4.76 0.00014 0.00005 4.76 8.09 1.190 0.00018 0.00001 0.343 0.40 0.7 0.000060 1.4 0.117 0.5 0.00000082 1.1
2032 62 2.34 0.06 0.141 0.023 4.68 0.00014 0.00005 4.68 7.96 1.171 0.00018 0.00001 0.337 0.39 0.7 0.000059 1.3 0.115 0.5 0.00000081 1.1
2033 63 2.31 0.06 0.138 0.023 4.61 0.00014 0.00005 4.61 7.84 1.153 0.00017 0.00001 0.332 0.39 0.7 0.000058 1.3 0.113 0.5 0.00000080 1.1
2034 64 2.27 0.06 0.136 0.023 4.54 0.00014 0.00005 4.54 7.72 1.135 0.00017 0.00001 0.327 0.38 0.7 0.000057 1.3 0.111 0.5 0.00000079 1.0
2035 65 2.24 0.06 0.134 0.022 4.47 0.00013 0.00004 4.47 7.60 1.118 0.00017 0.00001 0.322 0.37 0.7 0.000056 1.3 0.110 0.5 0.00000077 1.0
2036 66 2.20 0.06 0.132 0.022 4.40 0.00013 0.00004 4.40 7.49 1.101 0.00017 0.00001 0.317 0.37 0.6 0.000055 1.2 0.108 0.5 0.00000076 1.0
2037 67 2.17 0.06 0.130 0.022 4.34 0.00013 0.00004 4.34 7.37 1.084 0.00016 0.00001 0.312 0.36 0.6 0.000054 1.2 0.107 0.5 0.00000075 1.0
2038 68 2.14 0.06 0.128 0.021 4.27 0.00013 0.00004 4.27 7.27 1.069 0.00016 0.00001 0.308 0.36 0.6 0.000054 1.2 0.105 0.5 0.00000074 1.0
2039 69 2.11 0.06 0.126 0.021 4.21 0.00013 0.00004 4.21 7.16 1.053 0.00016 0.00001 0.303 0.35 0.6 0.000053 1.2 0.103 0.5 0.00000073 1.0
2040 70 2.08 0.06 0.125 0.021 4.15 0.00012 0.00004 4.15 7.06 1.038 0.00016 0.00001 0.299 0.35 0.6 0.000052 1.2 0.102 0.5 0.00000072 0.9
2041 71 2.05 0.06 0.123 0.020 4.10 0.00012 0.00004 4.10 6.96 1.024 0.00015 0.00001 0.295 0.34 0.6 0.000051 1.2 0.101 0.5 0.00000071 0.9

Predicted [PCB] in Sediment Estimated [PCB] in Vegetation, Benthos and Fish Kingfisher Mink
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August 2008 TABLE B-9:
Predicted Decline in Sediment PCBs and Exposure of Receptors Under Natural Recovery and Enhanced Natural Recovery Options

03-1112-059 (5400)

Year Predicted 
[PCB]

Mean ratio 
[PCBtcong] to 

12 
congeners1

Estimated 
sediment 

[PCB12 cong] 
ug/g

Estimated  
[PCB] 

cattails ug/g

Estimated 
[PCB] in 

amphipods 
ug/g

Amphipod 
Estimated 

[tTEQb]  ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated 
[PCB] in 

chiroomids 
ug/g

Estimated 
[PCB] in 

oligochaetes 
ug/g

Estimated 
[PCB] yoy 

ug/g

YOY 
Estimated 

TEQbird

YOY 
Estimated 

TEQmamm

Estmated 
[PCB]in sport 

fish

average daily 
dose (mg/kg 

b.w./day) total 
PCB

RQNOAEL for 
total PCB 
exposure

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

RQNOAEL for 
TEQ 

exposure

average daily 
dose (mg/kg 

b.w./day) 
spring-fall

RQNOAEL for 
total PCB 
exposure

average daily 
dose (mg/kg 

b.w./day) 
spring-fall 
total TEQ

RQNOAEL for 
TEQ 

exposure

Predicted [PCB] in Sediment Estimated [PCB] in Vegetation, Benthos and Fish Kingfisher Mink

2042 72 2.02 0.06 0.121 0.020 4.04 0.00012 0.00004 4.04 6.87 1.010 0.00015 0.00001 0.291 0.34 0.6 0.000051 1.1 0.099 0.5 0.00000070 0.9
2043 73 1.99 0.06 0.120 0.020 3.98 0.00012 0.00004 3.98 6.77 0.996 0.00015 0.00000 0.287 0.33 0.6 0.000050 1.1 0.098 0.4 0.00000069 0.9
2044 74 1.97 0.06 0.118 0.020 3.93 0.00012 0.00004 3.93 6.68 0.983 0.00015 0.00000 0.283 0.33 0.6 0.000049 1.1 0.097 0.4 0.00000068 0.9
2045 75 1.94 0.06 0.116 0.019 3.88 0.00012 0.00004 3.88 6.59 0.970 0.00015 0.00000 0.279 0.32 0.6 0.000049 1.1 0.095 0.4 0.00000067 0.9
2046 76 1.91 0.06 0.115 0.019 3.83 0.00011 0.00004 3.83 6.51 0.957 0.00014 0.00000 0.276 0.32 0.6 0.000048 1.1 0.094 0.4 0.00000066 0.9
2047 77 1.89 0.06 0.113 0.019 3.78 0.00011 0.00004 3.78 6.42 0.945 0.00014 0.00000 0.272 0.32 0.6 0.000047 1.1 0.093 0.4 0.00000065 0.9
2048 78 1.87 0.06 0.112 0.019 3.73 0.00011 0.00004 3.73 6.34 0.933 0.00014 0.00000 0.269 0.31 0.5 0.000047 1.1 0.092 0.4 0.00000065 0.9
2049 79 1.84 0.06 0.111 0.018 3.68 0.00011 0.00004 3.68 6.26 0.921 0.00014 0.00000 0.265 0.31 0.5 0.000046 1.0 0.090 0.4 0.00000064 0.8
2050 80 1.82 0.06 0.109 0.018 3.64 0.00011 0.00004 3.64 6.18 0.909 0.00014 0.00000 0.262 0.30 0.5 0.000046 1.0 0.089 0.4 0.00000063 0.8
2051 81 1.80 0.06 0.108 0.018 3.59 0.00011 0.00004 3.59 6.11 0.898 0.00013 0.00000 0.259 0.30 0.5 0.000045 1.0 0.088 0.4 0.00000062 0.8
2052 82 1.77 0.06 0.106 0.018 3.55 0.00011 0.00004 3.55 6.03 0.887 0.00013 0.00000 0.256 0.30 0.5 0.000045 1.0 0.087 0.4 0.00000062 0.8
2053 83 1.75 0.06 0.105 0.018 3.51 0.00011 0.00004 3.51 5.96 0.877 0.00013 0.00000 0.253 0.29 0.5 0.000044 1.0 0.086 0.4 0.00000061 0.8
2054 84 1.73 0.06 0.104 0.017 3.47 0.00010 0.00003 3.47 5.89 0.866 0.00013 0.00000 0.250 0.29 0.5 0.000044 1.0 0.085 0.4 0.00000060 0.8
2055 85 1.71 0.06 0.103 0.017 3.43 0.00010 0.00003 3.43 5.82 0.856 0.00013 0.00000 0.247 0.29 0.5 0.000043 1.0 0.084 0.4 0.00000059 0.8

Enhanced Natural Recovery - Zones 1 to 3
2001 62 2.34 0.06 0.141 0.023 4.68 0.00014 0.00005 4.68 7.96 1.171 0.00021 0.00001 0.337 0.39 0.7 0.000071 1.6 0.115 0.5 0.00000081 1.1
2002 63 2.31 0.06 0.138 0.023 4.61 0.00014 0.00005 4.61 7.84 1.153 0.00021 0.00001 0.332 0.39 0.7 0.000070 1.6 0.113 0.5 0.00000080 1.1
2003 64 2.27 0.06 0.136 0.023 4.54 0.00014 0.00005 4.54 7.72 1.135 0.00020 0.00001 0.327 0.38 0.7 0.000068 1.5 0.111 0.5 0.00000079 1.0
2004 65 2.24 0.06 0.134 0.022 4.47 0.00013 0.00004 4.47 7.60 1.118 0.00020 0.00001 0.322 0.37 0.7 0.000067 1.5 0.110 0.5 0.00000077 1.0
2005 66 2.20 0.06 0.132 0.022 4.40 0.00013 0.00004 4.40 7.49 1.101 0.00020 0.00001 0.317 0.37 0.6 0.000066 1.5 0.108 0.5 0.00000076 1.0
2006 67 2.17 0.06 0.130 0.022 4.34 0.00013 0.00004 4.34 7.37 1.084 0.00020 0.00001 0.312 0.36 0.6 0.000065 1.5 0.107 0.5 0.00000075 1.0
2007 68 2.14 0.06 0.128 0.021 4.27 0.00013 0.00004 4.27 7.27 1.069 0.00019 0.00001 0.308 0.36 0.6 0.000064 1.5 0.105 0.5 0.00000074 1.0
2008 69 2.11 0.06 0.126 0.021 4.21 0.00013 0.00004 4.21 7.16 1.053 0.00019 0.00001 0.303 0.35 0.6 0.000064 1.4 0.103 0.5 0.00000073 1.0
2009 70 2.08 0.06 0.125 0.021 4.15 0.00012 0.00004 4.15 7.06 1.038 0.00019 0.00001 0.299 0.35 0.6 0.000063 1.4 0.102 0.5 0.00000072 0.9
2010 71 2.05 0.06 0.123 0.020 4.10 0.00012 0.00004 4.10 6.96 1.024 0.00018 0.00001 0.295 0.34 0.6 0.000062 1.4 0.101 0.5 0.00000071 0.9
2011 72 2.02 0.06 0.121 0.020 4.04 0.00012 0.00004 4.04 6.87 1.010 0.00018 0.00001 0.291 0.34 0.6 0.000061 1.4 0.099 0.5 0.00000070 0.9
2012 73 1.99 0.06 0.120 0.020 3.98 0.00012 0.00004 3.98 6.77 0.996 0.00018 0.00000 0.287 0.33 0.6 0.000060 1.4 0.098 0.4 0.00000069 0.9
2013 74 1.97 0.06 0.118 0.020 3.93 0.00012 0.00004 3.93 6.68 0.983 0.00018 0.00000 0.283 0.33 0.6 0.000059 1.3 0.097 0.4 0.00000068 0.9
2014 75 1.94 0.06 0.116 0.019 3.88 0.00012 0.00004 3.88 6.59 0.970 0.00017 0.00000 0.279 0.32 0.6 0.000058 1.3 0.095 0.4 0.00000067 0.9
2015 76 1.91 0.06 0.115 0.019 3.83 0.00011 0.00004 3.83 6.51 0.957 0.00017 0.00000 0.276 0.32 0.6 0.000058 1.3 0.094 0.4 0.00000066 0.9
2016 77 1.89 0.06 0.113 0.019 3.78 0.00011 0.00004 3.78 6.42 0.945 0.00017 0.00000 0.272 0.32 0.6 0.000057 1.3 0.093 0.4 0.00000065 0.9
2017 78 1.87 0.06 0.112 0.019 3.73 0.00011 0.00004 3.73 6.34 0.933 0.00017 0.00000 0.269 0.31 0.5 0.000056 1.3 0.092 0.4 0.00000065 0.9
2018 79 1.84 0.06 0.111 0.018 3.68 0.00011 0.00004 3.68 6.26 0.921 0.00017 0.00000 0.265 0.31 0.5 0.000056 1.3 0.090 0.4 0.00000064 0.8
2019 80 1.82 0.06 0.109 0.018 3.64 0.00011 0.00004 3.64 6.18 0.909 0.00016 0.00000 0.262 0.30 0.5 0.000055 1.2 0.089 0.4 0.00000063 0.8
2020 81 1.80 0.06 0.108 0.018 3.59 0.00011 0.00004 3.59 6.11 0.898 0.00016 0.00000 0.259 0.30 0.5 0.000054 1.2 0.088 0.4 0.00000062 0.8
2021 82 1.77 0.06 0.106 0.018 3.55 0.00011 0.00004 3.55 6.03 0.887 0.00016 0.00000 0.256 0.30 0.5 0.000054 1.2 0.087 0.4 0.00000062 0.8
2022 83 1.75 0.06 0.105 0.018 3.51 0.00011 0.00004 3.51 5.96 0.877 0.00016 0.00000 0.253 0.29 0.5 0.000053 1.2 0.086 0.4 0.00000061 0.8
2023 84 1.73 0.06 0.104 0.017 3.47 0.00010 0.00003 3.47 5.89 0.866 0.00016 0.00000 0.250 0.29 0.5 0.000052 1.2 0.085 0.4 0.00000060 0.8
2024 85 1.71 0.06 0.103 0.017 3.43 0.00010 0.00003 3.43 5.82 0.856 0.00015 0.00000 0.247 0.29 0.5 0.000052 1.2 0.084 0.4 0.00000059 0.8
2025 86 1.69 0.06 0.102 0.017 3.39 0.00010 0.00003 3.39 5.76 0.846 0.00015 0.00000 0.244 0.28 0.5 0.000051 1.2 0.083 0.4 0.00000059 0.8
2026 87 1.67 0.06 0.100 0.017 3.35 0.00010 0.00003 3.35 5.69 0.837 0.00015 0.00000 0.241 0.28 0.5 0.000050 1.1 0.082 0.4 0.00000058 0.8
2027 88 1.65 0.06 0.099 0.017 3.31 0.00010 0.00003 3.31 5.63 0.827 0.00015 0.00000 0.238 0.28 0.5 0.000050 1.1 0.081 0.4 0.00000057 0.8
2028 89 1.64 0.06 0.098 0.016 3.27 0.00010 0.00003 3.27 5.56 0.818 0.00015 0.00000 0.236 0.27 0.5 0.000049 1.1 0.080 0.4 0.00000057 0.7
2029 90 1.62 0.06 0.097 0.016 3.24 0.00010 0.00003 3.24 5.50 0.809 0.00015 0.00000 0.233 0.27 0.5 0.000049 1.1 0.079 0.4 0.00000056 0.7
2030 91 1.60 0.06 0.096 0.016 3.20 0.00010 0.00003 3.20 5.44 0.800 0.00014 0.00000 0.230 0.27 0.5 0.000048 1.1 0.079 0.4 0.00000055 0.7
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August 2008 TABLE B-9:
Predicted Decline in Sediment PCBs and Exposure of Receptors Under Natural Recovery and Enhanced Natural Recovery Options

03-1112-059 (5400)

Year Predicted 
[PCB]

Mean ratio 
[PCBtcong] to 

12 
congeners1

Estimated 
sediment 

[PCB12 cong] 
ug/g

Estimated  
[PCB] 

cattails ug/g

Estimated 
[PCB] in 

amphipods 
ug/g

Amphipod 
Estimated 

[tTEQb]  ug/g

Amphipod 
Estimated 
[tTEQm]  

ug/g

Estimated 
[PCB] in 

chiroomids 
ug/g

Estimated 
[PCB] in 

oligochaetes 
ug/g

Estimated 
[PCB] yoy 

ug/g

YOY 
Estimated 

TEQbird

YOY 
Estimated 

TEQmamm

Estmated 
[PCB]in sport 

fish

average daily 
dose (mg/kg 

b.w./day) total 
PCB

RQNOAEL for 
total PCB 
exposure

average daily 
dose (mg/kg 

b.w./day) total 
TEQ

RQNOAEL for 
TEQ 

exposure

average daily 
dose (mg/kg 

b.w./day) 
spring-fall

RQNOAEL for 
total PCB 
exposure

average daily 
dose (mg/kg 

b.w./day) 
spring-fall 
total TEQ

RQNOAEL for 
TEQ 

exposure

Predicted [PCB] in Sediment Estimated [PCB] in Vegetation, Benthos and Fish Kingfisher Mink

