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Disclaimer

The attached Report (the "Report”) has been prepared by UMA Engineering Ltd. ("UMA") for the benefit of Manitoba Hydro (*Client”)
in accordance with the agreement between UMA and Client (the "Agreement’) for the services described therein, and is subject to
the budgetary. time and other constraints and limitations set forth therein

The information and data contained in the Report, including without limitation the results of any inspections, sampling, testing and
analyses and any conclusions or recommendations of UMA (the "Information”). represent UMA's professional judgement in light of
the knowledge and information available to it at the time of preparation of the Report. UMA has not updated the Report since the
date that the Report was prepared. Further. UMA has relied upon the accuracy of the information provided to it by Client in order to
prepare the Report and UMA has not independently verified the accuracy of such information. nor was it required to do so. Thus,
UMA shall not be responsible for any events or circumstances that may have occurred since the date on which the Report was
prepared which may affect the information contained therein. or for any inaccuracies contained in information that was provided to
UMA by Client.

UMA makes no guarantees or warranties whatsoever. whether express or implied, with respect to the Report, the Information or any
part thereof and UMA shall not, by the act of preparing or issuing the Report and the Information. be deemed to have represented
that the Report or the Information is accurate, exhaustive, complete or applicable to any specific use other than the agreed upon
Scope of Work as defined in the Agreement

This Disclaimer is attached to and forms part of the Report
"© 2007 UMA ENGINEERING LTD. ALL RIGHTS RESERVED

THIS DOCUMENT IS PROTECTED BY COPYRIGHT LAW AND MAY NOT BE REPRODUCED IN ANY MANNER, OR FOR ANY
PURPOSE, EXCEPT BY WRITTEN PERMISSION OF UMA ENGINEERING LTD."
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Executive Summary

The intent of this document is to address technical review comments received from the Technical
Advisory Committee (TAC), which was convened by Manitoba Conservation (MC) to provide inputs on the
environmental status of the former Manufactured Gas Plant (MGP) site (the ‘Site’) at 35 Sutherland
Avenue, Winnipeg, MB. In particular, we address comments received on the earlier circulated draft of the
Site draft Comprehensive Environmental Management Plan (CEMP).

Issues identified by TAC have been broadly grouped into 3 main areas:

e Site Characterization/Environmental Risk Assessment;

e Monitoring Recommendations Arising from Risk Assessment and the Management Plan;
e Possible Alternative Remedial Options.

A detailed description of issues identified is provided in Chapter 2 of this report.

SITE CHARACTERIZATION/ENVIRONMENTAL RISK ASSESSMENT

TAC members identified some confusion regarding the presence of non-aqueous phase liquid (NAPL) at
the Site. Further clarification is provided on the current distribution of contaminants and their implications
for the upland portion of the Site (Chapter 3) and adjacent areas (river and surrounding lands) based on

off-site transport. The report provides the site stratigraphy, contaminant distribution within the major soil

units and analysis of soil vapour.

Stratigraphy
The Site is underlain by three major geological units:

¢ lacustrine and fill materials, up to 4.6 m depth or greater below ground surface (bgs) have been
encountered in the majority of the test holes drilled at the site. This unit variously consists of a
combination of clay, sand, gravel, and coal. Between the south bank of the Red River and the site
building, the soil stratigraphy is highly variable and complex, consisting of distinct, interbedded layers
of low to high plastic clay, low plastic silt, and fine sand.

e glacial till, consistently encountered at a depth of 8.2 m to 15.6 m bgs. It is estimated that between
17 m and 25 m of glacial till is present beneath the site.

e carbonate bedrock of the Selkirk Member, consisting of mottled, fossiliferous dolomitic limestone,
with abundant chert nodules in the upper limestone layer. Based on the stratigraphy recorded in one
monitoring well (BW-46), bedrock in the vicinity of the site is encountered at approximately 33 m
below grade.

Updated cross-sections of soil stratigraphy are provided in Section 3.2.

Coal Tar Distribution in Soils

Updated drawings have also been provided that summarize all observations of the presence of free-
phase coal tar in various boreholes advanced. Coal tar at MGP sites is often present in the subsurface

environment as a dense non-aqueous phase liquid (DNAPL), which is more dense than water. Coal tar
has been observed in the lacustrine deposits within test holes/monitoring wells MW-48, MW-24D, MW -
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23C, MW-64A, MW-63A, MW-65A, MW-62A, and MW-51B,located in the northwestern portion of the
property and along the river bank. The depth of the observed coal tar contamination ranges from 2.3 m to
10.7 m below ground surface (bgs), and is predominately localized within the sand layers in the
stratigraphic unit. No free-phase coal tar was observed during the completion of any of the test holes
drilled west of the Disraeli Freeway or in the eastern portion of the site, towards Anabella Street.

Volatile Contaminants in Soil Gas

Coal tar contains a subset of volatile hydrocarbons that can migrate from zones of soil and groundwater
contamination to the air, via transport in soil gas. This is of particular importance in light of the possible
health risks associated with movement of contaminated soil gas into confined spaces. Characterization of
soil gas has been conducted through several studies, from 1995 to 2007.

The overall results of the soil vapour monitoring confirm that soil vapour concentrations within the
property boundaries of the former Sutherland MGP may exceed criteria, guidelines and reference
concentrations as a result of residual coal tar residues in subsurface soil. Sentinel off-site vapour
monitoring results were below minimum laboratory detection limits. There does not appear to be any off-
site migration of soil vapour, however, that would pose any public health risk or safety risk (i.e., based on
explosion potential). Furthermore, the available data does not show evidence of any issues with indoor air
quality at the Site. Quarterly monitoring of soil vapour is proposed in the Remedial Monitoring program for
the former Sutherland MGP site.

Groundwater-Mediated Transport of Coal Tar Constituents

This section of the report provides an explanation of the annual naphthalene estimates, estimates of
vertical hydraulic gradients and flow directions and flow path based on cross-sections requested by the
TAC members. UMA previously provided an estimate of the annual flux in groundwater of naphthalene
from the Site to the Red River. At least two issues merit re-evaluation: (i) possible unrepresentative nature
of Darcy’s velocity estimates across the entire contaminated groundwater outflow face; and (ii) possible
role of groundwater-mediated transport in the two deeper geological units (till and bedrock).

Of the twelve monitoring wells that have been installed in the till layer, five of these have screened
intervals that are fully isolated only within the till unit, at depths from 10.4 m to 14.6 m bgs. Detectable
concentrations of various polycyclic aromatic hydrocarbon (PAH) parameters in excess of the CCME
Freshwater Aquatic Life guidelines were detected in all of these wells (MW-42A; MW-50B,; MW-58B;
MW-62A; and MW- 63A).

The water quality in the carbonate bedrock at the site was assessed in 2002 and all PAH results were
below minimum laboratory detection limits. Based on the thickness of the till, the upward hydraulic
gradient from the bedrock to the till and an expected increase in density in the till with depth, the potential
for PAHSs to reach the bedrock aquifer is considered to be slight.

Vertical hydraulic gradients and flow directions were calculated for each of the piezometer nests
completed at the site. The vertical gradients were calculated to assess the potential for downward
migration of contaminants from one depth to another within the lacustrine subunit; from the lacustrine
subunit to the glacial till unit; and from the glacial till unit to the carbonate bedrock. Overall, it was
concluded that groundwater flow within the overburden is a combination of lateral towards the river and
downwards toward the till unit. The river is a significant influence on groundwater flow and is expected to
be a discharge boundary for all overburden groundwater flow. The river will also be a discharge boundary
for flow from the upper bedrock aquifer.
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Detailed re-evaluation indicates that groundwater from the former MGP site contributes approximately
0.33 kg of naphthalene to the riverine environment each year. This confirms our earlier estimate.

Potential Toxicity of Coal Tar Constituents in Groundwater to Sensitive Species of Freshwater Life

The TAC members requested clarification of groundwater laboratory toxicity testing methodology and the
fish species used in toxicity testing.

The toxicity of groundwater samples to various freshwater standardized test species provides an
indication of the potential effects of the mixture of coal-tar derived constituents moving in groundwater
before discharge into and mixing with the Red River. Three groundwater sampling and laboratory toxicity
testing events have been completed for the Sutherland MGP Site. During all three events, the
groundwater was tested using a 96-h swim-up rainbow trout fry laboratory toxicity assay, in accordance
with Environment Canada methods

Groundwater collected from MW23, at the top of the river bank, exhibited evidence of toxicity to rainbow
trout fry during the first toxicity testing event; however, groundwater samples collected closer to the
groundwater outflow face into the Red River (MW 46 to 49) for the third testing event were not toxic to
trout fry.

Toxicity Test Species

It was suggested by TAC that fathead minnow be used in the groundwater toxicity monitoring instead of
juvenile rainbow trout, since the former and not the latter are native to the Red River ecosystem. Based
on existing published ecotoxicity data, it is expected that the sensitivity of the two test species is
sufficiently similar that they could be used interchangeably. Nonetheless, future laboratory-based toxicity
tests will use fathead minnow sensitive life stages to the extent that this test species is available.

Surface Water Quality in the Red River

This section of the report provides a response to TAC members concern that there is only limited
information on the concentrations of PAHs in the water of the Red River as well as a lack of sufficient
information on surface water chemistry. Surface water in the Red River might be affected by two types of
releases based on past MGP releases of residual coal tar: (i) inputs into the river of contaminants
dissolved in groundwater (or being transported as DNAPL) along the edge of the Site; and (ii) re-
mobilization from historically contaminated sediments, based either on particulate re-suspension or
dissolution at or just beneath the sediment water interface.

UMA collected water samples in March 2007 at twelve sample locations along the established sediment
monitoring transects adjacent to the former MGP site and both upstream and downstream from the site.
Water samples collected from 15 to 30 cm above the river bed of the Red River adjacent to the
Sutherland Site did not contain detectable concentrations of PAHs. A subset of PAHs was detected in
three water samples collected approximately 1 m below the ice surface. There does not appear to be a
relationship between PAH surface water values and the sediment PAH concentrations, and the presence
of PAHs in surface water may be as a result of other upriver sources such as urban drainage. The water
samples also exhibited aluminum, copper and iron concentrations that were higher than the applicable
freshwater life protection guidelines, even though these substances are not contaminants of concern at
the MGP Site. Manitoba Hydro will conduct future river water quality analysis for PAHs as part of its river
sediment monitoring activities.
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Spatial Distribution and Depth in Sediment of Coal Tar Contamination

The TAC members raised the issue of previous studies indicating changes in the extent of river bed
contamination. The evidence from approximately 12 years of studies on the extent of coal tar
contamination in Red River sediments adjacent to the site indicates:

e The 1997 extreme flood event (>100 year flood event) increased the apparent aerial extent of coal tar
contaminated sediment in the Red River adjacent to the Site by scouring of recently deposited
sediments at the surface to expose historical deposits discharged directly to the riverbed during the
operation of the MGP.

e Since 1997-98, a thin accumulation of recent sediments has been re-deposited over top of historical
coal tar contamination. The depth and spatial variability of this newer sediment accumulation has not
been fully evaluated.

e The presence of a fine veneer of recent sediments results in steep concentration gradients that are
challenging to adequately characterize based on sampling with either grabs or cores/drilling. This has
resulted in substantial variation in the measured PAH concentration in surface sediments at a given
site on the riverbed. The apparent discrepancy in estimated aerial extent of the coal tar contaminated
sediments from year to year may be largely attributable to different sampling/observation methods
used by different practitioners.

e There is a high degree of fine-scale spatial heterogeneity of PAH contamination in the sediments
based on the nature of the deposited material. Between-sample variability, even within a single
sampling event, has been relatively high.

3-D Visualizations of the Contaminated Sediment Plume

TAC members requested the development of three-dimensional visualizations of the coal-tar
contaminated sediment plume within the Red River to assist with planning exercises. Visualizations were
prepared based on a re-interpretation of the UMA (2003) drill core PAH data, based on both naphthalene
and total unsubstituted PAH concentrations. The 3-D visualizations illustrate the limited area of higher
PAH concentrations that have the potential to become bioavailable and pose a potential risk to aquatic
organisms.

Screening Criteria for Sediment Quality

TAC members requested clarification of the criteria used to delineate contaminated sediment. Many
Canadian ecological risk assessment practitioners have found that the CCME Interim Sediment Quality
Guidelines (ISQG) are not reliable predictors of benthic community effects, and that the ISQG values are
often so low that in many cases virtually all sediments in urban setting or even based on natural
mineralization exceed one or more ISQGs.

In light of general reservations about the high degree of conservatism of CCME 1SQGs, UMA (2003)
elected to compare sediment PAH data to Probable Effect Levels (PELs). It should be noted, however,
that many of the issues associated with derivation of the CCME ISQGs also apply to the derivation of
PELs. The comparison, therefore, was simply intended to show relative degree of contamination within
different areas of the riverbed.

Above all, a site-specific ecological risk assessment has been completed for the Red River adjacent to
the Sutherland Site, and this is provided as a more proximate and more accurate assessment of the
potential for ecological risks than the use of generic environmental quality criteria.
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Individual PAH Surrogates of Coal Tar Contamination

In addition to the criteria used to delineate the contaminated sediment plume, TAC members requested
clarification for the use of naphthalene and benzo(a)pyrene as surrogates. Naphthalene is considered a
good surrogate for coal tar distribution since it is the individual PAH occurring in the highest proportion in
coal tar contaminated sediments. Benzo(a)pyrene was secondarily used as a chemical surrogate of coal
tar distribution based on its proportional concentration, known mode of action as a cancer-causing
substance, and based on the large amount of scientific information available regarding its environmental
fate and effects. The two surrogate PAHSs also represent different ends of the spectrum of soil (or
sediment) — water partitioning tendency, volatility, and expected toxicological mode of action in various
biota [carcinogenic and strongly MFO (mixed function oxygenase)-inducing vs non-carcinogenic and
based largely on non-polar narcosis].

Spatial Variation in Sediment PAHs and Benthos

TAC members requested clarification of the relative impacts of PAH impacted sediment to the macro-
invertebrate population adjacent to the Site relative to the urban Red River aquatic environment. The
aquatic risk assessment described in the CEMP makes reference to a possible influence of PAHs on
reference station sediments down river from the Site. While the downriver reference sites contained
average PAH concentrations that were five-fold higher than the upriver reference sites, such differences
do not appear to be a result of downriver mobilization of coal-tar contaminated sediments from the
riverbed adjacent to the former MGP site. Rather, the PAH composition of all reference site samples is
consistent with expectations based on stormwater inputs from urbanized areas in other North American
communities.

Other Possible Sources of PAH Contamination to the Urbanized Red River

TAC members inquired as to other sources of possible PAH contamination to the urbanized Red River.
Within the Winnipeg environment, major expected sources of PAH loading to the Red River might include
(in possible order of priority):

Stormwater runoff;

Discharge of treated sewage effluent;

Direct discharge from adjacent industrial and historically contaminated sites and/or petroleum spills;
Direct atmospheric deposition of combustion-derived fine particulates containing PAHSs.

Chambers et al. (1997) reported that discharge of treated municipal sewage effluent in Montreal
contributed approximately 1.2 kg/d (440 kg/y) of PAHSs (including 21 individual PAH). ). Current estimated
PAH loading from the MGP site of dissolved naphthalene to the Red River via groundwater is 0.33 kg/y.
No similar mass loading estimates are available for the City of Winnipeg based on either stormwater or
treated sanitary wastewater inputs; however, the presence of PAHs in surficial sediments in the Red River
is not surprising in light of studies on stormwater inputs that have been conducted in other cities.

Effects on Sediment Associated Fauna: Relationship Between PAH Bioavailability and Observed
Ecological Response

TAC members raised the issue of site-related impact based on the benthos data and requested
clarification of the risk assessment work. The CEMP for the Site is based on an ecological risk
assessment completed in 2003/04. The risk assessment, based on the investigation of field occurrences
of benthic macroinvertebrates, demonstrated that there is a very limited impact on benthos from PAH
contamination in the Red River adjacent to the Site. While there was a statistically significant negative
correlation between the logso PAH concentration and macroinvertebrate abundance, this relationship
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accounted for only ~5% of the between-site variability in macrobenthos abundance. It was noted that
measures of sediment particle size (% clay), sediment organic carbon content and various geological
origin metals were at least as strongly correlated with variations in benthos abundance as the sediment
PAH concentration, in spite of the fact that PAHs in sediment samples exhibited a concentration range
spanning four orders of magnitude.

The apparent lack of substantial toxicological response of sediment-associated fauna to coal tar
contamination bears further scrutiny from mechanistic/causal perspective. In particular, it was
hypothesized that limited bioavailability of PAHs in the coal tar contaminated sediments could account for
the observed benthos data. A follow-up study was conducted in August - October, 2007. To evaluate the
apparent lack of bioavailability and hence toxicity of PAHs, the dissolved concentration of PAHs in
porewater extracted from sediment samples was determined using recently published ASTM standard
methods and guidance prepared by the U.S. Environmental Protection Agency for predicting the toxicity
of PAH mixtures (ASTM, 2007; US EPA 20083).

The follow-up study confirmed that individual PAHs are less likely to partition from sediment particles into
pore water, and hence exhibit bioavailability, by a factor of more than two orders of magnitude in
comparison with predictions from simple partitioning theory.

The concentration of bioavailable PAHs measured in the Red River sediment samples was evaluated
against the bioavailable PAH—toxicity curve for Hyalella azteca derived from existing data for 133
freshwater sediments from 7 MGP and 2 aluminum smelter sites across North America. H. azteca was
selected as the test organism for assessing sediment toxicity because it is considered to be highly
sensitive to hydrocarbon contaminants and its survival and growth test endpoints have good precision.

The site-specific bioavailability assessment indicated that sediment samples in the Red River adjacent to
the Sutherland Site with PAH16" bulk sediment concentrations exceeding 285 mg/kg are likely to be toxic
to benthic biota in laboratory toxicity tests, while sediments with <66 mg/kg PAH16 in bulk sediments are
likely to be non-toxic.

Sediment samples in the Red River that exhibit high concentrations of bioavailable PAHs and may be
expected to be toxic were geographically centered in the area located just north of the Disraeli Bridge.
These areas of sediment with PAH16 bulk concentrations >285 mg/kg are likely to be toxic to benthic
invertebrates if exposed at the sediment surface within the zone of benthos burrowing; however, the
estimated aerial extent of surficial sediments with >285 mg/kg PAH16 is quite limited relative to the total
volume of coal tar contaminated sediment adjacent to the Site. In addition, there currently exists a thin
veneer of sediment over the coal tar deposits, which originates from upriver areas, and may provide
sufficient depth of habitat to facilitate presence of a relatively diverse community of benthic invertebrates.

Above all, the new PAH bioavailability data helps to explain the 2003 benthic community data. Assuming
that a bulk sediment concentration of 285 mg/kg PAH16 is indicative of a high probability of adverse
effects on benthic invertebrates (and that the Hyallela laboratory-based toxicity test is a sensitive
predictor of toxicity to aquatic animals), only 1 of 25 sites sampled in 2003 for the ecological risk
assessment would be predicted to show unacceptable risks. An additional 2 of the 25 stations sampled in
2003 had PAH16 concentrations in the uncertain concentration range between 66 and 285 mg/kg, for
which toxic potential is uncertain. 22 of 25 sites sampled in 2003 (10 reference sites plus 12 of 15 sites in
the coal tar contaminated area) exhibited PAH concentrations that would be in the non-toxic range (<66
mg/kg PAH16). Overall, the previously observed status of the benthos is consistent with what would be
predicted from the results of the 2007 bioavailability study.

" PAH16 is the total concentration of the sixteen commonly analyzed unsubstituted PAHs.
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Human Health Risks Associated with River Water and Sediment Contact

TAC members inquired if human health risks associated with exposures in or adjacent to the Red River
have been assessed. A quantitative evaluation of possible human health risks was completed for
scenarios involving dermal (skin) contact with the contaminated sediments in the Red River

Consistent with the recommendations of Health Canada (2004), the toddler receptor was used to
evaluate non-cancer risks while the adult was used to evaluate cancer risks. Both cancer-related and
non-cancer risks risks are acceptably low for possible human exposures to surface sediment, based on
current riverbed conditions adjacent to the Sutherland site.

Risks to humans from exposures to coal tar contaminated sediments are unlikely.

MONITORING RECOMMENDATIONS

Surface Water Chemistry

TAC members raised the issue that there is limited information on the concentrations of PAHs or other
related coal tar related contaminants in the water of the Red River. It is the intention of MH to include
sampling and analysis of riverine water in the ongoing Remedial Monitoring (RM) program.

Future Status of Coal Tar Contaminated Sediment in the Red River

TAC members noted that there is limited information about the re-mobilization of coal tar contaminated
sediments and the effects of re-distribution of the sediment plume as a result of river currents and ice
scouring. It is recognized that coal-tar contaminated sediment near the surface of the riverbed will
continue to go through episodic burial with sediments originating from upriver sources, punctuated with
scouring events during extreme floods.

Natural attenuation is a term used to describe naturally occurring processes that can reduce the mass,
toxicity, mobility, volume or concentration of contaminants in soil, groundwater, or sediment. Processes
that have a major influence on the fate of hydrophobic organic contaminants in soils include:

dissolution of components at the source;

mass transfer of the dissolved organics into groundwater;
transport in groundwater by advection, dispersion and diffusion;
sorption; and

chemical and biological transformations.

® o o o o

An important sediment attenuation process in aquatic environments is the bulk transport of contaminated
sediments either through bedload transport or sediment re-suspension and deposition in downcurrent
areas.

A brief review is provided to the multimedia partitioning behaviour of coal tar mixtures in soil-groundwater
and sediment-porewater-overlying water systems, and especially of potential for biodegradation or other
attenuation mechanisms. In general, the rate of partitioning between solid-phases and the surrounding
aqueous media is expected to be slow owing to the non-polar nature and strong hydrophobicity of PAHs
and (to a lesser extent) monoaromatic hydrocarbons. Groundwater or porewater concentrations have
been shown experimentally to be consistent with predictions from Raoult’s Law: The actual observed
concentrations of individual coal tar constituents, therefore, tend to be much lower than would be
predicted from compound-specific solubility limits or Kow estimates. Transport of dissolved chemicals
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from the sediment to overlying water is mediated by the velocity and variability of water flow across the
sediment-water interface.

Overall, it is also expected that concentrations of coal-tar constituents will decrease only very slowly (over
decadal time periods) in highly contaminated areas of subsurface soils and sediment. At the edges of the
coal tar contaminant plume, the proportion of mass that partitions into porewater from soils/sediments and
biodegradation rates should be much higher than in more contaminated zones. Thus, attenuation rates
are likely to be enhanced in areas with lower concentrations of coal tar constituents along major transport
pathways.

It is expected that there will be future re-suspension of coal tar contaminated sediments during high
energy flood events. Depending on the energy and turbulence of river bottom flows, coal tar materials
might be transported both as sorbents to sediment particles and as small free-based droplets and as coal
tar pitch. Re-distribution would invariably result in deposition intermixed with sediments from other areas
of the Red River. Therefore, either the concentration in downriver areas will decrease sufficiently to
facilitate accelerated attenuation, or fine masses of concentrated PAHs will be intermixed with a much
larger mass of less or non-contaminated sediment.

Changes in land use and construction activities along the river bank and the Disraeli Bridge could result in
the release of coal-tar contaminants to the local environment and the potential for increases in human
and ecological exposures. It is anticipated, however, that a screening level study of these construction
activities, which could potentially impact fish habitat and therefore potentially involve the federal Fisheries
Act, would be undertaken in accordance with the Canadian Environmental Assessment Act (CEAA). Any
such activities, therefore, will need to consider whether the previous evaluations of human health or
ecological risks have adequately accounted for new conditions that may arise as a result of the proposed
project. Such a formal analysis will be an important pre-requisite to the establishment of appropriate risk
management strategies; for example, avoidance or engineered controls. To facilitate such future
planning, it will be important that the MH’s CEMP and underlying information on site characteristics are
adequately communicated to relevant parties, and are available for future review.

Ongoing Monitoring Program in the Context of the Federal Environmental Effect Monitoring (EEM)
Programs

TAC members suggested that the effectiveness of the monitoring program be re-assessed by
incorporating elements of federal EEM programs. The federal EEM program was designed to address
active aqueous discharges into fish-bearing waters from continuing industrial operations (metal mining,
pulp and paper production) while monitoring at the Sutherland Site is focussed on the historical release of
coal tar residues, and has a slightly different objective.

Regardless of their differences in intent, the Sutherland RM Program and EEM programs share a
common set of scientific tools, including use of chemical tracers to establish the spatial influence,
laboratory toxicity tests to predict toxicity to fish in the receiving environment, and benthic infaunal
analysis.

Proposed Sutherland Site RM Program

TAC members requested an explanation of the proposed frequency of sediment, groundwater, aquatic
biota and soil vapour monitoring. The RM program incorporates elements of the EEM program including
sub-lethal testing of the groundwater; chemical characterization of the groundwater; water quality
monitoring of the Red River; site characterization (contaminant plumes in soil, groundwater flow and soil
vapours); and monitoring of the benthic invertebrate community in accordance with the methodologies
prescribed in the EEM program.
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The proposed RM program includes the following:

e Upland Groundwater
e Upland Vapour, and
¢ River Sediments, River Water and Biota.

A monitoring frequency is proposed as follows:

e river surface sediments and water quality - annually;
e river subsurface sediments - every 10 years;

e bioavailability testing - 3 and 5 year frequency.

The benthic community monitoring frequency will be re-assessed based on the results of the
bioavailability study.

The CEMP proposes that groundwater will be monitored annually to provide a continuing assessment of
groundwater quality and estimates of the mass loading of naphthalene into the river environment.

Quarterly monitoring of combustible vapour is proposed in the RM program for the Site. This is in
recognition of the potential strong seasonal variation in soil vapour concentrations of volatile
contaminants arising from contaminated soils and groundwater. A reduced frequency may be warranted
in future years, once an adequate understanding of both spatial and temporal variability is achieved.

Communication and Reporting Plan

TAC members requested that Manitoba Hydro develop a communications and reporting plan to keep all
stakeholders informed. The CEMP includes the preparation of an annual report describing all field
activities, monitoring results and recommendations for further remedial actions if required.

Manitoba Hydro will implement a communications plan that will keep stakeholders (regulatory agencies,
public representatives, the local community and Manitoba Hydro Sutherland staff) informed of the
management plan, current site investigation and monitoring activities, site conditions and future
investigation/monitoring activities and remedial actions. The regulatory agencies identified in the
communications plan include the TAC members, Environment Canada, Fisheries and Oceans Canada
and the Public Utilities Board. The local community around the former Sutherland MGP site has been
identified as the general public stakeholder. Additional agencies, groups and individuals may be added to
the currently identified stakeholders based on the response to communications or specific requests
received by Manitoba Hydro. Manitoba Hydro Sutherland staff has also been identified as a stakeholder.

Upon the approval of the Management Plan, Manitoba Hydro will prepare a summary document providing
the background history of the former Sutherland MGP site, investigation studies, the Management Plan
and Director’'s Order. MH will conduct an Open House for the local community.

POSSIBLE ALTERNATIVE REMEDIAL OPTIONS

TAC members requested evaluation of the possible range of remedial options for coal tar contaminated
sediments in the Red River, including in-situ technologies and measures that might be taken to curtail or
reduce the movement of coal tar contaminants from the Site. A monitored natural recovery (MNR) remedy
has been proposed for the Sutherland Site and adjacent environment. This is based primarily on the
evidence provided by the ecological risk assessment, showing no obvious impacts of the contaminated
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sediment on sediment-dwelling faunal communities. Follow-up studies have indicated that there is a
relatively small, discrete area of riverbed in comparison with the entire contaminant plume for which
biological impacts from PAHs would be expected if the most contaminated sediments were available to
biota at the sediment surface.

The estimated total volume of contaminated sediments is 50,000 cubic metres contained in an area of up
to 80 metres wide by 700 metres long. Remedial options other than MNR for sediments were not
described in detail in the CEMP. The potential benefits and drawbacks of dredging, capping, and in-situ
sediment treatment are further discussed in this document.

Dredging

A typical sequence of dredging steps includes (i) debris removal; (ii) sediment removal; (iii) transport; (iv)
staging; (v) pretreatment/dewatering; (vi) water treatment and disposal; and (vii) sediment transport,
treatment, and disposal. Dry dredging would likely not be feasible as it would involve re-routing the Red
River or otherwise isolating the contaminated sediments from the flow of the river.

Contaminated sediment, and approximately 15 to 30 centimetres of material below the contaminated
layer (overdredge), are usually targeted. Dredging of contaminated sediments in riverine environments
typically results in loss of 10% or more of the contaminated sediment mass to surrounding areas, even
using the best available technology. The Red River environment is far from conducive for retention of
most of the contaminated soil mass if sediment removal were to occur “in the wet”. Due to re-suspension
during dredge operations, and residual contaminated sediment left after dredging, additional dredging,
capping, evaluation of aquatic ecological risks and/or monitored natural attenuation are commonly
necessary.

A large amount of water that is incorporated into the dredgate must be subsequently removed by
dewatering at an appropriately large staging area. There is likely to be insufficient land area local to serve
as a dredgate handling/dewatering area for hydraulic removal, and possibly for mechanical removal.
Dewatering invariably requires further treatment of decanted or filtered water.

Upstream and downstream water quality monitoring would be required to evaluate impacts to the river
and provide feedback for modification to the dredging activity to reduce pollution. Air monitoring would be
required to protect worker safety and public health.

Residual contaminants would likely be left in the river due to the proximity of the Disraeli Bridge piers and
the natural gas pipeline.

Capping

Capping involves placing a layer of cleaner dredged material or geologic materials from upland borrow
sources over contaminated sediments, to isolate the contaminated zone from the biologically active
portion of the aquatic environment. Major steps in contaminated sediment capping project include (i)
detailed site characterization; (ii) detailed sediment characterization; (iii) cap design and construction; (iv)
monitoring and cap maintenance.

Caps are designed as a series of layers that function to physically isolate the contaminated sediments
from the aquatic environment, stabilize the cap and protect it from erosion, and to achieve chemical
isolation for contaminant migration through the cap.

The sediment to be capped at the Sutherland site is mostly fine grained with some sand. To stabilize the
sediments and to prevent re-suspension, the capping material would need to be of similar grain size. If
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the capping material is placed slowly and evenly the load applied to the sediment is also more evenly
distributed reducing the potential for isolated bearing failures. With time, as the pore pressure dissipates,
the confined sediment becomes denser through consolidation, and gains strength. The potential for a cap
to resist the possible vertical movement of dissolved contaminants by advection and the inevitable
movement of contaminants by molecular diffusion needs to be assessed.

The main forces that could disturb the sediment cap are the river currents, especially from flood events.
Armoring the cap with a layer of gravel or rock would minimize the potential for cap erosion during floods.
The type of armouring (hard, soft, other) has obvious implications for the type of aquatic habitat available
on the cap. A long-term monitoring program is required to evaluate the integrity of the cap, recolonization
by biota and evidence of contaminant migration.

In-situ Sediment Treatment

A limited number of in-situ contaminated sediment treatment options exist in theory, including
bioremediation, solidification/stabilization and chemical oxidation. None of these have been attempted for
MGP site sediment contamination, however, and the efficacy is highly speculative. Enhancing microbial
decomposition of PAHs in sediments might reduce PAH concentrations by as much as 75 percent;
removal efficiencies of 90% or greater would be required to reduce PAH concentrations in the most highly
contaminated zones if a concentration that is lower than risk-based thresholds is to be achieved. The
overall effectiveness and rate of contaminant decrease achieved by in situ methods is strongly controlled
by solid-phase to water partitioning rates, which tend to be very low for coal-tar contaminated soils and
sediments. Just as the demonstrated limited PAH bioavailability would limit risks to bottom-dwelling biota,
it will also strongly limit PAH availability to bacteria that exhibit degradation potential. Limnofix™ has been
used to destroy over 99% of sulphide contaminants in sediments, but has not been as efficient in
destroying PAHs and has not been used to treat sediments at MGP sites.

Evaluation of Other Remedial Technologies to Address Contaminant Transport from Upland to the
Red River

An annual flux of ~0.33 to 0.37 kilograms of naphthalene has been calculated for the groundwater flow.
Another potential concern for off-site migration is DNAPL that may migrate independently from
groundwater.

This flux could be curtailed through installation of an interceptor trench. Based on the Site configuration,
such a trench would need to be approximately 300 metres long, located between the dike and the river
bank. The trench would be keyed in to the till layer approximately 15 metres below the ground surface.
The bottom of the trench would contain perforated piping and would be sloped to one or more sumps
where DNAPL could collect for recovery.

Vertical risers in the trench would also allow for the recovery of groundwater, and the entire trench would
be filled with coarse granular materials such as sand or pea gravel. Groundwater interception would
require pumping approximately 300,000 litres per year and the average linear groundwater velocity of 2.8
x 10 metres per second.

A water treatment system would be needed to treat recovered groundwater to surface discharge
standards. This would likely include iron removal and carbon filtration for organic compounds prior to
discharge to the Red River.

Installation of the interceptor trench along the river bank may require removal of abandoned municipal
infrastructure and measures to ensure river bank stability. A long-term maintenance and monitoring
program would also be required.
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1.0 Introduction and Objectives

The Technical Advisory Committee (TAC) was convened by Manitoba Conservation (MC) to provide
technical input into the draft Comprehensive Environmental Management Plan (CEMP) that has been
developed by Manitoba Hydro (MH) for the former Manufactured Gas Plant (MGP) site (the “Site”) at 35
Sutherland Avenue, Winnipeg, MB. The TAC first met on December 14, 2006, and for a second time on
March 1%, 2007. A major objective of the March 1* meeting was to discuss comments from the TAC on
the draft Management Plan as well as supporting technical documents provided to the TAC during the
first meeting.

Following the TAC meeting in March 2007, and a subsequent comment period, UMA Engineering Ltd.
prepared a work plan on behalf of MH, outlining issues raised by TAC members and how these would be
addressed. The intent of this document is to address in detail the technical review comments received
verbally and in writing from the TAC regarding the Site and the earlier circulated draft of the CEMP.
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2.0 Issues Identified by TAC

The issues identified by the TAC have been placed in the following categories to facilitate discussions:

e Site Assessment Studies/Environmental Risk Assessment (section 2.1);

e Monitoring Recommendations Arising from Risk Assessment and the Management Plan (section 2.2);
e Possible Alternative Remedial Options (section 2.3); and

e Miscellaneous (section 2.4).

Based on the state of practice in North America, Europe, Australia and New Zealand, decisions about
contaminant risks and site remediation are grounded firstly in the best available knowledge about physical
and chemical site conditions, and secondly in how such conditions might adversely influence the
biosphere, including humans (i.e., possible ecological and human health risks). The order of listing herein
of the issues identified by the TAC parallels this state of practice. Therefore, discussions in section 2.3
are based on an explicit understanding that any remedial options need to be explicitly linked to the prior
scientific/technical decision making process, as addressed in sections 2.1 and 2.2. In particular, technical
decisions around risk management as presented by MH have followed the logic that the need for risk
reduction is very important for defining management objectives, and that any possible benefit of future
actions is explicitly tied to expectations for a commensurate reduction in environmental risks.

2.1 Site Assessment Studies/Environmental Risk Assessment
The issues identified are divided into on-site and off-site issues to facilitate discussion.

On-site issues are those that relate to characterization, prediction of contaminant fate, human health or
ecological risks, and risk management strategies for the Site proper.

Off-site issues revolve around the following:

(i) the potential for past-release contaminants to move toward and beneath adjacent uplands
areas, including residential areas;

(ii) the potential for past-release contaminants to move into the Red River, including the
embankment and seasonally wetted areas; and

(iii) the impact of past-release contaminants (coal tar) that have already been deposited on the
river bed.
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2.1.1  On-Site Contaminant Assessment and Environmental Risk Issues Identified

UMA

Major issues identified in this sub-area are tabulated below, along with the proposed resolution:

There is some confusion
surrounding statements about
observations on NAPL presence in
various boreholes and monitoring
wells.

Proposed Resolution

Section in

Report
3.0

The issue arises from new information
received from investigations undertaken
since 2005. MH to provide updated site
representations in plan view and cross-
section, documenting observed NAPL
occurrences.

No other substantive issues
identified to date

2.1.2 Off-Site Contaminant Assessment and Environmental Risk Issues Identified

Major issues identified in this sub-area are tabulated below, along with the proposed resolution:

Proposed Resolution

Section
in
Report

Delineation of contaminated Additional clarification required about 4.7
sediment made reference to the limitations of CCME sediment quality
Canadian Council of Ministers of guidelines and especially ISQG as a
the Environment (CCME) Probable | predictor of ecological risks. In addition, we
Effects Level (PEL) guideline, but wish to clarify that the Comprehensive
not the more sensitive Interim Environmental Management Plan is based
Sediment Quality Guideline on site-specific studies that are more
(1SQG). directly applicable than use of generic

CCME sediment quality guidelines.
Naphthalene (and benzo[a]pyrene) | Further detail on underlying rationale and 4.8
was used as the surrogate PAH for | implications to be provided. Evaluation of
delineation of contaminated coal tar residues distribution based on total
sediment. unsubstituted PAH concentrations is also

provided
A 3-D visualization of the coal tar MH will evaluate feasibility of developing 4.6
contaminated sediment plume in such a visualization.
the Red River would assist with
planning exercises.
Explanation required of the annual | Explanation, updated estimates and 4.2
naphthalene loading estimates via | detailed examination of uncertainties to be
the groundwater (and associated provided.
uncertainty) as well as the term
“significant” as it relates to potential
aquatic impact.
There was concern that a single Additional discussion required of 4.2
estimate of groundwater transport subsurface soil conditions, including
velocities and hydraulic hydraulic conductivities, the assessment of
conductivity was used to estimate groundwater flow and preferential
rate of transport of coal-tar derived | pathways. MH to clarify that contaminant
contaminants from the site to the flux estimates were based on different

AECOM
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Red River, based on dissolved
phase transport. The estimates
may be unrealistic relative to
variations in subsurface conditions
along the larger implicated flow
path.

Proposed Resolution

observed groundwater concentrations and
K values at different zones between the
site and outflow face.

“The till is apparently being Additional clarification of the vertical extent 4.2
considered as an impermeable of soil and groundwater contamination and

base and there would be minimal the expected influence of various soil strata
contamination below the top of the | or channels, including deeper till, to be

till. These tills can be relatively provided.

permeable. Any ideas on the

hydraulic conductivity of the till and

how it compares to the overlying

materials? “

A flow path diagram has not been Additional discussion/evaluation of 4.2
developed, based on the cross- groundwater flow paths is merited.

sections or water table elevation

maps as presented. Is groundwater

movement through preferential

pathways or units? There was

reference to an older report that

said groundwater wasn’t able to

transmit to the river through the

sand layers since these layers are

not aerially extensive. Is this the

same conclusion that is reached

after additional drilling has been

done?

The reports lack sufficient MH will arrange for collection of additional 4.4
information on surface water Red River water samples to assess surface
chemistry (see also comments in water chemistry, especially at the sediment

Section 2.2) surface.

The risk assessment report MH will elaborate on the basis of 4.9
indicated that there was a interpretation of the sediment risk

significant difference in assessment by providing additional detail
macroinvertebrate density between | to what was provided in the risk

various station groupings, but did assessment.

not indicate whether there was a

significant difference in sediment

PAH concentration between the

five groups (low, medium, high

PAH levels; up-river reference;

down-river reference).

There was an assertion that the MH elaboration on risk assessment will 411

benthos data clearly show a site-
related impact.

expand on the original intent to develop a
site-specific remedial objective based on
concentration-response relationships. The
clarification will further discuss the

UMA

AECOM
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Proposed Resolution

Section
in
Report

statistical evaluations, including their power
to detect site related impacts if present.
The response will discuss the role of
bioavailability, and how this influences links
between chemical concentration and
biological response. The response will also
provide a review of experiences about
aquatic life risks and bioavailability at other
North American MGP sites.
Sediment samples from Evaluation of statistical significance of 4.9,
downstream reference stations differences in PAH concentrations for 411
exhibited much lower PAH various station groupings to be undertaken
concentrations than sediments and provided to TAC.
from the areas adjacent to the
Sutherland Site, although these
samples exhibited PAH
concentrations that were more than
two fold higher on average than the
upstream stations. Are these
differences in PAH contamination
significant?
The report suggests that there is a | Response to provide additional discussion 410,
separate PAH source affecting the | of major processes that have and will likely 411,
sediment samples at the continue to affect fate within the river bed 5.3
downstream sites. Could flow and of PAH-contaminated sediments from coal
scouring perhaps have carried tar and other sources, including deposition,
more contaminated sediment that burial, scouring, and downriver transport.
was adjacent to the Sutherland Site | The discussion will describe techniques for
further downstream? If this is not differentiating coal-tar derived from other
plausible, what would be the other PAH source types (or non-point source
potential sources of PAH inputs, including CSOs and storm sewers).
downstream?
Clarification required of the relative | Benthic biota risk assessment to be further 4.9,
impacts of the PAH impacted explained. Some discussion about other 4.11
sediment adjacent to the potential sources of contaminants to the
Sutherland site relative to the Red River to be provided.
urban Red River aquatic
environment (relationship to PAH
concentrations in the sediment to
macro-invertebrate population).
Have human health risks MH to provide additional quantitative 412
associated with exposures in or assessment of human health risks
adjacent to the Red River been associated with possible exposures of
assessed? humans from coal-tar contaminated soil,
sediment and water associated with other
than soil vapour intrusion into on-site or off-
site buildings.

UMA

AECOM
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2.2 Monitoring

The proposed management plan includes an ongoing monitoring component, and might include
specialized studies. In addition, it may be necessary to develop contingency strategies for either (i) the
re-evaluation of degree of impact, or (ii) potential influence of other planned activities on the status of
contaminant distribution and risks in the river bed. The following comments relate to the monitoring
program as either inferred from or proposed in the draft management plan:

There is very limited information on
the concentrations of PAHs or
other coal-tar related contaminants
in the water of the Red River as
opposed to sediments, and this in
turn undermines confidence in
predictions about either
groundwater-related releases from
the site or re-mobilization to the
water column from coal tar
contaminated sediments.

Proposed Resolution

MH will arrange for collection of
additional Red River water samples to
assess surface water chemistry,
especially at the sediment surface. A
spatial sampling pattern is needed to
characterize up-river water quality to
compare with water quality adjacent to
or down-river from the site.

Section in
Report

There is only limited information on | The proposed monitoring program will 5.5
Red River water quality or be updated to better address intra- and
sediment-water fluxes of PAHs inter-annual variability in exposure
seasonally within a year, or concentrations in the water column and
between years. down river.
Annual monitoring of the spatial
extent and concentration of PAH in
the sediments and monitoring of
the benthic community every five
years is not sufficient to detect
environmental changes.
Some previous reports make MH to clarify the relationship between 4.5
reference to a “doubling in size” of | observational techniques used in
the coal tar contaminated sediment | previous studies and the various
plume between 1995 and 1997, assertions about spatial and depth
and made references to other extent of coal tar contamination in the
changes in spatial extent of river Red River sediments. This will also
bed contamination. include discussions about future
evaluations of riverbed distribution.
While the draft Management Plan Assessment of other sources of PAHs 4.10
and supporting documents make to the Red River would be based on
reference to other sources of inclusion in future water and sediment
contaminants, including PAHSs, to sampling programs of an expanded
the Red River, no specific number of both up-river and down-river
information is available. reference sites.
The effectiveness of the monitoring | The proposed monitoring program will 5.4

program should be re-assessed by
incorporating elements of
Environmental Effects Monitoring
(EEM) to better assess changes to
the aquatic ecosystem including
toxicity testing of other aquatic

be re-evaluated relative to the
particulars of the metal mining and pulp
and paper EEM programs.
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Issue Proposed Resolution Section in
Report

species and evaluation of

toxicological thresholds of/effects

of PAH metabolites.

Explanation required for the Additional details of the monitoring 5.5

proposed frequency of monitoring program to be developed.

sediments, groundwater, aquatic

biota and soil vapours.

Results from two rounds of UMA has clarified that the methods 5.5

groundwater laboratory toxicity used to sample groundwater and

testing have been provided to TAC. | develop the piezometers were the same

These apparently employed for both programs. This will be clarified

different methodologies. in writing.

Use of larval fathead minnows may | Updated proposed monitoring program

be preferable to use of larval trout will re-evaluate toxicity test species and

in groundwater bioassays, since methods that will be used to assess

the former are endemic species to | ongoing risks from groundwater-

the Red River. mediated transport.

There is a need to establish Agreed. This will be provided for 5.6

response levels for various forms evaluation by TAC.

of future risk management action,

and the type of response that

would be implemented.

No detailed assessment was A desk-top evaluation to be completed 5.3

provided on the possible and provided, based on the current

characteristics of and effects of re- | state of predictive knowledge.

distribution of the sediment plume

as a result of Red River currents

and ice scouring based on PAH

concentration and spatial

distribution.

MH should develop a A section outlining reporting and 5.7

communication and reporting plan | communication responsibilities will be

in addition to Manitoba provided as an addendum to the

Conservation’s regulatory reporting | Management Plan.

requirements, to keep all

stakeholders informed (Based on

acceptance of the management

plan, Conservation would issue a

Director’s Order that would include

reporting requirements).

Other activities might occur in the Provide a more detailed explanation of 5.3

future that would disturb coal-tar
contaminated soils and sediment.

contingency plans to address changes
in land use and construction activities
along the river bank and the Disraeli
Bridge that would result in potential
exposure to PAHSs. In particular, it is
recognized that relevant site conditions
will require documentation and
communication to anyone who might

UMA ’ AECOM
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Proposed Resolution

encounter them in the future.

UMA | AECOM

Section in
Report

23 Alternative Remedial Options

Major issues identified in this sub-area are tabulated below, along with the proposed resolution:

Issue

No assessment completed to date
of natural attenuation /
bioremediation / bioavailability and
release of PAH from the sediment
over time, including releases due
to ice scouring and flooding.

Proposed Resolution

A scientific literature review will be
completed to assess (i) rates of coal tar
and PAH biodegradation in freshwater
riverine sediments, (ii) factors that
enhance or retard contaminant
degradation rates in freshwater
sediments, and (iii) expected effects on
benthic infaunal macroinvertebrates
relative to the currently documented
riverbed conditions

Section in
Report
5.3

The draft Management Plan does
not evaluate the possible range of
remedial options for the uplands
portion of the contaminated site.

Pros and cons, and especially need for
active remediation of impacted soils and
groundwater, will also be examined in
more detail.

6.3

The draft Management Plan does
not evaluate the possible range of
remedial options for coal-tar
contaminated sediments in the
Red River.

MH will provide a high-level
(conceptual) assessment of the
alternative remedial options that might
be considered. For each option, the
possible benefits of each approach will
be listed, along with potential issues
and/or critical success factors, including
estimation of PAHs released and their
potential impact to the aquatic
environment; requirements for
management of PAH impacted
sediments removed from the river by
dredging option, regulatory approvals
required and limitations of alternative
remedial options.

Assessment of alternatives to include (i)
sediment removal by dredging in the
wet, (ii) removal in the dry after re-
routing or excluding river water, (iii)
barriers, and other. Advantages and
possible limitations of “Limnofix™ will
be discussed, along with other
experimental and proven technologies,
including information from other
jurisdictions. The overall analysis will be
conceptual only.

6.2

The draft Management Plan does
not evaluate the possible

MH will provide an updated assessment
of other alternative remedial

6.3
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Proposed Resolution Section in

Report
measures that might be taken to technologies including pump-and-treat,
curtail or reduce the movement of | cut-off barrier walls, etc. to address sub-
coal-tar associated contaminants surface transport pathway.
from the uplands site into the Red
River, either in dissolved phase or
the non-aqueous liquid phase

(NAPL).

Overall - MH will establish response levels that 5.6
would require consideration of
implementing an alternative remedial
option.

24 Miscellaneous Issues

Major issues identified in this sub-area are tabulated below, along with the proposed resolution:

Issue Resolution
The term “approved backfill” was used in some | Reference to approved backfill appears to be in
of the reports. What does this mean? the context of past re-development of the Site,

from a decommissioned MGP site to its current
configuration. Manitoba hydro believes based
on the information reviewed that all materials
brought in when the site was converted from
the MGP to the current commercial facility was
uncontaminated (i.e. sourced from a clean
borrow area).
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3.0 On-Site Contaminant Distribution
and Fate

3.1 Issues ldentified
Issues identified include —

e There is some confusion surrounding statements about observations on NAPL presence in various
boreholes and monitoring wells.

e Relationship between observational techniques used in previous studies and the various assertions
about spatial distribution and depth of coal tar contamination.

In addition to this, we provide herein a summary of the results of recent soil vapour analysis work.
3.2 Soil Stratigraphy

Based on observations made during the various drilling investigations that have been undertaken at the
site, the undisturbed subsurface stratigraphy at 35 Sutherland Avenue consists of three major units:
lacustrine materials, glacial till, and carbonate bedrock. A base plan of the site is included in Figure 3-1.
Updated cross-sections of the soil stratigraphy at the site are provided in Figure 3-2, Figure 3-3, Figure 3-
4, and Figure 3-5, and the stratigraphic units are described in more detail, below.

3.2.1  Alluvial/Lacustrine Materials

Fill materials, up to 4.6 m in thickness and consisting of a combination of clay, sand, gravel, and coal,
have been encountered in the majority of the test holes drilled at the site. The types and quantities of the
native soils beneath the fill materials at the site are highly variable. To the south of the Main Operations
Building and along Gladstone and Annabella Streets, the soil stratigraphy primarily consists of high plastic
clay, with inclusions of sand, silt and gravel. In the northern portion of the site, between the south bank of
the Red River and the site building, the soil stratigraphy is highly variable and complex, consisting of
distinct, interbedded layers of low to high plastic clay, low plastic silt, and fine sand.

3.2.2 Glacial Till

Several of the test holes at the site have been advanced into the glacial till underlying the lacustrine
materials. Though the primary constituent of the till is silt, some sand and gravel are also present. The
depth at which till is encountered is fairly consistent across the site, ranging from 8.2 m to 15.6 m below
grade.

3.2.3 Bedrock

According to the Geological Engineering Maps and Report produced by the former University of Manitoba
Department of Geological Engineering in 1983, the carbonate bedrock in the area of the site is of the
Selkirk Member and consists of mottled, fossiliferous dolomitic limestone, with abundant chert nodules in
the upper limestone layer. Based on the stratigraphy recorded in monitoring well BW-46, completed
northwest of the MH property, on the north side of Rover Avenue, bedrock in the vicinity of the site is
encountered at approximately 33 m below grade.
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3.3 Spatial Distribution and Depth of Coal Tar Contamination

We provide herein updated drawings and textual summary regarding what is known about the distribution
of non-aqueous phase liquids (NAPL) (coal tar) beneath the Sutherland Site. A plan view of the locations
in which coal tar contamination has been previously identified during the historical and most recent drilling
investigations is provided in Figure 3-6. Figure 3-7 illustrates our understanding of the depth NAPL
presence at the site, based on the data and observations available to the present time.

As indicated on Figure 3-6, seeping or free-phase coal tar was observed during various drilling
investigations in the lacustrine deposits within test holes/monitoring wells MW-48, MW-24D, MW-23C,
MW-64A, MW-63A, MW-65A, MW-62A, and MW-51B (from north to south), located in the northwestern
portion of the property. The depth of the observed coal tar contamination ranged from 2.3 m to 10.7 m
below the existing ground surface, and was predominately localized within the sand layers in the
stratigraphic unit. In the cross-section shown in Figure 3-7, it is assumed that some of the observed
seepage faces are connected to one another across the section, as shown. This assumption is based
solely on the limited stratigraphic information obtained from the historical subsurface investigations
completed at the site and observations of coal tar within the stratigraphy during those investigations.
Without additional stratigraphic information from the site (i.e. a denser network of test holes), the validity
of this assumption cannot be confirmed. However, no coal tar inclusions were observed during the
completion of any of the test holes drilled west of the Disraeli Freeway or in the eastern portion of the site,
towards Anabella Street. This provides evidence that there may be some connectivity of the higher
permeability layers of soil in the direction of groundwater flow.

34 Soil Vapour Analysis

Coal tar, and heating fuel that may have also been used at the Site to enhance coal gas production,
contains a subset of volatile hydrocarbons that can migrate from zones of soil and groundwater
contamination to the air, via transport in soil gas. This is of particular importance in light of the
documented health risks associated with movement of contaminated soil gas into confined spaces
(especially residential and commercial buildings). Characterization of soil gas has been conducted
through several studies, beginning in 1995. The latest soil gas survey was completed by UMA in 2007,
and a brief report has been provided to the TAC. We provide a brief summary below of soil vapour
studies completed to the present time.
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Manitoba Hydro
TAC Response
Base Plan
Figure 3-1

Sutherland Management Plan
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3.4.1  CH2M Hill, 1995

An off-site soil vapour survey was conducted for Centra Gas Manitoba Ltd. as part of the Environmental,
Health and Safety Assessment of the Sutherland Avenue Operations Facility in Winnipeg, Manitoba
(CH2M Hill, 1995). Seven boreholes were installed along the boulevard of Gladstone Street and nine
along the boulevard of Annabella Street to determine whether soil gases characteristic of manufactured
gas plant residues are present at and beyond the east and west property boundaries adjacent to areas of
residential land use. A field vapour screening was completed and soil vapour samples were collected
based on the screening results from five of the boreholes using special canisters. The results were
compared to documented ambient air quality data for other urban centres, ambient air quality criteria and
workplace air quality standards. The comparison with other urban centres suggests that although the soil
gas levels are above ambient concentrations, they are not unusual relative to typical values in large urban
environments. Soil gas concentrations were detected below the ambient air quality criteria and workplace
air quality standards (Time Weighted Average).

The CH2M Hill (1995) work also included an evaluation of coal tar vapour transport along sewers and a
possible off-site transport mechanism. Inspection of sewers indicated no impacts to the sewer system in
the area. Gas samples were collected from four sewer manholes at or adjacent to the site, following an
initial set of sewer inspections and confirmation of tributary origins. The sampled locations were (i) Rover
Ave., west Disraeli overpass; (ii) Rover Ave, east side of Disraeli overpass; (iii) Rover and Annabella St;
(iv) Gladstone near Centra Gas parking lot exit. Samples were evaluated for PAHs and BTEX. Only
xylenes were detected, at a concentration marginally above the detection limit of 0.5 pg/charcoal tube.
Estimated xylene concentrations were 0.034 to 0.067 mg/m®, which is below the Time Weighted Average
(TWA) exposure criteria for xylene of 434 mg/m3 (American Conference of Governmental Industrial
Hygienists, 1992).

34.2 UMA, 2006

The Remedial Monitoring (RM) Program established under the CEMP for residuals from historic
Operations at the Sutherland Avenue Former Manufactured Gas Plant provides for the ongoing monitoring
of on-site and off-site soil vapour levels. Seven additional dedicated soil vapour probes were installed in
2006: three along the east side of the MH property and four along the west side of the property (UMA,
2006). Soil benzene concentrations exceeded the applicable CCME soil quality guidelines in a number of
vapour probe locations. CCME soil quality guidelines for PAHs were exceeded in three of the vapour
probe locations. Field screening was conducted and soil vapour samples were collected from all of the
vapour probes using calibrated pumps and Carbotrap tubes.

The soil vapour results were compared to ambient air quality criteria and available guidelines and human
inhalation reference values. Benzene values for all of the wells including the ambient air sample
exceeded the air quality criteria and guidelines. The naphthalene and toluene results in all but one of the
wells exceeded the criteria and guidelines.

The soil vapour data do not reflect the potential for vapour attenuation from the point of measurement to
either the potential point of exposure above the ground surface or within onsite buildings, or laterally,
including off-site areas. To better characterize potential off-site soil vapour intrusion risks, therefore, six
additional dedicated soil vapour probes were installed farther out along possible subsurface contaminant
transport pathways, towards adjacent residential areas. Three of the probes were installed along the
boulevard of Gladstone Street and three along the boulevard of Annabella Street (UMA, 2007). The same
sampling protocols and assessment criteria were used as employed in the UMA (2006) study. Soil
concentrations of petroleum hydrocarbon (PHC) and PAHs were either lower than their laboratory
minimum detection limits or the applicable CCME soil quality guidelines (residential). Laboratory analytical
results for volatile contaminants of concern from all of the vapour probes were either at or below the
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laboratory minimum detection limits or below the applicable guidelines and human inhalation toxicity
reference values.

The results of the soil vapour monitoring confirm that soil vapour concentrations within the property
boundaries of the former Sutherland MG exceed criteria, guidelines and reference concentrations as a
result of residual coal tar residues in subsurface soil. There does not appear to be any off-site migration
of soil vapour, however, that would pose any public health risk or safety risk (i.e., based on explosion
potential). Furthermore, the available data does not show evidence of any issues with indoor air quality at
the Site. Quarterly monitoring of soil vapour is proposed in the Remedial Monitoring program for the
former Sutherland MGP site.
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4.0 Off-Site Contaminant Distribution

41 Issues Identified
Issues identified include —

e Use of generic sediment quality guidelines in the context of the Red River sediment assessment and
risk assessment work;

e Applicability of individual PAHs as surrogates for coal tar releases to the Red River;
e Three dimensional distribution of coal tar in river sediments;

e Estimates of annual fluxes of dissolved-phased contaminants in groundwater from the Site to the Red
River;

¢ Role of soil stratigraphy (especially glacial till) in groundwater-mediated contaminant transport;
e Adequacy of data on the water quality in the Red River near the Site;

e Spatial variation (especially between Site stations and upriver or downriver reference locations) in
sediment PAH concentrations and benthos;

e Human health risks associated with dermal contact with river water and coal tar contaminated
sediments near the Site.