2031 92 1.58 0.06 0.095 0.016 3.17 0.00010 0.00003 3.17 5.38 0.792 0.00014 0.00000 0.228 0.27 0.5 0.000048 1.1 0.078 0.4 0.00000055 0.7
2032 93 1.57 0.06 0.094 0.016 3.13 0.00009 0.00003 3.13 5.33 0.783 0.00014 0.00000 0.226 0.26 0.5 0.000047 1.1 0.077 0.4 0.00000054 0.7
2033 94 1.55 0.06 0.093 0.015 3.10 0.00009 0.00003 3.10 5.27 0.775 0.00014 0.00000 0.223 0.26 0.5 0.000047 1.1 0.076 0.3 0.00000054 0.7
2034 95 1.53 0.06 0.092 0.015 3.07 0.00009 0.00003 3.07 5.21 0.767 0.00014 0.00000 0.221 0.26 0.5 0.000046 1.0 0.075 0.3 0.00000053 0.7
2035 96 1.52 0.06 0.091 0.015 3.04 0.00009 0.00003 3.04 5.16 0.759 0.00014 0.00000 0.219 0.25 0.4 0.000046 1.0 0.075 0.3 0.00000053 0.7
2036 97 1.50 0.06 0.090 0.015 3.00 0.00009 0.00003 3.00 5.11 0.751 0.00014 0.00000 0.216 0.25 0.4 0.000045 1.0 0.074 0.3 0.00000052 0.7
2037 98 1.49 0.06 0.089 0.015 2.97 0.00009 0.00003 2.97 5.06 0.744 0.00013 0.00000 0.214 0.25 0.4 0.000045 1.0 0.073 0.3 0.00000052 0.7
2038 99 1.47 0.06 0.088 0.015 2.94 0.00009 0.00003 2.94 5.01 0.736 0.00013 0.00000 0.212 0.25 0.4 0.000044 1.0 0.072 0.3 0.00000051 0.7
2039 100 1.46 0.06 0.087 0.015 2.92 0.00009 0.00003 2.92 4.96 0.729 0.00013 0.00000 0.210 0.24 0.4 0.000044 1.0 0.072 0.3 0.00000051 0.7
2040 101 1.44 0.06 0.087 0.014 2.89 0.00009 0.00003 2.89 4.91 0.722 0.00013 0.00000 0.208 0.24 0.4 0.000044 1.0 0.071 0.3 0.00000050 0.7
2041 102 1.43 0.06 0.086 0.014 2.86 0.00009 0.00003 2.86 4.86 0.715 0.00013 0.00000 0.206 0.24 0.4 0.000043 1.0 0.070 0.3 0.00000050 0.7
2042 103 1.42 0.06 0.085 0.014 2.83 0.00008 0.00003 2.83 4.81 0.708 0.00013 0.00000 0.204 0.24 0.4 0.000043 1.0 0.070 0.3 0.00000049 0.6
2043 104 1.40 0.06 0.084 0.014 2.80 0.00008 0.00003 2.80 4.77 0.701 0.00013 0.00000 0.202 0.23 0.4 0.000042 1.0 0.069 0.3 0.00000049 0.6
2044 105 1.39 0.06 0.083 0.014 2.78 0.00008 0.00003 2.78 4.72 0.694 0.00012 0.00000 0.200 0.23 0.4 0.000042 0.9 0.068 0.3 0.00000048 0.6
2045 106 1.38 0.06 0.083 0.014 2.75 0.00008 0.00003 2.75 4.68 0.688 0.00012 0.00000 0.198 0.23 0.4 0.000041 0.9 0.068 0.3 0.00000048 0.6
2046 107 1.36 0.06 0.082 0.014 2.73 0.00008 0.00003 2.73 4.63 0.681 0.00012 0.00000 0.196 0.23 0.4 0.000041 0.9 0.067 0.3 0.00000047 0.6
2047 108 1.35 0.06 0.081 0.014 2.70 0.00008 0.00003 2.70 4.59 0.675 0.00012 0.00000 0.194 0.23 0.4 0.000041 0.9 0.066 0.3 0.00000047 0.6
2048 109 1.34 0.06 0.080 0.013 2.68 0.00008 0.00003 2.68 4.55 0.669 0.00012 0.00000 0.193 0.22 0.4 0.000040 0.9 0.066 0.3 0.00000046 0.6
2049 110 1.33 0.06 0.080 0.013 2.65 0.00008 0.00003 2.65 4.51 0.663 0.00012 0.00000 0.191 0.22 0.4 0.000040 0.9 0.065 0.3 0.00000046 0.6
2050 111 1.31 0.06 0.079 0.013 2.63 0.00008 0.00003 2.63 4.47 0.657 0.00012 0.00000 0.189 0.22 0.4 0.000040 0.9 0.065 0.3 0.00000046 0.6
2051 112 1.30 0.06 0.078 0.013 2.61 0.00008 0.00003 2.61 4.43 0.651 0.00012 0.00000 0.188 0.22 0.4 0.000039 0.9 0.064 0.3 0.00000045 0.6
2052 113 1.29 0.06 0.077 0.013 2.58 0.00008 0.00003 2.58 4.39 0.646 0.00012 0.00000 0.186 0.22 0.4 0.000039 0.9 0.063 0.3 0.00000045 0.6
2053 114 1.28 0.06 0.077 0.013 2.56 0.00008 0.00003 2.56 4.35 0.640 0.00012 0.00000 0.184 0.21 0.4 0.000039 0.9 0.063 0.3 0.00000044 0.6
2054 115 1.27 0.06 0.076 0.013 2.54 0.00008 0.00003 2.54 4.31 0.634 0.00011 0.00000 0.183 0.21 0.4 0.000038 0.9 0.062 0.3 0.00000044 0.6
2055 116 1.26 0.06 0.075 0.013 2.52 0.00008 0.00003 2.52 4.28 0.629 0.00011 0.00000 0.181 0.21 0.4 0.000038 0.9 0.062 0.3 0.00000044 0.6

Tables B8  and B9.xls\Table B9 Golder Associates and Dillon Consulting 8
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C1 INTRODUCTION 

The Phase III studies (Golder 2005) yielded elevated levels of copper in Thompson’s Creek, 
downstream of the Cytec site, that were in excess of the MOE PSQG SEL. As a result, under the 
MOE sediment assessment protocol (Jaagumagi and Persaud 1996), additional biological 
assessment was undertaken in Thompson’s Creek. 

Testing was initially focused on sediment bioassay tests. Since it is recognized that these tests can 
augment potential toxicity due to disturbance of sediment characteristics, such as redox 
potentials, that can result in release of metals, a two stage process was used. If toxicity to test 
organisms was observed in the bioassay tests, additional testing involving benthic community 
assessment would be undertaken to verify that there was in situ toxicity. 

C2 METHODS 

Sediments for bioassay testing were collected on May 25, 2005. Approximately 10L of sediment 
were collected at two sampling sites: TC-1, which was located upstream on the north branch of 
the creek and served as the local control, and TC-2, located approximately 500m downstream of 
the Cytec property. Both sampling sites were the same as those sampled in Phase III for sediment 
chemical analysis. Sediments were collected from approximately the top 10 cm within an area of 
approximately 2m x 2m. Sampling focused on areas of fine sediment accumulation, since these 
were the areas sampled previously under Phase III. 

Samples were shipped to Stantec the same day. Testing was carried out under the MOE protocol 
(Bedard et al. 1992) for the mayfly 21 day test (growth and lethality) and the Environment 
Canada (Environment Canada 1997) protocol for the chironomid 10 day test. 

C3 RESULTS 

The results of the sediment bioassay testing are provided in the tables following the text. The test 
results indicate there was no significant mortality of either test organism at either site.  

Survival of the chironomids in TC-2 sediments, which was the site with elevated copper 
concentrations in sampling conducted in 2004, ranged from a low of 86.7% in one replicate to 
93.3% in the second replicate and 100% in the third replicate (mean survival was 93.3%). Growth 
was slightly lower in TC-2 sediments, as compared to growth in TC-1 sediments, but was not 
significantly different. Growth in both TC-1 and TC-2 sediments was generally better than in the 
reference control sediments from Long Point in Lake Erie. Overall, there were no apparent toxic 
effects on chironomids from TC-2 sediments. 
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Mayflies did not suffer any mortality in any of the test sediments, and survival was 100% in all 
replicates. Growth was better in sediments from TC-2 than in TC-1 sediments or the reference 
control from Long Point. Overall, there were no apparent effects on mayfly nymphs in any of the 
test sediments. 

C4 CONCLUSIONS 

The sediment bioassay testing indicates that despite elevated levels of copper in Thompson’s 
Creek downstream of the Cytec site, there was no observed effects on the test organisms, and 
therefore additional biological testing is not proposed for this site. Sediment toxicity due to 
metals is strongly influenced by the presence of modifying factors, of which organic matter 
(usually measured as TOC) is perhaps the best studied. The ability of organic matter to bind 
metals and thereby reduce their biological availability can result in extreme variability in toxicity 
benchmarks, and as a result, generic guidelines developed for the protection of aquatic life can 
often over-estimate the potential toxicity in metals, since in most cases they do not account for 
these factors. As such, metals can often exceed available guidelines, with no apparent adverse 
effects on biota, simply due to the lack of availability of the metal for organism uptake.  
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SAMLE IDENTICATION

207483
Golder Associates, Mississauga
Mississauga ON
Not given

R. Jaagumgi
2 x 23L pails
Ontao Ministr of the Environment Laboratory Sedient Biological Testig Protocol.

Ontao Ministr of the Environment, Augut 1992.

Work Order:
Company:
Location :
Sampling Method:
Samled By :
Sample Volume:
Test Method:

Shipped By:

Date Received:
Time Received:
Date Tested:

Lab Storage:

Client/d
2005-05-26
16:30
2005-06-10
4~2 °C

SAMLE SUMMY
Sample
Number

Sample Name Sample Description Date
Sampled

2004-11-16Control Fine brown organc sedient; no odour.

12695 Thompson's Cr TC-l Fine, dark brown, with organc matter and 2005-05-25
oligochaetes.

12696 Thompson's Cr TC-2 Fine, dak brown, with organic matter and 2005-05-25
oligochaetes.

Time
Sampled

10: 00

Temp. on
Arrival

13:30 22.0°C

13:30 22.0°C

TEST CONDITIONS

Test Organism: Chironomus tentans Test Vessel: 1.8 L square glass jar
Source: Ministr of Environment and Energy" Sediment Depth: Approx.3 em
Life Stage on Test Day 0 : 10 - i 2 days old Sediment Volume: 325 mL per replicate
Organism Behaviour (days -i to 0): Heathy, disease free, active Control Sediment: Long Point, Lake Erie
Organism Mortality (days -i to 0): None evident Controirrest Water: Well water (no chemicals added)
Test Type: Static Overlying Water Volume: 1300 mL per replicate
Number of Replicates: 3 Test Aeration: Yes (steady stream of bubbles)
Organisms per Replicate: i 5 Photoperod (light/dark): 16 h / 8 h
Organisms per Treatment: 45 Lightig: Ambient laboratory illumination
Feed Type: Cerophyll / Tetramin flakes (3:2 w:w) Test Temperature: 20 ~ 2 °c
Feeding Rate (per replicate): 30 mglday Test Duration: io days

Test Method Deviations: None

a125 Resources Rd., Etobicoke ON

COMMNTS

All test validity critera were satisfied.

No organisms exhibiting unusual appearance, behavior, or undergoing unusual treatment were used in the test.
The results reported relate only to the sample tested.
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RESULTS
Chironomus tentans Survival

Chironomus tenUU Growth
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Contrl Thompson's Cr TC-l Thompson's Cr TC-2

Sediment

Contrl Thompson's Cr TC- i Thompson's Cr TC-2

Seiment

TUKY'S MU TIPLE COMPARSON TEST (Toxstat 3.5 a)

Survival Data (Treatment Average SurvivaL, %)

Thompson's Cr TC-2

93.3
Thompson's Cr TC-1

100
Control

ioo

Growth Data (Treatment Average Weight, mg)

Control

3.42
Thompson's Cr TC-2

3.84
Thompson's Cr TC-1

4.13

NOTE: Samples sharng the same line are not significantly different from one another (i.e. they are considered to be
homogeneous, that is, from the same population) (a =0.05). All data met the assumptions for normality and
mogeneity of variance.

SAMLE PREPARTION

Sediments were thoroughly homogenized by hand miing. Prior to test initiation, all sediments were pressed though a
2 mm stainless steel sieve to remove large biota and debris. Approximately 24 hours prior to test intiation, thee replicate
test vessels each of test and control sediments were individually prepared by drwing sub-samples from the sieved
sediment samples. Laboratory water was then added to each test vesseL. Replicates were placed in a temperatue
controlled room and aeration was applied overnight. Test organisms were introduced the following day.

POTASSIUM CHLORIE REFERENCE TOXICANT DATA

Organism Batch: Ct05-06 LC50 (95% confidence limits) :
Test Date: 2005-06-10 Historical Mean LC50 :
Test Duration: 96 hours Warning Limits (~2 SD) :
Statistical Method : Non-linear Interpolation b Analyst(s):
The reference toxicant test was conducted as a water only test.

6183 mg/ (2500 - 10000)
4059 mg/
2023 - 6411
E. Jonczyk

REFERENCES
a West, Inc. and D. Gulley. 1996. Toxstat Release 3.5. Western Ecosystems Technology. Cheyenne, WY, U.S.A.

D Stephan, C. E. 1977. Methods for calculatig an LC50. P. 65-84 In: P.L. Mayer and 1. L. Hamelink (eds.),

Aquatic Toxicology and Hazard Evaluation. Amer. Soc. Testing and Materials, Philadelphia P A. ASTM STP 634.

A~~Date; fl5 .-Of- -;) Approved By :
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Chironomus tentans Survival Data

Sediment Replicate # Survivors % Surviving Treatment Standard Deviation CV (%)
(n=15) Organisms Mean

Survival (%)

A 15 100.0 100.0 0.0 0.0
Control B 15 100.0

C 15 100.0

A 15 ioO.O 100.0 0.0 0.0

12695 B 15 100.0

Thompson's Cr TC- i C 15 100.0

A 15 100.0 93.3 1.0 i.
12696 B 13 86.7

Thompson's Cr TC-2 C 14 93.3

Chironomus tentans Weight Data

Sediment Replicate Foil Weight Dry Weight Foil Number of Mean Dry Weight Treatment Standard CV (%)
(mg) + Organisms Organisms Of Organisms Mean Dry Deviation

(mg) Weighed (mg) Weight (mg)

A 796.92 858.88 15 4.13 3.42 0.64 18.65

Control B 797.01 845.78 15 3.25

C 803.26 846.59 15 2.89

A 798.13 860.45 15 4.15 4.13 0.10 2.45

12695 B 809.43 869.64 15 4.01

Thompson's Cr TC- 1 C 812.68 875.83 15 4.21

A 795.86 853.22 15 3.82 3.84 0.61 15.89

12696 B 797.85 839.88 13 3.23

Thompson's Cr TC-2 C 799.32 861.65 14 4.45

Data Reviewed By: ::

Date:~S-- O-l-iq
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Chionomus tentans Sediment Test Data

Sample Number : Contrl
Species: Chironomus tentans
Organism Batch: Ct05-06
Sediment pH : 7.0

Pore Water pH : 7.2

Pore Water Ammonia (mg/): 26.5

Time Start: 15:00

Test Day Date Temp. Replicate D.O. Tes Fed? Tech. Conductity pH Hardnes Total Unionized
Day (OC) (mgI) (Y IN (¡) (mgß.. Ammoni Ammonia

CaCO,) (mgI) (mgI)

0 Fn 2005-06- 10 21.0 Composite 7.8 y RS/E 535 8.3 270 3.00 0.24

Sat 2005-06- i i 20.0 Y RD

2 Sun 2005-06-12 20.0 Y RD

3 Mon 2005-06- i 3 20.0 A 7.3 y EJ 593 8.4

4 Tues 2005-06-14 20.0 Y EJ

5 Wed 2005-06-15 20.0 B 7.1 Y KJ 543 8.2

6 Thurs 2005-06-16 20.0 y KJ

7 Fn 2005-06- i 7 20.0 Y KJ

8 Sat 2005-06- 18 20.0 Y AS

9 Sun 2005-06- i 9 21.0 Y AS

10 Mon 2005-06-20 21.0 Composite 7.2 N KJ 503 8.0 300 1.25 0.05

"-" = not measured

Data Reviewed By: .:,-

Date: :Loo-o= . It: 
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Chironomus tentans Sedment Test Data

Sample Number : 12695

Species: Chironomus tentans

Organism Batch: Ct05-06

Sediment pH : 7.1

Pore Water pH : 7.2

Pore Water Ammonia (mgI) : 4.3

Time Start: 15:00

Test Day Date Temp. Replicate D.O. Tes Fed? Tech. Conductivity pH Hardnes Total Unionized
Day (0C) (mgL) (Y IN (lI) (mgß .. Ammonia AmmoDi

CaCO,) (mgI) (mgI)

0 Fri 2005-06- I 0 21.0 Composite 7.7 Y RSÆJ 585 8.3 280 2.00 0.16

Sat 2005-06- I i 20.0 Y RD

2 Sun 2005-06- i 2 20.0 Y RD

3 Mon 2005-06- 13 20.0 A 8.3 Y EJ 692 8.6

4 Tues 2005-06- I 4 20.0 Y EJ

5 Wed 2005-06- i 5 20.0 B 8.2 Y KJ 664 8.6

6 Thurs 2005-06- i 6 20.0 Y KJ

7 Fri 2005-06- i 7 20.0 Y KJ

8 Sat 2005-06- 1 8 20.0 Y AS

9 Sun 2005-06- I 9 21.0 Y AS

10 Mon 2005-06-20 21.0 Composite 8.2 N KJ 756 8.6 360 2.00 0.29

"-" = not measured

Data Reviewed By: JI

Date: ,;-:~
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Chironomus tentans Sediment Test Data

Sample Number : 12696

Species: Chironomus ten tans 

Organism Batch: Ct05-06

Sediment pH : 7.1

Pore Water pH : 7.2

Pore Water Ammonia (mgI) : 4.3

Time Start: 15:05

Tesl Day Dale Temp. Replicate D.O. Tes Fed? Tech. Conductity pH Hardness Total Unionized
Day ("C) (mglL) (Y IN (115) (mellas Ammonia Amonia

CaCO,) (mg) (mgI)

0 Fri 2005-06- i 0 21.0 Composite 7.9 Y RSIE 541 8.4 280 3.25 0.31

Sat 2005-06- 1 i 20.0 y RD

2 Sun 2005-06-12 20.0 Y RD

3 Mon 2005-06- 13 20.0 A 7.9 y EJ 631 8.5

4 Tues 2005-06- 14 20.0 y EJ

5 Wed 2005-06-15 20.0 B 8.1 Y KJ 650 8.7

6 Thurs 2005-06-16 20.0 y KJ

7 Fri 2005-06-17 20.0 Y KJ

8 Sat 2005-06- i 8 20.0 Y AS

9 Sun 2005-06- i 9 21.0 Y AS

10 Moii 2005-06-20 21.0 Composite 8.2 N KJ 758 8.7 440 1.25 0.22

"-" = not measured

Data Reviewed By: .:

Date: ~- ó9- ie¡
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SAMLE IDENTIFICATION

207483
Golder Associates, Mississauga
Mississauga ON
Not given

R. Jaagugi
2 x 23L pails
Ontario Ministr of the Environment Laboratory Sedient Biological Testig Protocol.

Ontao Minstr of the Environment, Augut 1992.

Work Order:
Company:
Location:
Sampling Method:
Sampled By :
Samle Volume:

Test Method :

Shipped By:

Date Received:
Time Received:

Date Tested:

Lab Storage:

Client/d
2005-05-26
16:30
2005-06-10
4~2 °C

Sample
Number

SAMLE SUMY
Sample Description Date

Sampled

2004-11-16

Sample Name

Control Fine brown organic sediment; no odour.

12695 Thompson's Cr TC-l Fine, dark brown, with organic matter and 2005-05-25
oligochaetes.

12696 Thompson's Cr TC-2 Fine, dak brown, with organc matter and 2005-05-25
oligochaetes.

Time
Sampled

10: 00

Temp. on

Arrival

13:30 22.0°C

13:30 22.0°C

TEST CONDITIONS

Test Organism: Hexagenia limbata Test Vessel: 1.8 L square glass jar
Source: Environment Canada, Burlington ON Sediment Depth: Approx. 3 em
Life Stage: Nymph (3-4 months old) Sediment Volume: 325 mL per replicate
Organism Mea Wet Weight: 7 mg on test day 0 (N=25) Control Sediment: Long Point, Lake Erie
Organism Behaviour (days -1 to 0): Healthy, disease free, actve Control/Test Water: Well Water (no chemicals added)
Organism Mortlity (days - i to 0): None evident Overlying Water Volume: 1300 mL per replicate

Test Type: Static Test Aeration: Yes (steady stream of bubbles)
Number of Replicates: 3 Photoperod (light/dark): 16 h / 8 h
Organisms per Replicate: i 0 Lighting: Ambient laboratory ilumination
Organisms per Treatment: 30 Test Temperatue: 20 ~ 2 °C
Feeding Regime: None Test Durtion: 21 days

COMMNTS

Noted Deviation: Due to technical error, organism wet weights are available only to the nearest 1 mg. There were no other unusual

conditions or deviations from the test metod.
All test validity crtera were satisfied.
No organism exhibiting unusual appeaance, behavior, or undergoing unusual treatment were used in the test.
Results reported relate only to the sample tested.
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RESULTS
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DATA INTERPRETATION

Survival Data (Treatment Average Survival, %).

Control

100

Thompson's Cr TC-l
100

Thompson's Cr TC-2
100

Growth Data (Treatment Average Weight, mg) b

Contrl
100

Thompson's Cr TC-l
100

Thompson's Cr TC-2
100

NOTE: Samples sharng the same line are not significantly different from one another (i.e. they are considered to be
homogeneous, that is, from the same population) (a =0.05).

a Based on visual inspection of 
the data (no sttistical program used).

b Tukey's Multiple Comparison Test (Toxstat 3.5). All data met the assumptions for normlity and homogeneity of

varance.

SAMPLE PREPARTION

Sediments were thoroughly homogenized by hand mixing. Pror to test initiation, all sediments were pressed through a
2 mm stainless steel sieve to remove large biota and debris. Approximately 24 hours prior to test initiation, three replicate
test vessels each of test and control sediments were individually prepared by drawing sub-samples from the sieved
sediment samples. Laboratory water was then added to each test vesseL. Replicates were placed in a terperature
controlled room and aeration was applied overight. Test organisms were introduced the following day.

REFERENCE TOXICANT DATA

Substace: Potassium Chloride
Test Date: 2005-06-10
Test Duration: 96 hours
LC50 (95% confidence limits): 2913 mglL (1250 - 5000)
Organism Batch: Hl2005-05-30
The reference toxicant test was conducted as a water only test.

Historical Mea LC50 : 3089 mg/
Waring Limits (x 2 SD) : 3768 - 2438
Statistical Method: Non-linear Interolation C
Test Conducted By : E. Jonczyk

REFERENCES
o West, Inc. and D. Gulley. 1996. Toxstat Release 3.5. Wester Ecosystems Technology. Cheyenne, WY, U.S.A.

C Stephan, C. E. 1977. Methods for calculating an LC50. P. 65-84 
In: P.L. Mayer and 1. L. Haelink (eds.), Aquatic

Toxicolog and Had EvauatOl. Am. So. Tesg and Maal~ P1il&phia P A.~.
Date: ~~ - O? .; ~c) Approved By: -l -/..

Proje aget
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Hexgenia limbata Survival Data

Sediment Replicate Number % Survving Treatment Mean Standard CV (%)
Surviving (n;10) Organisms Survval (%) Deviation

A 10 100 100 0.0 0.0

Control B 10 100

C 10 100

A 10 100 100 0.0 0.0

12695 B 10 100

Thompson's Cr TC-I C 10 100

A 10 100 100 0.0 0.0

12696 B 10 100

Thompson's Cr TC-2 C 10 100

Hexagenia limbata Weight Data

Sediment Organism Individual Wet Weight (mg) Treatment Mean Standard CV (%)
Replicate A Replicate B Replicate C Wet Weie:ht (me) Deviation

I 28 26 59 34.4 10.5 30.6
2 41 39 24
3 29 35 27
4 49 28 52

Control 5 22 30 39
6 49 34 37
7 51 33 43
8 37 25 31
9 28 15 37
io 22 40 21
I 80 26 38 36.5 16.1 44.0
2 24 14 39
3 54 24 18

Thompson's Cr TC- I 4 46 47 26
12695 5 24 30 42

6 33 66 35
7 53 54 36
8 40 36 46
9 14 18 61
10 24 22 26
i 63 19 57 39.3 14.7 37.4
2 33 42 58
3 26 40 41
4 38 40 41

Thompson's Cr TC-2 5 51 51 43
12696 6 47 71 14

7 27 28 52
8 17 39 30
9 31 24 47
10 28 62 20

Data Reviewed By: ;:l-
Date: ¿;- -Or-/9
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HexagelU libata Sedment Test Data

Sample Number: Control
Species: Hexagenia limbata

Orgaism Batch: H12oo5-05-30

Sediment pH: 7.0

Pore Water pH: 7.2

Pore Water Ammonia (mglL) :26.5

Time Sta: 14:00

Tesl Day Dale Temp. RepUtale D.o. Test Fed? Tee Coadaetivty pH Hard... Tol.1 UDioniud
Day ("C) (mg) (Y IN (p) (mgl.. Ammonia Ammonia

CaCO,) (mgI) (mg)

0 Fri 2005-06.10 21.0 Composite &.5 N RS/E 620 &.5 260 3.00 0.36

Sat 2005-06- 11 20.0 N RD

2 Sun 2005-06-12 20.0 N RD

3 Mon 2005-06-13 20.0 A &.0 N EJ 534 &.3

4 Tues 2005-06-14 20.0 N EJ

5 Wed 2005-06- I 5 20.0 B &.1 N KJ

6 Thurs 2005-06- 16 20.0 N KJ

7 Fri 2005-06- I 7 20.0 N KJ

& Sat 2005-06-1& 20.0 N AS

9 Sun 2005-06-19 21.0 N AS

10 Mon 2005-06-20 21.0 C 7.& N KJ 476 &.5

11 Tues 2005-06-2 I 21.0 N KJ

12 Wed 2005-06-22 21.0 N KJ

13 ThuTS 2005-06-23 21.0 A &.0 N KJ

14 Fri 2005-06-24 20.0 N EJ

15 Sat 2005-06-25 21.0 N LM

16 Sun 2005-06-26 21.0 N LM

17 Mon 2005-06-27 21.0 B 7.9 N KJ 470 &.5

1& Tues 2005-0-2& 21.0 N KJ

19 Wed 2005-0-29 21.0 N KJ

20 ThuTS 2005-06-30 21.0 N EJ

21 Fri 2005-07-01 21.0 C &.0 N EJ 542 &.3 270 0.25 0.02

"-" = not meaured

Data Reviewed By: .: i-

Date:~-D7 - 1'1
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Hexgena limbaia Sediment Test Data

Sample Number: 12695

Species : Hexagenia limbata

Organism Batch: HI2005-05-30

Sediment pH: 7.1

Pore Water pH: 7.2

Pore Water Ammonia (mg/) : 4.3

Time Sta: 14:00

Toil Day Date Temp. Kepllcale D.O. Tes Fed? Tecla Conductivity pH Har... Totl Unioniz
Day (oC (mg/) (YIN (i) (mglas Amonia Ammonia

CieO,) (mg/) (mg/)

0 Fri 2005-06- I 0 21.0 Composite 8.0 N RSIE 598 8.4 280 3.75 0.36

Sat 2005-06-1 i 20.0 N RD

2 Sun 2005-06-12 20.0 N RD

3 Mon 2005-06-13 20.0 A 8.1 N EJ 658 8.5

4 Tues 2005-06- i 4 20.0 N EJ

5 Wed 2005-06-15 20.0 B 8.2 N KJ

6 ThuTS 2005-0-16 20.0 N KJ

7 Fri 2005-0-17 20.0 N KJ

8 Sat 2005-06-18 20.0 N AS

9 Sun 2005-06- i 9 21.0 N AS

10 Mon 2005-06-20 21.0 C 8.4 N KJ 702 8.5

11 Tues 2005-06-2 I 21.0 N KJ

12 Wed 2005-06-22 21.0 A 8.3 N KJ

13 Thurs 2005-06-23 21.0 N KJ

14 Fri 2005-06-24 20.0 N EJ

15 Sat 2005-06-25 21.0 N LM

16 Sun 2005-06-26 21.0 N LM

17 Mon 2005-06-27 21.0 B 8.1 N KJ 750 8.5

18 Tues 2005-06-28 21.0 N KJ

19 Wed 2005-06-29 21.0 N KJ

20 ThUTS 2005-06-30 21.0 N EJ

21 Fri 2005-07-0 i 21.0 C 7.7 N EJ 725 8.2 350 2.00 0.13

"_II = not measured

Data Reviewed By: CJi-

Date: ::--D'l -/q
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Hexena Umbata SedImet Test Data

Sample Number: 12696

Species : Hexagenia Iimbata

Organism Batch: HI2oo5-05-30

Sediment pH: 7.1

Pore Water pH: 7.2

Pore Water Ammonia (mgI) : 4.3

Time Start: 14:00

Tal Day Date Temp. RepUaole D.O. Tes Fed? Tec. Coaducity pH Hardnes Tolal Unioniz
Day (DC) (mgI) (YIN) (¡) (mglas Ammoø.l. AmmoDÌI

CiCO,) (mcf) (mcf)

0 Fri 2005-06- I 0 2\.0 Composite 6.0 N RSÆJ 552 8.4 310 2.75 0.27

Sat 2005-06- II 20.0 N RD

2 Sun 2005-06- 12 20.0 N RD

3 Mon 2005-06-13 20.0 A 8.2 N EJ 630 8.7

4 Tues 2005-06-14 20.0 N EJ

5 Wed 2005-06-15 20.0 B 8.2 N KJ

6 Thurs 2005-06-16 20.0 N KJ

7 Fri 2005-06-17 20.0 N KJ

8 Sat 2005-0-18 20.0 N AS

9 Sun 2005-0-19 21.0 N AS

10 Mon 2005-06-20 21.0 C 6.7 N KJ 613 8.3

II Tues 2005-0-21 2 \.0 N KJ

12 Wed 2005-06-22 2 \.0 N KJ

13 Thurs 2005-06-23 2\.0 A 7.5 N KJ

14 Fri 2005-06-24 20.0 N EJ

15 Sat 2005-0-25 21.0 N LM

16 Sun 2005-06-26 2\.0 N LM

17 Mon 2005-06-27 2 \.0 B 7.6 N KJ 601 8.4

18 Tues 2005-06-28 2 \.0 N KJ

19 Wed 2005-06-29 21.0 N KJ

20 Thurs 2005-06-30 21.0 N EJ

21 Fri 2005-07-01 2 \.0 C 8.1 N EJ 582 8.5 320 2.00 0.24

U_�� = not meaured

Data Reviewed By: JC
Date: .;5" - 00: -/~
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August 2008 TABLE D-1:
Coplanar and Mono-Orth PCBs in Soil and Sediment and Estimated Concentrations in Benthos and Young-of-the-Year Fish. 2004

03-1112-059 (5400)

All values in 
ng/g d.w.

3,4,4',5-
TeCB

2,3,3',4,4'-
PeCB

2,3,4,4',5-
PeCB

2,3',4,4',5-
PeCB

2',3,4,4',5-
PeCB

3,3',4,4',5-
PeCB

2,3,3',4,4',5-
HxCB

2,3,3',4,4',5'-
HxCB

2,3',4,4',5,5'-
HxCB

3,3',4,4',5,5'-
HxCB

2,3,3',4,4',5,5
'-HpCB

Total toxic 
PCB 
congeners

total PCB 
ng/g

Ratio - Total 
Congerners: 
Total TEQ

Ratio-  Total 
Congeners: 
Total PCB

IUPAC No. 77 81 105 114 118 123 126 156 157 167 169 189 ng/g
TEFfish 0.0001 0.0005 0.000005 0.000005 0.000005 0.000005 0.005 0.000005 0.000005 0.000005 0.00005 0.000005
TEFbirds 0.05 0.1 0.0001 0.0001 0.00001 0.00001 0.1 0.0001 0.0001 0.00001 0.001 0.00001
TEQ mamm 0.0001 0.0001 0.0001 0.0005 0.0001 0.0001 0.1 0.0005 0.0005 0.00001 0.01 0.0001
Concentration in soil (ng/g d.w.)
T1-N 0.031 0.002 0.17 0.007 0.29 0.008 0.006 0.063 0.063 0.028 < 0.004 0.009 0.681 <50
T5-N 0.48 0.023 1.5 0.055 2.8 0.081 0.018 0.3 0.3 0.094 < 0.007 0.031 5.689 <100
T6-N 16 0.44 45 1.6 85 2.4 0.34 6.2 6.2 1.8 < 0.15 0.43 165.560 <100
T7-N 53 < 0.51 110 1.9 390 16 1.7 29 29 14 < 0.82 3.5 649.430 11400 0.05696754
T7-N TEQ 0.0053 0.000051 0.011 0.00095 0.039 0.0016 0.17 0.0145 0.0145 0.00014 0.0082 0.00035 0.266 0.00040896
T9-S 0.38 < 0.01 1.3 0.018 4.2 0.25 0.016 0.43 0.43 0.19 < 0.006 0.043 7.273 <0.05
T12-S 0.82 0.025 3 0.11 6.1 0.14 0.052 2.2 2.2 0.95 < 0.095 0.74 16.432 300 0.05477333
T12-S TEQ 0.000082 0.0000025 0.0003 0.000055 0.00061 0.000014 0.0052 0.0011 0.0011 0.0000095 0.00095 0.000074 0.009 0.0005780
Concentration in sediment (ng/g d.w.)
T3-M 0.2 <W 4 3 1 4 3 MPC 0.1 <W 0.2 <W 0.2 <W 0.2 <W 2 0.2 <W 17 167.2
T5-M 2 0.5 <W 52 3 120 12 MPC 0.1 <W 8 0.2 <W 3 14 1 215 3732.6 0.0576006
T7-M 13 0.5 <W 340 16 730 99 MPC 0.1 <W 38 0.2 <W 16 90 5 1347 25320.9 0.05319716
T8-M 7 0.5 <W 250 11 480 45 MPC 0.1 <W 29 0.2 <W 10 65 2 899 14157 0.06350215
T11-M 1 0.5 <W 43 4 85 10 MPC 0.1 <W 6 0.2 <W 2 13 1 165 2993.4 0.05512127
T12-M 3 0.5 <W 22 6 310 41 MPC 0.1 <W 13 0.2 <W 5 30 2 432 9212 0.04689535
Estimated Concentration in Amphipods (ng/g w.w.)
BSAF N.A. N.A. 1.74 1.82 1.94 1.48 N.A. 1.34 N.A. 0.09 N.A. N.A.
T3-M 5.22 1.82 7.76 4.44 19.24
T5-M 90.48 5.46 232.8 17.76 10.72 0.27 357.49
T7-M 591.6 29.12 1416.2 146.52 50.92 1.44 2235.8
T8-M 435 20.02 931.2 66.6 38.86 0.9 1492.58
T11-M 74.82 7.28 164.9 14.8 8.04 0.18 270.02
T12-M 38.28 10.92 601.4 60.68 17.42 0.45 729.15
Estimated Concentration in Chironomids (ng/g w.w.)
BSAF N.A. N.A. 1.88 3.12 3.17 1.52 N.A. 2.48 N.A. 0.09 N.A. N.A.
T3-M 5.64 3.12 12.68 4.56 26
T5-M 97.76 9.36 380.4 18.24 19.84 0.27 525.87
T7-M 639.2 49.92 2314.1 150.48 94.24 1.44 3249.38
T8-M 470 34.32 1521.6 68.4 71.92 0.9 2167.14
T11-M 80.84 12.48 269.45 15.2 14.88 0.18 393.03
T12-M 41.36 18.72 982.7 62.32 32.24 0.45 1137.79
Estimated Concentration in Oligochaetes (ng/g w.w.)
BSAF N.A. N.A. 7.5 4.33 5.7 0.22 N.A. 4.25 N.A. 0.09 N.A. N.A.
T3-M 22.5 4.33 22.8 0.66 50.29
T5-M 390 12.99 684 2.64 34 0.27 1123.9
T7-M 2550 69.28 4161 21.78 161.5 1.44 6965
T8-M 1875 47.63 2736 9.9 123.25 0.9 4792.68
T11-M 322.5 17.32 484.5 2.2 25.5 0.18 852.2
T12-M 165 25.98 1767 9.02 55.25 0.45 2022.7
Estimated Concentration in Odonates (ng/g w.w.)
BSAF N.A. N.A. 0.32 0.02 0.24 0.02 N.A. 0.65 N.A. 0.09 N.A. N.A.
T3-M 0.96 0.02 0.96 0.06 2
T5-M 16.64 0.06 28.8 0.24 5.2 0.27 51.21
T7-M 108.8 0.32 175.2 1.98 24.7 1.44 312.44
T8-M 80 0.22 115.2 0.9 18.85 0.9 216.07
T11-M 13.76 0.08 20.4 0.2 3.9 0.18 38.52

3,3',4,4'-TeCB

Tables D1 and D4.xls\Table D1 Golder Associates and Dillon Consulting 1



August 2008 TABLE D-1:
Coplanar and Mono-Orth PCBs in Soil and Sediment and Estimated Concentrations in Benthos and Young-of-the-Year Fish. 2004

03-1112-059 (5400)

All values in 
ng/g d.w.