The issues are discussed in a sequence relating the current upland source of contamination to the
riverine environment, via groundwater-mediated transport. The current contaminated sediment
distribution and expected fate is subsequently discussed along with implications for risks to humans or
aquatic life.

Section 4.2 re-visits groundwater contaminant flux estimates. The results of the 2006
groundwater monitoring are presented in Table 4-1, with the naphthalene concentrations in
groundwater presented in Table 4-2. This data was used in the groundwater flux estimate,
presented in Table 4-3. All remaining 2006 groundwater PAH results are presented in Table 4-4.

Section 4.3 and Appendix A discuss expected toxicity to aquatic life based on laboratory toxicity
test results of groundwater samples, and discusses use of fathead minnow fry versus rainbow
trout fry in the monitoring program.

Section 4.4 and Appendix B present new data for water quality in the Red River adjacent to the
former MGP site.

Section 4.5 provides further discussion of the spatial distribution of PAHs in the Red River.

Section 4.6 reinforces the spatial analysis through presentation of three dimensional
visualizations of the coal tar sediment plume.

Section 4.7 discusses the CCME Sediment Quality Guidelines and relevance for use in assessing
environmental quality in the Red River adjacent to the Site.
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Section 4.8 discusses use of individual PAHs (naphthalene, benzo(a)pyrene and mixtures
(PAH16%) as surrogates of the overall coal tar mixture in sediments.

Section 4.9 provides clarification of issues identified during TAC review of the ecological risk
assessment component of the CEMP.

Section 4.10 discussed other potential sources of PAHs to the Red River in Winnipeg.

Section 4.11 provides new information on sediment — porewater partitioning of PAHs in coal tar
contaminated samples from the Red River, and associated expectations for bioavailability and
toxicity. In particular, this information is provided to provide a better understanding between
causal links between the bulk sediment PAH concentrations and the results of the benthic faunal
assessment completed in 2003 as part of the site-specific ecological risk assessment.

Section 4.12 presents the results and conclusions of a formal evaluation of human health risks
associated with possible exposures to coal tar contaminated sediments adjacent to the Site.

4.2 PAH Loading Estimates to the Red River via Groundwater

At the request of the TAC, UMA/ENSR Corporation (ENSR) re-evaluated the predicted magnitude of
groundwater-mediated flux of naphthalene to the Red River from the Site.

Hydraulic conductivity determinations were completed during the 2002 investigation on all of the installed
monitoring wells to calculate the average linear groundwater velocity and groundwater flux across the
riverbank boundary and ultimately the mass loading of contaminants into the river environment. The
average linear groundwater velocity was determined to be 2.8 x 10 m/s and the groundwater flux
estimated to be 9.6 x 10° m%s. Based on these values, the total volume of water passing through the
impacted area along the river bank was estimated to be 300 m®, or 300,000 litres, annually. Using the
reported groundwater naphthalene concentrations along the riverbank, it was estimated that, based on
the 2002 groundwater laboratory data, groundwater from the former MGP site contributes approximately
0.37 kg of naphthalene to the riverine environment each year.

TAC concerns were apparently predicated in part from a concern that a single point estimate of lateral
hydraulic conductivity was used in the flux calculation. It should be noted, however, that the estimated flux
was based on spatially representative estimates of groundwater contaminant concentrations and local
hydraulic conductivity estimates for a line of wells close to the groundwater outflow face into the Red
River.

Based on the groundwater analysis completed during the 2006 groundwater monitoring event, the mass
loading of naphthalene from the site to the Red River was re-calculated in the same manner as that used
as part of UMA’s 2002 investigation. The mass loading was calculated using only the concentrations of
naphthalene observed in the riverbank piezometers installed perpendicular to the direction of
groundwater flow (5 monitoring wells including and between monitoring well MW-41 east to monitoring
well MW-42). The flow at each piezometer location was calculated using the average value of the
hydraulic conductivities measured at the site in 2002 (4.6 x 107 m/s), the measured hydraulic gradient
between monitoring wells MW-18 and MW-23 B (0.007 m/m), and the cross-sectional area (thickness
times width) of each set of nested piezometers. Based on the consistency of the soil stratigraphy in the

2 PAH16 concentration is the total measured concentration of all commonly analyzed unsubstituted
PAHs, including naphthalene, acenaphthene, acenaphthylene, fluorene, anthracene, phenanthrene,
fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, benzo(ghi)perylene, indeno(123-cd)pyrene, and dibenz(ah)anthracene. These PAHs are
referred to as the parent PAHs.
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test holes completed in the 2006 subsurface and the stratigraphy observed during the historical
investigations, the average hydraulic conductivity at the site would be on the order of the value calculated
in 2002. The hydraulic gradient across the site was re-calculated based on the 2006 data, and the result
was not appreciably different from the value calculated in 2002 (0.007 m/m in 2006 versus 0.006 m/m in
2006).

The thickness for the shallowest monitoring well was determined as the distance from the water table in
the piezometer to the midpoint between the shallow and intermediate piezometer. The thickness for the
intermediate monitoring well is measured as the distance from the midpoint between the shallow and
intermediate monitoring wells and the intermediate and deep monitoring wells. The thickness for the
deepest monitoring well is measured as the distance from the midpoint between the intermediate and
deep monitoring well to the base of the deepest piezometer. In each case, the midpoint is measured
between the midpoints of any two screened intervals.

The width assigned to each nest of piezometers was calculated as the distance between the midpoint of
one piezometer nest to the midpoint to the next. In the case of monitoring wells MW-41 and MW-42, the
plume was assumed to extend a nominal distance of 30 m to the west and east, respectively.

The groundwater flux at each point (in m%s) was calculated by multiplying the hydraulic conductivity by
the gradient and the area. The mass loading of naphthalene at each point was determined by multiplying
the reported naphthalene concentration in each monitoring well by the flow rate (groundwater flux
converted to L/year) at each point. The total mass loading was calculated by summing the individual
mass loading values. Based on the above calculations, the total naphthalene loading to the Red River
was calculated to be approximately 0.33 kg/year, similar to the value of 0.37 kg/year calculated in 2002. A
summary of the naphthalene mass loading is included in Table 4-3.

The mass loading could not be calculated at monitoring wells MW-23D or MW-24D as no groundwater
samples were collected at these locations. This was due to the presence of minute globules of product
sorbed to the sediment present at the base of these piezometers. As shown in Table 4-3, monitoring well
MW-23D was screened from 6.7 m to 8.2 m below grade and MW-24D was screened from 7.6 mto 9.1 m
below grade. The screened interval in each well is situated within a soil unit in which coal tar was
observed during drilling (sand from 6.3 m to 7.0 m in MW-23D and a sand seam at 7.9 m in MW-24D).
There has never been a measurable thickness of free product in either of these monitoring wells either in
2006 or during other observational periods. The observed quantity of product in these wells is of minimal
significance at this time and would not likely impact the overall naphthalene mass loading to
downgradient receptors. Continued groundwater monitoring at these locations will indicate the validity of
this assumption.

In order to assess the horizontal and vertical groundwater flow regimes at the site, several nested
piezometers have been installed, particularly in the northern portion of the property where the soil
stratigraphy is more complex. At the time of the 2006 groundwater monitoring event, the piezometric
elevations at the site ranged from 223.908 m in monitoring well MW-29B to 227.715 m in monitoring well
MW-27B (2.068 m to 6.026 m below grade). Historically, four (4) separate flow pathways have been
observed at the site, influenced by the upper clay/silt units, the distinct sand layers present in the clay
unit, the glacial till unit, and the carbonate bedrock. Sufficient site information was available to generate
groundwater contours for the flow within the clay/silt, sand, and till layers. The inferred groundwater
contours are presented on Figures 4-1, 4-2, and 4-3.

4.2.1  Horizontal Flow Regime
Based on the generated contours, the approximate horizontal hydraulic gradient within the clay/silt layer

ranges from 0.009 m/m to 0.03 m/m. Using an average hydraulic conductivity of 5.7 x 107 m/s, as
calculated from the results of bail tests completed at the site in 2002, and a conservative effective

MANITOBA HYDRO 23
COMPREHENSIVE ENVIRONMENTAL MANAGEMENT PLAN

SUTHERLAND AVENUE FORMER MANUFACTURED GAS PLANT
RPT-0217-058-03-Comprehensive Environmental Management Plan-Final-0802.doc



UMA | AECOM

porosity estimate of 10%, the advective velocity within the clay/silt subunit is on the order of 2 m/year to 5
m/year. The inferred groundwater contours for the clay/silt subunit are shown on Figure 4-1.

Within the discrete sand layers encountered, primarily in the northern portion of the site, the approximate
horizontal hydraulic gradient is on the order of 0.004 m/m to 0.02 m/m. The corresponding horizontal
hydraulic conductivity in the sand subunit is approximately 3.3 x 10°® m/s, and using an effective porosity
of 30%, the advective velocity within the sand is on the order of 1 m/year to 7 m/year. The inferred
groundwater contours for the sand subunit are shown on Figure 4-2.

The calculated gradient within the till subunit is similar to that calculated in both the clay/silt and sand
subunits, ranging from approximately 0.004 m/m to 0.01 m/m across the site. The estimated hydraulic
conductivity of the glacial till, is on the order of 4 x 10" m/s. Using the aforementioned gradient range and
hydraulic conductivity, and assuming a conservative porosity of 30%, the advective velocity within the till
subunit is estimated to be approximately 0.2 to 0.4 m/year. The inferred groundwater contours for the
glacial till are shown on Figure 4-3.

For each of the above flow pathways, the direction of groundwater and contaminant flow is towards the
Red River, as expected. Based on the above calculations, the preferential flow pathway is likely through
the sand subunit.

4.2.2 Vertical Flow Regime

Vertical hydraulic gradients and flow directions were calculated for each of the piezometer nests
completed at the site. The vertical gradients were calculated to assess the potential for downward
migration of contaminants from one depth to another within the lacustrine subunit; from the lacustrine
subunit to the glacial till unit; and from the glacial till unit to the carbonate bedrock. The calculation of the
vertical gradients was taken from the midpoint of the screened interval of one piezometer to another,
starting with the shallowest piezometer installation. The calculations were based on the results of the
2006 groundwater monitoring event. Figure 4-4 illustrates the method of calculating the vertical hydraulic
gradient within a piezometer nest, using the data from monitoring well MW-62A/B/C as an example.

Within the lacustrine subunit, the estimated vertical gradient ranges from approximately 0.02 m/m to 0.06
m/m. With the exception of the gradient between monitoring wells MW-42 B and MW-42C, all of the
shallow vertical gradients are downward. The vertical gradient between the lacustrine and glacial till
subunits is more variable, ranging from approximately 0.04 m/m to 0.4 m/m. The vertical gradients
calculated through the transition zone from the clay/silt/sand to the silt till unit were all downward.
Between monitoring well MW-41A, screened in glacial till, and monitoring well BW-46, screened in the
carbonate bedrock, the vertical gradient was calculated to be 0.03 m/m, upwards.

Groundwater flow within the overburden is a combination of lateral towards the river and downwards
toward the till unit. The river is a significant influence on groundwater flow and is expected to be a
discharge boundary for all overburden groundwater flow. The river will also be a discharge boundary for
flow from the shallow bedrock aquifer.

Table 4-1 provides a summary of the available site groundwater data, including sampling date, soils
description around screened section, water level, and calculated hydraulic conductivities from field
observations. Subsurface soils vary from sands with fines (e.g., BD0O1B, MW-23C and D, MW-41C) to
clayftill (e.g., BD-01A, MW23-A). Calculated hydraulic conductivities of 25 different piezometers fell in the
range of 5.5x10 to 4.8x10°® m/s (Table 4-1).
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Table 4-1: Summary of Groundwater Monitoring Field Data

UMA ' AECOM

: Date 0 0 onitoring 0 d e i
5 - O O Da O
ound OP

BD-01A 2-Apr-02 228.988 228.924 12-Oct-06 225.264 12.2-15.2 7.335e-08 Y
BD-01B 2-Apr-02 228.988 228.945 12-Oct-06 225.685 7.0-9.1 4.336e-06 Y
MW-18 29-Sep-93 229.524 229.309 13-Oct-06 227.029 1.8-4.9 1.006e-06 Y
MW-23A 8-Jun-94 229.779 229.733 12-Oct-06 224.473 13.7-15.2 4.772e-07 Y
MW-23B 8-Jun-94 229.799 229.681 12-Oct-06 225.291 3.7-6.7 8.507e-07 Y
MW-23C 30-Apr-02 229.783 229.730 12-Oct-06 225.790 9.1-10.7 6.112e-06 Y
MW-23D 30-Apr-02 229.785 229.639 12-Oct-06 224.899 6.7 -8.2 4.484e-06 N’
MW-24A 10-Jun-94 229.878 229.835 11-Oct-06 225.235 13.4-14.8 8.132e-07 Y
MW-24B 10-Jun-94 229.861 229.766 11-Oct-06 225.241 10.8-12.4 5.452e-06 ¥
MW-24C 10-Jun-94 229.971 229.813 11-Oct-06 225.173 3.5-6.6 2.366e-06 Y
MW-24D 30-Apr-02 229.889 229.826 11-Oct-06 225.156 7.6-9.1 5.229e-07 N'
MW-27A 29-Apr-02 229.776 229.675 13-Oct-06 224.395 13.1-14.6 3.577e-08 Y
MWwW-27B 29-Apr-02 229.783 229.695 13-Oct-06 227.715 9.1-10.7 4.751e-06 Y
MW-27C 29-Apr-02 229.785 229.676 13-Oct-06 225.826 4.6-6.1 6.904e-08 Y
MW-28A 29-Apr-02 229.591 229.539 13-Oct-06 225.154 13.1-14.6 6.562e-07 Y
MW-28B 29-Apr-02 229.637 229.574 13-Oct-06 226.714 7.6-9.1 5.539e-09 Y
MW-29A 30-Apr-02 229.872 229.806 12-Oct-06 224.626 13.1-14.6 3.774e-07 Y
MW-29B 30-Apr-02 229.934 229.888 12-Oct-06 223.908 7.8-9.3 7.958e-07 Y
MW-29C 30-Apr-02 229.950 229.942 12-Oct-06 224.742 41-56 6.767e-07 Y
MW-41A 24-Oct-02 229.586 229.551 12-Oct-06 223.911 13.1-14.6 5.012e-07 Y
MW-41B 24-Oct-02 229.572 229.474 12-Oct-06 225.339 9.8-11.2 1.204e-08 Y
MW-41C 24-Oct-02 229.568 229.520 12-Oct-06 225.430 58-7.3 9.472e-07 Y
MW-42A 24-Oct-02 229.184 229.142 12-Oct-06 224.092 13.1-14.6 3.096e-07 Y
MW-42B 24-Oct-02 229.140 229.124 12-Oct-06 225.039 9.1-10.7 4.787e-08 Y
MW-42C 24-Oct-02 229.197 229.182 12-Oct-06 224.967 6.1-7.6 2.878e-07 b
MW-46 12-Dec-05 223.620 223.513 1.5-6.1 Y
MW-47 12-Dec-05 223.696 223.524 1.5-6.1 Y
MW-48 12-Dec-05 223.799 223.731 1.5-4.6 Y
MW-49 12-Dec-05 Destroyed

MW-50A 12-Dec-05 229.592 229.465 13-Oct-06 225.905 1.5-6.1 N2
MW-50B 229.620 229.447 13-Oct-06 224.262 14.0 - 14.3 Y
MW-51A 13-Dec-05 229.765 229.669 13-Oct-06 226.019 1.5-6.1 N2
MW-51B 229.782 229.672 13-Oct-06 226.012 9.1-9.8 Y
MW-52A 13-Dec-05 229.917 229.837 13-Oct-06 226.787 1.5-6.1 N2
MW-52B 229.917 229.762 13-Oct-06 225.232 10.7 - 12.2 Y
MW-53A 13-Dec-05 229.993 229.886 13-Oct-06 226.766 1.5-6.1 N2
MW-53B 229.993 229.912 13-Oct-06 226.042 9.1-10.7 N
MW-54A 13-Dec-05 229.361 229.244 13-Oct-06 226.144 1.5-6.1 N2
MW-54B 229.361 229.284 13-Oct-06 225.714 9.1-10.7 Y
MW-55A 13-Dec-05 229.556 229.460 13-Oct-06 227.070 1.5-6.1 NZ
MW-55B 229.556 229.495 13-Oct-06 225.925 9.1-10.7 Y
MW-56 13-Dec-05 229.901 229.839 13-Oct-06 1.5-6.1 N2
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quitor- Date of Fé?::?:: Z?\f:: Monitoring Piezometric Screened Hydrau.lic_: sk

ing Installation (m) Elevation Date Elevation (m) Interval (m) Fonduenty - . Samplen
Location (m/s)

(Ground) (m) (TOP)

MW-57 14-Aug-06 229.622 229.584 11-Oct-06 226.409 1.5-6.1 N?
MW-58A 14-Aug-06 229.607 229.499 11-Oct-06 226.264 1.5-6.1 N2
MW-58B 229.619 229.613 11-Oct-06 226.043 10.4-10.7 Y
MW-59 15-Aug-06 229.140 229.053 11-Oct-06 225.428 1.5-6.1 N2
MW-60 15-Aug-06 229.189 229.139 11-Oct-06 224.334 1.5-6.1 N2
MW-61 15-Aug-06 229.364 229.235 11-Oct-06 225.645 1.5-6.1 N2
MW-62A 7-Sep-06 229.631 229.552 12-Oct-06 224.402 14.2 - 145 Y
MW-62B 7-Sep-06 229.598 229.508 12-Oct-06 225.848 73-76 Y
MW-62C 7-Sep-06 229.632 229.563 12-Oct-06 226.063 3.1-40 Y
MW-63A 25-Sep-06 229.776 229.699 12-Oct-06 224.599 14.2-14.5 Y
MW-63B 25-Sep-06 229.777 229.677 12-Oct-06 225.667 6.7-73 N’
MW-63C 25-Sep-06 229.775 229.670 12-Oct-06 225.725 5.2-5.5 Y
MW-64A 27-Sep-06 229.530 229.421 12-Oct-06 225.646 11.6-12.5 Y
MW-64B 27-Sep-06 229.499 229.329 12-Oct-06 225.594 6.1-6.7 Y
MW-64C 27-Sep-06 229.531 229.374 12-Oct-06 225.739 46-53 Y
MW-65A 28-Sep-06 229.550 229.463 12-Oct-06 224.883 8.2-9.1 Y
MW-65B 28-Sep-06 229.547 229.355 12-Oct-06 225.875 43-52 Y
MW-66A 28-Sep-06 229.581 229.471 12-Oct-06 225.821 8.5-9.1 Y
MW-66B 28-Sep-06 229.590 229.502 12-Oct-06 225.807 3.6-46 Y
MW-67° 14-Aug-06 |  230.346 230.305 11-Oct-06 224.690 1.5 - 20 N®
Notes:

' No sample taken - minute globules of free product sorbed to sediment at base of well.
2No sample taken - vapour probe
® Formerly called MW06-56
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Table 4-2: Summary of Groundwater Naphthalene Results (ug/L) Former Sutherland MGP, Winnipeg, Manitoba

D O 9 9 -94 Dec-96 ar-9 ay-9 9 O 99 O 0 pr-0 O 06
BD-01A 0.21 - 0.23
BD-01B 11 - 10
BW-46 <0.05 - -
MW-01 0.044 0.457 0.065 Assumed Destroyed
MW-02 2.63 0.831 Destroyed
MW-03 3150 13400 6650 Destroyed
MW-05 1.3 6390 2.43 130 39 3100 2700 3400 Assumed Destroyed
MW-12 7.81 39.4 6.09 - - - - 95 Assumed Destroyed
MW-14 3330 15614 200 1200 3200 6300 8200 Assumed Destroyed
MW-18 - 243 5.47 - - - - 1.48 1020 | - | 52
MW-21 0.03 -- -- -- -- -- ND Assumed Destroyed
MW-22 1.1 13600 -- -- -- - -- 8800 Assumed Destroyed

MW-23A 0.436 0.488 - - - - 0.577 2720 - 1300
MW-23B 22800 12400 - - - - 7100 9120 - 12000
MW-23C 6830 5400 5200
MW-23D 10100 6000 FP
MW-24A 0.399 0.018 - - - - - 131 <0.1 - 0.29
MW-24B 0.084 - - - - - - 12 - 7300
MW-24C 3090 3030 - - - - 790 10 - 3800
MW-24D 3610 4100 FP
MW-27A 0.45 - 0.001
MW-27B 0.097 - 0.11
MW-27C <0.1 - 0.25
MW-28A <0.1 - 0.57
MW-28B 0.091 - 660
MW-29A 0.059 - 7.3
MW-29B 78 - 140
MW-29C 3020 - 2800
MW-41A 1.3 - 0.28
MW-41B 0.23 -- 0.14
MW-41C 0.16 - 0.14
MW-42A 12 - <0.05
MW-42B 23 - 31
MW-42C 2030 - 6.3
MW-46 0.86
MW-47 0.08
MW-48 8600
MW-50B 0.32
MW-51B 10000
MW-52B <0.05
MW-53B 0.3
MW-54B 0.23
MW-55B 970
MW-58B 1.6
MW-62A 7.5
MW-62B 0.27
MW-62C 670
MW-63A 3.9
MW-63C 9900
MW-64A 2.7
MW-64B 6100
MW-64C 630
MW-65A 830
MW-65B 150
MW-66A <5
MW-66B 220

Notes:

-- indicates Not Monitored

ND indicates Not Detected (AMEC)

FP-minute globules of free product sorbed to sediment at base of monitoring well



Table 4-3: Naphthalene Mass Loading, Former Sutherland MGP, Winnipeg, Manitoba

NM - not measured; globules of product sorbed to sediment at the base of piezometer. No measurable free product thickness.
Hydraulic Conductivity (m/s) =
Hydraulic Gradient (m/m) =

4.60E-07
0.007

. . Depth of Well ’ Naphthalene Thickness 5 2 Groundwater Flow Rate Mass Loading
Well Location  Piezometer Sereen (m) Screened Material Concentration (mgiL) (m) Width (m)  Area (m?) Flux (mYs) (Liyr) P P

A 13.1-14.6 silt till 0.00028 24 193.4 6.23E-07 1.96E+04 5.50E+00 | 5.50E-06
MW-41 B 9.8-11.2 sand and silt 0.00014 36 80 2913 9.38E-07 2.96E+04 4.14E+00 | 4.14E-06
C 58-7.3 sand 0.00014 4.4 350.8 1.13E-06 3.56E+04 4.99E+00 | 4.99E-06
BD-01 A 122-15.2 clay/till 0.00023 43 70 302.8 9.75E-07 3.07E+04 7.07E+00 | 7.07E-06
B 70-9.1 sand 0.01 7.6 530.0 1.71E-06 5.38E+04 5.38E+02 | 5.38E-04
A 13.1-14.6 silt till/silty clay 0.0073 34 154.4 4.97E-07 1.57E+04 1.14E+02 | 1.14E-04
MW-29 B 78-9.3 silty clay (sand seam) 0.14 4.5 45 204.3 6.58E-07 2.07E+04 2.90E+03 | 2.90E-03
C 41-56 clay (sand seams) 2.8 1.5 67.5 2.17E-07 6.85E+03 1.92E+04 | 1.92E-02
A 13.7-15.2 silty clay/silt till 1.3 3.0 136.2 4.39E-07 1.38E+04 1.80E+04 | 1.80E-02
MW-23 B 3.7-6.7 sandy silt/silty clay 12 1.8 45 82.1 2.64E-07 8.33E+03 1.00E+05 | 1.00E-01
C 9.1-10.7 sand/sand seams 5.2 3:5 157.6 5.08E-07 1.60E+04 8.32E+04 | 8.32E-02

D 6.7-8.2 sand/sand seams NM 2.4 106.1 3.42E-07 1.08E+04 NM NM
A 13.4-14.8 silt till/silty clay 0.00029 1.9 68.0 2.19E-07 6.90E+03 2.00E+00 | 2.00E-06
MW-24 B 10.8-12.4 sand 7.3 29 35 100.8 3.25E-07 1.02E+04 7.47E+04 | 7.47E-02
C 35-6.6 sandy silt w/ sand 3.8 1.9 68.0 2.19E-07 6.91E+03 2.62E+04 | 2.62E-02

D 7.6-9.1 clay/sand seams NM 3.3 116.6 3.75E-07 1.18E+04 NM NM
A 13.1-14.6 silt till 0.00005 2.7 121.6 3.92E-07 1.24E+04 6.18E-01 | 6.18E-07
MW-42 B 9.1-10.7 sand 0.031 3.5 45 157.7 5.08E-07 1.60E+04 4.96E+02 | 4.96E-04
C 6.1-7.6 sand 0.0063 4.2 187.8 6.05E-07 1.91E+04 1.20E+02 | 1.20E-04
Total Area: 3397 m? Total Mass: 0.33 kgly
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Table 4-4: Summary of 2006 Groundwater PAH Results Former Sutherland MGP, Winnipeg, Manitoba

CCME’ (ug/L)

BD-01A
06/10/26

BD-01B
06/10/26

MW-18
06/10/27

MW-23A
06/10/26

Well/Sample ID

MWw-23B
06/10/26

MW-23C
06/10/26

MW-24A
06/10/26

MW-24B
06/10/26

MW-24C
06/10/26

Acridine 0.01 44 <0.1 <0.01 <0.1 <0.1 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(a)anthracene 0.01 0.018 <0.1 <0.01 0.1° 0.16 17 0.04 0.13 0.80 0.26
|Benzo(b)fluoranthene 0.01 - <0.1 <0.01 0.3 0.11 19 0.03 0.16 0.65 0.06
Benzo(k)fluoranthene 0.01 - <0.1 <0.01 <0.1? 0.03 45 <0.01 0.05 0.17 0.02
Benzo(a)pyrene 0.01 0.015 <0.1 <0.01 0.2? 0.17 22 0.04 0.17 0.73 0.07
Fluoranthene 0.01 0.04 <0.1 <0.01 0.4 0.43 31 0.31 0.33 3.6 4.9
Dibenzo(ah)anthracene 0.01 - <0.1 <0.01 <0.1° 0.03 2.6 <0.01 0.05 0.19 0.01
Indeno(1,2,3 cd)pyrene 0.01 - <0.1 <0.01 0.3 0.16 15 0.03 0.21 0.47 0.06
Pyrene 0.01 0.025 <0.1 <0.01 0.3 0.61 41 0.36 0.48 4.4 4.1
Quinoline 0.01 34 <0.1 <0.01 <0.1? <0.1 <0.01 <0.01 <0.01 <0.01 <0.01
Naphthalene 0.05 1.1 0.23 10 5.2° 1300 12000 5200 0.29 7300 3800

Notes:

1 - CCME Water Quality Guidelines for Freshwater Aquatic Life, December 2006
2-MDL=0.1

3-MDL=0.5

4-MDL=1.0

5-MDL=5.0

Bold and shaded indicates a parameter exceedance.
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Table 4-4: Summary of 2006 Groundwater PAH Results Former Sutherland MGP, Winnipeg, Manitoba

CCME' (ug/L)

MW-27A
06/10/27

MW-27B
06/10/27

MWw.-27C
06/10/27

MW-28A
06/10/27

Well/Sample ID

MW-28B
06/10/27

MW-29A
06/10/26

MW-29B
06/10/26

MW-29C
06/10/26

MW-41A
06/10/26

Acridine 0.01 44 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(a)anthracene 0.01 0.018 0.03 <0.01 0.05 0.01 0.01 0.02 0.01 0.05 <0.01
Benzo(b)fluoranthene 0.01 - 0.05 0.02 0.05 0.01 0.01 0.01 <0.01 0.10000 <0.01
Benzo(k)fluoranthene 0.01 - 0.02 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 0.03 <0.01
Benzo(a)pyrene 0.01 0.015 0.03 <0.01 0.05 0.01 0.01 0.02 <0.01 0.11 <0.01
Fluoranthene 0.01 0.04 0.07 <0.01 0.21 <0.01 0.16 0.06 0.06 0.09 0.02
Dibenzo(ah)anthracene 0.01 - 0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01
Indeno(1,2,3 cd)pyrene 0.01 - 0.05 0.01 0.07 0.02 0.02 0.01 <0.01 0.16 <0.01
Pyrene 0.01 0.025 0.08 <0.01 0.23 0.04 0.10 0.17 0.09 0.11 0.02
Quinoline 0.01 34 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Naphthalene 0.05 1.1 0.001 0.11 0.25 0.57 660 7.3 140 2800 0.28
Notes:

1 - CCME Water Quality Guidelines for Freshwater Aquatic Life, December 2006

2-MDL=0.1

3-MDL=0.5

4-MDL=1.0

5-MDL=5.0

Bold and shaded indicates a parameter exceedance.
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Table 4-4: Summary of 2006 Groundwater PAH Results Former Sutherland MGP, Winnipeg, Manitoba

06

06

Acridine 0.01 4.4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.8 0.01
Benzo(a)anthracene 0.01 0.018 <0.01 <0.01 0.01 0.01 0.02 0.17 0.38 33 0.02
Benzo(b)fluoranthene 0.01 - <0.01 <0.01 0.01 <0.01 0.02 0.23 0.81 35 0.02
Benzo(k)fluoranthene 0.01 - <0.01 <0.01 <0.01 <0.01 0.01 0.05 0.19 9.7 <0.01
Benzo(a)pyrene 0.01 0.015 <0.01 <0.01 <0.01 <0.01 0.03 0.22 0.83 39 0.02
Fluoranthene 0.01 0.04 0.02 <0.01 0.03 0.04 0.29 0.41 0.65 92 0.05
Dibenzo(ah)anthracene 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.15 5.3 <0.01
|Indeno(1,2,3 cd)pyrene 0.01 - <0.01 <0.01 <0.01 <0.01 0.02 0.22 0.67 28 0.02
Pyrene 0.01 0.025 0.03 0.01 0.04 0.05 0.26 0.37 1.0000 130 0.22
Quinoline 0.01 3.4 <0.01 <0.01 <0.01 <0.01 1.4 <0.01 <0.01 <1.0* <0.01
Naphthalene 0.05 1.1 0.14 0.14 <0.05 31 6.3 0.86 0.08 8600 0.32
Notes:

1 - CCME Water Quality Guidelines for Freshwater Aquatic Life, December 2006

2-MDL=0.1

3-MDL=0.5

4-MDL=1.0

5-MDL=5.0

Bold and shaded indicates a parameter exceedance.
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Table 4-4: Summary of 2006 Groundwater PAH Results Former Sutherland MGP, Winnipeg, Manitoba

06

06

06

<0.01

Acridine 0.01 4.4 <0.01 <0.01 <1.0 0.28 <0.01 <0.01 <0.01 <0.1
Benzo(a)anthracene 0.01 0.018 0.05 0.01 0.39 0.02 0.03 <0.01 0.06 1.1 140.0°
Benzo(b)fluoranthene 0.01 - 0.04 <0.01 0.32 0.03 0.01 <0.01 0.03 1.0000 93.0°
Benzo(k)fluoranthene 0.01 - 0.02 <0.01 0.10000 <0.01 <0.01 <0.01 0.01 0.35 <30.0°
Benzo(a)pyrene 0.01 0.015 0.05 <0.01 0.24 0.02 <0.01 <0.01 0.04 0.85 130.0°
Fluoranthene 0.01 0.04 0.96 <0.01 2.0 0.04 22 <0.01 0.74 3.00 390.0°
Dibenzo(ah)anthracene 0.01 - <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 0.33 22.0°
Indeno(1,2,3 cd)pyrene 0.01 - 0.03 <0.01 0.19 0.02 <0.01 <0.01 0.04 0.70000 63.0°
Pyrene 0.01 0.025 1.2 0.02 13 0.03 1:3 <0.01 0.92 4.3 610.0°
Quinoline 0.01 3.4 <1.0* <0.01 <0.1? <0.01 20.0 <0.01 <1.0* <1.0* <1.0*
Naphthalene 0.05 1.1 10000 <0.05 0.30000 0.23 970 1.6 5 0.27 670.0°
Notes:

1 - CCME Water Quality Guidelines for Freshwater Aquatic Life, December 2006

2-MDL=0.1

3-MDL=05

4-MDL=1.0

5-MDL=5.0

Bold and shaded indicates a parameter exceedance.
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Table 4-4: Summary of 2006 Groundwater PAH Results Former Sutherland MGP, Winnipeg, Manitoba

Well/Sample ID

MDL  CCME' (ugll) MW-63A MW-63C MW-64A MW-64B MW-64C MW-65A
06/11/13 06/11113 06/11/13 06/10/26 06/10/26 06/10/26

MW-65B
06/10/26

MW-66A

MW-66B
06/10/26

Acridine 0.01 4.4 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.1 <1.0 <0.1
Benzo(a)anthracene 0.01 0.018 0.18 0.37 0.12 0.34 2.6 0.04 6.2° <1.0* 1.9°
Benzo(b)fluoranthene 0.01 - 0.23 0.34 0.23 0.39 1.8 0.03 5.9 <1.0* 1.72
Benzo(k)fluoranthene 0.01 — 0.06 0.09 0.07 0.10000 0.54 <0.01 2.3° <1.0* 0.6
Benzo(a)pyrene 0.01 0.015 0.16 0.36 0.23 0.37 3.0000 0.03 7.2 <1.0* 2.4
Fluoranthene 0.01 0.04 0.70 3.00 0.38 1.3 1 0.15 18 <1.0* 2.8
Dibenzo(ah)anthracene 0.01 - 0.03 0.08 0.05 0.07 0.38 <0.01 5.12 <1.0* 1.3°
Indeno(1,2,3 cd)pyrene 0.01 - 0.25 0.51 0.31 0.56 1.9 0.03 4.2° <1.0* 4.9°
Pyrene 0.01 0.025 0.76 3.4 0.31 1.4 15 0.21 17.0° <1.0* 4.3
Quinoline 0.01 3.4 <0.01 <1.0* 0.18 <0.01 <0.01 <0.01 <0.1? <1.0* <0.1?
Naphthalene 0.05 1.1 3.9 9900 27 6100 630 830 150.0° <5.0° 220.0°
Notes:

1 - CCME Water Quality Guidelines for Freshwater Aquatic Life, December 2006

2-MDL=0.1

3-MDL=0.5

4-MDL=1.0

5-MDL=5.0

Bold and shaded indicates a parameter exceedance.
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4.2.3 Groundwater-Mediated Transport in Deeper Till

The subsurface soil conditions at the Site are described in UMA (2003) and earlier site assessment
reports. Several boreholes advanced at the site have extended into the till layer. To date, dissolved PAH
concentrations have been detected in groundwater samples obtained from both the shallow till and the
overlying clay/silt/sand subunits. Of the twelve (12) monitoring wells installed in the till layer, only
monitoring wells MW-42A, MW-50B, MW-58B, MW-62A, MW-63A have screened intervals ranging from
10.4 m to 14.6 m below existing ground surface that are fully isolated only within the till unit.

At the time of the latest (2006) groundwater monitoring event, laboratory analysis indicated that dissolved
concentrations of various PAH parameters in excess of the CCME Freshwater Aquatic Life guidelines
were detected in till monitoring wells MW-42A; MW-50B,; MW-58B; MW-62A; and MW- 63A, with 62A and
63A having the highest exceedances. The results of the PAH analysis completed on groundwater
samples obtained during the 2006 monitoring event are presented in Table 4-4.

Glacial till has been encountered at the site, at depths ranging from 8.2 m to 15.6 m below the existing
ground surface. Given that bedrock was encountered at approximately 33 m below grade in monitoring
well BW-46, it is estimated that between 17 m and 25 m of glacial till is present beneath the site. The
water quality in the carbonate bedrock at the site was assessed in 2002 and all PAH results were non-
detect. Based on the thickness of the till and the upward hydraulic gradient from the bedrock to the till, the
potential for PAHs to reach the bedrock aquifer is considered to be slight. The measured hydraulic
conductivity of the shallow till is on the order of 4.5 x 10”7 m/s. Based on UMA’s experience, it is expected
that the density of the till increases with depth. An increase in the density of the till would correspond to a
decrease in its hydraulic conductivity, further decreasing the risk to the carbonate bedrock.

43 Groundwater Toxicity Test Results

Three rounds of groundwater sampling and laboratory toxicity testing have been completed for the
Sutherland MGP Site.

e Six groundwater samples were collected on April 25, 2005, from monitoring wells MW-41C, -29B&C, -
23C&D, -24D, and -42C.

e Additional unfiltered groundwater samples were collected in 2006 using slow sampling techniques
from MW-05-46, -47, -48 and -49, installed along the river bank.

e Athird round of sampling was conducted on October 31, 2006. 40 L of unfiltered groundwater was
obtained from each of MWO05-46, -47, and -48.

During all three rounds, the groundwater was tested using a 96-h swim-up rainbow trout fry laboratory
toxicity assay, in accordance with Environment Canada methods (2000: Reference Method for
Determining Acute Lethality of Effluent to Rainbow Trout, EPS 1/RM/13, 2™ ed.)

Results of the toxicity tests have been provided previously to the TAC, in the following three reports:

e UMA Engineering Ltd. 2005. Toxicity Tests of Groundwater Entering the Red River Report. A report
prepared for Manitoba Hydro. 10 pp plus appendices.

e UMA Engineering Ltd. 2006. Phase 2 Toxicity Tests of Groundwater Entering the Red River Report. A
report prepared for Manitoba Hydro. 11 pp plus appendices.

e UMA Engineering Ltd. 2007. Phase 3 Toxicity Tests of Groundwater Entering the Red River Report. A
report prepared for Manitoba Hydro. 11 pp plus appendices.
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Refer in particular to the Discussion section of UMA (2007) for a summary of all toxicity testing completed
to date. In summary, groundwater collected from MW23, at the top of the bank, exhibited evidence of
toxicity to rainbow trout fry during the first round of toxicity testing; however, groundwater samples
collected closer to the groundwater outflow face into the Red River (MW 46 to 49) was not toxic to trout

fry.
4.3.1  Toxicity Test Species

It was suggested by TAC that fathead minnow be used in the groundwater toxicity monitoring instead of
juvenile rainbow trout, since the former and not the latter are native to the Red River ecosystem. This is
recognized by MH as a valuable suggestion, and future laboratory-based toxicity tests will use fathead
minnow sensitive life stages to the extent that this test species is available.

Several researchers have evaluated relative sensitivity to water-borne toxicants of different species, and
there is a particular interest in larval fathead minnows and rainbow trout as standardized test organisms.
For example, Teather and Parrot (2006)° noted —

“Using information from published studies, the relative sensitivity of various freshwater fish to a
range of chemicals was examined. Specifically, the objectives were to: (1) determine which
species are used most often in toxicity tests, (2) assess the relative sensitivity of these species to
various chemicals, and (3) determine whether the two most commonly tested species exhibit
differences in their relative sensitivity to different classes of chemicals. Fathead minnows,
rainbow trout and bluegill sunfish were the three most commonly used species in 96-h LC50
tests. Of the nine species examined, Coho salmon and rainbow trout were the most sensitive
species to 190 chemicals, while goldfish and carp were the least sensitive. Fathead minnows and
rainbow trout were not equally sensitive to 13 different classes of chemicals; for example, while
trout were significantly more sensitive to metals, fathead minnows were more sensitive to
hydrocarbons. Such comparisons are expected to be useful for predicting the relative responses
of different species to previously untested chemicals in such groups, and in gaining insight into
physiological modes of action.”

Munkittrick et al (1991)* noted the following:

“Relative sensitivity and correlations between the Microtox® test and three commonly used acute
lethality bioassays (i.e., rainbow trout, fathead minnow, Daphnia) are reviewed and discussed. All
relevant data available for comparison were separated and evaluated based on chemical
groupings. Generally, Microtox was more sensitive than or as sensitive as the acute lethality tests
for pure individual organics, but was less sensitive to most inorganics. Microtox was not as
sensitive as acute lethality tests to effluents or leachates with a high component of insecticides,
herbicides, inorganics, pharmaceuticals or textiles, or highly lipophilic contaminants. As the
complexity and toxicity of industrial effluents increased, the correlations and sensitivity of Microtox
increased, with a corresponding decrease in data variability. Additionally, limitations of the
available data are that (1) comparisons of relative sensitivity varied with the compounds and
organisms tested; (2) there was a lack of standardization in approach and a failure to provide
adequate details on the origin of the cited toxicity data, which confused and obscured

® Teather, K, J. Parrott, 2006. Assessing the chemical sensitivity of freshwater fish commonly used in toxicological studies. Water
Quality Research Journal of Canada, 41: 100-105.

* Munkittrick, K.R., E. A. Power, G. A. Sergy, 1991. The relative sensitivity of microtox®, daphnid, rainbow trout, and fathead
minnow acute lethality tests. Environmental Toxicology and Water Quality, 6: 35-62.
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comparisons; and (3) published reviews commonly failed to identify fish species and test details
for cited data.”

In order to evaluate the relative sensitivities of the two test species to PAHs, UMA completed a query of
the USEPA “Ecotox” database for relevant ecotoxicity data. Tabulated data were available for both
fathead minnow and rainbow trout larvae for only three PAHs: naphthalene, acenaphthene, and
fluoranthene. The data are appended in Appendix A. Figure 4-5 shows the comparative sensitivity of the
two species to these three PAHSs. In all cases, the LCs is estimated from the geometric mean of all
reported values, which was up to 7 different values in some instances. For fluoranthene, the geometric
mean 96-h LC50 includes toxicity endpoints for non photo-induced toxicity, but not both photo-induced
toxicity.

log10(fathead minnow LC50) = 1.29xLog10(trout fry LC50) - 0.65
(n=4; p=0.022; r=0.98)
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Figure 4-5: Relative Sensitivity of Trout and Fathead Minnow Larvae to PAHs in Water

Based on existing ecotoxicity data, fathead minnow were observed to be only slightly less sensitive to
PAHSs than the rainbow trout larvae. The LCs, values were on average about 16% higher for fathead
minnows across the three PAHs for which toxicity data are available for both species. In light of this, it is
expected that the sensitivity of the two test species is sufficiently similar that they could be used
interchangeably.
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As mentioned above, MH will attempt to use the fathead minnow in future laboratory toxicity tests, for the
simple reason that this is an endemic species in the Red River study area.

4.4 Surface Water Quality in the Red River

Surface water in the Red River might be affected by two types of releases based on past MGP releases
of residual coal tar:

e Inputs into the river of contaminants dissolved in groundwater (or being transported as DNAPL) along
the edge of the Site, and

e Re-mobilization from historically contaminated sediments, based either on particulate re-suspension
or dissolution at or just beneath the sediment water interface.

Relevant information on water quality in the Red River is provided by the following reports/programs:

e CH2M Hill (1995): Environmental, Health and Safety Assessment of the Sutherland Avenue
Operations Facility in Winnipeg, Manitoba Phase II: Detailed Site Characterization.

e MC (November 2002): Water Quality Assessment of the Red River and Lake Winnipeg Following
Release of Raw Sewage from the City of Winnipeg, September 2002. Unpublished Report, 40 pp.
(metals and sewage associated chemical variables)

e Manitoba Water Stewardship: collated water quality data (2000 to 2007) for the Red River —
monitoring stations at south gate of floodway, and Selkirk Bridge (metals and major ion
concentrations only)

e UMA Engineering Ltd., August 2007. River Sediment and Surface Water Monitoring. A report
prepared for Manitoba Hydro. 8 pp.

The fourth of these reports comprises new information since MH last met with the TAC, and the report is
included herein as Appendix B.

Water sampling was conducted in the Red River adjacent to the former Sutherland MGP site as part of
the Phase Il Detailed Site Characterization (CH2M Hill, 1995). Ten water samples were collected along
the south shore of the Red River in late March, 1994. Samples were collected at a distance of 7 m from
the shore at all transects and at all 5 locations along transect L4 adjacent to the former MGP site. A
diagram providing the transect locations is provided in Appendix C. All samples were collected from the
surface of the ice by first cutting a hole through the ice with an ice auger and lowering a jar and stopper
assembly to approximately 0.5 m from the river bottom. Eight water samples were submitted for analysis
of PAHs. No PAHs were detected above the minimum laboratory detection limits in any of the samples.

CH2M Hill (1995) concluded that although groundwater containing residues is flowing towards the river,
the concentrations reaching the river are too low to be detected in river water. The results of river water
analysis found no detectable levels of PAHSs in the river indicating no evidence of coal tar by-products
exist in the water column.

Manitoba Water Stewardship conducts ambient water quality monitoring activities at over 50 sites in
Manitoba for basic water chemistry including pesticides and some pharmaceuticals. The water quality
monitoring does not include PAHs. Water Stewardship has established long-term monitoring locations at
St. Norbert and Selkirk on the Red River but not within the Winnipeg urban Red River environment. MH
has conducted water quality monitoring for PAHs, metals and basic water chemistry within the PAH
sediment plume area and upstream and downstream of the PAH plume area as part of the river sediment
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monitoring activities. Selected metals monitoring data for a station at the south gate of the floodway, and
for the Selkirk Bridge site, are provided in Figure 4-6 and Figure 4-7, respectively.

Figure 4-6: Temporal Trends in Selected Metals and Major lons in the Red River at the South Gate of the Floodway
(Manitoba Conservation Data)
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Figure 4-7: Temporal Trends in Selected Metals and Major lons in the Red River at Selkirk Bridge
(Manitoba Conservation Data)
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Seasonal trends are apparent for several of the metals and ions, including chloride (possibly as a result of
road salt use and runoff), as well as iron and manganese (probably a result of seasonal variation in
suspended sediment load, since the metals were measured as totals rather than in filtered samples).
Observed concentrations of several of these have often exceeded Canadian Water Quality Guidelines for
Freshwater Life Protection (FWAL): [arsenic: FWAL = 0.005 mg/L; copper: FWAL = 0.002 to 0.004 mg/L;
iron: FWAL = 0.3 mg/L; zinc: FWAL = 0.03 mg/L].

UMA (2007) collected water samples in March 2007 at twelve sample locations along the established
sediment monitoring transects adjacent to the former MGP site and upstream and downstream from the
site. The water sample collection locations are provided in Appendix B. Sample holes were cut into the
ice using a power auger. Water samples were collected at approximately 0.15 to 0.3 m above the river
sediment (13 samples) and 1.0 m below the ice level (12 samples) using a peristaltic low flow pump with
the sampling tube fixed to a graduated steel rod lowered through the sampling hole. All of the river water
samples collected in the field were submitted to ALS Laboratories in Winnipeg for PAH, benzene, toluene,
ethylbenzene and xylenes (BTEX), Total Volatile Hydrocarbons (TVH), Total Extractable Hydrocarbons
(TEH), metals, Total Dissolved Solids (TDS) and Total Suspended Solids (TSS) analysis.
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The results of the water monitoring are provided in the River Sediment and Surface Water Monitoring
report (UMA, 2007: Appendix B). PAHs were detected in three (3) of the twenty-five (25) water samples
(Table 4-5) and the remainder were below minimum laboratory detection limits. All three water samples
with detectable levels of PAHs were collected 1.0 m below the ice level. Matching samples collected at a
depth of 0.15 to 0.30 cm above the river bed did not contain detectable PAH concentrations. Two (2) of
shallower depth water samples exceeded the CCME guidelines for freshwater aquatic life for
benzo(a)anthracene, fluoranthene, and pyrene. Based on the recent sediment PAH and water PAH
analysis, there does not appear to be a correlation with the PAH surface water values and the sediment
values. See Table 4-6 for the PAH concentrations in river sediment, based on the March 2007 sampling
event.

Table 4-5: Summary of PAHs, BTEX, TDS and TSS in Red River Water Samples — Results for 3 of 25 samples collected
(PAHs were below detection limits in the other 22 samples).

Concentrations in pg/L unless stated otherwise.

Sample Location Canadian (CCME) Water T3-W1A T6-W1A T7-W1A
Quality Guideline for
ML Freshwater Life Protection 12-Mar-07 12-0I\{|,ar- 13-0I\gar-
Sample Date (ug/L)

Benzene 0.5 370 <0.5 <0.5 <0.5
Toluene 0.5 2.0 <0.5 <0.5 <0.5
Ethylbenzene 0.5 90.0 <0.5 <0.5 <0.5
Xylenes 0.5 -- <0.5 <0.5 <0.5
TVH 100 - <100 <100 <100
TEH 100 -- <100 <100 <100
1-Methyl Naphthalene 0.05 -- <0.05 <0.05 <0.05
2-Methyl Naphthalene 0.05 -- <0.05 <0.05 <0.05
Acenaphthene 0.05 5.8 <0.05 <0.05 <0.05
Acenaphthylene 0.05 -- <0.05 <0.05 <0.05
Anthracene 0.01 0.012 <0.01 <0.01 <0.01
Benzo(a)anthracene 0.01 0.018 0.06 0.08 0.01
Benzo(a)pyrene 0.01 0.015 0.02 <0.01 <0.01
Benzo(b)fluoranthene 0.01 -- 0.06 0.02 <0.01
Benzo(ghi)perylene 0.01 -- 0.04 <0.01 <0.01
Benzo(k)fluoranthene 0.01 -- 0.06 0.02 <0.01
Chrysene 0.05 -- 0.08 <0.05 <0.05
Dibenzo(ah)anthracene | 0.01 -- 0.06 0.02 <0.01
Fluoranthene 0.01 0.04 0.13 0.06 0.03
Fluorene 0.05 3.0 <0.05 <0.05 <0.05
Indeno(1,2,3 cd)pyrene 0.01 -- 0.05 0.01 <0.01
Naphthalene 0.05 1.1 <0.05 <0.05 <0.05
Phenanthrene 0.01 0.4 0.03 0.03 0.02
Pyrene 0.01 0.025 0.08 0.04 0.02
Quinoline 0.05 3.4 <0.05 <0.05 <0.05
Acridine 0.01 4.4 <0.01 <0.01 <0.01
Total Dissolved Solids | 5 mg/L 700 — 1000 mg/L* 660 mg/L | 650 mg/L | 650 mg/L |
Total Suspended Solids | 5 mg/L 5-25 mg/L* 50 mg/L 33mg/L | 26 mg/L |

Notes: Concentrations in yellow highlight exceed Canadian Water Quality Guidelines for Freshwater Life Protection
and Manitoba Water Quality Standards, Objectives and Guidelines..
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To place these results in perspective, it is important to note that virtually all of the 25 water samples
exhibited concentrations of aluminum, copper, iron, selenium and/or zinc that were in excess of their
respective Canadian Water Quality Guideline for Freshwater Life Protection.
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Table 4-6: Summary of PAH in River Sediment Former Sutherland MGP, Winnipeg, MB

Sample Location CCME Sediment Criteria T2-1 T2-2 T2-3 T2-4 T3-2 T3-3 T3-4 T4-1
Sample Date (mg/kg) 29-Jan-07  29-Jan-07  29-Jan-07  29-Jan-07  29-Jan-07 29-Jan-07 29-Jan-07  31-Jan-07

Acenaphthene 0.01 0.0889 <0.01 <0.01 <0.01 <0.01 0.68 0.08 <0.01 <0.01
Acenaphthylene 0.01 0.128 <0.01 <0.01 <0.01 <0.01 0.62 0.03 <0.01 <0.01
Anthracene 0.01 0.245 <0.01 <0.01 <0.01 <0.01 1.9 0.05 <0.01 <0.01
Benzo (a) anthracene 0.01 0.385 <0.01 <0.01 <0.01 <0.01 23 <0.01 <0.01 <0.01
Benzo (a) pyrene 0.01 0.782 <0.01 <0.01 <0.01 <0.01 1.8 <0.01 <0.01 <0.01
Benzo (b) fluoranthene 0.01 -- <0.01 <0.01 <0.01 <0.01 2.0 <0.01 <0.01 <0.01
Benzo (g,h,i) perylene 0.01 -- <0.01 <0.01 <0.01 <0.01 1.0 <0.01 <0.01 <0.01
Benzo (k) fluoranthene 0.01 - <0.01 <0.01 <0.01 <0.01 0.74 <0.01 <0.01 <0.01
Chrysene 0.01 0.862 <0.01 <0.01 <0.01 <0.01 2.2 <0.01 <0.01 <0.01
Dibenzo (a,h) anthracene 0.01 0.135 <0.01 <0.01 <0.01 <0.01 0.24 <0.01 <0.01 <0.01
Fluoranthene 0.01 2.355 <0.01 <0.01 <0.01 <0.01 6.2 0.03 <0.01 <0.01
Fluorene 0.01 0.144 <0.01 <0.01 <0.01 <0.01 45 0.03 <0.01 <0.01
Indeno (1,2,3-cd) pyrene 0.01 -- <0.01 <0.01 <0.01 <0.01 1.6 <0.01 <0.01 <0.01
Naphthalene 0.01 0.391 <0.01 <0.01 <0.01 <0.01 0.38 2.4 0.07 <0.01
1-Methyl naphthalene 0.01 - <0.01 <0.01 <0.01 <0.01 0.12 0.08 <0.01 <0.01
2-Methyl naphthalene 0.01 0.201 <0.01 <0.01 <0.01 <0.01 0.06 0.10 <0.01 <0.01
Phenanthrene 0.01 0.515 <0.01 <0.01 <0.01 <0.01 6.2 0.05 <0.01 <0.01
Pyrene 0.01 0.875 <0.01 <0.01 <0.01 <0.01 5.1 0.03 <0.01 <0.01
Quinoline 0.05 - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Acridine 0.05 - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Notes:

CCME, Interim Sediment Quality Guidelines (PEL) for Freshwater, Update 2002.
-- indicates no criteria

BOLD or shaded indicates exceeded parameter
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Table 4-6 (continued)

ple Da g/kKd an-0 an-0 3 3 a eb-0 eb-( eb-0
Acenaphthene 0.01 0.0889 <0.01 <0.01 0.02 <0.01 0.03 <0.01 <0.01 <0.01
Acenaphthylene 0.01 0.128 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
Anthracene 0.01 0.245 <0.01 <0.01 0.19 <0.01 0.03 <0.01 <0.01 <0.01
Benzo (a) anthracene 0.01 0.385 <0.01 <0.01 0.02 <0.01 0.03 <0.01 <0.01 <0.01
Benzo (a) pyrene 0.01 0.782 <0.01 <0.01 0.02 <0.01 0.03 <0.01 <0.01 <0.01
Benzo (b) fluoranthene 0.01 -- <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo (g,h,i) perylene 0.01 -- <0.01 <0.01 0.02 <0.01 0.03 <0.01 <0.01 <0.01
Benzo (k) fluoranthene 0.01 -- <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chrysene 0.01 0.862 <0.01 <0.01 0.02 <0.01 0.03 <0.01 <0.01 <0.01
Dibenzo (a,h) anthracene 0.01 0.135 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fluoranthene 0.01 2.355 <0.01 <0.01 0.10 <0.01 0.08 <0.01 <0.01 <0.01
Fluorene 0.01 0.144 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
Indeno (1,2,3-cd) pyrene 0.01 -- <0.01 <0.01 0.02 <0.01 0.03 <0.01 <0.01 <0.01
Naphthalene 0.01 0.391 0.08 <0.01 0.38 0.02 0.53 0.02 <0.01 <0.01
1-Methyl naphthalene 0.01 - <0.01 <0.01 0.02 <0.01 0.03 <0.01 <0.01 <0.01
2-Methyl naphthalene 0.01 0.201 <0.01 <0.01 0.07 0.02 0.03 <0.01 <0.01 <0.01
Phenanthrene 0.01 0.515 <0.01 <0.01 0.14 <0.01 0.10 <0.01 <0.01 <0.01
Pyrene 0.01 0.875 <0.01 <0.01 0.07 <0.01 0.05 <0.01 <0.01 <0.01
Quinoline 0.05 -- <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Acridine 0.05 -- <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Notes:

CCME, Interim Sediment Quality Guidelines (PEL) for Freshwater, Update 2002.

-- indicates no criteria

BOLD or shaded indicates exceeded parameter
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Table 4-6 (continued)

Acenaphthene 0.01 0.0889 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01

Acenaphthylene 0.01 0.128 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Anthracene 0.01 0.245 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo (a) anthracene 0.01 0.385 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo (a) pyrene 0.01 0.782 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo (b) fluoranthene 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo (g,h,i) perylene 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
|Benzo (k) fluoranthene 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chrysene 0.01 0.862 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dibenzo (a,h) anthracene 0.01 0.135 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fluoranthene 0.01 2.355 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fluorene 0.01 0.144 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Indeno (1,2,3-cd) pyrene 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Naphthalene 0.01 0.391 <0.01 <0.01 0.13 <0.01 <0.01 <0.01 <0.01 <0.01
1-Methyl naphthalene 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
2-Methyl naphthalene 0.01 0.201 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Phenanthrene 0.01 0.515 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pyrene 0.01 0.875 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Quinoline 0.05 - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Acridine 0.05 - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Notes:

CCME, Interim Sediment Quality Guidelines (PEL) for Freshwater, Update 2002.
-- indicates no criteria

BOLD or shaded indicates exceeded parameter
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All of the surface water sample results for BTEX, TVH and TEH were below the minimum laboratory
detection limits and CCME Guidelines. Relatively high levels of TDS and TSS were recorded in all of the
samples when compared with the Manitoba Water Quality Objectives (WQO). All of the TDS results for
the water samples submitted are within the WQO range while all of the TSS values exceed the WQO
range (see Appendix B). Concentrations of aluminum exceeded the applicable guideline in all of the
surface water samples. With the exception of surface water sample T9-W1A, all of the surface water
samples exceeded or were at the applicable guideline for copper. Concentrations of iron in the surface
water samples exceeded the applicable guideline for iron with the exception of sample T8-W1B.
Concentrations of selenium were in excess of the applicable guideline in three (3) of the water samples
and one (1) water sample exceeded the zinc guideline (Appendix B).