3,4,4',5-
TeCB

2,3,3',4,4'-
PeCB

2,3,4,4',5-
PeCB

2,3',4,4',5-
PeCB

2',3,4,4',5-
PeCB

3,3',4,4',5-
PeCB

2,3,3',4,4',5-
HxCB

2,3,3',4,4',5'-
HxCB

2,3',4,4',5,5'-
HxCB

3,3',4,4',5,5'-
HxCB

2,3,3',4,4',5,5
'-HpCB

Total toxic 
PCB 
congeners

total PCB 
ng/g

Ratio - Total 
Congerners: 
Total TEQ

Ratio-  Total 
Congeners: 
Total PCB

IUPAC No. 77 81 105 114 118 123 126 156 157 167 169 189 ng/g
TEFfish 0.0001 0.0005 0.000005 0.000005 0.000005 0.000005 0.005 0.000005 0.000005 0.000005 0.00005 0.000005
TEFbirds 0.05 0.1 0.0001 0.0001 0.00001 0.00001 0.1 0.0001 0.0001 0.00001 0.001 0.00001
TEQ mamm 0.0001 0.0001 0.0001 0.0005 0.0001 0.0001 0.1 0.0005 0.0005 0.00001 0.01 0.0001

3,3',4,4'-TeCB

T12-M 7.04 0.12 74.4 0.82 8.45 0.45 91.28

MOE BSAFyoy 0.97 N.A. 5.58 3.77 2.58 3.81 N.A. 3.99 N.A. 5.28 (0) 6
Estimated fish tissue residues (ng/g w.w.)
T3-M 0.194 16.74 3.77 10.32 11.43 42.454
T5-M 1.94 290.16 11.31 309.6 45.72 31.92 1.056 0 691.706
T7-M 12.61 1897.2 60.32 1883.4 377.19 151.62 15.84 0 4398.18
T8-M 6.79 1395 41.47 1238.4 171.45 115.71 84.48 0 3053.3
T11-M 0.97 239.94 15.08 219.3 38.1 23.94 52.8 0 590.13
T12-M 2.91 122.76 22.62 799.8 156.21 51.87 10.56 0 1166.73

Estimated fish TEQs (ng/g w.w.) based on fish TEF
T3-M 0.0000194 0.0000837 0.00001885 0.0000516 0.00005715 0.0002307
T5-M 0.000194 0.0014508 0.00005655 0.001548 0.0002286 0.0001596 0.00000528 0 0.00364283
T7-M 0.001261 0.009486 0.0003016 0.009417 0.00188595 0.0007581 0.0000792 0 0.02318885
T8-M 0.000679 0.006975 0.00020735 0.006192 0.00085725 0.00057855 0.0004224 0 0.01591155
T11-M 0.000097 0.0011997 0.0000754 0.0010965 0.0001905 0.0001197 0.000264 0 0.0030428
T12-M 0.000291 0.0006138 0.0001131 0.003999 0.00078105 0.00025935 0.0000528 0 0.0061101

Estimated fish TEQs (ng/g w.w.) based on mammalian TEF
T3-M 0.0000194 0.001674 0.001885 0.001032 0.001143 0.0057534
T5-M 0.000194 0.029016 0.005655 0.03096 0.004572 0.01596 0.00001056 0.08636756
T7-M 0.001261 0.18972 0.03016 0.18834 0.037719 0.07581 0.0001584 0.5231684
T8-M 0.000679 0.1395 0.020735 0.12384 0.017145 0.057855 0.0008448 0.3605988
T11-M 0.000097 0.023994 0.00754 0.02193 0.00381 0.01197 0.000528 0.069869
T12-M 0.000291 0.012276 0.01131 0.07998 0.015621 0.025935 0.0001056 0.1455186

Estimated fish TEQs (ng/g w.w.) based on avian TEF
T3-M 0.0097 0.001674 0.000377 0.0001032 0.0001143 0.0119685
T5-M 0.097 0.029016 0.001131 0.003096 0.0004572 0.003192 0.00001056 0.13390276
T7-M 0.6305 0.18972 0.006032 0.018834 0.0037719 0.015162 0.0001584 0.8641783
T8-M 0.3395 0.1395 0.004147 0.012384 0.0017145 0.011571 0.0008448 0.5096613
T11-M 0.0485 0.023994 0.001508 0.002193 0.000381 0.002394 0.000528 0.079498
T12-M 0.1455 0.012276 0.002262 0.007998 0.0015621 0.005187 0.0001056 0.1748907
Mean ratio [total TEQ] in fish to [total PCB coplanar congeners] in fish = 0.000005

Tables D1 and D4.xls\Table D1 Golder Associates and Dillon Consulting 2



August 2008 TABLE D-2:
MOE Lyon's Creek East Sediment and Biota Tissue Residues and Calculated BSAFs

03-1112-059 (5400)

Station
Sample 
Type Species %Lipid

Mean

ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g
77 81 105 114 118 123 126 156 157 167 169 189

03LC16* Sediment 6.40 0.50 <=W 5.80 1.20 37.00 7.20 MPC 0.10 <=W 0.60 0.20 <=W 1.00 0.10 <=W 0.20 <=W
Biota Bluntnosed Minnow 2.60 3.00 0.00 18.00 2.00 37.00 7.00 0.00 3.00 2.00 0.00 0.00 0.00

Bluntnosed Minnow 3.30 2.00 0.00 46.00 5.00 78.00 15.00 1.00 5.00 6.00 3.00 0.00 0.00
Bluntnosed Minnow 1.90 2.00 0.00 46.00 2.00 80.00 14.00 1.00 5.00 5.00 3.00 0.00 0.00
Bluntnosed Minnow 1.90 4.00 0.00 8.00 2.00 34.00 7.00 0.00 2.00 2.00 0.00 0.00 0.00
Mean 2.75 0.00 29.50 2.75 57.25 10.75 0.50 3.75 3.75 1.50 0.00 0.00
BSAF 0.43 5.09 2.29 1.55 1.49 6.25 1.50 2.66
Golden Shiner 2.40 4.00 0.00 5.00 3.00 51.00 8.00 0.00 3.00 1.00 0.00 0.00 0.00
Golden Shiner 2.10 5.00 0.00 23.00 2.00 59.00 9.00 0.00 3.00 1.00 0.00 0.00 0.00
Golden Shiner 2.10 4.00 0.00 24.00 3.00 66.00 10.00 0.00 3.00 3.00 0.00 0.00 0.00
Golden Shiner 2.40 2.00 0.00 25.00 4.00 84.00 13.00 0.00 4.00 2.00 0.00 0.00 0.00
Mean 3.75 19.25 3.00 65.00 10.00 3.25 0.00
BSAF 0.59 3.32 2.50 1.76 1.39 5.42 2.49
Mean YOY BSAF 0.51 4.20 2.40 1.65 1.44 5.83 1.50 2.58

03LC17 Sediment 2.00 0.50 <=W 4.40 0.51 19.00 1.80 0.10 <=W 1.80 0.20 <=W 1.20 0.10 <=W 0.20 <=W
Biota Bluntnosed Minnow 2.80 5.00 0.00 26.00 2.00 53.00 9.00 6.00 4.00 3.00 2.00 0.00 0.00

Bluntnosed Minnow 2.60 2.00 0.00 32.00 3.00 85.00 13.00 2.00 5.00 10.00 3.00 0.00 2.00
Bluntnosed Minnow 2.60 2.00 0.00 34.00 2.00 77.00 13.00 3.00 6.00 13.00 3.00 0.00 2.00
Bluntnosed Minnow 2.20 2.00 0.00 32.00 4.00 76.00 13.00 3.00 5.00 5.00 3.00 0.00 2.00
Bluntnosed Minnow 2.80 5.00 0.00 5.00 3.00 49.00 11.00 1.00 5.00 6.00 2.00 0.00 0.00
Mean 3.20 25.80 2.80 68.00 11.80 5.00 2.60 1.20
BSAF 1.60 5.86 5.49 3.58 6.56 2.78 2.17 6.00 4.25

Biota Golden Shiner 3.50 2.00 0.00 10.00 2.00 27.00 5.00 0.00 2.00 6.00 2.00 0.00 0.00
Golden Shiner 3.60 3.00 0.00 3.00 2.00 41.00 7.00 0.00 3.00 7.00 2.00 0.00 0.00
Mean 2.50 6.50 2.00 34.00 6.00 2.50 2.00
BSAF 1.25 1.48 3.92 1.79 3.33 1.39 1.67 2.12
Mean YOY BSAF 1.43 3.67 4.71 2.68 4.94 2.08 1.92 6.00 3.19

02LC03 Sediment 0.20 <=W 0.50 <=W 230.00 18.00 320.00 100.00 0.10 <=W 25.00 0.20 <=W 0.20 <=W 0.10 <=W 0.20 <=W
Biota Odonata 0.2 0.5 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.2

BSAF 0.00 0.01 0.00 0.00 0.01 0.00
Biota Amphipod 0.2 0.5 100 0.1 240 0.2 0.1 0.2 0.2 0.2 0.1 0.2

BSAF 0.43 0.01 0.75 0.00 0.01 0.24
Biota Ologochaete 0.2 0.5 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.2

BSAF 0.000 0.006 0.000 0.002 0.008 0.003

02LC12 Sediment 1.70 <=W 0.50 <=W 74.00 9.70 210.00 24.00 0.10 <=W 8.40 0.20 <=W 2.30 0.10 <=W 0.20 <=W
Biota Chironomid 0.2 0.5 170 12 260 0.2 0.1 8 0.2 0.2 0.1 0.2

BSAF 2.30 1.24 1.24 0.01 0.95 0.09 0.97
Biota Amphipod 0.2 0.5 240 19 390 0.2 0.1 12 0.2 0.2 0.1 0.2

BSAF 3.24 1.96 1.86 0.01 1.43 0.09 1.43
Biota Ologochaete 0.2 0.5 1400 93 2800 0.2 0.1 77 0.2 0.2 0.1 0.2

BSAF 18.92 9.59 13.33 0.01 9.17 0.09 8.52
Biota Odonata 0.2 0.5 34 0.1 90 0.2 0.1 6.4 0.2 0.2 0.1 0.2

BSAF 0.46 0.01 0.43 0.01 0.76 0.09 0.29

02LC16 Sediment 0.20 <=W 0.50 <=W 5.70 2.50 62.00 5.00 0.10 <=W 2.50 0.20 <=W 0.20 <=W 0.10 <=W 0.20 <=W
Biota Bluntnosed Minnow 3.30 3.60 0.00 47.00 7.00 169.00 21.00 0.00 6.20 0.00 0.00 0.00 0.00

2,3,3',4,4',5'-
hexachloro-

biphenyl

2,3',4,4',5,5'-
hexachloro-

biphenyl

3,3'4,4'5,5'-
hexachloro-

biphenyl

2,3,3',4,4,'5,5'-
heptachloro-

biphenyl

2,3',4,4',5-
pentachloro-

biphenyl

2',3,4,4',5-
pentachloro-

biphenyl

3,3',4,4',5-
pentachloro-

biphenyl

2,3,3',4,4'5-
hexachloro-

biphenyl

3,3',4,4'-
tetrachloro-

biphenyl

3,4,4',5-
tetrachloro-

biphenyl

2,3,3'4,4'-
pentachloro-

biphenyl

2,3,4,4',5-
pentachloro-

biphenyl

Tables D2 and D3.xls\Table D2 Golder Associates and Dillon Consulting 1



August 2008 TABLE D-2:
MOE Lyon's Creek East Sediment and Biota Tissue Residues and Calculated BSAFs

03-1112-059 (5400)

Station
Sample 
Type Species %Lipid

Mean

ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g
77 81 105 114 118 123 126 156 157 167 169 189

2,3,3',4,4',5'-
hexachloro-

biphenyl

2,3',4,4',5,5'-
hexachloro-

biphenyl

3,3'4,4'5,5'-
hexachloro-

biphenyl

2,3,3',4,4,'5,5'-
heptachloro-

biphenyl

2,3',4,4',5-
pentachloro-

biphenyl

2',3,4,4',5-
pentachloro-

biphenyl

3,3',4,4',5-
pentachloro-

biphenyl

2,3,3',4,4'5-
hexachloro-

biphenyl

3,3',4,4'-
tetrachloro-

biphenyl

3,4,4',5-
tetrachloro-

biphenyl

2,3,3'4,4'-
pentachloro-

biphenyl

2,3,4,4',5-
pentachloro-

biphenyl

Bluntnosed Minnow 3.20 11.00 0.00 14.00 10.00 223.00 28.00 0.00 9.00 0.00 3.00 0.00 0.00
Bluntnosed Minnow 3.30 4.40 0.00 79.00 15.00 343.00 44.00 0.00 14.00 0.00 6.40 0.00 0.00
Bluntnosed Minnow 3.30 6.60 0.00 210.00 20.00 510.00 62.00 0.00 18.00 0.00 9.00 0.00 0.00
Mean 6.40 87.50 13.00 311.25 38.75 11.80 4.60
BSAF 15.35 5.20 5.02 7.75 4.72 23.00 10.17

02LC17 Sediment 0.20 <=W 0.50 <=W 28.00 2.20 53.00 4.30 0.10 <=W 2.40 0.20 <=W 0.20 <=W 0.10 <=W 0.20 <=W
Biota Amphipod+Isopod 0.2 0.5 43 7.7 170 19 0.1 6.2 0.2 0.2 0.1 0.2

BSAF 1.54 3.50 3.21 4.42 2.58 3.05
Biota Chironomid 0.2 0.5 41 11 270 13 0.1 9.6 0.2 0.2 0.1 0.2

BSAF 1.46 5.00 5.09 3.02 4.00 3.72
Biota Oligochaete 0.2 0.5 100 7.5 200 2.8 0.1 8.6 0.2 0.2 0.1 0.2

BSAF 3.57 3.41 3.77 0.65 3.58 3.00
Biota Odonata 0.2 0.5 14 0.1 15 0.2 0.1 2.8 0.2 0.2 0.1 0.2

BSAF 0.50 0.05 0.28 0.05 1.17 0.41
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August 2008 TABLE D-3:
Summary of BSAFs from MOE Benthos and Young-of-the-Year Data. 2002-2003

03-1112-059 (5400)

Station
Mean

77 81 105 114 118 123 126 156 157 167 169 189
03LC16 BSAF Bluntnose minnow 0.43 5.09 2.29 1.55 1.49 6.25 1.50 2.66
02LC16 BSAF Bluntnose minnow 15.35 5.20 5.02 7.75 4.72 23.00 10.17
03LC17 BSAF Bluntnose minnow 1.60 5.86 5.49 3.58 6.56 2.78 2.17 4.00

Mean 1.01 8.77 4.33 3.38 5.27 4.58 8.89 5.61

03LC16 BSAF Golden Shiner 0.59 3.32 2.50 1.76 1.39 5.42 2.49
03LC17 BSAF Golden Shiner 1.25 1.48 3.92 1.79 3.33 1.39 1.67 2.12

Mean 0.92 2.40 3.21 1.77 2.36 3.40 1.67 2.31
YOY Mean 0.97 5.58 3.77 2.58 3.81 3.99 5.28 2.21

02LC03 BSAF Odonata 0.00 0.01 0.00 0.00 0.01 0.00
02LC12 BSAF Odonata 0.46 0.01 0.43 0.01 0.76 0.09 0.29
02LC17 BSAF Odonata 0.50 0.05 0.28 0.05 1.17 0.41

Mean 0.32 0.02 0.24 0.02 0.65 0.09 0.23

02LC03 BSAF Amphipod 0.43 0.01 0.75 0.00 0.01 0.24
02LC12 BSAF Amphipod 3.24 1.96 1.86 0.01 1.43 0.09 1.43
02LC17 BSAF amph&isop 1.54 3.50 3.21 4.42 2.58 3.05

Mean 1.74 1.82 1.94 1.48 1.34 0.09 1.57

02LC12 BSAF Chironomid 2.30 1.24 1.24 0.01 0.95 0.09 0.97
02LC17 BSAF Chironomid 1.46 5.00 5.09 3.02 4.00 3.72

Mean 1.88 3.12 3.17 1.52 2.48 0.09 2.34

02LC03 BSAF oligochaete 0.00 0.01 0.00 0.00 0.01 0.00
02LC12 BSAF oligochaete 18.92 9.59 13.33 0.01 9.17 0.09 8.52
02LC17 BSAF oligochaete 3.57 3.41 3.77 0.65 3.58 3.00

Mean 7.50 4.33 5.70 0.22 4.25 0.09 3.84

2,3,3'44'5'-
hexachloro-

biphenyl

23',44',55'-
hexachloro-

biphenyl

3,3'4,4'55'-
hexachloro-

biphenyl

233'44'55'-
heptachloro-

biphenyl

2,3'4,4',5-
pentachloro-

biphenyl

2'3,4,4',5-
pentachloro-

biphenyl

3,3'4,4',5-
pentachloro-

biphenyl

2,3,3'4,4'5-
hexachloro-

biphenyl

3,3',4,4'-
tetrachloro-

biphenyl

3,4,4',5-
tetrachloro-

biphenyl

2,3,3'4,4'-
pentachloro-

biphenyl

2,3,4,4',5-
pentachloro-

biphenyl
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August 2008 TABLE D-4:
Sediment Coplanar PCBs and Estimated Concentrations in Fish Based on BSAFs from Lyon's Creek East

03-1112-059 (5400)

All values in 
ng/g d.w.

3,4,4',5-
TeCB

2,3,3',4,4'-
PeCB

2,3,4,4',5-
PeCB

2,3',4,4',5-
PeCB

2',3,4,4',5-
PeCB

3,3',4,4',5-
PeCB

2,3,3',4,4',5-
HxCB

2,3,3',4,4',
5'-HxCB

2,3',4,4',5,5'-
HxCB

3,3',4,4',5,
5'-HxCB

2,3,3',4,4',5,5
'-HpCB

Total 
coplanar 
PCBs

IUPAC No. 77 81 105 114 118 123 126 156 157 167 169 189
TEFfish 0.0001 0.0005 0.000005 0.000005 0.000005 0.000005 0.005 0.000005 0.000005 0.000005 0.00005 0.000005
TEFmammal 0.0001 0.0001 0.0001 0.0005 0.0001 0.0001 0.1 0.0005 0.0005 0.00001 0.01 0.0001
Concentration in sediment (ng/g d.w.)
T3-M 0.2 <W 4 3 1 4 3 MPC 0.1 <W 0.2 <W 0.2 <W 0.2 <W 2 0.2 <W 17
T5-M 2 0.5 <W 52 3 120 12 MPC 0.1 <W 8 0.2 <W 3 14 1 215
T7-M 13 0.5 <W 340 16 730 99 MPC 0.1 <W 38 0.2 <W 16 90 5 1347
T8-M 7 0.5 <W 250 11 480 45 MPC 0.1 <W 29 0.2 <W 10 65 2 899
T11-M 1 0.5 <W 43 4 85 10 MPC 0.1 <W 6 0.2 <W 2 13 1 165
T12-M 3 0.5 <W 22 6 310 41 MPC 0.1 <W 13 0.2 <W 5 30 2 432

MOE BSAFyoy 0.97 N.A. 5.58 3.77 2.58 3.81 N.A. 3.99 N.A. 5.28 (0) 6
Estimated fish tissue residues (ng/g w.w.)
T3-M 0.194 16.74 3.77 10.32 11.43 42.454
T5-M 1.94 290.16 11.31 309.6 45.72 31.92 15.84 6 712.49
T7-M 12.61 1897.2 60.32 1883.4 377.19 151.62 84.48 30 4496.82
T8-M 6.79 1395 41.47 1238.4 171.45 115.71 52.8 12 3033.62
T11-M 0.97 239.94 15.08 219.3 38.1 23.94 10.56 6 553.89
T12-M 2.91 122.76 22.62 799.8 156.21 51.87 26.4 12 1194.57

Estimated fish TEQs (ng/g w.w.)
T3-M 0.0000194 0.0000837 0.00001885 0.0000516 0.00005715 0.0002307
T5-M 0.000194 0.0014508 0.00005655 0.001548 0.0002286 0.0001596 0.0000792 0.00003 0.00374675
T7-M 0.001261 0.009486 0.0003016 0.009417 0.00188595 0.0007581 0.0004224 0.00015 0.02368205
T8-M 0.000679 0.006975 0.00020735 0.006192 0.00085725 0.00057855 0.000264 0.00006 0.01581315
T11-M 0.000097 0.0011997 0.0000754 0.0010965 0.0001905 0.0001197 0.0000528 0.00003 0.0028616
T12-M 0.000291 0.0006138 0.0001131 0.003999 0.00078105 0.00025935 0.000132 0.00006 0.0062493

Mean ratio [total TEQ] in fish to [total PCB coplanar congeners] in fish = 0.000005

3,3',4,4'-TeCB

Tables D1 and D4.xls\Table D4 3Golder Associates and Dillon Consulting



 

Golder Associates and Dillon Consulting 

 

 

 

 

 

 

 

 

APPENDIX E 

ANALYTICAL REPORTS 



CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER LCW ROWE CELL
HEIGHT, mm 39.4 TRANSDUCER 41.256
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 21.95
VOLUME, m3 0.67 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

20/05/2005 3:11:54 PM 0 0.00 41.256 0.000 0.000 -41.256 39.350 0.000
20/05/2005 3:11:55 PM 1 0.13 41.188 0.068 0.068 -41.188 39.282 0.245
20/05/2005 3:11:56 PM 2 0.18 41.136 0.120 0.120 -41.136 39.230 0.278
20/05/2005 3:11:57 PM 3 0.22 41.085 0.171 0.171 -41.085 39.179 0.292
20/05/2005 3:11:58 PM 4 0.26 41.034 0.222 0.222 -41.034 39.128 0.300
20/05/2005 3:11:59 PM 5 0.29 40.982 0.274 0.274 -40.982 39.076 0.304
20/05/2005 3:12:00 PM 6 0.32 40.914 0.342 0.342 -40.914 39.008 0.292
20/05/2005 3:12:01 PM 7 0.34 40.862 0.394 0.394 -40.862 38.956 0.296
20/05/2005 3:12:02 PM 8 0.37 40.794 0.462 0.462 -40.794 38.888 0.289
20/05/2005 3:12:03 PM 9 0.39 40.76 0.496 0.496 -40.760 38.854 0.302
20/05/2005 3:12:04 PM 10 0.41 40.708 0.548 0.548 -40.708 38.802 0.304
20/05/2005 3:12:05 PM 11 0.43 40.657 0.599 0.599 -40.657 38.751 0.306
20/05/2005 3:12:06 PM 12 0.45 40.64 0.616 0.616 -40.640 38.734 0.325
20/05/2005 3:12:07 PM 13 0.47 40.589 0.667 0.667 -40.589 38.683 0.325
20/05/2005 3:12:08 PM 14 0.48 40.554 0.702 0.702 -40.554 38.648 0.332
20/05/2005 3:12:09 PM 15 0.50 40.537 0.719 0.719 -40.537 38.631 0.348
20/05/2005 3:12:10 PM 16 0.52 40.503 0.753 0.753 -40.503 38.597 0.354
20/05/2005 3:12:11 PM 17 0.53 40.469 0.787 0.787 -40.469 38.563 0.360
20/05/2005 3:12:12 PM 18 0.55 40.452 0.804 0.804 -40.452 38.546 0.373
20/05/2005 3:12:13 PM 19 0.56 40.418 0.838 0.838 -40.418 38.512 0.378
20/05/2005 3:12:14 PM 20 0.58 40.4 0.856 0.856 -40.400 38.494 0.389
20/05/2005 3:12:15 PM 21 0.59 40.383 0.873 0.873 -40.383 38.477 0.401
20/05/2005 3:12:16 PM 22 0.61 40.349 0.907 0.907 -40.349 38.443 0.404
20/05/2005 3:12:17 PM 23 0.62 40.332 0.924 0.924 -40.332 38.426 0.415
20/05/2005 3:12:18 PM 24 0.63 40.315 0.941 0.941 -40.315 38.409 0.425
20/05/2005 3:12:19 PM 25 0.65 40.281 0.975 0.975 -40.281 38.375 0.427
20/05/2005 3:12:20 PM 26 0.66 40.264 0.992 0.992 -40.264 38.358 0.437
20/05/2005 3:12:21 PM 27 0.67 40.246 1.010 1.010 -40.246 38.340 0.446
20/05/2005 3:12:22 PM 28 0.68 40.229 1.027 1.027 -40.229 38.323 0.454
20/05/2005 3:12:23 PM 29 0.70 40.212 1.044 1.044 -40.212 38.306 0.463
20/05/2005 3:12:24 PM 30 0.71 40.195 1.061 1.061 -40.195 38.289 0.471
20/05/2005 3:12:25 PM 31 0.72 40.161 1.095 1.095 -40.161 38.255 0.472
20/05/2005 3:12:26 PM 32 0.73 40.161 1.095 1.095 -40.161 38.255 0.487
20/05/2005 3:12:27 PM 33 0.74 40.127 1.129 1.129 -40.127 38.221 0.487
20/05/2005 3:12:28 PM 34 0.75 40.11 1.146 1.146 -40.110 38.204 0.494
20/05/2005 3:12:29 PM 35 0.76 40.11 1.146 1.146 -40.110 38.204 0.509
20/05/2005 3:12:30 PM 36 0.77 40.092 1.164 1.164 -40.092 38.186 0.515
20/05/2005 3:12:31 PM 37 0.79 40.075 1.181 1.181 -40.075 38.169 0.522
20/05/2005 3:12:32 PM 38 0.80 40.058 1.198 1.198 -40.058 38.152 0.529
20/05/2005 3:12:33 PM 39 0.81 40.041 1.215 1.215 -40.041 38.135 0.535
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER LCW ROWE CELL
HEIGHT, mm 39.4 TRANSDUCER 41.256
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 21.95
VOLUME, m3 0.67 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

20/05/2005 3:12:34 PM 40 0.82 40.041 1.215 1.215 -40.041 38.135 0.549
20/05/2005 3:12:35 PM 41 0.83 40.041 1.215 1.215 -40.041 38.135 0.562
20/05/2005 3:12:36 PM 42 0.84 40.024 1.232 1.232 -40.024 38.118 0.568
20/05/2005 3:12:37 PM 43 0.85 40.007 1.249 1.249 -40.007 38.101 0.574
20/05/2005 3:12:38 PM 44 0.86 39.99 1.266 1.266 -39.990 38.084 0.579
20/05/2005 3:12:39 PM 45 0.87 39.973 1.283 1.283 -39.973 38.067 0.585
20/05/2005 3:12:40 PM 46 0.88 39.956 1.300 1.300 -39.956 38.050 0.590
20/05/2005 3:12:41 PM 47 0.89 39.938 1.318 1.318 -39.938 38.032 0.594
20/05/2005 3:12:42 PM 48 0.89 39.921 1.335 1.335 -39.921 38.015 0.599
20/05/2005 3:12:43 PM 49 0.90 39.921 1.335 1.335 -39.921 38.015 0.612
20/05/2005 3:12:44 PM 50 0.91 39.904 1.352 1.352 -39.904 37.998 0.616
20/05/2005 3:12:45 PM 51 0.92 39.887 1.369 1.369 -39.887 37.981 0.621
20/05/2005 3:12:46 PM 52 0.93 39.87 1.386 1.386 -39.870 37.964 0.625
20/05/2005 3:12:47 PM 53 0.94 39.853 1.403 1.403 -39.853 37.947 0.630
20/05/2005 3:12:48 PM 54 0.95 39.853 1.403 1.403 -39.853 37.947 0.641
20/05/2005 3:12:49 PM 55 0.96 39.836 1.420 1.420 -39.836 37.930 0.646
20/05/2005 3:12:50 PM 56 0.97 39.819 1.437 1.437 -39.819 37.913 0.650
20/05/2005 3:12:51 PM 57 0.97 39.801 1.455 1.455 -39.801 37.895 0.653
20/05/2005 3:12:52 PM 58 0.98 39.801 1.455 1.455 -39.801 37.895 0.664
20/05/2005 3:12:53 PM 59 0.99 39.784 1.472 1.472 -39.784 37.878 0.668
20/05/2005 3:12:54 PM 60 1.00 39.784 1.472 1.472 -39.784 37.878 0.679
20/05/2005 3:12:55 PM 61 1.01 39.767 1.489 1.489 -39.767 37.861 0.683
20/05/2005 3:12:56 PM 62 1.02 39.75 1.506 1.506 -39.750 37.844 0.686
20/05/2005 3:12:57 PM 63 1.02 39.733 1.523 1.523 -39.733 37.827 0.689
20/05/2005 3:12:58 PM 64 1.03 39.733 1.523 1.523 -39.733 37.827 0.700
20/05/2005 3:12:59 PM 65 1.04 39.716 1.540 1.540 -39.716 37.810 0.703
20/05/2005 3:13:00 PM 66 1.05 39.699 1.557 1.557 -39.699 37.793 0.706
20/05/2005 3:13:01 PM 67 1.06 39.699 1.557 1.557 -39.699 37.793 0.717
20/05/2005 3:13:02 PM 68 1.06 39.682 1.574 1.574 -39.682 37.776 0.720
20/05/2005 3:13:03 PM 69 1.07 39.665 1.591 1.591 -39.665 37.759 0.723
20/05/2005 3:13:04 PM 70 1.08 39.665 1.591 1.591 -39.665 37.759 0.733
20/05/2005 3:13:05 PM 71 1.09 39.647 1.609 1.609 -39.647 37.741 0.735
20/05/2005 3:13:06 PM 72 1.10 39.63 1.626 1.626 -39.630 37.724 0.738
20/05/2005 3:13:07 PM 73 1.10 39.63 1.626 1.626 -39.630 37.724 0.748
20/05/2005 3:13:08 PM 74 1.11 39.613 1.643 1.643 -39.613 37.707 0.751
20/05/2005 3:13:09 PM 75 1.12 39.613 1.643 1.643 -39.613 37.707 0.761
20/05/2005 3:13:10 PM 76 1.13 39.596 1.660 1.660 -39.596 37.690 0.763
20/05/2005 3:13:11 PM 77 1.13 39.579 1.677 1.677 -39.579 37.673 0.765
20/05/2005 3:13:12 PM 78 1.14 39.579 1.677 1.677 -39.579 37.673 0.775
20/05/2005 3:13:13 PM 79 1.15 39.562 1.694 1.694 -39.562 37.656 0.777
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER LCW ROWE CELL
HEIGHT, mm 39.4 TRANSDUCER 41.256
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 21.95
VOLUME, m3 0.67 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

20/05/2005 3:13:14 PM 80 1.15 39.562 1.694 1.694 -39.562 37.656 0.787
20/05/2005 3:13:15 PM 81 1.16 39.545 1.711 1.711 -39.545 37.639 0.789
20/05/2005 3:13:16 PM 82 1.17 39.545 1.711 1.711 -39.545 37.639 0.799
20/05/2005 3:13:17 PM 83 1.18 39.528 1.728 1.728 -39.528 37.622 0.801
20/05/2005 3:13:18 PM 84 1.18 39.511 1.745 1.745 -39.511 37.605 0.802
20/05/2005 3:13:19 PM 85 1.19 39.511 1.745 1.745 -39.511 37.605 0.812
20/05/2005 3:13:20 PM 86 1.20 39.493 1.763 1.763 -39.493 37.587 0.813
20/05/2005 3:13:21 PM 87 1.20 39.459 1.797 1.797 -39.459 37.553 0.807
20/05/2005 3:13:22 PM 88 1.21 39.476 1.780 1.780 -39.476 37.570 0.824
20/05/2005 3:13:23 PM 89 1.22 39.476 1.780 1.780 -39.476 37.570 0.833
20/05/2005 3:13:24 PM 90 1.22 39.459 1.797 1.797 -39.459 37.553 0.835
20/05/2005 3:13:25 PM 91 1.23 39.459 1.797 1.797 -39.459 37.553 0.844
20/05/2005 3:13:26 PM 92 1.24 39.442 1.814 1.814 -39.442 37.536 0.845
20/05/2005 3:13:27 PM 93 1.24 39.408 1.848 1.848 -39.408 37.502 0.839
20/05/2005 3:13:28 PM 94 1.25 39.425 1.831 1.831 -39.425 37.519 0.856
20/05/2005 3:13:29 PM 95 1.26 39.408 1.848 1.848 -39.408 37.502 0.857
20/05/2005 3:13:30 PM 96 1.26 39.408 1.848 1.848 -39.408 37.502 0.866
20/05/2005 3:13:31 PM 97 1.27 39.391 1.865 1.865 -39.391 37.485 0.867
20/05/2005 3:13:32 PM 98 1.28 39.391 1.865 1.865 -39.391 37.485 0.876
20/05/2005 3:13:33 PM 99 1.28 39.391 1.865 1.865 -39.391 37.485 0.885
20/05/2005 3:13:34 PM 100 1.29 39.374 1.882 1.882 -39.374 37.468 0.886
20/05/2005 3:13:35 PM 101 1.30 39.374 1.882 1.882 -39.374 37.468 0.894
20/05/2005 3:13:36 PM 102 1.30 39.357 1.899 1.899 -39.357 37.451 0.895
20/05/2005 3:13:37 PM 103 1.31 39.357 1.899 1.899 -39.357 37.451 0.904
20/05/2005 3:13:38 PM 104 1.32 39.339 1.917 1.917 -39.339 37.433 0.904
20/05/2005 3:13:39 PM 105 1.32 39.339 1.917 1.917 -39.339 37.433 0.913
20/05/2005 3:13:40 PM 106 1.33 39.322 1.934 1.934 -39.322 37.416 0.913
20/05/2005 3:13:41 PM 107 1.34 39.322 1.934 1.934 -39.322 37.416 0.922
20/05/2005 3:13:42 PM 108 1.34 39.305 1.951 1.951 -39.305 37.399 0.923
20/05/2005 3:13:43 PM 109 1.35 39.305 1.951 1.951 -39.305 37.399 0.931
20/05/2005 3:13:44 PM 110 1.35 39.288 1.968 1.968 -39.288 37.382 0.932
20/05/2005 3:13:45 PM 111 1.36 39.288 1.968 1.968 -39.288 37.382 0.940
20/05/2005 3:13:45 PM 111 1.36 39.288 1.968 1.968 -39.288 37.382 0.940
20/05/2005 3:13:50 PM 116 1.39 39.237 2.019 2.019 -39.237 37.331 0.958
20/05/2005 3:14:00 PM 126 1.45 39.168 2.088 2.088 -39.168 37.262 1.006
20/05/2005 3:14:10 PM 136 1.51 39.1 2.156 2.156 -39.100 37.194 1.051
20/05/2005 3:14:20 PM 146 1.56 39.031 2.225 2.225 -39.031 37.125 1.094
20/05/2005 3:14:30 PM 156 1.61 38.946 2.310 2.310 -38.946 37.040 1.126
20/05/2005 3:14:40 PM 166 1.66 38.877 2.379 2.379 -38.877 36.971 1.163
20/05/2005 3:14:50 PM 176 1.71 38.809 2.447 2.447 -38.809 36.903 1.199
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER LCW ROWE CELL
HEIGHT, mm 39.4 TRANSDUCER 41.256
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 21.95
VOLUME, m3 0.67 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

20/05/2005 3:14:53 PM 179 1.73 38.792 2.464 2.464 -38.792 36.886 1.211
20/05/2005 3:15:20 PM 206 1.85 38.621 2.635 2.635 -38.621 36.715 1.303
20/05/2005 3:15:50 PM 236 1.98 38.45 2.806 2.806 -38.450 36.544 1.402
20/05/2005 3:16:20 PM 266 2.11 38.296 2.960 2.960 -38.296 36.390 1.498
20/05/2005 3:16:50 PM 296 2.22 38.142 3.114 3.114 -38.142 36.236 1.584
20/05/2005 3:17:20 PM 326 2.33 38.005 3.251 3.251 -38.005 36.099 1.671
20/05/2005 3:17:50 PM 356 2.44 37.868 3.388 3.388 -37.868 35.962 1.751
20/05/2005 3:18:20 PM 386 2.54 37.731 3.525 3.525 -37.731 35.825 1.825
20/05/2005 3:18:50 PM 416 2.63 37.611 3.645 3.645 -37.611 35.705 1.902
20/05/2005 3:19:20 PM 446 2.73 37.509 3.747 3.747 -37.509 35.603 1.984
20/05/2005 3:19:50 PM 476 2.82 37.389 3.867 3.867 -37.389 35.483 2.052
20/05/2005 3:20:20 PM 506 2.90 37.286 3.970 3.970 -37.286 35.380 2.124
20/05/2005 3:20:50 PM 536 2.99 37.183 4.073 4.073 -37.183 35.277 2.193
20/05/2005 3:21:50 PM 596 3.15 36.978 4.278 4.278 -36.978 35.072 2.322
20/05/2005 3:22:50 PM 656 3.31 36.807 4.449 4.449 -36.807 34.901 2.457
20/05/2005 3:23:50 PM 716 3.45 36.636 4.620 4.620 -36.636 34.730 2.583
20/05/2005 3:24:50 PM 776 3.60 36.465 4.791 4.791 -36.465 34.559 2.700
20/05/2005 3:25:50 PM 836 3.73 36.311 4.945 4.945 -36.311 34.405 2.818
20/05/2005 3:26:50 PM 896 3.86 36.157 5.099 5.099 -36.157 34.251 2.929
20/05/2005 3:27:50 PM 956 3.99 36.02 5.236 5.236 -36.020 34.114 3.043
20/05/2005 3:28:50 PM 1016 4.12 35.883 5.373 5.373 -35.883 33.977 3.152
20/05/2005 3:29:50 PM 1076 4.23 35.763 5.493 5.493 -35.763 33.857 3.265
20/05/2005 3:30:50 PM 1136 4.35 35.626 5.630 5.630 -35.626 33.720 3.363
20/05/2005 3:31:50 PM 1196 4.46 35.506 5.750 5.750 -35.506 33.600 3.467
20/05/2005 3:34:50 PM 1376 4.79 35.164 6.092 6.092 -35.164 33.258 3.764
20/05/2005 3:37:50 PM 1556 5.09 34.839 6.417 6.417 -34.839 32.933 4.041
20/05/2005 3:40:50 PM 1736 5.38 34.565 6.691 6.691 -34.565 32.659 4.324
20/05/2005 3:43:50 PM 1916 5.65 34.292 6.964 6.964 -34.292 32.386 4.585
20/05/2005 3:46:50 PM 2096 5.91 34.035 7.221 7.221 -34.035 32.129 4.838
20/05/2005 3:49:50 PM 2276 6.16 33.812 7.444 7.444 -33.812 31.906 5.096
20/05/2005 3:52:50 PM 2456 6.40 33.607 7.649 7.649 -33.607 31.701 5.351
20/05/2005 3:55:50 PM 2636 6.63 33.402 7.854 7.854 -33.402 31.496 5.594
20/05/2005 3:58:50 PM 2816 6.85 33.196 8.060 8.060 -33.196 31.290 5.823
20/05/2005 4:01:50 PM 2996 7.07 32.991 8.265 8.265 -32.991 31.085 6.042
20/05/2005 4:04:50 PM 3176 7.28 32.82 8.436 8.436 -32.820 30.914 6.275
20/05/2005 4:07:50 PM 3356 7.48 32.649 8.607 8.607 -32.649 30.743 6.499
20/05/2005 4:10:49 PM 3535 7.68 32.529 8.727 8.727 -32.529 30.623 6.751
20/05/2005 4:25:49 PM 4435 8.60 31.759 9.497 9.497 -31.759 29.853 7.783
20/05/2005 4:40:49 PM 5335 9.43 31.092 10.164 10.164 -31.092 29.186 8.748
20/05/2005 4:55:49 PM 6235 10.19 30.51 10.746 10.746 -30.510 28.604 9.670
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER LCW ROWE CELL
HEIGHT, mm 39.4 TRANSDUCER 41.256
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 21.95
VOLUME, m3 0.67 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