The results of the surface water analysis indicate that aluminum, copper and iron concentrations are
consistently higher than the applicable guidelines and a number of water samples were just above the
selenium water quality guideline. Manitoba Water Stewardship quarterly water sample data for the St.
Norbert South Flood Gate routinely exceed the applicable guidelines for aluminum, copper, iron and
selenium.

In summary, water samples collected from 15 to 30 cm from the river bed of the Red River adjacent to the
Sutherland Site did not contain detectable concentrations of PAHs (UMA, 2007). A subset of PAHs was
detected in three water samples collected approximately 1 m below the ice surface. The overall data
show no evidence of a correlation between with PAH surface water concentrations and the sediment PAH
levels, and that the presence of PAHSs in surface water may be as a result of other upriver sources such
as urban drainage. Environment Canada reports that PAHs also find their way directly into the aquatic
environment through discharges from various human activities, including: industrial and domestic sewage
effluents; spills and leaks of PAH-containing materials such as oils: and run-off from paved roads, parking
lots, and the grounds of wood preservative plants. MH will conduct future river water quality analysis for
PAHSs as part of its river sediment monitoring activities

45 Spatial Distribution and Depth in Sediment of Coal Tar Contamination
A large number of investigations have been completed to characterize the magnitude and distribution of
coal tar contamination in sediments in the Red River adjacent to the Site. Sediment PAH data are

available from the following studies:

e CH2M Hill (January, 1995). Environmental, Health and Safety Assessment of the Sutherland Avenue
Operation Facility in Winnipeg, Manitoba. Phase II: Detailed Site Characterization.

e Agassiz North Associates Ltd. (1996). Surficial Sediment Plume Study — 1996. Phase Il Biological
Impact Assessment, Red River, Manitoba.

e Agassiz North Associates Ltd. (1997). Surficial Sediment Plume Study — 1997, Red River, Manitoba.
e Agassiz North Associates Ltd. (1999). Surficial Sediment Plume Study — 1998, Red River, Manitoba.
e Agassiz North Associates Ltd. (2000). Surficial Sediment Plume Study — 1999, Red River, Manitoba.

e Morrow Environmental Consultants (2001). Environmental Site Assessment: Red River Sediments
Adjacent to the Former Sutherland Avenue Manufactured Gas Plant, Winnipeg, MB.

e UMA (2003). Manitoba Hydro Former Manufactured Gas Plant, 35 Sutherland Ave., Winnipeg, MB,
Supplementary Environmental Site Investigation.

e UMA (2006). Comprehensive Environmental Management Plan.
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The different studies appear to provide disparate pictures of riverbed contamination; however, much of
the confusion and uncertainty almost certainly arises from the different methods employed for each study.
As will be discussed further on in the document, the data cumulatively indicate that shallow surficial
sediments in the Red River adjacent to the site exhibit very steep vertical gradients in PAH concentration.
Perceptions about the spatial distribution of coal-tar derived PAHs, as well as upper range PAH
concentrations, are likely to be influenced by the sampling and analytical methods employed. Relevant
past studies are reviewed in chronological order below:

4.5.1  CH2M Hill, 1995

CH2M Hill Engineering Limited conducted a detailed Phase Il Environmental Site Assessment at the
former Sutherland MGP site in 1994. The assessment included the collection of 32 sediment samples
along eight transects. The sediment sampling program was conducted in March 1994 to facilitate
sediment collection by split-spoon sampler using a Pionjar drill from the ice surface. Twenty—six shallow
samples (0.5 to 1.0 m depth) and six deep samples (3.3 m depth) were collected. Eighteen samples were
sent to CANVIRO Analytical Laboratories Ltd. in Waterloo, Ontario. Sediment quality was evaluated by
comparison to the draft 1994 Environment Canada guidelines (CCME Sediment Quality Guidelines), the
unpublished Quebec 1992 sediment guidelines, the 1993 Ontario sediment guidelines and the
background conditions defined in the river based on background samples. The laboratory analytical data
were used only secondarily, however, to define the spatial extent of sediment contamination, which was
estimated based on visual observation of coal tar residues and the estimated extent of PAHs greater than
background concentrations that were derived from samples collected upstream of the impacted area. The
coal tar contaminated sediment plume was estimated to be approximately 9,000 m?, including a 1,250 m?
area of visible coal tar residues at sediment surface. There is a high probability that the lateral and
downriver extent of the plume was under-estimated based on the limited available data.

4.5.2 Agassiz North, 1995, 1996, 1997, 1999, 2000

Agassiz North Associates Ltd. conducted a reconnaissance survey of the surficial river sediments in 1995
as part of the Phase |IB Biological Impact Assessment. A series of transects were established along a
400 m reach of shoreline and sediment samples collected at about 10 m intervals along each transect to
a depth of 5 cm using an Ekman dredge. Visual evidence of PAH contamination was found along the 200,
250 and 300 m transects. Surficial sediment samples of sediment were sent to Canviro Laboratories Ltd.
in Mississauga, Ontario for analysis of PAHSs.

Agassiz conducted additional Surficial Sediment Plume Studies commencing in 1996 and ending in 1999.
Sampling was undertaken in the fall of each year by boat. An Ekman dredge was used to collect surficial
sediment samples that were visually assessed for coal tar residues in the field. Laboratory measurements
of PAHs in sediments were only obtained for a small subset of the samples collected in each of 1998 and
1999. The results were compared to the CCME Sediment Quality Guidelines.

The aerial extent of the surficial coal tar sediment contamination for all of the studies (1995 to 1999) was
estimated based only on visual coal tar residues and odour assessment of the sediments.

Agassiz North (2000, Table 7 and accompanying discussion) discuss annual changes in the aerial extent
of the plume based on examination of the top ~5 cm of sediment and visual/olfactory observations only.
Aerial extent estimates from the Agassiz North Reports, based on both lines of evidence, were —

o 1994: 3,435 m® (data from CH2M Hill, 1995)

e 1995: 3,800 m?

e 1996: 2,865 m°
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e 1997:9,245 m?
e 1998: 6,805 m?
e 1999: 12,800 m?

Of particular concern was the increased inferred extent of contamination between 1996 and 1997, as well
as indications of an increase in extent over longer periods, possibly indicating an ongoing source to the
river. Agassiz North (1999) attributed the increase in inferred plume size between 1996 and 1997 to the
extreme spring flood of 1997. Three possible mechanisms were discussed in association with the flood
event:

e Promotion of loading from an external source
e Redistribution of existing deposits by riverbed scour
e Erosion of overlying sediments to uncover existing deposits.

The report discusses the possible role of subsurface, man-made conduits (especially the existing high-
pressure gas main and trench and two abandoned sewer lines that previously serviced the MGP site) in
probably supplying coal tar to the river on an ongoing basis. This was concluded to be less likely than the
other two explanations, but was not ruled out.

With regard to the second and third mechanisms, Agassiz North (1999) wrote —

“The erosion of overlying sediments to uncover existing deposits cannot be ruled out as a partial
contributor to the 1997 plume expansion. However, this explanation seems less likely given the
considerable variation in downstream plume geometry from 1997 to 1999, and the evident
extension, displacement and dispersion of the downstream plume, particularly in 1999. Based on
this trend, and barring the occurrence of flood conditions comparable to 1997 in the next several
years, further dispersal of the plume downstream of the 300 to 350 m transects should be
expected over the next several years as well.”

Agassiz North (1999) also noted that there was no indication that surficial PAH concentrations (based on
laboratory data) had increased between 1995 and 1999. The average PAH concentrations within the
plume were statistically similar in 1995, 1998 and 1999. The minimum, mean, and maximum observed
concentration of total PAHs (PAH16 plus 2- and 1-methylnaphthalene) was 0.67 mg/kg, 1,900 mg/kg, and
12,460 mg/kg, respectively (n = 8).

4.5.3 Morrow, 2001

Morrow Environmental Consultants Inc. conducted an Environmental Site Assessment of the Red River
sediments adjacent to the former Sutherland MGP site in 2001. Sediment sampling was conducted
between February and March 2001 using a drill rig and hollow stem augers. Sample locations were based
on the previous studies conducted by Agassiz North. Boreholes were drilled to depths ranging from 1.8 to
6.4 m below river bottom and sediment samples were collected from 0 to 2.9 m below river bottom. Each
borehole was advanced 0.75 m to 1.5 m intervals along the transect. Boreholes were surveyed by
Morrow with assistance from UMA Engineering Ltd., and UTM coordinates and reference points were
established. Samples were collected in polyethylene bags and sent to Philip Analytical Services in
Mississauga, Ontario. The sediment sample results were compared to the CCME Sediment Quality
Guidelines. The extent of the sediment PAH plume for this assessment was based on visual assessment
of the sediments containing coal tar residues and trace PAH contaminant levels. Morrow (2001) noted
that —
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“Liquid and/or plastic coal tar was observed in some boreholes located up to 700 m downstream
of the bridge at depths ranging from 0 m to 1.2 m below river bottom.

A drawing showing the inferred spatial extent of coal tar contamination was provided; however, the
delineation was constrained by limited sampling intensity lateral to the direction of current flow. The lateral
extent of the plume, therefore, was likely under-estimated.

4.5.4 UMA, 2003

UMA Engineering Ltd. conducted a Supplemental Environmental Site Investigation of the former MGP
site that included investigation of the river sediments in February 2002. Based on the work conducted by
Agassiz North and Morrow Environmental, eight additional transects consisting of five test holes per
transect were established. The final program included thirty-six test holes along twelve transects. Test
hole drilling was conducted using a skid mounted auger rig. A long cellulose butyrate sleeve sampler was
inserted into hollow stem augers to obtain a full depth, intact core for visual description, field sampling
and sample selection for laboratory analysis. Particularly when looking for evidence of DNAPL, it is
important to examine intact as opposed to highly mixed soils and sediment, since DNAPL migration can
occur along very fine, thin permeable seems that are typically obliterated by some types of drilling
equipment.

Sample depths ranged from 0.2 to 5.7 m below the river bed. Sediment samples were retained within the
sampler in the sleeve, and the intact sediment cores were subsequently transported to an on-site
laboratory for logging and core extraction. Samples were divided for field screening using photo-ionization
detection (PID), PetroFLAG® and fluorometric quantification. Selected samples (n = 55) were sent to
Philip Analytical Services in Mississauga, Ontario for laboratory analysis. The results were compared to
the CCME Sediment Quality Guidelines. The extent of the sediment PAH plume was based on the worst-
case scenario by applying the highest naphthalene/naphthalene equivalent concentrations. Naphthalene
equivalents were calculated from the PetroFLAG® and fluorometric data using a regression relationship
between lab results and field screening values. Plan view drawings of the aerial extent of coal tar
contamination adjacent to the Site as previously provided to the TAC are based on analysis of the UMA
(2003) data.

4.5.5 Reconciliation of Different Observational Methods and Studies

Since the completion of the Agassiz North (1999) study, it has become evident that interpretations of the
aerial extent of the coal tar contaminated sediment plume are highly influenced by the methods used.
CH2M Hill, Morrow Environmental and UMA all employed similar sediment sampling protocols, using drill
rigs through the river ice during winter months. An advantage of this approach is that the depth of
contamination is determined, along with the aerial extent (based on multiple boreholes). A major
disadvantage, however, is that use of drill rigs and some types of coring apparatus tend to result in failure
to capture poorly consolidated sediments at the sediment water interface. These sediments represent the
most recent deposition (sediment deposits over the last few months, years, and perhaps decades) that
overlies historically contaminated sediments.

Agassiz North used an Ekman grab throughout their studies from 1995 to 1999 during the fall months.
Grab sampling is better equipped to preserve the integrity of sediments at the sediment water interface,
for subsequent chemical characterization, but is not useful for defining the highest local contaminant
concentration unless the most contaminated zone coincides with the uppermost sediment layers. Another
limitation of grab samples is that there is greater uncertainty about the depth over which a sediment
sample is obtained for subsequent chemical analysis. An Eckman grab tends to result in less sediment
deformation during the time of deployment than samplers such as a Ponar or Petite Ponar grab (as used
by North/South in 2003 or UMA in 2007; see below), since the four walls of the Eckman grab are vertical
and grab closure relies less on squeezing the sediment mass between two opposing jaws. Considerable
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uncertainty is introduced during grab sampling arising to differing sediment penetration depths at each
location and based on limited rigour when a subset of the captured grab is removed for subsequent
analysis. While practitioners may try to standardize the sampled depth of sediment collected (e.g. to the
top 5 or 10 cm), there is likely to be a high degree of variability between grabs and especially between
field personnel in the depth of sediment that is actually captured, and in the relative proportion of
sediments from different depths in the final sample. This becomes a critically important issue when
sampling sediments that exhibit very steep chemical gradients within the top decimetre or less.

Table 4-7 provides a summary of data on concentrations of total unsubstituted PAHs (PAH16) based on
the re-sampling in 2003 and twice in 2007 of the UMA 2002 sediment sample sites (UMA, 2003). It was
previously noted in the ecological risk assessment included in the CEMP that sediment samples collected
by North/South (2003) at the same time that five additional replicate samples were collected for benthos
analysis contained much lower PAH concentrations on average than encountered during the UMA (2003)
drilling/coring program. The 2002 drilling/coring data comprise PAH data from different depths in the river
bed.

Table 4-7 lists the upper-most sample from each coring location for which laboratory PAH data are
available. The depth listed is the middle of the integrated depth samples, generally collected over a
vertical range of approximately 10 cm.

Site TH3-3 (Table 4-7) has been re-sampled at the surface of the riverbed on three occasions since the
2002 UMA drilling program. A sample collected from ~30 cm depth in 2002 exhibited a PAH16
concentration of 38,700 mg/kg, while a surface sediment sample collected with a Petite Ponar grab by
North/South in 2003 exhibited a concentration of only 56 mg/kg. UMA re-sampled surface sediments in
the spring of 2007, also using a Petite Ponar grab, and observed a PAH16 concentration of only 2.7
mg/kg; however, this location was then sampled in August of 2007 for the purpose of assessing
sediment-pore water PAH partitioning and estimated PAH bioavailability, and the observed PAH16
concentration was 11,400 mg/kg. Similar, highly variable results between sampling events since 2002 are
evident for virtually every location that have been sampled on more than one occasion.
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Table 4-7: Results of Repeated Sampling of the Same River Bed Location Using Different Methods and Field Personnel

2002 UMA Data 2003 March 2007 August 2007
(UMA 2003) North/South UMA Bioavailability
Data (Appendix A Study
(see CEMP) herein) (Section 4.11 herein)
Sampling Sample 0to~5cm O0to~10cm O0to~10cm
Depth Specific (see
below)

Sample Depth (cm) TPAH,, TPAH;; (mg/kg) TPAH¢ TPAH (mg/kg)

Location (mg/kg) (mg/kg)

TO-1 20 cm 28.9

T1-1 10 cm 2.47

T2-1 70 cm 7.02 <0.01

T2-2 60 cm 6,570 0.88 <0.01

T2-3 50 cm 1,270 <0.01

T2-3 <0.01

T2-4 0.08 <0.01

T2-5 0.05

MH16 17,900

MH18 7,890

T3-2/MH19 34.1 2,540

T3-3/MH14 30 cm 38,700 55.7 2.7 11,400

T3-4/MH02 211 0.07 9.18

MH20 8,480

T4-1 10 cm 0.11 <0.01

T4-2 200 cm <0.05 0.47

T4-3 20 cm 0.08

T5A-1 30 cm 12.1

T5-2 300 cm 7.07 163 0.08

MHO03 20.4

MH11 247

T6-1 50 cm 0.75 <0.01

T6-2 30 cm 41,800 117 1.04

T6-3 20 cm 5.53 0.02

T6-4 0.97

MHO04 285

MH10 66

T7A-1 30 cm 21.5 <0.01

T7-1 20cm <0.05 0.02

T7-2 75 cm 0.32 7.18 <0.01

T7-3 40 cm <0.05 0.21 <0.01

T8-1 30 cm 0.47 1.72 0.15

T8-2 55 cm <0.05 1.03 <0.01

T8-3 45 cm <0.05

T9A-1 <0.01

T9A-2 <0.01

T10-1 <0.01

T10-2 <0.01

T11-1 <0.01
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In all of the studies where sediment samples were analyzed, the results were compared with the CCME
Sediment Quality Guidelines. However, the aerial extent of the PAH plumes were estimated based on
different methodologies for all of the studies. The estimated aerial extent of the surficial PAH sediment
plume by Agassiz North for all of their studies was based on visual identification of surficial (0.05 m) coal
tar residues and odours to estimate areas of trace contamination in surface sediments. CH2M Hill
estimated the aerial extent of the plume based on visual identification of surficial (<0.8 m) coal tar
residues and through comparison with background concentrations. Morrow Environmental estimated the
extent of the sediment PAH plume based on visual assessment of the sediments containing coal tar
residues and trace PAH contaminant levels at depths ranging from 0 to 3.7 m. UMA (2003) estimated the
PAH sediment plume by plotting the naphthalene (lab data)/naphthalene equivalent (field data) sediment
concentrations at depths ranging from 0 to >5.7 m.

Based on the differences in sample collection and plume estimation methodologies, caution should be
exercised in comparing the estimated aerial extent of the PAH sediment plume. However, all of the
studies support the conclusion that the surficial distribution of PAHs is strongly dependent on river
currents and sediment deposition versus scouring. This is particularly evident when comparing the
estimated aerial extent of coal tar contaminated surficial sediment prior to and after the 1997 extreme
flood event.

As discussed in Section 4.5.2 above, Agassiz North (1999) discussed two possible mechanisms that
might account for the observed distribution of coal tar contaminated sediment: (i) down river transport of
coal tar contaminated sediments, followed by re-deposition, especially during the flood event in 1997; and
(i) scouring of surface sediments to expose more highly contaminated historical coal tar deposits. While
these two phenomena are not mutually exclusive, it is clear that the second mechanism has been the
major influence on the overall distribution of coal-tar contaminated sediments in recent years. Down river
transport and re-settling of coal tar contaminated sediments could not account for the observed depth of
coal tar contamination in areas beyond the original depositional area, especially for the down river area
that is partially disconnected from the more highly contaminated sediment plume directly adjacent to the
former MGP Site. Rather, scouring and re-deposition would result in a thin surface coating of the
contaminated sediment, mixed and co-deposited with other uncontaminated sediment originating farther
upriver.

Evidence in support of scouring as the major recent influence on coal tar distribution in the post-
operational era of the MGP is also provided by observations on sediment stratigraphy. The lateral limits of
the sediment contamination at the western edge of the plume coincides with the presence of glacial till at
or near the sediment surface (UMA, 2003), whereas closer to the east river bank and within the
contaminated zone, there is substantial depth of recent sediment overlying compacted, blue-green glacial
tills. This indicates that the river bed adjacent to the western edge of the plume is routinely scoured, with
little net deposition of sediments originating within the last century or more. Conversely, sediment zones
with higher levels of coal tar contamination exhibit deeper accumulations of more recent sediments
overlying glacial till.

The relatively uncontaminated area between two more contaminated zones in a down river direction may
have resulted from deposition of free phase coal tar during the operation of the MGP, followed by
massive scouring in the years following decommissioning of the MGP. The construction of bridge footings
for the Disraeli Bridge around 1965, in particular, may have played a role in altering the hydrodynamic
regime at the sediment — water interface in the downriver section of river bed, which happens to be
adjacent to the former MGP site. The bridge abutments would tend to disrupt laminar flow and lead to
more turbulent flows. Potential for sediment re-suspension and erosion increases with the degree of
turbulent as opposed to laminar flow.
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Scouring events are expected to be episodic, with periods of annual net deposition over top of the
historically contaminated sediments punctuated by very high energy, extreme flood events. Evidence for
the presence of a surficial layer of minimally contaminated sediment overlying coal tar contaminated
sediment is provided by the March 2007 sampling data, the North/South 2003 data and observations of
plume extent prior to 1998, based on surface sediment samples and observations. It is likely that there is
an annual net accumulation of sediment on the riverbed adjacent to the Site in most years, with some
atypical years for which there is net scouring and removal to downriver areas. Within a year, it is also
expected that there will be a dynamic equilibrium of deposition and removal, such that the localized depth
of recent sediments over top of historically contaminated sediments may vary.

Finally, recent and past field sampling has also indicated that — in addition to vertical variations - fine
scale distribution of coal tar in sediments tends to be heterogeneous. This is attributed to the presence of
coal tar in more highly contaminated zones as droplets, blebs, poorly miscible coal tar pitch, and perhaps
small coal particles. This is in contrast to some PAH contaminated sediments affected by petroleum
product releases, wherein PAHs are more uniformly distributed based on sorption to the external surfaces
of sediment particles.

In summary, the evidence from approximately 12 years of studies on the extent of coal tar contamination
in Red River sediments adjacent to the site indicates —

e The 1997 extreme flood event (>100 year flood event) increased the apparent aerial extent of coal tar
contaminated sediment in the Red River adjacent to the Site by resulting in scouring of more recent
sediments at the surface to expose historical deposits discharged directly to the riverbed during the
MGP operational era.

e Since 1997-98, a thin accumulation of recent sediments has been re-deposited over top of historical
coal tar contamination. The depth and spatial variability of this newer sediment accumulation has not
been fully evaluated.

e The presence of a fine veneer of recent sediments results in steep concentration gradients that are
challenging to adequately characterize based on sampling with either grabs or cores/drilling. This has
resulted in substantial variation in the measured PAH concentration in surface sediments at a given
site on the riverbed.

e There is a high degree of fine-scale spatial heterogeneity of PAH contamination in the sediments
based on the nature of the deposited material. Between-sample variability, even within a single
sampling event, has been relatively high.

4.6 3-D Visualization of the Contaminated Sediment Plume

TAC members requested the development of three-dimensional visualizations of the coal-tar
contaminated sediment plume within the Red River to assist with planning exercises. Visualizations were
prepared based on a re-interpretation of the UMA (2003) drill core PAH data, based on both naphthalene
and PAH16 concentrations.

3D visualization work was done using EVS-Pro software (C Tech Development Corp.
http://www.ctech.com). The visualization is performed in two steps. First, the stratigraphy is modeled to
bound the region and to provide layers of distinct material. Second, the sampling results are processed to
estimate the distribution of various contaminants through the region.

Representative static drawings of the visualization are provided in Appendix D. The 3-D visualizations
illustrate the limited area of higher PAH concentrations that have the potential to become bioavailable and
pose a potential risk to aquatic organisms.
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4.6.1  Stratigraphy

Stratigraphic data from the cores taken in November 2002 was used to produce estimated continuous
surfaces to represent the following layers, listed in increasing depth: Ice, Water, Sediment, Organic,
Sandy, Till. The bottom of the Till layer was arbitrarily set for each core close to the depth of the lowest
sample from all cores, at 8.53 m below the ice surface.

The layers are determined by independently kriging of each surface to a dense 2D grid, with the
variogram chosen by the EVS-Pro expert system. The horizontal grid extents are determined by the
convex hull of the data plus a very small incremental boundary. The stratigraphic layers were used to
bound the region for work with sediment concentration data, by excluding the Ice and Water layers.

4.6.2 Sampling results

Sediment sampling analytical results from two separate programs were considered: the November 2002
cores, and the August 2007 surface grabs. Each sample was located in 3D space based on its reported
Universal Transverse Mercator (UTM: Easting and Northing) coordinates, and the mid-point of the depth
below the sediment surface.

The contaminant considered was total unsubstituted PAHs (PAH16). For each sample, either a total of
the 16 individual PAH results was used (for those samples fully analyzed in the lab), or PAH16 was
estimated using field collected data of a more semi-quantitative nature.

* For November 2002 data, a PAH16 value was determined from laboratory analytical data for
55 sediment samples and for another 159 sediment samples from field fluorescence data.
See UMA (20083) for a complete description of the technique. Briefly, the concentration of
unsubstituted and alkyl-substituted PAHs was analyzed at a CAEAL-certified laboratory in 55
sediment samples, comprising 25 different cores, and samples collected from multiple depths
in the range of 0.09 to 5.65 m beneath the top of the river bed. Alkyl-substitued PAHs have a
number of alkyl groups such as methyl, ethyl and propyl on their aromatic ring structures. In
order to provide a more detailed picture of spatial coal tar distribution in sediment, a total of
214 individual sediment samples were analyzed in the same cores, including the 55 samples
analyzed in the laboratory.

For fluorometric quantification, small masses of sediment (0.5 — 1 g) were extracted in 1:1
hexane:acetone in clean, disposable glass scintillation vials and the fluorescence measured
using a portable Turner Fluorometer using an excitation wavelength of 250-260 nm and a
measured emission and 380 nm. The magnitude of fluorescence was converted to mg of coal
tar/kg extracted sediment by prior construction and reference to standard curves developed
using an authentic coal tar sample collected previously from the Sutherland Site.

The statistical relationship between coal-tar equivalent concentrations based on fluorometric
analysis and PAH16 and concentration based on laboratory analysis of the same 55 samples

(

Figure 4-8), was used to estimate expected naphthalene and benzo[a]pyrene concentrations
in the remaining 159 samples. Using the best least-squares linear fit of log10-transformed
data, the relationship between PAH16 and coal tar concentrations was estimated based on
the following equation:

Logio[PAH16] = 1.15 Logjo[coal tar equiv.] — 3.25 (1)
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The degree of agreement between predicted and actual measured (laboratory analysis)
PAH16 concentrations in bulk sediment is illustrated in

Figure 4-8. As can be seen from both

Figure 4-8 and Figure 4-9, the use of field fluorometric data to estimated actual PAH16
concentrations in sediment is limited, and the true concentration might be under- or over-
predicted by an order of magnitude or more. Departures in a linear relationship between
fluorescence at 380 nm of sediment extracts and the concentration of unsubstituted PAHs
might be attributed to a number of issues:

o

At very high coal tar concentrations, the observed fluorescence intensity does not
linearly increase with increasing concentration; rather, a quenching effect occurs,
such that increased coal tar concentrations result in progressively lower fluorescence
measurements. The technique, therefore, is of limited value outside of the linear
response range on the standard curves.

Fluorescence of substances in the acetone/hexane sediment extracts, following
excitation, might be attributed to not just PAHs, but also methylphenols or other
monoaromatics present in coal tar, other polyaromatics, and a wide range of biogenic
substances present in sediments with resonant double bonds. The extent of
fluorescence by non-PAH16 substances is likely influenced by sediment texture and
sediment organic carbon content, which was variable across Red River sediment
samples.

The PAHSs in sediment are heterogeneously distributed, and relatively small mass
subsamples extracted in the field for fluorometric analysis or in the laboratory for
extraction and analysis by GC-MS may exhibit different concentrations of coal tar.
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In spite of the limited predictive power of the field analytical data, we note from Figure 4-9

that predicting bulk sediment PAH16 concentration from field fluorometric data might have
resulted in mis-classification of 4 of 55 sediment samples, with regard to risk potential (see
Section 4.11).

5 assuming nd values = ¥z of det. limit
log10[PAH16] = 1.15 x log10[fluor. conc] -3.25;
4 n = 55, p<0.001, r= 0.64

log10[PAH16] = 1.14 x log10[fluor. conc] -3.10; A
n =41, p<Q.001, r=10:59

Log10[PAH16] (mg/kg)
N

1 2 3 4 5
Log10[Coal Tar Equivalents - Fluorim.] (mg/kg)

Figure 4-8: Statistical Relationship Between Coal Tar Concentrations in 2002 Sediment Samples Estimated by Field
Fluorometric Analysis and Laboratory-Derived PAH Data
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Figure 4-9: Degree of Concurrence Between Predicted and Actual Concentrations of Unsubstituted PAHs in 55 Red River
Sediment Samples

Given the marked change in concentration of coal tar concentrations and synoptic trend at the plume
edge, bottom, and in the upper several cm of sediment, an order of magnitude error in predicting the
PAH16 concentration in bulk sediments would influence calculated volumes of highly contaminated
sediments to a relatively smaller degree.

e August 2007 sediment data (top 10 cm) were collected in support of the coal tar bioavailability
assessment as described in Appendix E, and Section 4.11. The lab screening value was used for
PAH16 concentrations, since data were available for all 20 surface collected samples. *Note that
these screening-level measurements were made using sonication to provide a rapid assessment of
PAH concentrations used to sub-select samples for detailed characterization.