20/05/2005 5:10:49 PM 7135 10.90 30.014 11.242 11.242 -30.014 28.108 10.578
20/05/2005 5:40:49 PM 8935 12.20 29.192 12.064 12.064 -29.192 27.286 12.344
20/05/2005 6:10:49 PM 10735 13.38 28.542 12.714 12.714 -28.542 26.636 14.072
20/05/2005 6:40:49 PM 12535 14.45 28.012 13.244 13.244 -28.012 26.106 15.774
20/05/2005 7:10:49 PM 14335 15.46 27.567 13.689 13.689 -27.567 25.661 17.453
20/05/2005 7:40:49 PM 16135 16.40 27.19 14.066 14.066 -27.190 25.284 19.118
20/05/2005 8:10:49 PM 17935 17.29 26.865 14.391 14.391 -26.865 24.959 20.771
20/05/2005 8:40:49 PM 19735 18.14 26.574 14.682 14.682 -26.574 24.668 22.403
20/05/2005 9:10:49 PM 21535 18.95 26.335 14.921 14.921 -26.335 24.429 24.054
20/05/2005 9:40:49 PM 23335 19.72 26.112 15.144 15.144 -26.112 24.206 25.681
20/05/2005 10:10:49 PM 25135 20.47 25.924 15.332 15.332 -25.924 24.018 27.323
20/05/2005 10:40:49 PM 26935 21.19 25.77 15.486 15.486 -25.770 23.864 28.989
20/05/2005 11:10:49 PM 28735 21.88 25.633 15.623 15.623 -25.633 23.727 30.655
20/05/2005 11:40:49 PM 30535 22.56 25.53 15.726 15.726 -25.530 23.624 32.361
21/05/2005 12:10:49 AM 32335 23.21 25.428 15.828 15.828 -25.428 23.522 34.048
21/05/2005 12:40:49 AM 34135 23.85 25.342 15.914 15.914 -25.342 23.436 35.749
21/05/2005 1:10:49 AM 35935 24.47 25.257 15.999 15.999 -25.257 23.351 37.435
21/05/2005 1:40:49 AM 37735 25.08 25.188 16.068 16.068 -25.188 23.282 39.141
21/05/2005 2:10:49 AM 39535 25.67 25.12 16.136 16.136 -25.120 23.214 40.835
21/05/2005 2:40:49 AM 41335 26.25 25.068 16.188 16.188 -25.068 23.162 42.557
21/05/2005 3:10:49 AM 43135 26.81 25 16.256 16.256 -25.000 23.094 44.225
21/05/2005 3:40:49 AM 44935 27.37 24.966 16.290 16.290 -24.966 23.060 45.974
21/05/2005 4:10:49 AM 46735 27.91 24.914 16.342 16.342 -24.914 23.008 47.663
21/05/2005 4:40:49 AM 48535 28.44 24.88 16.376 16.376 -24.880 22.974 49.396
21/05/2005 5:10:49 AM 50335 28.96 24.846 16.410 16.410 -24.846 22.940 51.122
21/05/2005 5:40:49 AM 52135 29.48 24.812 16.444 16.444 -24.812 22.906 52.841
21/05/2005 6:10:49 AM 53935 29.98 24.778 16.478 16.478 -24.778 22.872 54.553
21/05/2005 6:40:49 AM 55735 30.48 24.743 16.513 16.513 -24.743 22.837 56.254
21/05/2005 7:10:49 AM 57535 30.97 24.726 16.530 16.530 -24.726 22.820 58.011
21/05/2005 7:40:49 AM 59335 31.45 24.692 16.564 16.564 -24.692 22.786 59.703
21/05/2005 8:10:49 AM 61135 31.92 24.675 16.581 16.581 -24.675 22.769 61.451
21/05/2005 8:40:49 AM 62935 32.39 24.658 16.598 16.598 -24.658 22.752 63.195
21/05/2005 9:10:49 AM 64735 32.85 24.624 16.632 16.632 -24.624 22.718 64.870
21/05/2005 9:40:49 AM 66535 33.30 24.606 16.650 16.650 -24.606 22.700 66.602
21/05/2005 10:10:49 AM 68335 33.75 24.589 16.667 16.667 -24.589 22.683 68.334
21/05/2005 10:40:49 AM 70135 34.19 24.572 16.684 16.684 -24.572 22.666 70.062
21/05/2005 11:10:49 AM 71935 34.63 24.555 16.701 16.701 -24.555 22.649 71.787
21/05/2005 11:40:49 AM 73735 35.06 24.538 16.718 16.718 -24.538 22.632 73.509
21/05/2005 12:10:49 PM 75535 35.48 24.521 16.735 16.735 -24.521 22.615 75.227
21/05/2005 12:40:49 PM 77335 35.90 24.504 16.752 16.752 -24.504 22.598 76.941

Golder Associates Page 5 of 11



CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER LCW ROWE CELL
HEIGHT, mm 39.4 TRANSDUCER 41.256
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 21.95
VOLUME, m3 0.67 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

21/05/2005 1:40:49 PM 80935 36.73 24.47 16.786 16.786 -24.470 22.564 80.360
21/05/2005 2:40:49 PM 84535 37.54 24.435 16.821 16.821 -24.435 22.529 83.759
21/05/2005 3:40:49 PM 88135 38.33 24.418 16.838 16.838 -24.418 22.512 87.238
21/05/2005 4:40:49 PM 91735 39.10 24.384 16.872 16.872 -24.384 22.478 90.619
21/05/2005 5:40:49 PM 95335 39.86 24.367 16.889 16.889 -24.367 22.461 94.080
21/05/2005 6:40:49 PM 98935 40.61 24.367 16.889 16.889 -24.367 22.461 97.633
21/05/2005 7:40:49 PM 102535 41.34 24.333 16.923 16.923 -24.333 22.427 100.982
21/05/2005 8:40:49 PM 106135 42.06 24.333 16.923 16.923 -24.333 22.427 104.527
21/05/2005 9:40:49 PM 109735 42.77 24.298 16.958 16.958 -24.298 22.392 107.850
21/05/2005 10:40:49 PM 113335 43.46 24.298 16.958 16.958 -24.298 22.392 111.388
21/05/2005 11:40:49 PM 116935 44.15 24.281 16.975 16.975 -24.281 22.375 114.811
22/05/2005 12:40:49 AM 120535 44.82 24.264 16.992 16.992 -24.264 22.358 118.227
22/05/2005 1:40:49 AM 124135 45.49 24.264 16.992 16.992 -24.264 22.358 121.758
22/05/2005 2:40:49 AM 127735 46.14 24.247 17.009 17.009 -24.247 22.341 125.164
22/05/2005 3:40:49 AM 131335 46.79 24.23 17.026 17.026 -24.230 22.324 128.563
22/05/2005 4:40:49 AM 134935 47.42 24.23 17.026 17.026 -24.230 22.324 132.087
22/05/2005 5:40:49 AM 138535 48.05 24.213 17.043 17.043 -24.213 22.307 135.476
22/05/2005 6:40:49 AM 142135 48.67 24.213 17.043 17.043 -24.213 22.307 138.996
22/05/2005 7:40:49 AM 145735 49.28 24.196 17.060 17.060 -24.196 22.290 142.375
22/05/2005 8:40:49 AM 149335 49.89 24.196 17.060 17.060 -24.196 22.290 145.892
22/05/2005 9:40:49 AM 152935 50.49 24.196 17.060 17.060 -24.196 22.290 149.409
22/05/2005 10:40:49 AM 156535 51.08 24.179 17.077 17.077 -24.179 22.273 152.774
22/05/2005 11:40:49 AM 160135 51.66 24.179 17.077 17.077 -24.179 22.273 156.287
22/05/2005 12:40:49 PM 163735 52.24 24.162 17.094 17.094 -24.162 22.256 159.642
22/05/2005 1:40:49 PM 167335 52.81 24.144 17.112 17.112 -24.144 22.238 162.980
22/05/2005 2:40:49 PM 170935 53.38 24.127 17.129 17.129 -24.127 22.221 166.321
22/05/2005 3:40:49 PM 174535 53.93 24.11 17.146 17.146 -24.110 22.204 169.656
22/05/2005 4:40:49 PM 178135 54.49 24.093 17.163 17.163 -24.093 22.187 172.984
22/05/2005 5:40:49 PM 181735 55.04 24.093 17.163 17.163 -24.093 22.187 176.479
22/05/2005 6:40:49 PM 185335 55.58 24.076 17.180 17.180 -24.076 22.170 179.797
22/05/2005 7:40:49 PM 188935 56.12 24.076 17.180 17.180 -24.076 22.170 183.290
22/05/2005 8:40:49 PM 192535 56.65 24.059 17.197 17.197 -24.059 22.153 186.597
22/05/2005 9:40:49 PM 196135 57.17 24.059 17.197 17.197 -24.059 22.153 190.086
22/05/2005 10:40:49 PM 199735 57.70 24.042 17.214 17.214 -24.042 22.136 193.384
22/05/2005 11:40:49 PM 203335 58.21 24.042 17.214 17.214 -24.042 22.136 196.870
23/05/2005 12:40:49 AM 206935 58.73 24.025 17.231 17.231 -24.025 22.119 200.158
23/05/2005 1:40:49 AM 210535 59.24 24.025 17.231 17.231 -24.025 22.119 203.640
23/05/2005 2:40:49 AM 214135 59.74 24.025 17.231 17.231 -24.025 22.119 207.122
23/05/2005 3:40:49 AM 217735 60.24 24.025 17.231 17.231 -24.025 22.119 210.604
23/05/2005 4:40:49 AM 221335 60.74 24.008 17.248 17.248 -24.008 22.102 213.875
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER LCW ROWE CELL
HEIGHT, mm 39.4 TRANSDUCER 41.256
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 21.95
VOLUME, m3 0.67 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

23/05/2005 5:40:49 AM 224935 61.23 24.008 17.248 17.248 -24.008 22.102 217.354
23/05/2005 6:40:49 AM 228535 61.72 23.99 17.266 17.266 -23.990 22.084 220.602
23/05/2005 7:40:49 AM 232135 62.20 23.99 17.266 17.266 -23.990 22.084 224.077
23/05/2005 8:40:49 AM 235735 62.68 23.99 17.266 17.266 -23.990 22.084 227.552
23/05/2005 9:40:49 AM 239335 63.16 23.973 17.283 17.283 -23.973 22.067 230.800
23/05/2005 10:40:49 AM 242935 63.63 23.973 17.283 17.283 -23.973 22.067 234.272
23/05/2005 11:40:49 AM 246535 64.10 23.973 17.283 17.283 -23.973 22.067 237.743
23/05/2005 12:40:49 PM 250135 64.57 23.973 17.283 17.283 -23.973 22.067 241.215
23/05/2005 1:40:49 PM 253735 65.03 23.956 17.300 17.300 -23.956 22.050 244.446
23/05/2005 2:40:49 PM 257335 65.49 23.956 17.300 17.300 -23.956 22.050 247.914
23/05/2005 3:40:49 PM 260935 65.95 23.956 17.300 17.300 -23.956 22.050 251.382
23/05/2005 4:40:49 PM 264535 66.40 23.939 17.317 17.317 -23.939 22.033 254.600
23/05/2005 5:40:49 PM 268135 66.85 23.939 17.317 17.317 -23.939 22.033 258.065
23/05/2005 6:40:49 PM 271735 67.30 23.939 17.317 17.317 -23.939 22.033 261.530
23/05/2005 7:40:49 PM 275335 67.74 23.939 17.317 17.317 -23.939 22.033 264.995
23/05/2005 8:40:49 PM 278935 68.18 23.939 17.317 17.317 -23.939 22.033 268.460
23/05/2005 9:40:49 PM 282535 68.62 23.922 17.334 17.334 -23.922 22.016 271.658
23/05/2005 10:40:49 PM 286135 69.06 23.922 17.334 17.334 -23.922 22.016 275.119
23/05/2005 11:40:49 PM 289735 69.49 23.922 17.334 17.334 -23.922 22.016 278.581
24/05/2005 12:40:49 AM 293335 69.92 23.922 17.334 17.334 -23.922 22.016 282.042
24/05/2005 1:40:49 AM 296935 70.35 23.922 17.334 17.334 -23.922 22.016 285.503
24/05/2005 2:40:49 AM 300535 70.77 23.905 17.351 17.351 -23.905 21.999 288.682
24/05/2005 3:40:49 AM 304135 71.20 23.905 17.351 17.351 -23.905 21.999 292.140
24/05/2005 4:40:49 AM 307735 71.62 23.905 17.351 17.351 -23.905 21.999 295.598
24/05/2005 5:40:49 AM 311335 72.03 23.905 17.351 17.351 -23.905 21.999 299.056
24/05/2005 6:40:49 AM 314935 72.45 23.888 17.368 17.368 -23.888 21.982 302.218
24/05/2005 7:40:49 AM 318535 72.86 23.888 17.368 17.368 -23.888 21.982 305.672
24/05/2005 8:40:49 AM 322135 73.27 23.871 17.385 17.385 -23.871 21.965 308.825
24/05/2005 9:40:49 AM 325735 73.68 23.871 17.385 17.385 -23.871 21.965 312.276
24/05/2005 10:40:49 AM 329335 74.09 23.871 17.385 17.385 -23.871 21.965 315.727
24/05/2005 11:40:49 AM 332935 74.49 23.854 17.402 17.402 -23.854 21.948 318.867
24/05/2005 12:40:49 PM 336535 74.89 23.854 17.402 17.402 -23.854 21.948 322.314
24/05/2005 1:40:49 PM 340135 75.29 23.854 17.402 17.402 -23.854 21.948 325.762
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EXCESS PORE PRESSURE vs. TIME
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Stage Deflection vs. Square Root Time, min
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 1
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER T8B1/3 ROWE CELL
HEIGHT, mm 15.3 TRANSDUCER 27
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 5.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 11.27
VOLUME, m3 0.26 APPLIED LOAD, Kg 0.7867

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

12/04/2005 4:15:00 PM 0 0.00 27 0.000 0.000 -27.000 15.275 0.000
12/04/2005 4:15:10 PM 10 0.41 25.937 1.063 1.063 -25.937 14.212 0.157
12/04/2005 4:15:20 PM 20 0.58 25.937 1.063 1.063 -25.937 14.212 0.314
12/04/2005 4:15:30 PM 30 0.71 25.937 1.063 1.063 -25.937 14.212 0.470
12/04/2005 4:15:40 PM 40 0.82 25.937 1.063 1.063 -25.937 14.212 0.627
12/04/2005 4:15:50 PM 50 0.91 25.937 1.063 1.063 -25.937 14.212 0.784
12/04/2005 4:16:00 PM 60 1.00 25.936 1.064 1.064 -25.936 14.211 0.940
12/04/2005 4:16:30 PM 90 1.22 25.936 1.064 1.064 -25.936 14.211 1.410
12/04/2005 4:17:00 PM 120 1.41 25.936 1.064 1.064 -25.936 14.211 1.880
12/04/2005 4:17:30 PM 150 1.58 25.936 1.064 1.064 -25.936 14.211 2.350
12/04/2005 4:18:00 PM 180 1.73 25.936 1.064 1.064 -25.936 14.211 2.820
12/04/2005 4:19:00 PM 240 2.00 25.875 1.125 1.125 -25.875 14.150 3.556
12/04/2005 4:20:00 PM 300 2.24 25.75 1.250 1.250 -25.750 14.025 4.000
12/04/2005 4:21:00 PM 360 2.45 25.683 1.317 1.317 -25.683 13.958 4.556
12/04/2005 4:22:00 PM 420 2.65 25.64 1.360 1.360 -25.640 13.915 5.147
12/04/2005 4:23:00 PM 480 2.83 25.614 1.386 1.386 -25.614 13.889 5.772
12/04/2005 4:25:00 PM 600 3.16 25.579 1.421 1.421 -25.579 13.854 7.037
12/04/2005 4:31:00 PM 960 4.00 25.541 1.459 1.459 -25.541 13.816 10.966
12/04/2005 4:43:00 PM 1680 5.29 25.532 1.468 1.468 -25.532 13.807 19.074
12/04/2005 5:10:00 PM 3300 7.42 25.26 1.740 1.740 -25.260 13.535 31.609
12/04/2005 5:19:00 PM 3840 8.00 24.62 2.380 2.380 -24.620 12.895 26.891
12/04/2005 5:25:00 PM 4200 8.37 24.597 2.403 2.403 -24.597 12.872 29.130
12/04/2005 6:01:00 PM 6360 10.30 24.347 2.653 2.653 -24.347 12.622 39.955
12/04/2005 6:19:00 PM 7440 11.14 24.345 2.655 2.655 -24.345 12.620 46.704
12/04/2005 6:39:00 PM 8640 12.00 24.335 2.665 2.665 -24.335 12.610 54.034
12/04/2005 6:40:00 PM 8700 12.04 24.325 2.675 2.675 -24.325 12.600 54.206
13/04/2005 9:28:00 AM 61980 32.14 23.709 3.291 3.291 -23.709 11.984 313.886
13/04/2005 10:02:00 AM 64020 32.66 23.698 3.302 3.302 -23.698 11.973 323.137
13/04/2005 11:55:00 AM 70800 34.35 23.688 3.312 3.312 -23.688 11.963 356.280
13/04/2005 2:01:00 PM 78360 36.14 23.667 3.333 3.333 -23.667 11.942 391.839
13/04/2005 4:56:00 PM 88860 38.48 23.629 3.371 3.371 -23.629 11.904 439.336
14/04/2005 9:12:00 AM 147420 49.57 23.444 3.556 3.556 -23.444 11.719 690.945
14/04/2005 2:36:00 PM 166860 52.74 23.41 3.590 3.590 -23.410 11.685 774.652
15/04/2005 9:05:00 AM 233400 62.37 23.273 3.727 3.727 -23.273 11.548 1043.735
15/04/2005 12:25:00 PM 245400 63.95 23.264 3.736 3.736 -23.264 11.539 1094.754
15/04/2005 4:24:00 PM 259740 65.80 23.25 3.750 3.750 -23.250 11.525 1154.400
18/04/2005 2:37:00 PM 512520 92.42 22.99 4.010 4.010 -22.990 11.265 2130.175
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 2
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER T8B1/3 ROWE CELL
HEIGHT, mm 15.3 TRANSDUCER 27
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 10.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 9.23
VOLUME, m3 0.26 APPLIED LOAD, Kg 1.5734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