To produce a continuous estimate of the contaminant distribution from the data, kriging was done in three
dimensions, with the variogram chosen by the EVS-Pro expert system. The data was kriged to a grid that
had the same horizontal structure as the 2D grid from the stratigraphy, and had vertical nodes distributed
through the stratigraphic layers with a minimum of 2 nodes per layer. Because the samples from the
cores were often taken at multiple depths spaced close together, a horizontal to vertical anisotropy of 20
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was used during the kriging to help preserve in the gridded results the vertical variability found in the
samples.

4.6.3 Visualization
The 3D data can be visualized in multiple ways. For each display, some processing is done:

¢ Limit the horizontal extent to a closely following polygon (convex) to limit extrapolation beyond the |
limits of sampling
e Set a vertical exaggeration, usually of 10 times the horizontal.

4.7 Screening Criteria for Sediment Quality

It was noted by the TAC that delineation of contaminated sediment made reference to the Canadian
Council of Ministers of the Environment (CCME) Probable Effects Level (PEL) guideline, but not the more
sensitive Interim Sediment Quality Guideline (ISQG).

The CCME is the intergovernmental forum in Canada for discussion and joint action on environmental
issues of national and international concern. The CCME provides guidance that can be followed by
individual jurisdictions or departments voluntarily. The guidance is intended to facilitate individual
jurisdictional environmental clean-up or protection goals by providing tools, shared resources, and some
standardization. The CCME takes responsibility for the development and dissemination of Canadian
Environmental Quality Guidelines, including guidelines for soil, sediment and water quality (for drinking
water, irrigation or livestock source water, and aquatic life protection), and tissue residue guidelines (for a
small suite of persistent, bioaccumulative, toxic substances).

CCME sediment quality guidelines were developed in the mid 1990s in two categories: the Interim
Sediment Quality Guidelines (ISQG), and the Probable Effects Level (PEL) sediment quality guidelines.
The ISQG are contaminant thresholds for possible effects on sensitive organisms, and are generally
much lower than the PEL for a given substance. The PEL sediment quality guidelines are intended to
provide concentration thresholds above which impacts to aquatic life in or near sediments are likely.

The CCME ISQG and PEL sediment guidelines are conceptually similar to the United States National
Oceanographic and Atmospheric Administration (NOAA) sediment “Effects Range - Low” (ER-L) and
“Effects Range — Median” (ER-M) sediment values for contaminants. Initially, the NOAA Sediment
Quality Guidelines (SQGs) (Long and Morgan, 1990) were developed specifically to enable the ranking of
a suit of marine coastal sites in the Unites States for further investigation and action (such action
potentially includes better focus on source control). The original authors of the SQGs initially held that
that they should not be regarded as thresholds of acceptable versus unacceptable concentrations (E.R.
Long, pers. com.; Annual meeting, Pacific Northwest Chapter, Society of Environmental Toxicology and
Contamination, Victoria, BC, 1992). The NOAA SQGs have since been further developed and
popularized for use in guidance of site-specific coastal assessments, risk assessments, and remediation.
Some of the earlier cautions regarding appropriate or inappropriate use, however, have been lost in the
intervening years.

The NOAA, CCME and British Columia (BC) Contaminated Sites Regulation (CSR) sediment quality
guidelines or criteria share a common derivation methodology and even the same underlying sediment
toxicity data, with some variations. Long and Morgan (1990) introduced SQGs based on compilations of
data from reports where bulk chemical concentrations in sediment were quantified along with a measure
of biological response. The responses were typically laboratory-based whole sediment or (rarely) pore
water elutriate bioassays (e.g., using bivalve larvae), where the toxicant-response relationship was
dominated by data from multiple sites on a few standardized test organisms, such as the amphipod
Rhepoxynius abronius for marine sediments. A smaller portion of the underlying concentration-response
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data were based on benthic community response in field populations. The interpretation of effects versus
no-effects in these field studies is highly complicated, is dependent on the power of the experimental
design, and may be highly subjective. Long and Morgan (1990) based the initial NOAA SQGs only on
cases within their database where a biological effect was noted. The concentrations of a substance
(most often co-occurring with other contaminants) associated with a biological effect were ranked from
lowest to highest. The 10" percentile among those concentrations was designated the ER-L and the 50"
designated as the ER-M.

The CCME sediment quality guidelines were developed using a similar ranks-based approach to the
NOAA SQGs, except that both the “no-effects” data and “effects” data from the database are used in
derivation of the “Threshold Effects Levels” (TELs), which are then nominated as ISQGs provided certain
data quality requirements are met. The TEL is defined as the geometric mean of the 15" percentile of the
concentration ranked effects data and the 50" percentile of the ranked no-effects data (CCME, 1995).
The use of no-effects concentrations to establish a potential effect threshold is particularly contentious
among ecotoxicologists.

O’Connor (2002) points out various shortcomings of the NOAA ER-L and ER-M (and by extension CCME)
approaches. He states —

“Originally, an exceedance of any one ERM was considered a likely indication that a
sample was toxic. However, upon examination of large data sets Long and MacDonald
(1998) categorized the likelihood of toxicity as low, medium, or high if 1 to 5, 6 to 10, or
more than 10 chemical concentrations, respectively, exceeded an ERM. As an
alternative to multiple exceedances they introduced the ERM Quotient (ERMQ), which is
the mean among ratios of chemical concentrations to ERMs. An ERMQ >1 would imply a
medium likelihood of toxicity.”

Empirical tests of the validity of the NOAA SQG have been undertaken both by those involved in their
original derivation (Long et al., 1995; Long and Macdonald, 1998) and by others (O’Connor, 2002;
O’Connor and Paul, 2000). The results of validation studies by O’Connor (2002) show that —

“generally less than half of the samples with chemical concentrations above any of the
SQGs were actually toxic. A few did better than 50%, but at the price of excluding many
samples. For example SQGs requiring 6 or more ERM exceedances or an ERMQ >1
were about 60% accurate in identifying toxic samples, but that increase in accuracy
caused the SQG to apply to ten times fewer samples than the simple single-ERM
exceedance SQG.”

The CCME sediment quality guidelines would likely have an even lower predictive capability, in light of
the inclusion of the no-effects data distribution for their derivation. It has been noted that ER-L SQGs are
relatively good for predicting the non-toxicity of sediment samples; however, exceedance of the ER-L
concentrations is not a good predictor of toxicity. O’Connor (2002) concluded that the connection
between sediment bulk chemistry and biological toxicity is sufficiently tenuous across a wide range of
sediment and ecosystem types to have little predictive value. He further noted that there is a certain
gamesmanship in validating chemistry-based thresholds of biological toxicity: Whereas the absolute
concentrations of chemicals in the sediment are static, the co-occurrence of other substances is highly
variable, and operationally defined assertions about toxic versus non-toxic can be highly fluid. One can
classify a sediment sample as toxic versus non-toxic, for example, based on a pass or fail of one test or
multiple tests within a battery of laboratory-based toxicity tests, or based on level of response (ECyq
versus other response levels), the choice of which is somewhat arbitrary, and may be less than objective.
When dealing with benthic community data, it is even more challenging to dichotomize into an effects
versus no-effects scheme what is often a continuous and synoptic concentration-response relationship
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without break-points, depending on whether the response of interest is macroinvertebrate densities, taxon
richness, feeding guild or functional shifts, or other types of responses.

Many of the Canadian ecological risk assessment practitioners have found that the CCME ISQGs are not
good predictors of benthic community effects, and that the ISQG values are often so low that in many
cases virtually all sediments in urban setting or even based on natural mineralization exceed one or more

ISQGs.

Beyond the concerns summarized above, there are at least four other major criticisms of the CCME
sediment quality guidelines for use in establishing environmental protection goals:

(i

(ii)

(iii)

(iv)

The CCME sediment quality guidelines are derived from a set of matched data on toxicity and
bulk sediment chemistry; however, the mechanics of the derivation automatically assign the
toxicity to the chemical of interest in spite of the co-occurrence of a large suite of substances
that might be more directly connected to the observed biological response(s). There is a large
possibility that the chemical of interest was not the causative agent, so that the pseudo- dose
response assignation is erroneous and misleading.

The CCME sediment quality guidelines were not derived in consideration of other aspects of
porewater chemistry in the field collected samples. Important influences on biological
exposures and responses relative to bulk sediment concentrations include the sediment/pore
water concentrations in a eutrophied sediment in an urbanized or industrialized water body of
ammonia and other by-products of decomposition of organic detritus, redox conditions, and
rate of advective and diffusive exchange with surface water at the sediment water interface
(which is in turn related to sediment particle size and degree of sorting).

Especially for PAHs, the underlying database for the CCME sediment quality guidelines is
dominated by studies of sediments wherein metals/metalloids are major co-contaminants with
PAHSs, and the PAHs are substantially derived from environmental releases of petroleum-
based products (petrogenic PAHSs). Petrogenic PAH mixtures are typified by a dominance of
alkyl-substituted PAHs over unsubstituted or parent PAHs. The alkyl-substituted forms,
however, are seldom measured, and the biological response is assigned to the measured
PAHSs. Coal-tar, creosote, and many pyrogenic PAH mixtures, however, are comprised
primarily of unsubstituted PAHs, and there is less potential for biological risks from an
unmeasured alkyl-PAH component. In general, it has been experienced that generic
sediment quality criteria for PAHs tend to seriously over-predict toxicity of PAHs released to
sediments from coal tar or creosote inputs, relative to the observed toxicity.

The CCME sediment quality guidelines are based on an amalgamation of data that are then
ranked and the lower ranks of effects and no-effects concentrations used to derive the
ISQGs. The data falling at the lower end of the ranked effects data very likely represent
sediments where the contaminants exhibit a very high degree of availability (i.e., are among
the lower 20" %ile of sites ranked from higher to lower bioavailability). This will over-estimate
the toxicity relative to actual bioavailability and exposures at the vast majority of sites.

In light of general reservations about the high degree of conservatism of CCME ISQGs, UMA (2003)
elected to compare sediment PAH data to PELSs. It should be noted, however, that many of the issues
associated with derivation of the CCME ISQGs also apply to the derivation of PELs. The comparison,
therefore, was simply intended to show relative degree of contamination within different areas of the
riverbed. Above all, a site-specific ecological risk assessment has been completed for the Red River
adjacent to the Sutherland Site, and this is provided as a more proximate and more accurate assessment
of the potential for ecological risks than the use of generic environmental quality criteria.
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4.8 Individual PAH Surrogates of Coal Tar Contamination

In the UMA (2003) Supplemental Site Investigation, naphthalene (and benzo[a]pyrene) was used as
surrogate PAH for delineation of contaminated sediment. We explain the rationale for this. In addition, the
spatial extent of coal tar contamination in the river bed is described in this report (Section 4.5, 4.9 and
4.11) in terms of the concentration of total unsubstituted PAHs (PAH16).

An evaluation of the composition of PAHs in Sutherland Site samples was included in UMA (2003), using
descriptive as well as multivariate pattern analysis techniques. A major conclusion of this analysis was
that the PAH-contaminated sediment in the riverbed had a PAH composition that was not distinguishable
from highly coal tar contaminated soils in the subsurface environment beneath the Site. The implication is
that the PAH composition in the river is consistent with the historic direct deposition of free-phase coal tar
into the river during the operation.

Figure 4-10 shows the average proportion of various PAHs in Red River sediment samples based on the
2002 coring program (UMA, 2003). The “total” PAH concentration is based on the sum of the 16
unsubstituted PAHSs, and various alkyl-substituted PAHs measured either as individual PAH compounds
(e.g., 2-methylnaphthalene) or alky-PAH homologue groups (e.g., dimethylnaphthalenes: all naphthalene
compounds with two methyl groups attached in any position). Also indicated in Figure 4-9 are those PAHs
that are suspected or known carcinogens.

Unsubstituted PAHSs in coal tar contaminated sediment comprise about 60 to 80% of the total PAH
concentration (see Appendix E, Table 3). In addition, naphthalene is the most abundant individual PAH in
coal tar contaminated sediment samples (17% of total PAHs on average, including alkyl forms as
analyzed in 2002), followed by phenanthrene (12% on average). Among the eight potentially carcinogenic
unsubstituted PAHs, benzo(a)pyrene, benzo(a)anthracene, and benzo(b)fluoranthene were the dominant
contributors to total PAH concentrations (2.8 to 3.1% on average).

In conclusion, naphthalene is considered a good surrogate of coal tar distribution since it is the individual
PAH occurring in the highest proportion in coal tar contaminated sediments. Benzo(a)pyrene was
secondarily used as a chemical surrogate of coal tar distribution based on its proportional concentration,
known mode of action as a cancer-causing substance, and based on the large amount of scientific
information available regarding the environmental fate and effects.
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Figure 4-10: Relative Proportion of Different PAHs in Coal Tar Contaminated Sediment, Sutherland MGP Site

49 Spatial Variation in Sediment PAHs and Benthos

TAC provided the following query:

“The risk assessment report indicated that there was a significant difference in macroinvertebrate
density between various station groupings, but did not indicate whether there was a significant
difference in sediment PAH concentration between the five groups (low, medium, high PAH
levels; up-river reference; down-river reference).”

“Sediment samples from downstream reference stations exhibited much lower PAH
concentrations than sediments from the areas adjacent to the Sutherland Site, although these
samples exhibited PAH concentrations that were more than two fold higher on average than the
upstream stations. Are these differences in PAH contamination significant?”

The aquatic risk assessment described in the CEMP makes reference to a possible influence of PAHs on
reference station sediments down river from the Site. In particular, we note that the concentrations of
PAHs (sum of 16 unsubstituted PAHSs) in five down river reference samples was significantly different
from the samples from the five up river reference sites (Figure 4-11):
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Figure 4-11: Concentrations of PAHs in Surface Sediment Samples from Benthos Risk Assessment Sites (2003) (non-
detected PAHs assumed present at 2 d.l.)

Figure 4-11 also shows the statistically significant differences between site categories, based on a one-
way ANOVA and Tukey post-hoc test run on the untransformed data. A two-tailed t-test (non-paired)
indicates that PAH16 concentrations at the downriver and upriver reference sites were not significantly
different (df = 9, t = 1.15) using a=0.05. While the average downriver PAH concentration (0.46 mg/kg)
was much higher than the upriver average (0.083 mg/kg), the high degree of between-site variability
suggests that differences would be statistically significant with a higher number of sample replicates or
perhaps if the assumption of normality were not violated for this data set. The log10-transformed PAH
concentrations were marginally statistically different for upriver and downriver reference sites (df =9, t =
2.23). A log-transformation is appropriate since the transformed data more closely approximate a normal
distribution.

Given the slightly higher PAH16 concentrations in the downriver reference samples relative to the upriver
reference samples, an obvious question is whether this might be attributable to past re-suspension and
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deposition of coal-tar contaminated sediments from the river bed adjacent to the Sutherland Site. Figure
4-12 shows that the PAH composition (i.e., relative abundance of the sixteen unsubstituted PAHs) was
similar for upriver and downriver reference sites, and that the reference site PAH composition was
dissimilar to the coal tar contaminated sediment samples. In particular, reference sediment samples from
both upriver and downriver of the Site exhibited a much lower proportion of naphthalene and
phenanthrene, as well as a much higher proportion of the higher molecular weight PAHs typically
associated with deposition of combustion-derived fine particulates [benzo(a)anthracene,
benzofluoranthenes, benzo(a)pyrene, indeno(1,2,3-c,d)pyrene, dibenzo(a,h)-anthracene,
benzo(g,h,i)perylene]. As illustrated below, sediments collected within 30 cm of the surface at core
location 3-3 exhibited about 30% of their PAH16 concentration as naphthalene.

[ Upriver Ref. Sites
B Downriver Ref. Sites

0.30 B Coal Tarin Sediment (T3-3: UMA, 2003)

0.25 -

0.20

0.10 -

Proportion of PAH16 Conc.
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Figure 4-12: Comparative analysis of PAH composition of reference sediment samples from the urbanized Red River
(collected in 2003) and a sample of coal-tar contaminated sediment from riverbed adjacent to the Sutherland Site (T3-3:
PAH16 = 38,700 mg/kg)
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There were much lower PAH16 concentrations in the reference site sediments relative to sample T3-3,
collected 30 cm from riverbed surface, as illustrated in Figure 4-12. It might be hypothesized, therefore,
that the compositional differences arose from differential rates of microbial decomposition over time of

lower molecular weight PAHs, coupled with overall higher decomposition rates in areas of the river bed
that have lower PAH concentrations (i.e., naphthalene and phenanthrene are being preferentially
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degraded, and the rate of loss is highest in minimally contaminated areas). In order to differentiate
between the effects of post-depositional fate and urban-type inputs to the near-surface sediments, we
examined minimally contaminated sediment samples collected from the bottom of cores that intersected
major zones of coal tar contamination. Less contaminated sediments near the bottom of several cores
would be expected to contain only coal-tar derived PAHs. For the sediment sample collected from T3-3 at
a depth of 3.5 m below the surface (PAH16 = 6.0 mg/kg), naphthalene and phenanthrene accounted for
13.2% and 20.5% respectively of the PAH16 concentration, which is not consistent with the proportion of
these PAHs in downriver reference sediments. Therefore, differential biodegradation does not appear to
account for the compositional differences observed between the downriver sediment samples and coal tar
contaminated sediment plume.

Finally, it is noted that the PAH16 concentrations in reference sediment samples 2-1 through 2-5 (Figure
4-11) do not decrease synoptically with downriver distance from the Sutherland Site. In particular, the
reference site 2-5 was located an estimated 2.2 km downriver from the Site. The observed PAH16
sediment concentration, however, was approximately an order of magnitude higher at site 2-4 located
approximately 5 km downriver from the site. The concentration at site 2-3 was also an order of magnitude
lower that sample 2-4 in spite of the fact that collection sites 2-3 and 2-4 were less than 200 m apart.

Overall, it is concluded that while the downriver reference sites contained average PAH16 concentrations
that were five-fold higher than the upriver reference sites, such differences do not appear to be a result of
downriver mobilization of coal-tar contaminated sediments from the riverbed adjacent to the former MGP
site. Rather, the PAH composition of all reference site samples is consistent with expectations based on
stormwater inputs from urbanized areas in other North American communities.

410 Other Possible Sources of PAH Contamination to the Urbanized Red River
The UMA (2003) report suggests that there is a separate PAH source affecting the sediment samples at
the downstream sites. PAHs are widely known to be contributed to the aquatic environment through at

least two major source types:

(i) Release of new and used petroleum-based products (motor gas, diesel-range distillates,
lubricating oils, heavy residuals) (petrogenic PAHs); and

(i) De novo production and release during lower temperature combustion (automotive exhaust,
garbage incineration, wood-burning, et cetera) (pyrogenic PAHs).

Coal tar PAH constituents are a special case, wherein the PAHSs originated from production over
geological timescales from the long-term diagenesis of organic matter to produce coal, and the PAHs
have subsequently been modified to a more pyrogenic PAH type as a result of the coal gasification
process.

Petrogenic sources such as crankcase oil in cars, trucks and machinery with 2-stroke engines
(lawnmowers, for example) can take on a progressively pyrogenic characteristic with extended use.

Within the Winnipeg environment, major expected sources of PAH loading to the Red River might include
(in possible order of priority) —

e Stormwater runoff;
e Discharge of treated sewage effluent;

e Direct discharge from adjacent industrial and historically contaminated sites and/or petroleum spills;
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e Direct atmospheric deposition of combustion-derived fine particulates containing PAHSs.

Stormwater runoff in particular has been shown to be an important PAH source to receiving waters in a
large number of cities, owing to the large number of combustion sources including automobiles and
trucks, high percentage of impervious surfaces (building roofs, parking lots, roadways, sidewalks), and
aerial extent of the overall catchment drained by various stormwater collection networks. Two good
review articles include Wren et al. (1997) and Makepeace et al. (1995).

PAHs in stormwater are contributed by both combustion-derived fine particulate deposition to impervious
surfaces and the direct spillage of petroleum products to impervious surfaces. For example, oil leaks from
vehicles can comprise a major PAH source to stormwater and subsequently to aquatic receiving
environments. In fact, “Waste Crankcase Oil” (WCO) was re-assessed in 2002 under the Canadian
Environmental Protection Act (CEPA) and was concluded to be a “CEPA toxic” substance. According to
Environment Canada (2002):

“Studies on roadway runoff provide a link between release of WCO from vehicles and effects on
benthic organisms, which also include changes in the biodiversity of sediment fauna. As a result,
this new information was used as a surrogate for the dust suppressant and land disposal
scenarios to show possible effects on sediment biota and change in species diversity that can
result from exposure to WCO.”

In any urban environment, the relative importance of sewage effluent inputs versus stormwater inputs will
depend on (i) whether the stormwater and sanitary flows are segregated or combined, (ii) efficacy of the
sewage treatment process to either sequester PAHSs in biosolids or result in microbial breakdown, and (iii)
industrial, commercial and residential make-up of properties serviced by either the stormwater or sanitary
sewer collection systems.

Chambers et al. (1997) reported that discharge of treated municipal sewage effluent in Montreal
contributed approximately 1.2 kg/d (440 kg/y) of PAHs (including 21 individual PAH). Current estimated
PAH loading of dissolved naphthalene to the Red River via groundwater is 0.37 kg/y (Section 4.2). No
similar mass loading estimates are available for the City of Winnipeg based on either stormwater, or
treated sanitary wastewater inputs; however, the presence of PAHSs in surficial sediments in the Red River
is not surprising in light of studies that have been conducted in other cities.

411  Effects on Sediment Associated Fauna: Relationship Between PAH Bioavailability and
Observed Ecological Response

The CEMP for the Site is based on an ecological risk assessment completed in 2003/04. The risk
assessment, based on the investigation of field occurrences of benthic macroinvertebrates, demonstrated
that there is a very limited impact on benthos from PAH contamination in the Red River adjacent to the
Site. While there was a statistically significant negative correlation between the log;o PAH concentration
and macroinvertebrate abundance, this relationship accounted for only ~5% of the between-site variability
in macrobenthos abundance:

Logio[Macroinvertebrate density] = 1.42 — 0.001 e [total PAHSs] (2)
(p = 0.013; R%g) = 0.052 [5.2%])

This is illustrated in Figure 4-13, which is reproduced from the ecological risk assessment.
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Figure 4-13: Relationship Between Macroinvertebrate Density and PAH Concentrations

It was noted that measures of sediment particle size (% clay), sediment organic carbon content and
various geological origin metals were at least as strongly correlated with benthos abundance as the
sediment PAH concentration, in spite of the fact that PAHs in sediment samples from the sites assessed
exhibited a concentration range spanning four orders of magnitude. The abundance of infaunal clams,
caddis fly larvae and stone fly larvae was found to be significantly negatively correlated with sediment
PAH concentration, but - as for total macroinvertebrate abundance - the co-variation between biological
variation and PAH concentration in sediment accounted for 10% or less of the overall between-site
variability in abundance.

None of the other taxonomic groups (ephemeroptera, diptera, lumbriculids, tubificids, or gastropods)
exhibited a discernible relationship with levels of PAH sediment concentrations. Ephemeropteran density
increased significantly with sediment gravel content (p = 0.016; r* = 0.05). Lumbriculid density was
positively associated with sediment silt content, but negatively associated with organic carbon content (p
=0.037, = 0.05). No relationship between biodiversity, measured as species richness, and sediment
PAH levels was evident. Finally, it was demonstrated that the total macroinvertebrate abundance,
biodiversity, and species composition (evaluated using multivariate analytical techniques) in highly PAH
contaminated sediment adjacent to the Site were in the range of observations for other sites within the
urbanized Red and Assiniboine Rivers.

The apparent lack of major toxicological response of sediment-associated fauna to coal tar contamination
bears further scrutiny from mechanistic/causal perspective. In particular, it was speculated that limited
bioavailability of PAHs in the coal tar contaminated sediments could account for the observed benthos
data.

A follow-up study was completed in August - October, 2007. In order to evaluate the apparent lack of
bioavailability and hence toxicity of PAHs, the dissolved concentration of PAHs in porewater extracted
from sediment samples was determined using recently published ASTM standard methods and guidance
prepared by the U.S. Environmental Protection Agency for predicting the toxicity of PAH mixtures (ASTM,
2007; US EPA 2003). Complete documentation of the bioavailability study is provided in Appendix E,
while a summary of the methods and major findings is provided herein.
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Sediment grab samples (top ~10 cm) were collected using a stainless steel Petite Ponar grab from 20
sites in the Red River within the coal tar contaminated sediment plume. These sites were selected based
on the existing (2002) sediment data showing elevated coal-tar related PAH concentrations and for which
previous data existed on macroinvertebrates. The concentration of total PAHs in bulk sediments was
determined semi-quantitatively using a rapid chemical assessment method based on PAH extraction
through sonication. The screening concentration of PAH16 in the 20 sediments ranged from 0.2 to 2,700
mg/kg (wet weight basis). The ratio of parent (unsubstituted) to parent + alkyl PAHs ranged from 0.40 to
0.82, indicating that parent PAHs represented a significant proportion of the aromatic hydrocarbons in the
sediment samples, which is typical for PAH mixtures observed at MGP sites. Samples with lower
parent:parent+alkyl PAHSs likely reflect a greater relative contribution of PAHs from urban runoff. These
samples exhibited a lower overall PAH concentration.

Using the screening data, 10 samples having a range in PAH concentrations were selected for detailed
analysis of dissolved PAHSs in extracted porewater. The concentration of dissolved PAHs was used to
estimate the potential toxicity of each sediment sample.

When referring to the concentration of dissolved PAHs or bioavailable PAHs present in sediment
porewater, the term PAH3,4 is used which is expressed in units of umol/g lipid. The bioavailability PAH34
concentration expressed as umol/g lipid represents the predicted internal concentration or body burden of
PAHSs that is expected in benthic aquatic organisms if they are exposed to the sediment and based on
equilibrium partitioning between porewater and biological lipids. The measurement of PAH34 is the sum
of 18 parent PAH compounds and 16 groups of alkylated PAH compounds, which represents thousands
of individual PAHs. The exposure and internal body burden of sediment-dwelling invertebrates is
predicted using equilibrium portioning theory, and the analysis of PAH3, is conducted to provide a better
estimate of the potential toxicity resulting from complex mixtures of PAHs and as a result of non-polar
narcosis. This approach is based upon recently published guidance prepared by the U.S. EPA for
characterizing the toxicity of PAH mixtures to benthic macroinvertebrates (U.S. EPA 2003).

Mean concentrations of dissolved PAH3z, measured in extracted porewater ranged from 0.42 to 4,630
Hg/L. When expressed in terms of potential exposure to benthic life, the concentrations of dissolved
PAHSs in porewater ranged from 0.05 to 128 umol/g lipid. In contrast to the variability observed in bulk
sediment PAH3, concentrations, there were much smaller differences between the replicate analyses of
dissolved PAH3,4 in sediment porewater.

4.11.1 Expected Versus Observed Sediment-Pore Water Partitioning of PAHs

Using the measured concentrations of dissolved PAHs in sediment porewater, the concentrations of
PAHs in bulk sediment, and the total organic carbon (TOC) measured in bulk sediment, the apparent
organic carbon-water partitioning coefficient (Koc value) for each PAH was calculated for each of the ten
sediment samples. These Kqc values provide an estimate of the PAH bioavailability to benthic aquatic
life. The mean and range of the measured log K¢ values is shown for the parent PAHs in Figure 4-14. In
all cases, the measured Kqg¢ value exceeded the literature based values based on natural organic matter
and used by various risk assessment models [U.S. EPA, 2003]. Higher Koc values indicate lower PAH
bioavailability; therefore, the PAHSs in these surface sediments are less bioavailable than would be
assumed by the current risk assessment models. In some sediment samples, the log Koc values
exceeded the literature derived Koc values by more than two log units (100 times).
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Figure 4-14: Observed versus USEPA Published Sediment-Water Partition Co-efficients for Ten Red River Sediment
Samples. The Average and Range of Observed Values is Indicated by the Bars.

4.11.2 Bioavailability Assessment and Predictions of Sediment Toxicity

The concentration of bioavailable PAHs generated for the Red River sediment samples was compared to
the Sediment Contaminant Bioavailability Alliance (SCBA) sediment database of previously collected

PAH bioavailability and Hyalella azteca (H. azteca) laboratory toxicity data. A total of 133 freshwater
sediments are included in the database, from 7 MGP and 2 aluminum smelter sites across North America.
Aluminum smelters are included in the data set because of the use of coal tar pitch as a binding agent for
electrodes in the Soderberg aluminum smelting process. H. azteca was selected as the test organism for
assessing sediment toxicity in the SCBA database because it is considered to be highly sensitive to
hydrocarbon contaminants and its survival and growth test endpoints have good precision (U.S. EPA
2000, 2008).
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Data previously developed from freshwater sediment samples (SCBA database) indicate that porewater
samples having less than 15 umol/g lipid PAH34 are not anticipated to result in significantly reduced
survival of H. azteca (i.e., H. azteca survival should be >85%) and samples having more than 75 umol/g
lipid PAH34 are expected to have near 100% mortality (i.e., H. azteca survival should be <15%)

[Hawthorne et al., 2007]. The concentrations of dissolved PAH3,4 in sediment porewater from the 10
selected samples were evaluated against this set of results (Figure 4-15).
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Figure 4-15: Bioavailable PAH (umol/g lipid) concentrations for Red River sediment samples compared to H. azteca
survival (28-day) and bioavailable PAH (umol/g lipid) concentrations for 133 sediment samples from the SCBA database.
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Based on these comparisons —

e Sutherland Site sediment samples MH02, MHO03, and MH10 are not predicted to be toxic to aquatic
invertebrates such as H. azteca. Samples MH02, MHO3 and MH10 were determined to have 0.12,
0.78, and 0.06 umol/g lipid PAH34 (9.18, 20.4 and 66 mg/kg PAH16) respectively.

e Sample MH11 was determined to have a dissolved PAH3, concentration of 19.9 umol/g lipid
(sediment concentration 247 mg/kg PAH16) and toxicity cannot be predicted at the 95% confidence
level.

e The dissolved concentration of PAHs in porewater extracted from samples MH04, MH14, MH16,
MH18, MH19, and MH20 exceeded 75 umol/g lipid PAH3, and these samples are expected to be
toxic to H. azteca (Fig 4-15). These samples ranged in sediment PAH16 concentration from 285 to
17,900 mg/kg.

Though samples MH04, MH10, and MH11 came from the same vicinity, they ranged in bioavailable PAH
concentrations from less than 1 umol/g lipid to more than 90 umol/g lipid indicating that the chemistry of
sediments in this area appears to be very heterogeneous. The other sediment samples exhibiting high
concentrations of bioavailable PAHs were also found to be geographically centered in the area located
just north of the bridge crossing the study area. Surface sediment samples collected downgradient
(north) of sample MHO04 and upgradient (south) of sample MH16 were found to have very low
concentrations of total PAHs in the screening analysis and are also not expected to exhibit toxicity to
benthic macroinvertebrates.

Overall, the site-specific bioavailability assessment indicated that sediment samples with PAH16 bulk
sediment concentrations exceeding 285 mg/kg PAH ;¢ are likely to be toxic to benthic aquatic organisms
in laboratory toxicity tests, while sediments with <66 mg/kg PAH16 in bulk sediments are likely to be non-
toxic.

Sediment samples exhibiting high concentrations of bioavailable PAHs and expected to be toxic were
geographically centered in the area located just north of the bridge crossing the study area. Sediment
samples further downgradient (approx 150 m north of the bridge) were highly variable in PAH
concentrations, having a wide range when measured in both the bulk sediment and extracted sediment
porewater.

The estimated aerial extent of coal tar contaminated sediment in the Red River with bulk sediment PAH
concentrations in excess of 66 mg/kg and 285 mg/kg is illustrated in Figure 4-16 (top 10 cm) and Figure
4-17 (all sampling depths >10 cm). Especially the areas of sediment with PAH16 concentrations >285
mg/kg are likely to be toxic to benthic invertebrates if exposed at the sediment surface within the zone of
benthos burrowing.
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4.11.3 Reconciliation of Bioavailability Assessment and 2003 Benthos Observations

The categorization of samples as toxic - non-toxic through comparison of observed porewater PAH
concentrations from Sutherland Site sediments with the available SCBA data for Hyallela responses to
bioavailable PAHs helps to explain the 2003 benthic community data.

In particular, it was noted in the previously completed ecological risk assessment that surficial sediment
samples collected by Petite Ponar grab (~top 5 cm) contained PAH concentrations that were lower on
average than previously documented for the same riverbed locations. Assuming that a bulk sediment
concentration of 285 mg/kg PAH16 is indicative of a high probability of adverse effects on benthic
invertebrates, only one of 25 sites sampled for the ecological risk assessment (T6-2) exhibited PAHs at a
concentration of 2285 mg/kg PAH16. Table 4-8 shows the sediment data used in the 2003 ecological risk
assessment, ranked according to PAH16 concentration.

Table 4-8: 2003 Sediment Data for Benthos Sites Ranked According to Observed PAH16 Concentrations

Site Location PAH16 (mg/kg)

: Moderate Level Area
: High Level Area
: High Level Area
: High Level Area
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Two additional sites (T3-4 and T5-2) exhibited PAH16 concentrations in the range for which toxicological
response is possible, but is indeterminate. Note that T6-2B is a field duplicate of T6-2A while the two
results tabulated for T6-2A are laboratory duplicate analyses.

The 2003 benthos data for Sites T6-2, T3-4 and T5-2 were scrutinized in light of expectations for toxicity
arising from the PAH bioavailability study (Figure 4-18).
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Figure 4-18: Relationship Between Benthic Community Abundance or Species Richness and Sediment Categorization as
Likely Toxic (Pink Bars), Likely Non-Toxic (Green Bars) or Indeterminant (Yellow Bars) Based on Expected PAH
Bioavailability.

Neither benthos abundance nor species richness were obviously lower in T6-2 than the other samples
analyzed. It is likely, however, that benthos interact with much less than top 5 cm of sediment (e.g., top
few cm of sediment for small bodied, shallow burrowing insect larvae, oligochaetes, amphipods, molluscs
and other groups). This might also account for limited impact on benthos. The expected influence of
highly variable PAH concentrations in the top several centimetres of sediment is discussed in more detalil
in Section 4.5.

Overall, assuming that the Hyallela laboratory-based toxicity test is a sensitive predictor of toxicity to
aquatic animals, and that a bulk sediment concentration of 285 mg/kg PAH16 is an upper threshold for a
high probability of toxicity, it can be seen that the previously observed status of the benthos is not
substantially different than what would be predicted from the results of the bioavailability study. Risks to
sediment-dwelling organisms are likely to be minimal based on the results of the 2003 ecological risk
assessment, the 2007 river sediment and surface water monitoring program and the 2007 bioavailability
study. The majority of the coal-tar impacted sediment plume appears to be covered by background
sediment originating in upriver areas. Although scouring of surficial sediments appears to occur in two
areas of the coal-tar impacted sediment plume that could result in toxicity to benthic invertebrates, these
areas are limited in size as discussed in the previous section.
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4.12 Human Health Risks Associated with River Water and Sediment Contact

We addressed possible risks to human health associated with PAH contamination of the sediments in the
Red River adjacent to the Site. In particular, a quantitative evaluation was completed for scenarios
involving dermal (skin) contact with the contaminated sediments as well as incidental sediment ingestion.
Below is a summary of the human health risk assessment that can be found in entirety in Appendix F.

It cannot be absolutely precluded that humans could come in contact with contaminated sediment. In
particular, there is some remote possibility that a person could come in contact with the sediment when
walking or playing along the waters edge beneath the Site during low water periods. Contact might also
occur as a result of the handling of anchors, fishing lures, or other objects that have come into contact
with the contaminated sediment, and to which sediment adheres.

Such human exposure events are considered highly improbable, but not impossible. Given the low
probability of occurrence, frequency or duration of such exposures would be very low; i.e., once to no
more than ten times in a person’s lifetime. If a person were to get PAH contaminated sediment on their
skin, the potential for dermal uptake would remain until such time as the sediment were washed off, or
until the PAH concentration in the adhering sediment is depleted in the microzone adjacent to the skin.

The calculated risk quotients and incremental lifetime cancer risks associated with exposure to sediment
are tabulated below. Consistent with the recommendations of Health Canada (2004), the toddler receptor
was used to evaluate non-cancer risks while the adult was used to evaluate cancer risks. The evaluation
of exposure to recreational users also considered that all of the sediment ingestion occurred from the site
(i.e., the 80 mg of soil that a typical child ingests on a daily basis was considered to be 100% from the site
even though children would spend only a fraction of their time in such settings according to the
assumptions used in the HHRA). In addition, it is noted that it was assumed that the sediment had a 10-
fold greater soil adherence factor than typical soil (due to the moist nature of sediment as compared to
soil). These are considered to be quite conservative factors that may tend to overestimate actual
exposures and risks.

4.12.1 Non-Cancer Risks

A young child (Toddler: 0.5 to ~ 4 years of age) is a potentially maximally exposed individual, since
sediment ingestion rates via hand to mouth contact are generally higher for this age group relative to
other age groups and the expected body weight is lower than for older age groups. Infants less than six
months of age are generally less exposed, since they are more closely supervised by their parents and
are not as mobile.

Table 4-9 provides calculated risk quotients for non-cancer type effects, assuming an average of 2 days
exposure per year, and based on the maximum observed surface versus subsurface PAH concentration
in sediment, as discussed above.

All risk quotients were substantially lower than 1.0; therefore, it is concluded that non-cancer risks of
exposures to sediments are acceptably low.
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Table 4-9: Risk Quotients for Non-Cancer Type Effects

Based on Max. Observed Based on Max. Observed
Subsurface Conc. Surface Conc.
TDI
(pg/kg d) Rqu RQD RQTog Rqu RQD RQTO‘
Naphthalene 16 1.4E-05 1.2E-07 1.4E-05 | 4.0E-06 3.4E-08 4.0E-06
Acenaphthylene 60 2.7E-06 24E-08 2.8E-06 | 2.7E-07 2.4E-09 2.8E-07
Acenaphthene 60 2.6E-06 22E-08 2.6E-06 | 3.0E-07 2.6E-09 3.0E-07
Fluorene 40 7.5E-06 6.5E-08 7.6E-06 | 7.3E-07 6.3E-09 7.4E-07
Phenanthrene 40 4.5E-06 3.9E-08 4.5E-06 | 4.1E-06 3.6E-08 4.2E-06
Anthracene 300 2.2E-06 1.9E-08 2.2E-06 | 1.7E-07 1.5E-09 1.7E-07
Fluoranthene 40 5.3E-06 4.6E-08 5.3E-06 | 4.1E-06 3.6E-08 4.2E-06
Pyrene 30 1.2E-05 1.0E-07 1.2E-05 | 4.5E-06 3.9E-08 4.6E-06
Benzo(a)anthracene 40 8.8E-06 7.6E-08 8.9E-06 | 1.5E-06 1.3E-08 1.5E-06
Chrysene 40 3.0E-06 2.6E-08 3.0E-06 | 1.5E-06 1.3E-08 1.5E-06
Benzo(b)fluoranthene 40 2.8E-06 24E-08 2.8E-06 | 1.3E-06 1.1E-08 1.3E-06
Benzo(k)fluoranthene 40 3.2E-06 2.7E-08 3.2E-06 | 4.9E-07 4.2E-09 5.0E-07
Benzo(a)pyrene 40 1.2E-06 1.0E-08 1.2E-06 | 1.2E-06 1.0E-08 1.2E-06
Indeno(1,2,3-cd)pyrene 40 2.9E-06 25E-08 2.9E-06 | 1.1E-06 9.2E-09 1.1E-06
Dibenzo(a,h)anthracene 40 1.8E-06 1.5E-08 1.8E-06 | 1.6E-07 1.4E-09 1.6E-07
Benzo(g,h,l)perylene 40 3.3E-07 2.8E-09 3.3E-07 | 6.6E-07 5.7E-09 6.7E-07

4.12.2 Cancer Risks

Table 4-10 shows the calculated incremental lifetime cancer risks for an adult exposed to either surface
or subsurface coal-tar contaminated sediment. The estimates are based on a 70.7 kg adult who is
exposed for up to 2 days per year, over 25 years of a 70 year lifespan.
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Naphthalene
Acenaphthylene
Acenaphthene

Fluorene

Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,l)perylene

Table 4-10: Calculated Incremental Lifetime Cancer Risks

Slope Factor
(ug/kg d)'
n/a
n/a
n/a
n/a
1.5E-06
n/a
n/a
n/a
2.3E-03
3.0E-05
2.3E-04
2.3E-04
2.3E-03
2.3E-04
2.3E-04
6.9E-05

2.0E-11

5.8E-09
7.0E-11
6.1E-10
2.3E-10
5.6E-09
3.4E-10
6.3E-11
9.7E-11

1.7E-09

4.9E-07
6.0E-09
5.2E-08
1.9E-08
4.7E-07
2.9E-08
5.4E-09
8.3E-09

ILCR for all potentially carcinogenic unsubst. PAH

ILCRyot

1.8E-09

5.0E-07
6.1E-09
5.3E-08
2.0E-08
4.8E-07
3.0E-08
5.4E-09
8.4E-09

1.1E-06

5.1E-12

2.9E-09
3.7E-11
2.5E-10
9.4E-11
2.3E-09
2.0E-10
3.1E-11
3.8E-11
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4.4E-10

2.5E-07
3.1E-09
2.2E-08
8.1E-09
2.0E-07
1.7E-08
2.6E-09
3.3E-09

4.5E-10

2.5E-07
3.2E-09
2.2E-08
8.2E-09
2.0E-07
1.8E-08
2.6E-09
3.3E-09

5.1E-07

An ILCR of less than 1 in 100,000 (<1.0 x 10°) is considered to be de minimus, or acceptable. As shown
in Table 4-9, cancer-related exposure risks are acceptably low for possible human exposures to surface
sediment, based on current riverbed conditions adjacent to the Sutherland site.

In light of the risk characterization, and accounting for various types of uncertainty, it is concluded that
risks to humans from exposures to coal tar contaminated sediments are unlikely.
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5.0 Monitoring

5.1 Issues Identified
Issues identified include —

e Limited information on concentrations of PAHs or other coal tar constituents within the water column
of the Red River;

e Expectations for temporal change in the extent and particulars of the coal-tar contaminated sediment
plume in the Red River/ Possible mechanisms of and implications of contaminated sediment re-
suspension and riverine fate;

e Consistency of the proposed monitoring program with the intent and elements of the Environmental
Effects Monitoring (EEM) program for metal mines or pulp mills;

e Details regarding the frequency of proposed monitoring;

e Laboratory toxicity test species used;

e Trigger/response conditions for the monitoring program;

e Need for communications plans and risk management for other activities in/on the River.

These are addressed below in the order listed.

5.2 Surface Water Chemistry

This issue is discussed in detail in Section 4.4. In addition to this, it is the intention of MH to include
sampling and analysis of riverine water in the ongoing monitoring program. The available information
indicates that surface water quality in the Red River adjacent to or downstream from the Site has not
been influenced by historical coal tar inputs.

5.3 Future Status of Coal Tar Contaminated Sediment in the Red River

A monitored natural recovery approach is appropriate for the Red River sediments adjacent to the Site in
light of the limited ecological risks and absence of human health risks. From a risk management
perspective, the longer term status of historically contaminated sediments is of significant interest. In
particular, it is recognized that coal-tar contaminated sediment near the surface of the riverbed will
continue to go through episodic burial with sediments originating from upriver sources, punctuated with
scouring events during extreme floods. Questions that arise in light of a proposed monitored natural
recovery approach include the following:

e  Will the coal-tar derived PAHs degrade over time, and — of so — what are the expected timelines?

e Is the attenuation rate slower in more highly contaminated sediment zones?

e For coal tar contaminated sediments that become re-suspended, what are the expectations for
sediment concentrations and sediment — water partitioning behaviour in downriver areas?

e What is the potential for riverbed — riverwater fluxes of PAHs?
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Given the large number of MGP sites that have been investigated in North America and Europe, there is
a reasonably large body of scientific knowledge on the fate of coal tar residuals in aquatic environments.
A brief review of the scientific knowledge base is provided immediately below to assist TAC members with
future scenarios.

5.3.1  Background on MGPs

MGPs in North America and Europe were one of the principal suppliers of energy in the 1800s and early
1900s (Jafvert et al, 2006). These plants manufactured gas from coal and oil and generated a variety of
process wastes such as tars, spent oxides, ash, sludge, ammonia liquors and lampblack. Most of these
plants closed in 1940s and 1950s due to the availability of natural gas; however, wastes generated at
MGPs often remain in the soil and groundwater at these sites. The major waste product was coal tar,
largely consisting of a mixture of mono- and polycyclic aromatic hydrocarbons (MAHs and PAHSs). In the
US, there are 1000 — 2000 contaminated MGP sites, making coal-tar contamination a significant
environmental problem (Jafvert et al, 2006).

Term “tar” refers to the viscous residue from pyrolitic (in absence of oxygen) combustion of organic matter
(Hatheway, 2002). Products and wastes derived from coal tar are mixtures composed of aromatic, hetero-
aromatic and phenolic compounds within a wide range of molecular weights, from the monoaromatic (e.g.
benzene, toluene, ethylbenzene, xylene (BTEX)) and phenolic compounds to the mid range, two-to four-
ring polycyclic aromatic hydrocarbons (PAHs) and nitrogen, sulphur and oxygen (NSO) heteroatomics up
to the larger PAHs with greater than four rings. PAHs of three or more benzene rings are dense, non-
aqueous phase liquids (DNAPL). US EPA has identified 16 PAHs present in coal tar and creosote as
priority pollutants (Rogers et al, 2007). Waste disposal practiced in the past resulted in the introduction of
these mixtures to groundwater (King and Barker, 1999).

Creosote is a thin oily liquid that has density slightly higher than that of water and is composed of
hydrophobic compounds and classified as a dense non-aqueous phase liquid (DNAPL). It may consist of
up to 200 chemicals of with 85% PAHs by mass, 10% phenolic compounds and 5% oxygen-, sulphur-,
and nitrogen-heteroaromatic compounds. Solubility of these compounds has a great range varying by
several orders of magnitude. For example, solubility of phenol is up to tens of thousands of milligrams per
litre, while chrysene, a four-ring PAH, has solubility in the order of a few micrograms per litre (King and
Barker, 1999). Molecular weights and solubility in water of phenol and 16 priority pollutant PAHs are
presented in Table 5-1.
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Table 5-1: Molecular weight and pure compound aqueous solubility of phenol and 16 US EPA priority PAH pollutants (from
Eberhardt and Grathwohl, 2002).

Phenol 94.1 82,000
Naphthalene (Nap) 128.19 31.17
Acenaphthylene (Any) 154 9.804
Acenaphtene (Ace) 154.2 3.93
Fluorene (FIn) 166.2 1.98
Phenanthrene (Phe) 178.2 1.18
Anthracene (Ant) 178 0.05
Fluoranthene (Fth) 202.3 0.26
Pyrene (Py) 202.3 0.13
Benz(a)anthracene (BaA) 228 0.014
Chrysene (Chr) 228 0.002
Benzo(b)fluoranthene (BbF) 252 0.00323
Benz(k)fluoranthene (BkF) 252 0.00055
Ben(a)pyrene (BaP) 252 0.0038
Indeno(1,2,3-cd)pyrene (Indeno) 276 0.062
Dibenz(a,h)anthracene (DahA) 278 0.0005
Benzo(g,h,i)perylene (BghiP) 276 0.00026

5.3.2 What is Natural Attenuation/Natural Recovery?

Natural attenuation is a term used to describe naturally occurring processes that can reduce the mass,
toxicity, mobility, volume or concentration of contaminants in soil, groundwater, or sediment. Processes
that have a major influence on the fate of hydrophobic organic contaminants in soils include:

e dissolution of components at the source;

e mass transfer of the dissolved organics into groundwater;

e transport in groundwater by advection, dispersion and diffusion;

e sorption; and

chemical and biological transformations.

Important attenuation processes in freshwater and marine sediments are similar; especially sediment —
porewater partitioning rates (dissolution rates), followed by porewater transport (which is primarily upward
through diffusion, and sometimes enhanced by advective flows). The residence time of porewater within a
mass of sediment is often shortened near the sediment-water interface in areas where bivalves, various
larval insects, or other invertebrates burrow into or otherwise disturb the sediment resulting in micro-scale
advective flows and development of a “surface mixed layer”. An important sediment attenuation process
in aquatic environments that is seldom important in terrestrial/upland soil systems is the bulk transport of
contaminated sediments either through bedload transport or sediment re-suspension and deposition in
downcurrent areas. The presence of hydrophobic organic contaminants as free-phase accumulations
versus as adsorbents to sediment, have a major influence on partitioning into water and
chemical/biological transformations.
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5.83.3  Mulitmedia Partitioning of Coal Tar Mixtures

Mixtures of organic compounds such as chlorinated solvents, aromatic (BTEX) and polycyclic aromatic
hydracarbons (PAHSs) that constitute a major part of coal tar or creosote are very persistent in the
subsurface environment; i.e. they have been observed routinely to be present in high concentrations tens
or even hundreds of years after the contamination occurred. This persistence is mainly caused by slow
dissolution rates of the compounds from the free-phase, or non-aqueous phase liquid (NAPL), and slow
diffusion of the contaminants from low permeability deposits (those contained in fine-grained soil and
sediment masses). Low dissolution rates and limited water-based transport also reduces the
bioavailability of the easily biodegradable compounds, leading to their long-term persistence in the source
zone, measured in geologic times (Hatheway, 2002).

Eberhardt and Grathwohl (2002) cite an experiment on BTEX and PAH dissolution kinetics from a 2.5 m

long coal tar pool and 0.5 m long smear zone containing coal tar blobs distributed in a coarse sand. The

researchers found that dissolution of the mono-aromatic compounds may take from decades to hundreds
of years, while release rates of PAHs were predicted to be stable over several hundreds to thousands of

years. Biodegradation was not considered.

Depending on solubility and composition of the NAPL phase, individual compounds slowly dissolve into
the flowing groundwater. Raoult’s Law states that the saturation concentration of a substance that occurs
as part of a complex mixture in groundwater at equilibrium depends on molar fraction of that substance in
the mixture and solubility of the compound, according to the following equation (Eberhardt and Grathwohl,
2002; Schirmer and Butler, 2004):

Cisar = Xi0Yi0S;i

i.sat

where C;s4 is the saturation concentration of component iin water, x;, is the molar fraction of the
component /in the organic mixture, y;, is the activity coefficient of i, and S; is the aqueous solubility of the
component i. The activity coefficient y; describes the deviation from the ideal behaviour. Components with
higher solubility are removed from the source zone preferentially, their mole fractions decrease over time
and, subsequently, their concentrations emanating from the source into the groundwater decrease.
Conversely, the mole fraction of less soluble compounds in the source increase over time, and their
concentrations released into the groundwater increase as well (Schirmer and Butler, 2004). In general,
the higher volumes of the groundwater flowing through the contaminant source, the larger amounts of
NAPL are removed from the source (Schirmer and Butler, 2004).

Aquifer properties such as the organic carbon content affect transport of the dissolved compounds
through the aquifer. Depending on their hydrophobic properties, the organic compounds become sorbed,
which leads to their retardation. As a result, a complex of overlapping plumes may be present. These
plumes move with different velocities, creating a situation where microbial communities are exposed to
different environments over time and space (Schirmer and Butler, 2004).

To make a qualitative prediction of how the composition of source leachate may change over time, an
extension of Raoult’s Law to partitioning between an aqueous phase and organic mixture can be used.
Components in the mixture display ideal behaviour if they partition linearly to the aqueous phase in
proportion to the product of their mole fraction in the organic phase and their pure compound solubility.
The following assumptions were used in this approach: (i) the activity coefficient in the organic phase is
equal to unity and (ii) the inverse of the activity coefficient for the solute in water is equal to the mole
fraction solubility of the component (MacKay et al., 1991). Based on these assumptions, Shiu et al. (1988)
derived the following equation:
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C'=x'§ 2,
where C'is the aqueous concentration of compound i, X is the mole fraction of iin the organic mixture and
S, is the pure compound liquid solubility. For compounds that are solid in pure form and at the
temperature of the given systems, liquid phase solubility can be calculated with the following (Shiu et al.,
1988):

S; =S, exp[6.8(T. /T -1)],
where S£ is the solid solubility, T,‘; is the melting point (°K), and T is the system temperature. The
calculated liquid solubility can be greater than the solid solubility but the dissolved concentration cannot
exceed the latter (MacKay et al, 1991).

Coal tar NAPLs at lower temperatures (e.g., <5°C) tend to exist as semi-solids as opposed to semi-liquids
depending on the specific composition, which varies between MGP sites.

Several studies have examined whether complex organic mixtures, such as PAHSs in gasoline and diesel
fuel mixtures, coal tars and creosote, conform to Raoult’s law of ideal behaviour (King and Barker, 1999).
These studies showed that the majority of the organic mixtures conform to Raoult’s law.

King and Barker (1999) studied natural attenuation of a plume of coal tar creosote located below the
water table. The study focused on seven compounds: phenol, m-xylene, naphthalene, phenanthrene, 1-
methylnaphthalene, dibenzofuran and carbazole. Groundwater movement through the source led to the
development of a dissolved organic plume, which was studied over a 4-year period. The study showed
that, in general, trends in compound fluxes from the source were qualitatively consistent with predictions
based on Raoult’s law. The selected compounds showed a large spectrum of plume behaviour. For high
solubility compounds (i.e. phenol), concentrations in the source zone decreased rapidly and dissolved
completely within a relatively short time span. Migration of phenol in the subsurface environment as a
discrete slug was consistent with that of chloride, which was used to indicate groundwater movement.
Phenol was almost completely transformed at 626 days. The m-xylene plume migrated to a maximum
distance at 626 days and then the leading edge of groundwater contamination receded back towards the
source as the rate of flux into the plume decreased below the rate of plume transformation. The
phenanthrene plume also receded although its flux continued to increase up until the end of the
experiment. Movement of the carbazole plume decreased, or halted, at the last measurements and flux
from the source also decreased probably due to depletion at the source. The dibenzofuran plume
remained relatively constant during the last two years of the monitoring implying relatively constant rate of
dissolution from the source matching the rate of plume transformation. Naphthalene and 1-
methylnaphthalene continued to migrate outward despite apparent decreases in their input fluxes over
time (King and Barker, 1999).

The general adherence of coal tar groundwater partitioning to Raoult's Law demonstrates that
groundwater (and sediment porewater concentrations) are almost always lower than would be predicted
from the organic carbon-water partition co-efficients and solubility estimates for individual substances
within the complex mixture.

5.3.4 Biodegradation of Coal Tar and Creosote Compounds

In general, mass transformation was a major influence on plume behaviour for all observed compounds
(King and Barker, 1999). It was found that even slow rates of transformation may impose significant
limitations on the extent of plume migrations. The transformation of non-chlorinated organic compounds is
mediated by naturally occurring microbes. Microbial degradation occurs by aerobic respiration, NO3-
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reduction, Mn(IV)-/Fe(lll)-reduction, SO4-reduction, methanogenesis and fermentation. In general,
biodegradation of non-chlorinated organics, such as those comprising organic mixtures like creosote, is
favoured under more oxidizing conditions (King et al, 1999; Thornton et al, 2001). Some studies (Bollag
and Kaiser, 1991; Grbic-Galic, 1990) have shown that coal tar constituent can also be biodegraded under
anaerobic conditions (denitrifying, sulphate-reducing, methanogenic and fermentative). The
biodegradation processes lead to accumulation of their products and can be detected by changes of the
redox-sensitive parameters (decrease in dissolved oxygen and SO,> and increase in Fe?*, Mn®* and
methane), microbial indicators (phospholipid fatty acids (PLFA)) and organic metabolites, such as
aromatic acids (4-hydroxybenzaldehyde, 4-hydroxybenzoic acid) (King et al, 1999; Thornton et al, 2001).

Aerobic biodegradation of PAHs is considered the most important form of biodegradation of PAHs, and
together with denitrification, accounted for up to 90% degradation of the total mass of PAHs (King et al,
1999; Thornton et al, 2001), Biodegradation rates of PAHs are limited by the supply of aqueous O, and
NO; (Thornton et al, 2001; Broholm et al, 1999) which can be low in an aquifer due to low solubility of
these compounds and low plume dispersion. Terminal electron acceptors such as oxygen for cellular
respiration in microbes tend to be more readily re-supplied in sediments at the sediment-water interface in
rivers, than in groundwater. Therefore, oxygen supply limits biodegradation rates only with increasing
depth in the sediment, since re-supply of oxygen is limited by relatively slow downward diffusion rates (or
advective transport) from the overlying water column.

PAHSs, especially lower molecular weight PAHs, in contaminated harbour, estuarine, and aquifer
sediments can also undergo anaerobic biodegradation (Schmitt et al., 1996; Rockne et al., 2000; Hayes
and Lovley, 2002) but in this case the degradation processes proceed much more slowly (Thornton et al,
2001). Thornton et al. (2001) reported that due to the limited oxidant availability in an aquifer plume, the
half-life of phenolic compounds from a former coal tar distillation plant was >140 years (Thornton et al,
2001).