18/04/2005 2:40:00 PM 0 0.00 22.99 0.000 4.010 -22.990 11.265 0.000
18/04/2005 2:41:00 PM 60 1.00 22.79 0.200 4.210 -22.790 11.065 5.000
18/04/2005 2:42:00 PM 120 1.41 22.715 0.275 4.285 -22.715 10.990 7.273
18/04/2005 2:42:30 PM 150 1.58 22.7 0.290 4.300 -22.700 10.975 8.621
18/04/2005 2:43:00 PM 180 1.73 22.685 0.305 4.315 -22.685 10.960 9.836
18/04/2005 2:44:00 PM 240 2.00 22.66 0.330 4.340 -22.660 10.935 12.121
18/04/2005 2:45:00 PM 300 2.24 22.635 0.355 4.365 -22.635 10.910 14.085
18/04/2005 2:47:00 PM 420 2.65 22.59 0.400 4.410 -22.590 10.865 17.500
18/04/2005 2:51:00 PM 660 3.32 22.39 0.600 4.610 -22.390 10.665 18.333
18/04/2005 2:52:00 PM 720 3.46 22.37 0.620 4.630 -22.370 10.645 19.355
18/04/2005 2:59:00 PM 1140 4.36 22.305 0.685 4.695 -22.305 10.580 27.737
18/04/2005 3:06:00 PM 1560 5.10 22.3 0.690 4.700 -22.300 10.575 37.681
18/04/2005 3:07:00 PM 1620 5.20 22.12 0.870 4.880 -22.120 10.395 31.034
18/04/2005 3:08:00 PM 1680 5.29 22.065 0.925 4.935 -22.065 10.340 30.270
18/04/2005 3:22:00 PM 2520 6.48 21.9 1.090 5.100 -21.900 10.175 38.532
18/04/2005 3:29:00 PM 2940 7.00 21.86 1.130 5.140 -21.860 10.135 43.363
18/04/2005 3:47:00 PM 4020 8.19 21.835 1.155 5.165 -21.835 10.110 58.009
18/04/2005 4:13:00 PM 5580 9.64 21.75 1.240 5.250 -21.750 10.025 75.000
18/04/2005 4:29:00 PM 6540 10.44 21.73 1.260 5.270 -21.730 10.005 86.508
18/04/2005 4:41:00 PM 7260 11.00 21.7 1.290 5.300 -21.700 9.975 93.798
18/04/2005 5:20:00 PM 9600 12.65 21.675 1.315 5.325 -21.675 9.950 121.673
18/04/2005 5:47:00 PM 11220 13.67 21.65 1.340 5.350 -21.650 9.925 139.552
19/04/2005 8:28:00 AM 64080 32.68 21.13 1.860 5.870 -21.130 9.405 574.194
19/04/2005 9:19:00 AM 67140 33.45 21.127 1.863 5.873 -21.127 9.402 600.644
19/04/2005 11:18:00 AM 74280 35.19 21.122 1.868 5.878 -21.122 9.397 662.741
19/04/2005 2:32:00 PM 85920 37.84 21.08 1.910 5.920 -21.080 9.355 749.738
19/04/2005 3:43:00 PM 90180 38.77 21.074 1.916 5.926 -21.074 9.349 784.447
19/04/2005 5:02:00 PM 94920 39.77 21.064 1.926 5.936 -21.064 9.339 821.391
20/04/2005 8:43:00 AM 151380 50.23 20.96 2.030 6.040 -20.960 9.235 1242.857
21/04/2005 9:52:00 AM 241920 63.50 20.956 2.034 6.044 -20.956 9.231 1982.301
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 3
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER T8B1/3 ROWE CELL
HEIGHT, mm 15.3 TRANSDUCER 27
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 20.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 6.43
VOLUME, m3 0.26 APPLIED LOAD, Kg 3.1468

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

21/04/2005 11:36:00 AM 0 0.00 20.956 0.000 6.044 -20.956 9.231 0.000
21/04/2005 11:38:00 AM 120 1.41 20.742 0.214 6.258 -20.742 9.017 9.346
21/04/2005 11:43:00 AM 420 2.65 20.742 0.214 6.258 -20.742 9.017 32.710
21/04/2005 11:44:00 AM 480 2.83 20.742 0.214 6.258 -20.742 9.017 37.383
21/04/2005 11:44:10 AM 490 2.86 20.63 0.326 6.370 -20.630 8.905 25.051
21/04/2005 11:44:20 AM 500 2.89 20.52 0.436 6.480 -20.520 8.795 19.113
21/04/2005 11:44:30 AM 510 2.92 20.44 0.516 6.560 -20.440 8.715 16.473
21/04/2005 11:44:40 AM 520 2.94 20.35 0.606 6.650 -20.350 8.625 14.301
21/04/2005 11:44:50 AM 530 2.97 20.28 0.676 6.720 -20.280 8.555 13.067
21/04/2005 11:45:00 AM 540 3.00 20.19 0.766 6.810 -20.190 8.465 11.749
21/04/2005 11:46:00 AM 600 3.16 20.045 0.911 6.955 -20.045 8.320 10.977
21/04/2005 11:47:00 AM 660 3.32 19.943 1.013 7.057 -19.943 8.218 10.859
21/04/2005 11:48:00 AM 720 3.46 19.863 1.093 7.137 -19.863 8.138 10.979
21/04/2005 11:53:00 AM 1020 4.12 19.7 1.256 7.300 -19.700 7.975 13.535
21/04/2005 12:19:00 PM 2580 6.56 19.486 1.470 7.514 -19.486 7.761 29.252
21/04/2005 1:41:00 PM 7500 11.18 19.335 1.621 7.665 -19.335 7.610 77.113
21/04/2005 3:32:00 PM 14160 15.36 19.208 1.748 7.792 -19.208 7.483 135.011
22/04/2005 10:25:00 AM 82140 37.00 18.924 2.032 8.076 -18.924 7.199 673.720
22/04/2005 11:42:00 AM 86760 38.03 18.941 2.015 8.059 -18.941 7.216 717.618
22/04/2005 1:48:00 PM 94320 39.65 18.916 2.040 8.084 -18.916 7.191 770.588
22/04/2005 3:57:00 PM 102060 41.24 18.9 2.056 8.100 -18.900 7.175 827.335
23/04/2005 2:59:00 PM 184980 55.52 18.69 2.266 8.310 -18.690 6.965 1360.547
25/04/2005 6:09:00 PM 369180 78.44 18.605 2.351 8.395 -18.605 6.880 2617.184
26/04/2005 1:32:00 PM 438960 85.53 18.23 2.726 8.770 -18.230 6.505 2683.786
26/04/2005 4:53:00 PM 451020 86.70 18.213 2.743 8.787 -18.213 6.488 2740.430
27/04/2005 11:49:00 AM 519180 93.02 18.151 2.805 8.849 -18.151 6.426 3084.848
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CONSOLIDATION TEST

PROJECT NUMBER 03-1112-059 STAGE NUMBER 4
BOREHOLE NUMBER - SAMPLE DEPTH, m -
SAMPLE NUMBER T8B1/3 ROWE CELL
HEIGHT, mm 15.3 TRANSDUCER 27
DIAMETER, mm 147.0 APPLIED PRESSURE, kPa 100.00
AREA, mm2 16972.25 FINAL HEIGHT, mm 1.86
VOLUME, m3 0.26 APPLIED LOAD, Kg 15.734

Stage Test
Date Clock Elapsed Square Gauge Total Total Stage Height Stage

Time Root Reading Deflect. Deflect. Deflect. Change Ratio
Sec Min. 0.01 mm mm mm mm mm t/d

27/04/2005 1:51:00 PM 0 0.00 18.151 0.000 8.849 -18.151 6.426 0.000
27/04/2005 1:52:00 PM 60 1.00 17.67 0.481 9.330 -17.670 5.945 2.079
27/04/2005 2:00:00 PM 540 3.00 17.655 0.496 9.345 -17.655 5.930 18.145
27/04/2005 2:00:00 PM 540 3.00 17.61 0.541 9.390 -17.610 5.885 16.636
27/04/2005 2:14:00 PM 1380 4.80 17.61 0.541 9.390 -17.610 5.885 42.514
27/04/2005 2:14:10 PM 1390 4.81 17.05 1.101 9.950 -17.050 5.325 21.041
27/04/2005 2:14:20 PM 1400 4.83 16.71 1.441 10.290 -16.710 4.985 16.192
27/04/2005 2:14:30 PM 1410 4.85 16.5 1.651 10.500 -16.500 4.775 14.234
27/04/2005 2:14:40 PM 1420 4.86 16.37 1.781 10.630 -16.370 4.645 13.288
27/04/2005 2:14:50 PM 1430 4.88 16.25 1.901 10.750 -16.250 4.525 12.537
27/04/2005 2:15:00 PM 1440 4.90 16.148 2.003 10.852 -16.148 4.423 11.982
27/04/2005 2:15:30 PM 1470 4.95 15.92 2.231 11.080 -15.920 4.195 10.982
27/04/2005 2:16:00 PM 1500 5.00 15.76 2.391 11.240 -15.760 4.035 10.456
27/04/2005 2:17:00 PM 1560 5.10 15.538 2.613 11.462 -15.538 3.813 9.950
27/04/2005 2:18:00 PM 1620 5.20 15.381 2.770 11.619 -15.381 3.656 9.747
27/04/2005 2:19:00 PM 1680 5.29 15.265 2.886 11.735 -15.265 3.540 9.702
27/04/2005 2:21:00 PM 1800 5.48 15.11 3.041 11.890 -15.110 3.385 9.865
27/04/2005 2:29:00 PM 2280 6.16 14.795 3.356 12.205 -14.795 3.070 11.323
27/04/2005 2:41:00 PM 3000 7.07 14.6 3.551 12.400 -14.600 2.875 14.081
27/04/2005 3:02:00 PM 4260 8.43 14.45 3.701 12.550 -14.450 2.725 19.184
27/04/2005 3:27:00 PM 5760 9.80 14.363 3.788 12.637 -14.363 2.638 25.343
27/04/2005 5:33:00 PM 13320 14.90 14.197 3.954 12.803 -14.197 2.472 56.146
27/04/2005 6:03:00 PM 15120 15.87 14.176 3.975 12.824 -14.176 2.451 63.396
27/04/2005 6:49:00 PM 17880 17.26 14.15 4.001 12.850 -14.150 2.425 74.481
28/04/2005 10:18:00 AM 73620 35.03 13.974 4.177 13.026 -13.974 2.249 293.751
28/04/2005 6:42:00 PM 103860 41.61 13.928 4.223 13.072 -13.928 2.203 409.898
29/04/2005 9:25:00 AM 156840 51.13 13.875 4.276 13.125 -13.875 2.150 611.319
29/04/2005 5:18:00 PM 185220 55.56 13.853 4.298 13.147 -13.853 2.128 718.241
01/05/2005 5:43:00 PM 359520 77.41 13.76 4.391 13.240 -13.760 2.035 1364.609
02/05/2005 12:28:00 PM 427020 84.36 13.73 4.421 13.270 -13.730 2.005 1609.817
03/05/2005 10:15:00 AM 505440 91.78 13.7 4.451 13.300 -13.700 1.975 1892.608
04/05/2005 9:47:00 AM 590160 99.18 13.67 4.481 13.330 -13.670 1.945 2195.046
05/05/2005 9:35:00 AM 675840 106.13 13.62 4.531 13.380 -13.620 1.895 2485.985
05/05/2005 3:17:00 PM 696360 107.73 13.584 4.567 13.416 -13.584 1.859 2541.274
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F1.0  Introduction 
 
This report presents the results of public consultation with residents in the community of 
East Welland in the vicinity of Lyon’s Creek East and West.  These two areas, which are 
divided by the Welland Ship Canal, were identified as an Area of Concern (AOC) by the 
Niagara River Remedial Action Plan (RAP) because of contaminated sediment in Lyon’s 
Creek East and contaminated sediment and soil in Lyon’s Creek West.  The public 
consultation sessions are part of the Phase IV activities pertaining to sediment 
management options. 
 
Discussions on the results of both the open houses conducted at Lyon’s Creek East and 
West are presented along with descriptions on the development of a Community Liaison 
Committee for Lyon’s Creek East.  Individual comment sheets and other forms of 
correspondence are summarized in tabular format herein.  Actual Comment Sheets and 
Sign-in Forms are not attached in accordance with regulations of the Privacy Act.  
 
F2.0  Lyon’s Creek West 
 
A public open house was held at the Ukranian Centre in southeast Welland on Tuesday 
evening, June 26, 2007.  Poster boards summarizing the studies and assessments findings 
were available for review prior to, and after, the technical presentation.  Mr. Rein 
Jaagumagi, Sediment Ecological Risk Specialist, of Golder Associates (formerly Dillon 
Consultants), made a presentation on the results of site characterization studies, an 
ecological risk assessment, a human health risk assessment and proposed remedial 
management options.  Members of the Niagara River Contaminated Sediment Technical 
Advisory Group were in attendance to respond to questions as was Dr. Bryan Leece for 
questions pertaining to the health risk assessment. 
 
Comment Sheets were prepared where residents were requested to rank four Proposed 
Remedial Management Options based on ten Evaluation Criteria and provide both 
specific and general comments on the remedial options and/or the site 
studies/assessments.  A section was provided to suggest other alternatives.  A section was 
provided on the pros and cons of each Proposed Remedial Management Option. 
 
The four Proposed Remedial Management Options presented on the Comment Sheet 
were as follows: 
 
Option 1. Monitored Natural Recovery  
 
This option involves the sediment being left in place and the area being covered by the 
slow, natural generation of new sediment or soil cover.  There are no immediate 
disturbances to the site.   Site is fenced and signs posted.   Planning rules imposed 
restricting future development unless developer undertakes Remedial Alternatives 2, 3 or 
4 at a later date with public comments.  The estimated cost is approximately $30,000 for 
every 5 years. 
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Option 2.  In-filling Without Sediment Removal 

 
This option involves the placement of a clay cap over the impacted area to isolate the 
contamination from surface.  The site will be disturbed for 3 to 5 months with truck 
traffic, noise and dust.  Planning rules will be  imposed restricting or limiting future 
development.  Any future development could not disturb cap.  The estimated cost is $3 to 
$4 million with periodic monitoring costs. 
 
Option 3.  In-filling With Removal 

 
This option involves part of Alternatives 2 and 4 namely the removal of “hot spots” and 
then the placement of a clay cap over the less-impacted areas to isolate the contamination 
from surface.   The site will be disturbed for 3 to 5 months with truck traffic, noise and 
dust.  Planning rules will be imposed restricting or limiting future development.  Any 
future development could not disturb cap.  The estimated cost is $6 to $7 million. 
 
4.  Removal and Restoration of Wetland 
 
This option requires the removal of contaminated soil/sediment and the restoration of the 
site into a sculpted wetland.  Similar to Options 2 and 3, the site will be disturbed for 3 to 
5 months with truck traffic, noise and dust.  Future development is allowed that will 
require a planning “fit” with the restored wetland.  The estimated cost is $6 to $7 million. 
 
The ten Evaluation Criteria are listed as follows:  
 
(1) the ability to identify and address risks to human health and the environment,  
(2) the ability to maintain ecological integrity,  
(3) the ability to address current federal and provincial regulatory requirements,  
(4) an evaluation of short-term impacts,  
(5) an evaluation of long-term effectiveness and performance,  
(6) the reduction of toxicity and mobility of contaminants,  
(7) technical feasibility,  
(8) cost,  
(9) regulatory acceptance, and  
(10) community acceptance. 
 
Meeting Attendance 
 
Attendance at the open house was low.  Thirteen members of the public attended 
including two from the local conservation group - The Welland River Keepers.  
Questions that were directed to Mr. Jagamagi after the presentation, were at a minimum. 
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Returned Comment Sheets 
 
A total of six Comment Sheets were returned where residents were requested to rank the 
four above referenced Proposed Remedial Management Options.  A summary of the 
returned Comment Sheets for Lyon’s Creek West is presented in Table 1. 
 
Of the six returned Comment Sheets, five ranked Proposed Remedial Management 
Option No. 4: Removal and Restoration of Wetland as their preferred choice.  One 
resident ranked Option No. 3: In-filling With Removal as their preferred choice. 
 
F3.0  Lyon’s Creek East 
 
A public open house was held at the Cook’s Mills Community Centre in hamlet of 
Cook’s Mills (East Welland) on Thursday evening, June 28, 2007.  Members of the 
Niagara River Contaminated Sediment Technical Advisory Group were in attendance.  
Poster boards summarizing the studies and assessments findings were available for 
review prior to, and after, the technical presentation.  Mr. Rein Jaagumagi of Golder 
Associates made a presentation on the results of site characterization studies, an 
ecological risk assessment, a human health risk assessment and proposed remedial 
management options.  Copies of Mr. Jaagumagi’s presentation were available in 
hardcopy format of the Power Point presentation.  In support of Mr. Jaagumagi, the 
following study/assessment members and Technical Advisory Group members were also 
present to answer questions from the public: 
 

• Dr. Bryan Leece, Health Risk Specialist, Dillon Consulting; 
• Karl Konze, Wetland Specialist, Dugan Associates; 
• Mary Ellen Scanlon, Great Lakes Advisor, MOE; 
• Rick Day, Issues Project Coordinator, MOE; and 
• Jocelyn Baker; Watershed Restoration Coordinator, NPCA 

 
Similar to Lyon’s Creek West, Comment Sheets were prepared where residents were 
requested to rank four Proposed Remedial Management Options based on the above 
referenced ten Evaluation Criteria.  Sections on the Comment Sheet were available to 
provide both specific and general comments on the remedial options and/or the site 
studies/assessments.   
 
The four Proposed Remedial Management Options presented on the Comment Sheet 
were as follows: 
 
1.  Monitored Natural Recovery  
 
This option involves the sediment being left in place and the area being naturally covered 
by the generation of new sediment.  There are no immediate disturbances to the site.   
Site is fenced and signs are posted with “No Fishing”.  Planning rules will be imposed 
restricting future development.  The estimated cost is approximately $20,000 per year for 
decades. 
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2.  Enhanced Natural Recovery  

 
This option involves the placement of a clay-like cover on ice in the winter and when the 
ice melts, additional sediment drops on the existing sediment further isolating it.  Pre-
determined access points will be disturbed for a winter season with trucks and heavy 
equipment.   Similar planning rules to Option 1 are imposed restricting future 
development.  The estimated cost is $1.2 to $2 million with periodic monitoring costs. 
 
3.  Capping 

 
This option involves the additional placement of more clay-like cover than Option 2.  
Placement occurs on the ice cover.  Pre-determined access points are disturbed for a 
winter season with trucks and heavy equipment;.  Similar planning rules to Option 1 are 
imposed restricting future development.  The estimated cost is $5 to $10 million. 
 
4.  Sediment Removal 
 
This option requires the removal of contaminated sediment from the base of the wetlands.  
There will be significant disruption to the wetlands area that will involve heavy 
equipment.  The estimated cost is $10 to $15 million. 
 
Meeting Attendance 
 
A total of 42 people signed into the meeting.  Of the 42 people, 11 were noted from the 
sign-in sheet to live outside the immediate area including two from the Welland River 
Keepers and one from the NPCA.  
 
After Mr. Jaagumagi’s presentation, all study/assessment team members and Technical 
Advisory Group members responded to questions from the audience based on their area 
of expertise.  Numerous questions were asked.  During the question period, the public on 
three or four occasions expressed concerns with the process and at times, anxiety levels 
were high. 
 
Six CDs with copies of the presentation and archived reports were subsequently sent to 
three individuals in addition to the hand-out materials that were present at the meeting. 
 
Returned Comment Sheets 
 
A total of 17 Comment Sheets were filled-in and returned.  Most represented households 
versus individuals.  One telephone call was received.  A summary of the returned 
Comment Sheets for Lyon’s Creek East is presented in Table 2. 
 
Out of the 17 Comment Sheets, a total of 11 ranked Sediment Removal as their preferred 
remedial option.  Six Comment Sheets, including a staff member from the NPCA, ranked 
Monitored Natural Recovery as their preferred remedial option.  In a separate meeting 
shortly after the public Open House, the local conservation group – the Welland River 
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Keepers, unanimously supported the Proposed Remedial Management Option of 
Monitored Natural Recovery.   
 
In addition, of the 17 returned Comment Sheets and one telephone call, a total of 13 
people referenced decreased flow and/or (i) cleaning out culverts or (ii) checking with the 
Seaway Authority on flow rate stipulations as a concern. 
 
F4.0  Development of Community Liaison Committee – Lyon’s Creek East 
 
Based on the results of the June 28, 2007 Public Open House and the responses of the 
returned Comment Sheets, it was decided by the local members of the Technical 
Advisory Group that a Community Liaison Committee (CLC) should be set-up to allow 
for more effectively communication between the public, the Technical Advisory Group 
and the scientists and engineers involved with the site characterization and the 
ecological/human health risk assessments.  These meetings would be facilitated at the 
NPCA’s Welland office. 
 
In August, 2007 a total of 42 members of the community were sent a letter requesting 
volunteers for a Public Advisory Group (this name was later changed to a Community 
Liaison Committee).  A meeting was also held with representatives from the Welland 
River Keepers.  A site visit was also performed by the Project Coordinator to a concerned 
citizen living on Lyon’s Creek East pertaining to a fallen tree and sediment exposure.  As 
a result of the community mailing and the two meetings, the following community 
members volunteered for the CLC: 
 

1. Dr. Michael Dickman; 
2. Canadace Paris; 
3. Ross Chambers; 
4. Michael Petrachenko; and  
5. Helen Brown. 

 
With the exception of Dr. Dickman, all public members of the CLC own property that 
encompasses the creek bottom of Lyon’s Creek or backs onto the creek. 
 
The first meeting was held during the evening of September 25, 2007.  Present for the 
Technical Advisory Group was Mary Ellen Scanlon (MOE), Jocelyn Baker (NPCA), 
Valerie Cromie (NPCA) and David Slaine (Project Coordinator).  Mr. Tony D’Amario 
(Director – Water Management, NPCA) also sat-in on the meeting and provided a brief 
presentation on the water diversion into Lyon’s Creek East from the Welland Ship Canal.  
Ms. Scanlon provided a presentation on the history of the RAP process for Lyon’s Creek 
East and West. 
 
A series of issues were raised at the first CLC meeting and are summarized below: 
 

1. The development of a CLC Purpose Statement.  The Purpose Statement is 
attached in Appendix 1.  

 



May 2008 -F-6- 03-1112-059 (5400) 
 

2. Access to the study team members who performed the site characterization 
studies, ecological risk assessment and human heath risk assessment and the 
members of the Technical Advisory Group.  In this regard, the CLC has requested 
presentations on the following as they pertain to the Evaluation Criteria that are 
referenced herein on page 2: 

 
(i) PCB and other contaminants environmental site investigation results – 
history, 
     detection mapping and finger-printing of contaminants; 
(ii) description of hydrology and sediment deposition of the impacted sections 
of Lyon’s 
      Creek East (i.e. what happens to the sediment if flow is increased or 
decreased and 
      the seasonal variations such as the spring snow melt?), 
(iii) health risk implications of PCBs in general; 
(iv) ecological and health risk assessment results pertaining to Lyon’s Creek 
East,  
(v) description of proposed remedial technologies; 
(vi) examples of monitored natural recovery sites; 
(vii) examples of sediment removal techniques, impacts, treatment and 
disposal practices;  
(viii) wetland characterization study results – impact of sediment removal vs. 
monitored 
       natural recovery remedial options;  
(ix) description of applicable Federal, Provincial and local policies and 
regulations; and 
(x) long term management and monitoring of the selected remedial option. 

 
3. Access to a representative from the Seaway Authority on the flow rates, pump 

maintenance, etc. of the water diversion from the Welland Ship Canal into Lyon’s 
Creek East (this diversion project was completed as part of the construction of the 
canal in the early 1970s when Lyon’s Creek East and West were severed by the 
construction of the canal).  This access was facilitated by a November 20, 2007 
Open House held by the NPCA for the South Niagara Falls Watershed Plan at the 
Fire Hall # 6 located at 8061 Schisler Road, Niagara Falls, ON. 

 
4. The posting of signs at the local fishing spots (i.e. at the creek near the intake 

from the Welland Canal, and the creek and Highway 140).  Discussion on the 
printed matter and languages on the signs pertinent to the Sport Fishing Guide in 
accordance with protocols of the Niagara Region Health Department are ongoing 
at the CLC meetings. 

 
5. The development of a monthly newsletter and a project web site on the NPCA’s 

web site.  It was agreed that the monthly newsletter would be prepared by the 
Project Coordinator and that it would be distributed in draft form to the CLC 
members via email prior to finalization and then mailed.  The newsletter would 
focus on past meeting results and future meeting topics and presentations.  
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Newsletter written to-date are presented in Appendix 2.  The web site, which at 
the time of producing this report, is still in its construction phase can be found at  
www.conservation-niagara.on.ca/pagetwo.html . 

 
The second CLC meeting was held on October 23, 2007.  At that meeting two 
presentations were made.  The first presentation was made by Dr. Bryan Leece from 
Dillon Consulting Ltd. on the results of the Human Health Risk Assessment of Lyon’s 
Creek East.  No risks were identified based on skin contact and survey results that fish 
consumption was minimal.  The second presentation was made by Karl Konze, Senior 
Wildlife Biologist from Dougan & Associates on the results of the Lyon’s Creek East 
Wetland Inventory.  Mr. Konze identified Lyon’s Creek East as a Provincially Significant 
Wetland (PSW) with a threatened fish species (Lake Chubsucker), a fish species of 
concern (Grass Pickerel) and a previously thought extirpated (extinct in Ontario) plant 
called the Smartweed Dodder. 
 
The third CLC meeting was held November 27, 2007.  At that meeting, Mr. Rein 
Jaagumagi, Senior Environmental Specialist, Golder Associates Ltd. placed his Microsoft 
Power Point presentation Development of Management Options for Contaminated 
Sediment in Lyon’s Creek East up for display and referenced tables, graphs and figures 
from the presentation in the format of a question and answer period with the CLC 
members.  He concluded that risk to ecological-based receptors was minimal and that the 
sediment remedial option of Removal would result in significant destruction of the PSW. 
 
There was no CLC meeting over the Christmas and New Years Holiday season.  Future 
meetings are planned for the fourth Tuesday evening of the month.  The January 22, 2008 
meeting will include a presentation by Roger Santiago, Sediment Remediation Specialist, 
Environment Canada on Sediment Remediation Techniques.  At the February 26, 2008 
meeting, a presentation will be made by Ian Barrett, Aquatic Habitat Biologist with the 
NPCA on Wetland Regulations.  In addition, a future open house will be scheduled for 
Lyon’s Creek East upon finalization of the Phase IV report to discuss the report’s 
recommendations. 
 
 
Respectfully submitted, 
 
TERRA-DYNAMICS CONSULTING INC. 
 
 
 
 
David D. Slaine, M.Sc., P.Geo. 
Sediment Project Coordinator for the Niagara River RAP 
 

http://www.conservation-niagara.on.ca/pagetwo.html
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RECOMMENDATIONS:  
 
THAT THE COUNCIL OF THE CITY OF WELLAND receives for information REPORT 
ENG-2008-29 on the progress of the environmental assessment process for the Lyon’s 
Creek environmental remediation; and further 
 
THAT Welland City Council confirms the position of the City of Welland with respect to 
the recommended contaminated sediment management option for Lyon’s Creek East 
and Lyon’s Creek West as summarized in this report; and further; 
 
THAT Welland City Council approves allocating an estimated $125,000 funding in the 
Capital Budget over the next five years, starting in 2009, for completion of the Lyon’s 
Creek environmental remediation program as summarized in this report. 
 
 
ORIGIN AND BACKGROUND: 
 
The governments of Canada and the United States have identified the Niagara 
Watershed as an Area of Concern (AOC).  Tributaries of the Niagara River, such as 
Lyon’s Creek are considered part of this AOC (NPCA 2006).  Lyon’s Creek is a major 
tributary of the Welland River, with a total length of 17 km.  The present size of Lyon’s 
Creek watershed is 88.0 km2.  The construction of the Welland Canal in 1971 severed 
Lyon’s Creek, splitting the waterway into two watersheds.  These include Lyon’s Creek 
West, which drains to the Welland Canal By-Pass and contains the headwaters of Lyon’s 
Creek that remained after construction of the original canal and development in the City 
of Welland; and Lyon’s Creek East that, after construction of the by-pass, has its 
headwaters in the Welland Canal (Dillon Consulting Ltd. 2005).  Currently, a pumping 
station sustains flow in Lyon’s Creek East by augmenting flows with water from Lake 
Erie (Dougan & Associates 2007). 
 
 
Recent studies undertaken by Environment Canada, the Ontario Ministry of the 
Environment, Golder Associates, and Dillon Consulting have shown that elevated levels 
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of PCBs occur in the sediments of both Lyon’s Creek East and Lyon’s Creek west.  
Elevated levels of PCBs have also been measured in biota tissues; in particular in 
young-of-the-year and adult fish in Lyon’s Creek East.  The existing reviews of sediment 
contamination at both Lyon’s Creek East and West show that contamination by PCB 
compounds is mainly confined to the top 30 cm in Lyon’s Creek West and to the top 60 
cm in Lyon’s Creek East.  These findings suggest that sources of PCBs to the sites are 
historical rather than recent in origin.  The depth over which the contamination occurs 
suggests that the PCBs have originated from a continuous source operating over an 
extended period of time, rather than from a single incident (Dillon Consulting Ltd. 2006). 
 
On November 15, 2004 a letter from the Ministry of the Environment was sent to Mayor 
Damian Goulbourne describing future activities associated with Lyon’s Creek East and 
Lyon’s Creek West.  A copy of that letter is attached to this report as Appendix I. 
 
Various studies and assessments have been completed by the Niagara River Remedial 
Action Plan (Niagara River RAP) under the direction of a technical advisory group.  The 
technical advisory group is comprised of representatives from Environment Canada, the 
Ministry of the Environment, the Niagara Peninsula Conservation Authority, the Ministry 
of Natural Resources, and Niagara Region.  As key stakeholders, Transport Canada, 
Hydro One, and the City of Welland have also participated in meetings of the technical 
advisory group. 
 
COMMENTS AND ANALYSIS: 
 
The background information on the presence of contaminated sediment in both Lyon’s 
Creek East and West is presented in the report “Niagara River Area of Concern Phase 
IV – Sediment Management Options for Lyon’s Creek East and West” prepared by 
Golder Associates. 
 
A figure is attached to this report as Appendix II.  This figure shows sections of Lyon’s 
Creek East and West and highlights contaminated properties owned by the City of 
Welland. 
 
Lyon’s Creek East: 
For the Lyon’s Creek East study area, the characterization work indicated that the area 
of impacted sediment is located between the Welland Ship canal and the CNR railway 
crossing at Buchner Road, east of Highway 140. 
 
An ecological risk assessment and sediment management study was completed by 
Golder Associates in 2008 following consultation with the public and stakeholders.  The 
results of the ecological risk assessment indicate that a low risk due to exposure to 
PCBs in sediments exists to species in Lyon’s Creek East.  A detailed human health risk 
assessment was performed by Dillon Consulting and a final draft report was issued in 
November, 2006.  Health-based risk was assessed through an evaluation of the 
exposure to the sediment as PCBs are present in the sediment but not in the water.  
Results of a community survey identified no risks based on skin contact with, inhalation 
of, or ingestion of, sediments.  No risks were identified based on survey results that 
indicated that fish consumption was minimal but sportfish consumption advisories will 
remain in place.  A wetland inventory of Lyon’s Creek East was completed by Dougan & 
Associates in 2007.  The results of the inventory confirmed that Lyon’s Creek East is a 
Provincially Significant Wetland.  The conclusion from this study was that the identified 
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provincially and regionally significant fish, bird, and plant species and associated 
habitats should be maintained when considering remedial management options. 
 
Results of these studies and assessments provided the information needed to evaluate 
decision-making criteria for four sediment management options.  Based on the 
evaluation process, the technical advisory group has recommended the option of 
monitored natural recovery. 
 
Detailed cost estimates for the preferred option could only be determined during the next 
phase of the project once a detailed sediment management strategy for the site is 
finalized.  Key stake holders will be responsible for the costs associated with public 
outreach and short-term monitoring of the site.  Federal and provincial governments will 
be responsible for the implementation of protective controls for the sediments and long 
term monitoring of the site.  For the City of Welland costs are estimated to be $25,000 
over the next five years. 
 
Lyon’s Creek West: 
A final decision regarding the preferred contaminated soil/sediment management 
strategy for Lyon’s Creek West will be coordinated by Transport Canada as it owns most 
of the impacted property at this site.  The City of Welland owns less than 1% of the 
Lyon’s Creek West study area.  Soil/sediment management options for Lyon’s Creek 
West are estimated to range between $3 million and $51 million.  Thus based on the 
portion of land owned by the City of Welland, within the Lyon’s Creek West study area, 
the cost for the City of Welland could range from $30,000 to $510,000.  It is, however, 
expected that the cost for the City of Welland will be within $100,000. 
 
In case Transport Canada decides to implement a sediment management option that is 
too expensive for the City of Welland to participate in, the City of Welland may then 
choose to apply a different soil/sediment management strategy to the portion of the land 
it owns. 
 
FINANCIAL CONSIDERATION: 
 
Estimated costs to the City of Welland for the environmental remediation of Lyon’s Creek 
East and Lyon’s Creek West are $25,000 and $100,000 respectively.  The total 
estimated cost of $125,000 is expected to be incurred over the next five years starting in 
2009.  It is thus recommended to include $25,000 each year in the Capital Budget for 
this purpose. 
 
The Federal Government through Environment Canada has made a funding 
announcement of up to $2.9 million on April 23, 2008 for both Lyon’s Creek East and 
West.  This funding is earmarked for 2009.  Availability and distribution of the funding will 
be determined once the sediment management alternatives are finalized.  The City of 
Welland may receive a portion of this funding; however, this cannot be determined with 
certainty at the present. 
 
 
 
 
 
 
STRATEGIC PRIORITY: 
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This report is consistent with the spirit and general intent of the following focus areas of 
the City of Welland Strategic Plan 2007-2012, as passed by Council on June 19, 2007; 
 
Focus 5 - Environment – ensure policies and plans and projects embrace the 
protection and end enhancement of the environment. 
 
● Develop and promote ‘green’ possibilities and policies 
 
Focus 6 – Healthy Communities – provide for a healthy, safe and enjoyable 
community. 
 
● Promote and ensure city policies support safe neighbourhoods 
 
OTHER DEPARTMENT IMPLICATIONS: 
 
At present there are no implications for other departments.  Progress of finalization of the 
recommended contaminated sediment management option for Lyon’s Creek East and its 
implementation and the finalization of a preferred option for Lyon’s Creek West will 
continue to be monitored by the Engineering, Public Works & Transportation Services 
Department.  In the future there will be some implications for the Planning Department 
as new planning initiatives or a change to the official plan may be required due to 
sediment management in Lyon’s Creek East and West. 
 
SUMMARY AND CONCLUSION: 
 
The governments of Canada and the United States have identified the Niagara 
Watershed as an AOC.  Tributaries of the Niagara River, such as Lyon’s Creek are 
considered part of this AOC.  Various studies and assessments have been completed by 
the Niagara River RAP under the direction of a technical advisory group consisting of 
representatives from Environment Canada, the Ministry of the Environment, the Niagara 
Peninsula Conservation Authority, the Ministry of Natural Resources, and Niagara 
Region.  As key stakeholders, Transport Canada, Hydro One, and the City of Welland 
have also participated in meetings of the technical advisory group. 
 
Monitored Natural Recovery has been chosen as a preferred sediment management 
option for the Lyon’s Creek East.  As a stakeholder, the City of Welland will be 
responsible for its portion of the costs associated with public outreach and short-term 
monitoring of the site.  Federal and provincial governments will be responsible for the 
implementation of protective controls for the sediments and long term monitoring of the 
site.  A preferred sediment management option has not been finalized for the Lyon’s 
Creek West.  The finalization of the preferred option will be coordinated by Transport 
Canada as it owns most of the land. 
 
An estimated total of $125,000 will be required for both Lyon’s Creek East and West 
over the next five years starting in 2009. 
 
 
 
 
 
ATTACHMENTS: 
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APPENDIX I: Copy of Letter dated November 15, 2004 from Ministry of the 

Environment to Mayor Damian Goulbourne 
APPENDIX II: Figure showing contaminated properties near Lyon’s Creek East and 

West that are owned by the City of Welland 
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