It has been reported that PAH mineralization in soil and sediments globally is dominated by a limited
number of bacterial taxonomic groups including nocardioforms, sphingomonads, Burkholderia,
pseudomonads, and Mycobacterium (Johnsen et al., 2002). The following taxonomic clades and
functional groups of microorganisms have been reported to play major role in removal of PAHs from
contaminated aquifers under aerobic conditions: a-Proteobacteria, - Proteobacteria, y-Proteobacteria,
Actinobacteria, Flavobacteria, and Firmicutes. Bacteria reported important for PAH biodegradation in
anaerobic conditions included: B-Proteobacteria, y- Proteobacteria, Firmicutes (denitrifying), 8-
Proteobacteria (sulfate-reducing) and the Firmicutes (Rogers et al, 2007; Kaplan and Kitts, 2004; Rockne
et al., 2000; Hayes and Loveley, 2002; Johnsen et al., 2002; Eriksson et al. 2003).

Contaminants in groundwater can be metabolized by microorganisms as primary substrates or via co-
metabolism (Schirmer and Butler, 2004). Organics may serve as electron donors (e.g. benzene, toluene,
ethylbenzene, xylene (BTEX), methyl-tertiary butyl ether (MtBE), alcohols or PAHs) or electron acceptors
as for instance during reductive dechlorination of chlorinated solvents (e.g. tetra-, trichloroethene)
(Schirmer and Butler, 2004). The biotransformation potential varies both spatially and temporally.
Compounds can be re-mineralized in one environment and co-metabolized in another; and in the same
environment can be co-metabolized at one concentration and re-mineralized at a different concentration
(Alexander, 1994). Biotransformations of organics is primarily controlled by substrate concentrations and
nutrient availability other factors such as substrate interactions, availability and utility of electron
acceptors and microbial growth and decay dynamics (Schirmer and Butler, 2004).

Acclimation periods for indigenous microbial populations can vary from minutes to months. Short periods
relative to groundwater flow rates can significantly influence the biodegradation. Indigenous microbial
populations can be initially small and require time to grow to a size sufficient to cause detectable
transformation. Linkage between microbial growth and contaminant biodegradation may be dependent on
the relative contaminant concentration resulting from the location relative to the source (Schirmer and
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Butler, 2004). At an historically contaminated site, it is expected that the bacterial consortia is already well
adapted to the hydrophobic organic contaminants present.

Presence of several substrates in a mixture may either inhibit or accelerate the rate of transformation of
individual chemicals. For instance, it was observed (Acton and Baker, 1992) that under anaerobic
conditions, m-xylene degradation began only after ethylbenzene had degraded, and ethylbenzene
biodegradation commenced only after all toluene had degraded. Biodegradation of benzene is inhibited
by pyrrole and/or 1-methilpyrrole (Broholm et al, 1999). On the other hand, degradation of
benzothiophene and benzofuran is stimulated by the presence of the BTEX or naphthalenes (Dyreborg et
al., 1996¢; Broholm et al, 1999). Biodegradation preferences may exist due to competition of microbial
populations for available electron acceptors, compound specializations of microbes, toxic levels of one
chemical that inhibit microbial degradation of another (Schirmer and Butler, 2004). Presence of multiple
contaminants can also alter biodegradation rates more directly by influencing sediment/soil — porewater
partitioning, as discussed above.

5.3.5 River Sediment — Water Partitioning

Many former MGP sites are located adjacent to creeks or rivers, and historical activities have resulted in
contaminated sediments within the adjacent water body. A few studies have focused on sediments in
water bodies adjacent to MGP sites that contain a non-aqueous phase liquid (NAPL). Jafvert et al. (2006)
measured coal tar composition in sediment collected at five locations in a river adjacent to a former MGP
and NAPL — aqueous phase concentrations of 16 MAH and PAH. The findings supported the notion that
Raoult’s law — based NAPL-water partitioning generally is sufficient to determine the non-reactive
equilibrium pore water MAH and PAH concentrations in these sediments.

Transport of dissolved chemicals from the sediment to overlying water is mediated by the velocity and
variability of water flow across the sediment-water interface. Groundwater discharge to the stream will
occur when the hydraulic head in the sediment is greater than the total head of the stream. The water
discharge rate is affected by this head difference and by properties that affect hydraulic conductivity of the
sediment, including the heterogeneous pore size distribution of the sediment. This hydraulic conductivity
of the sediment can be calculated with Darcy’s Law from the measured seepage rate and the vertical
hydraulic head gradient, measured with a sediment piezometer and stream gauge (Hyun et al., 2007).

5.3.6  Bioavailability

Bioavailability of PAH from sediments depends on a number of factors including faunal mobility, feeding
and metabolism, degree to which PAHSs are incorporated into sediment, and the physical and chemical
properties of each individual compound (Law et al, 2002; Oug et al., 1998; Thorsen et al, 2004). Tissue
burdens of coal tar constituents in sediment-dwelling organisms are a reflection of the relative rates of
uptake and elimination (usually following biotransformation to more polar compounds (Thorsen et al,
2004). Bivalve molluscs are frequently used to indicate bioaccumulation and an impact from PAHs
because of their low capacity to metabolize PAHs and sessile character (Thorsen et al, 2004; James,
1989). Law et al (2002) reported that PAH concentrations in mussels were higher than those found in
crustacean collected from the same contaminated site at the former coal gas site by Shoreham Harbour,
UK.

Some authors have reported that PAHs in sediments, particularly in forms of coal tar showed relatively
low biological and chemical availability (Paine et al., 1996; Neff, 1979; Thorsen et al, 2004). The total
PAH concentration in sediments is only one aspect of evaluation of bioavailability, which depends on
availability of each individual compound in the mixture. High total PAH concentration in sediment may not
be as highly toxic if individual compounds are sequestered or tightly sorbed and are unavailable for
desorption and biological uptake (Thorsen et al, 2004). One of the models to assess bioavailability of
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PAHs is by comparing individual PAH concentrations in an organism to individual PAH concentrations in
sediments as described by the biota-sediment accumulation factor (BSAF) equation:

BSAF = (C/f.)/ (Cs/foc)

where C,is the individual PAH concentration in mollusc tissue (ng of PAH/g of mollusc dry weight), f, is
the organism lipid fraction (g of lipid/g of mollusc dry weight), Cs is the individual PAH concentration in
sediment (ng of PAH/g of sediment dry weight), and foc is the mass fraction of organic carbon (g of
organic C/g of sediment dry weight (Thorsen et al, 2004). This equation represents partitioning between
hydrophobic (sorptive) phases in the benthic organism and sediment. These sorptive phases are the lipid
fraction in the tissue and organic carbon fraction in sediment.

Thomas et al. (2007) studied mussels and clams at the Exxon Valdez spill site 13 years after the spill for
exposure to PAH and DNA damage and found out that: PAH were still bio-available; there was correlation
between DNA damage and PAH concentrations in mussel tissues; the level of damage was low indicating
chronic but not acute exposure; and damage to mussels was higher than for clams. The difference in
effect between mussels and clams was probably due to differences in exposure (clams are buried, and
occur much lower in the intertidal zone than mussels), and/or differences in biology (metabolism, feeding,
retention capabilities of PAHs) (Thomas et al., 2007).

Increased accumulation of PAHs (along with PCBs and DDTs) in tissue was shown to be negatively
correlated to the size of benthic amphipods in the River Po with greater concentrations of PAHs found in
smaller organisms (Vigano et al, 2007).

5.8.7 Synthesis

Based on observations at other MGP and creosote release sites, it is expected that concentrations of
coal-tar constituents and subsurface soils will decrease only very slowly (over decadal time periods) in
highly contaminated areas of subsurface soils and sediment. Slow biodegradation or removal rates would
be expected from limits to solubility and lower redox conditions in deeper areas. The current status of coal
tar contamination, therefore, is likely a reflection of past inputs during the MGP operational area along
with limited movement of NAPL, especially along the surface of the riverbed (i.e. based on bedload
transport). At the edges of the coal tar contaminant plume, the proportion of mass that partitions into
porewater from soils/sediments and biodegradation rates should be much higher than in more
contaminated zones. Thus, attenuation rates are likely to be enhanced in areas with lower concentrations
of coal tar constituents along major transport pathways.

It is expected that there will be future re-suspension of coal tar contaminated sediments during high
energy flood events. Depending on the energy and turbulence of river bottom flows, coal tar materials
might be transported both as sorbents to sediment particles and as small free-based droplets and as coal
tar pitch. Re-distribution would invariably result in deposition intermixed with sediments from other areas
of the Red River. Therefore, either the concentration in downriver areas will decrease sufficiently to
facilitate accelerated attenuation, or fine masses of concentrated PAHs will be intermixed with a much
larger mass of less contaminated sediment.

5.3.8 Contingencies

Changes in land use and construction activities along the river bank and the Disraeli Bridge could result in
the release of coal-tar contaminants to the local environment and the potential for increases in human
and ecological exposures. It is anticipated, however, that a screening level study of these construction
activities, which could potentially impact fish habitat and therefore potentially involve the federal Fisheries
Act, would be undertaken in accordance with the Canadian Environmental Assessment Act (CEAA). Any
such activities, therefore, will need to consider whether the previous evaluations of human health or
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ecological risks have adequately accounted for new conditions that may arise as a result of the proposed
project. Such a formal analysis will be an important pre-requisite to the establishment of appropriate risk
management strategies; for example, avoidance or engineered controls. To facilitate such future
planning, it will be important that the MH’s CEMP and underlying information on site characteristics are
adequately communicated to relevant parties, and are available for future review.

A screening level environmental assessment of proposed construction activities would assess the scope
of the construction activities; environmental setting; environmental effects of the construction activities;
mitigation measures; and follow-up monitoring activities.

5.4 Ongoing Monitoring Program in the Context of the Federal Environmental Effect
Monitoring (EEM) Programs

Environmental Effects Monitoring (EEM) is a science-based tool that is designed to detect and measure
changes in aquatic ecosystems potentially affected by human activity (i.e., effluent discharges). EEM is
currently a requirement for regulated mills and mines under the Regulations Amending the Pulp and
Paper Effluent Regulations and the Metal Mining Effluent Regulations, both under the authority of the
Federal Fisheries Act. The objective of both regulatory EEM programs is prevent the discharge of
deleterious substances to fish bearing waters, per the definitions in the Federal Fisheries Act, and
ultimately to limit the potential for the effects of active effluent discharges on fish, fish habitat and the use
of fisheries resources by humans. EEM provides a nationally consistent approach, based on the “polluter
pays” principle, to determine if effluents are causing effects on ecosystems.

The federal EEM program is discussed herein at the request of TAC, based on an interest in whether the
monitoring program proposed for the Sutherland Site, including adjacent riverine environment, is
consistent with standardized and peer-reviewed EEM approaches. It should be noted, however, that the
federal EEM program is focussed around active aqueous discharges into fish-bearing waters from
continuing industrial operations (metal mining, pulp and paper production) while the monitoring at the
Sutherland Site is focussed on an historical release, and has a slightly different objective.

The overall objective of the Sutherland Site environmental monitoring program is to -

e Ascertain whether MGP-derived contaminants in the Red River and in upland areas might
cause wider environmental impacts in the future relative to the baseline conditions
documented in the CEMP (CEMP) and supporting documents (UMA, 2003; this TAC
response document).

The components and triggers of the Sutherland Site Monitoring Program are not explicitly tied to the
Federal Fisheries Act. Rather, the need to monitor arises out of the current understanding of
environmental risks, and the conclusion that monitored natural recovery is consistent with risk
management needs. In particular, the Sutherland Site Monitoring Program will address whether there
have been changes in environmental conditions or other important components that indicate the
possibility of a broader scale or higher magnitude environmental impact than is currently understood, and
to shape future responses should there be substantial change for current “baseline” conditions.

5.4.1  Overview of the federal EEM programs

Regardless of their differences in intent, the Sutherland Site Monitoring Program and EEM programs
share a common set of scientific tools, including use of chemical tracers to establish the aerial influence,
laboratory toxicity tests to predict toxicity to fish in the receiving environment, and benthic infaunal
analysis.
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The EEM program is tiered to allow for more extensive monitoring where there are effects and less
monitoring where there are not, building upon the information obtained from successive studies. An effect
is a statistically significant difference in fish or benthic invertebrate community indicators taken in an
exposure area and reference area, or an exceedance of the Health Canada tissue guidelines in fish
exposed to the effluent. The key elements of the EEM program include:

Effluent characterization

Water quality monitoring

Site characterization

Survey of fish

Monitoring of the benthic invertebrate community

Under the Fisheries Act, the Metal Mining Effluent Regulations (SOR/2002-222) apply to mines and
recognized closed mines that exceed an effluent flow rate of 50 m® per day, based on effluent deposited
from all the final discharge points of the mine and deposit of a deleterious substance in any water. The
regulations specify parameters for effluent characterization and require sub-lethal toxicity testing of a fish
species, a plant species and algal species, in the case of effluent deposited into freshwaters. A summary
of the metal mining EEM program is provided in Table 5-2.

Specific sub-lethal test methodologies are prescribed in the regulations. Water quality monitoring
requirements are prescribed based on specific parameters (pH, hardness and alkalinity) and sample
frequency (4 times per calendar year and not less than one month apart). Site Characterization must
include a description of the manner in which the effluent mixes within the exposed area, including an
estimate of the concentration of effluent in water at 250 m from each final discharge point; description of
the reference and exposure areas where biological studies will be conducted (geological,
hydrogeological, limnological, chemical and biological features); and a description of anthropogenic,
natural or other factors that are not related to the effluent under study and that may reasonably be
expected to contribute to any observed effect. A study respecting fish population is required if the
concentration of effluent in the exposure area is greater than one percent in the area located within 250 m
of a final discharge point. Benthic invertebrate studies are required to include the sampling areas
selected, taking into account the benthic invertebrate diversity and the area most exposed to effluent; the
sample size selected; the sampling season selected; and the field and laboratory methodologies selected.
Reporting requirements are specified in the regulations.
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Sample Type

Effluent discharge (immediately prior to point of discharge into fish-bearing waters)

Table 5-2: Example of Metal Mining EEM Program Details

Parameter

Frequency

UMA ’ AECOM

Location

Grab sample or
composite sample of
runoff/ discharge water

pH, Schedule 4
substances***

Once a week*

Each final discharge
point

Grab sample or
composite sample of
runoff/ discharge water

Rainbow trout fry acute
lethality test

Once a month or if a
deposit is out of the
normal course of
events™*

Each final discharge
point

Grab sample or
composite sample of
runoff/ discharge water

Daphnia magna acute
lethality test

Same time as acute
lethality test

Each final discharge
point

Monthly volume of
runoff/ discharge water

Cubic meters

Monthly

Final discharge point

Effluent and water quality monitoring studies

Effluent MMER Sched. 5 part 1, | 4 times a year Final discharge point

characterization 4(1)(a) to ()

Sub-lethal toxicity test Fish, invertebrate, plant, | 4 times a year Final discharge point
algal species.

Water Quality Temp., DO, pH, 4 times a year Receiving

hardness, alkalinity,
MMER Sched. 5 part 1,
4(1)(a) to (g), Sched. 4

environment

Biological Monitoring Studies

First biological study

Site characterization
Fish population

Fish tissue

Benthic invertebrates

Within 18 month after
beginning of the project

Receiving
environment

Subsequent biological
study

Site characterization
Fish population

Fish tissue

Benthic invertebrates

Report submitted not
later than 36 months
after the report of the
previous biological
study was required to
be submitted.

Receiving
environment

Final biological study

Site characterization
Fish population

Fish tissue

Benthic invertebrates

12 month after notice of
mine closure

Receiving
environment

*If any of substance’s monthly mean concentration is less than 10% of Schedule 4 for a 12 month period, frequency

of testing for such substance may be reduced to not less than one in each calendar quarter.

**If, during a 12 month testing period, the effluent is determined to be not acutely lethal, frequency of acute lethality
testing may be reduced to once each calendar year.

***Frequency of testing for Radium 226 may be reduced to not less than once in each calendar quarter if Radium 226
concentration in the effluent is less than 0.037 Bg/L in 10 consecutive tests.

Under the Fisheries Act, the Pulp and Paper Effluent Regulations (SOR/92-269) apply to all pulp mills
except Port Alberni Mill and off-site treatment facilities at which during the preceding year 20% or more of
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the average BOD of the BOD matter in the effluent that was treated originated from one or more mills or
5,000 kg or more of the average BOD of the BOD matter in the effluent that was treated originated from a
single mill. The key elements of the EEM program are consistent with those described in the Metal Mining
Effluent Regulations (MMER). The effluent characterization must include monitoring of the presence of
acutely lethal effluent and the effect on Daphnia magna; the BOD of the BOD matter; the quantity of
suspended solids; volume and pH levels and conductivity. Specific sampling methodologies are
prescribed in the regulations. The EEM requirements are the same as those in the MMER and reported
requirements are specified in the regulations.

Each EEM cycle includes a study design, field studies and interpretive reports. They are submitted to the
Authorization Officer identified in the regulations at least six months before planned field studies.
Environment Canada has published the Metal Mining Guidance Document for Aquatic Environmental
Effects Monitoring (June 2002) to assist in the development of EEM programs.

5.4.2 Components of the federal EEM programs that are not applicable to the Sutherland Site

Much of the Metal Mining or Pulp and Paper EEM programs would not be applicable to the Sutherland
Site for the simple reasons that there is not an active discharge, and two such components would not
advance the objective of detecting a wider-area influence relative to current documented conditions. In
addition, the EEM programs assume that fish population status, individual fish health and benthic
community structure in the receiving environment near an active discharge should not deviate from the
natural reference condition. Most pulp and paper and metal mining discharges occur in non-urbanized
areas where there are few confounding anthropogenic influences. An open question for the Sutherland
Site is whether the appropriate reference condition is the state of the adjacent areas of the urbanized Red
River, or more pristine areas.

A detailed comparison between the Sutherland Site Monitoring Program and Metal Mining EEM is
provided below:

e Effluent discharge volumes and quality: routine groundwater monitoring and soil vapour
monitoring at the Site provide equivalent information to requirements under the EEM. Groundwater
toxicity testing using rainbow trout or fathead minnow fry is equivalent the EEM effluent toxicity testing
requirement. No testing has been proposed to date at the Sutherland Site using Daphnia magna.

+ Biological monitoring studies: The metal mining EEM program requires evaluation of both fish and
benthic assemblages, while the latter is the focus of the Sutherland Site Monitoring Program.
Monitoring (or ecological risk assessment) using fish was discounted for the Sutherland Site since the
local riverine habitat would favour neither spawning nor extended bouts of foraging or residence time.
The monitoring of fish, therefore, is likely to have very low power to detect ecological effects relative
to benthos surveys. Even for EEM studies, it has been necessary at several sites to replace the fish
monitoring component with alternative biota such as bivalves, owing to challenges with effective use
of fish to achieve monitoring objectives.

5.5 Proposed Sutherland Site Remedial Monitoring Program

Similar to the EEM program, the proposed RM program builds upon information from successive studies.
Information from previous studies conducted since 1994 was used in the development of the RM
program. The RM program incorporates elements of the EEM program including sub-lethal testing of the
groundwater; chemical characterization of the groundwater; water quality monitoring of the Red River; site
characterization (contaminant plumes in soil, groundwater flow and soil vapours); and monitoring of the
benthic invertebrate community in accordance with the methodologies prescribed in the EEM program.
The RM program proposes to conduct annual monitoring of the river sediment, groundwater, and soil
vapours, including re-assessment of the benthic community every five years. The RM program may be
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modified similar to the EEM approach, based on successive monitoring events to provide the appropriate
information required to detect and measure changes in aquatic ecosystems potentially affected by
contaminants from the former MGP site.

The proposed Sutherland Site Remedial Monitoring Program (RM program) established as part of the
CEMP for Residuals from Historic Operations at the Sutherland Avenue Former Manufactured Gas Plant
is based on a remedial strategy that is divided into two broad categories, human health and the physical
environment. In evaluating human health and environmental risks associated with residual coal-tar and
related products from the former MGP site, the sources of residual coal tar contaminants should be
monitored and important transport pathways evaluated. Direct exposures of humans to PAH-
contaminated soils is precluded at the Sutherland site owing to the lack of contamination of surface,
accessible soils and the ground surface is typically hard surface pavement. The proposed Remedial
Monitoring program (RM) includes the following:

e Upland Groundwater
e Upland Vapour, and
¢ River Sediments, Water Quality and Biota.

Table 5-3 provides a summary of the proposed program:
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Table 5-3: Proposed Remedial Monitoring Program — Sutherland Site, MB

Sample Type Parameter Frequency Locations
Uplands — Groundwater
Groundwater PAHs, BTEX, depth to Annual e BD-01A/B
groundwater, DO, ORP e MW-23A/B/C/D

Reduced frequency in . MW-24A/B/C/D.
future once seasonal ’
variability is established *  MW-29A/B/C,
and sufficient evidence *  MW-41A/B/C,
that groundwater o  MW-42A/B/C,
contaminant plume is ¢ MW-27A/B/C,
stable or shrinking e  MW-28A/B,

e  MW-46,

e MW-47,

e MW-48

(25 piezometers total)

PAHs, BTEX, depth to Quarterly in 2008 to e MW41C
groundwater, DO, ORP establish shorter term e MW29B/C
variability e MW23C/D

e MW24D

e MW42C

e MW-46,

e MW-47,

s MW-48

7-d toxicity to fish fry Existing studies: e MW-46,

(fathead minnow. If stock 2005 (Jun): UMA, 2005 e MW-47,

not available, use rainbow | 2006 (May): UMA, 2006 e MW-48

trout).

2006 (Oct.): UMA, 2007

Future:
e Annual

Uplands — Soil Vapour

Subsurface soil vapour

%LEL, CWS F1, BTEX,
naphthalene

Existing studies:

1995: CH2M Hill, 1995
2006 (Jan.): UMA, 2006
2007 (Jan.): UMA, 2007

Future:

e Quarterly % LEL, One
Annual Vapour
Characterization

. Reduced frequency
in future once
seasonal variability is
established and
sufficient evidence
that groundwater
contaminant plume is
stable or shrinking

e  MW-50 through MW-
61

Riverine Environment

Surface sediments
water quality

and

Grab samples by weighted
Eckman or box core:
PAHs, sediment particle
size, foc (0 — 2 cm depth;

Existing studies:
1995: CH2M Hill
1996 — 1999: Agassiz
North

UMA  (2003) transect
locations, augmented with
fil-in areas and additional
lateral and downriver areas
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Sample Type Parameter Frequency Locations
2-5cmdepth; 5-10cm | 2001: Morrow, 2001 (n = 15 additional sites
depth) 2002: UMA, 2003 initially)

Collect water column 2007 (March): UMA, 2007a
samples immediately 2007 (Aug.): This report
above sediment surface .
d below ice g
<l e Annually (through ice:
Jan. — Feb. period); or

e  Within 60 days
following major flood
(>100 year) or other
sediment disturbance
event.

e Reduced frequency
after 5 years, if no
significant change or if
reduction in aerial
extent demonstrated.

Subsurface sediments Core/intact drill samples: As above.

PAHSs, sediment particle
size, foc (~ 25 cm intervals
beneath surface intervals
as described above).
Calculation of PAH16,
naphthalene,
benzo[a]pyrene mass
estimates in riverbed

e Every 10 years; or

e Within 8 months
following major flood
(>100 year) event.

Bioavailable PAHs
(porewater analysis: ASTM
method D7363-07)

Porewater PAHSs, foc,
toxicity to Hyalella azteca

2009, 2012, 2017, every
10 years thereafter

Subset of 20 surface
sediment sampling
locations.

Benthic invertebrates

Benthic fauna from top ~5
cm of sediment (5 replicate
samples/site)

e Jan.-Feb. 2012 (5
yr)

e  Additional monitoring
events contingent on
observation from
bioavailability study of
increased aerial extent
of surficial sediments
with potentially toxic
porewater PAH
concentrations.

2003 North-South
sampling locations,
augmented with locations
from bioavailability study.

From a human health and environmental risk assessment perspective, the RM program is designed to
assess contaminant concentrations along major transport pathways for coal tar constituents, as well as
important potential exposure areas (Humans: indoor air; Aquatic life: surface water; surface sediments).
In particular, the RM program should be sufficiently sensitive to allow the detection of potential changes in
magnitude of exposure (and hence magnitude of potential risks) for each relevant set of receptors and

exposure pathways.

The Upland Groundwater work involves the monitoring of existing piezometers within the overburden soils
and one bedrock monitoring well, and the installation of additional piezometers along Annabella Street,
Gladstone Street and the north portion of the former MGP site. Although the EEM was developed as a
scientific approach to help determine the effects in aquatic ecosystems caused by industrial effluents and
the effectiveness of environmental protection measures, elements of the program are applicable to
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assessing effects to the aquatic ecosystem as a result of historic contamination from contaminated sites.
Environmental assessments and studies have confirmed that there is no direct discharge or effluent at the
former Sutherland MGP site. However, it has been determined based on environmental investigations
that dissolved contaminants in the groundwater continue to be released to the Red River. It has been
estimated that groundwater migrating from the former MGP site contributes approximately 0.33 kg of
naphthalene to the riverine environment each year. Therefore, laboratory toxicity testing of groundwater
from wells across the top of the river bank is a component of the Remedial Monitoring program.

The Upland Vapour work involves the installation of dedicated shallow vapour probes on the east and
west sides of the former Sutherland MGP site that will allow monitoring of the shallow unsaturated zone
along the perimeter of the site and off-site near residences for potential vapour migration. The initial
vapour monitoring will involve the characterization of the soil vapours with on-going monitoring of
vapours.

The River Baseline work is directed at re-sampling the original sediment locations and establishing new
sediment sampling locations. It is also directed at detecting any future increase in the aerial extent of
biological impact associated with sediment coal tar contamination.

5.5.1  Proposed Monitoring Frequency

The monitoring frequency of sediments, aquatic biota, groundwater and soil vapours (Table 5-3) has been
established based on previous studies conducted since 1994.

The Closure Report prepared by AMEC Earth and Environmental Limited (AMEC, 2000) documented that
while significant PAH contamination is present at the river's edge and throughout the river bed, there
does not appear to be any evidence of significant on-going migration of coal tar from the site to the river.
The Supplemental Environmental Site Investigation (UMA, 2003) concluded that the impacts within the
river sediments are a result of direct discharge into the river during the historical plant operation. The
spatial extent and PAH concentrations of the river sediments studies since 1994 have indicated re-
distribution of the PAH river sediment plume. Studies since 1998 indicate the spatial extent of PAH in
sediments remain relatively the same.

Based on the results of the previous studies, it was felt that a greater emphasis for monitoring should be
placed on the biologically active zone and that annual monitoring of surficial sediments should be
conducted to assess potential impacts to the ecological environment.

The results of the 2002 — 2003 benthic study that was undertaken as a component of the Supplemental
Environmental Site Investigation (UMA, 2003) indicate “no effect” as interpreted by the EEM program
protocol. The general rule for the second and subsequent EEM interpretive reports is 36 months or 72
months where no effects levels have been observed after two consecutive studies. North South
Consultants conducted extensive studies between 1998 and 2000 for the City of Winnipeg that included
assessment of the benthic community in the Red River. Based on the results of these benthic studies and
on-going chemical assessment of river sediments, a 5 year frequency was recommended. The benthic
community monitoring frequency will be re-assessed based on the results of the bioavailability study.

CH2M Hill conducted groundwater monitoring at selected monitoring wells at the former Sutherland MGP
site and along the river bank north of the site in October 1993, June 1994 and August 1994. AGRA
(AMEC) Earth and Environmental sampled two of the monitoring wells located at the north end of the
former MGP site during December 1996, March 1997, May 1997, June 1997 and October 1999 and
selected monitoring wells during October 1999. In 2002, 2005 and 2006, UMA installed additional
monitoring wells and collected groundwater samples from selected historic monitoring wells and the new
monitoring wells. Table 4-1provides a summary of the groundwater monitoring field data and Table 4-2
provides a summary of the groundwater monitoring naphthalene results.

MANITOBA HYDRO 97
COMPREHENSIVE ENVIRONMENTAL MANAGEMENT PLAN

SUTHERLAND AVENUE FORMER MANUFACTURED GAS PLANT
RPT-0217-058-03-Comprehensive Environmental Management Plan-Final-0802.doc



UMA | AECOM

In most cases, naphthalene groundwater results show a high degree of variability between sampling
periods with no apparent correlation to monitoring frequency. This may be attributable to the rate of PAH
release to groundwater that is influenced by the complexity of the subsurface soil conditions, changes in
the water table and the flow rate of the groundwater. However, the estimated mass loading of
naphthalene to the riverine environment has remained relatively constant over a period of approximately
three years. The management plan proposes to monitor groundwater annually to provide a continuing
assessment of groundwater quality and estimates of the mass loading of naphthalene into the river
environment.

An off-site soil vapour survey was conducted as part of the Environmental, Health and Safety
Assessment of the Sutherland Avenue Operations Facility in Winnipeg, Manitoba (CH2M Hill, 1995). Six
boreholes (0.85 m depth) and one borehole (3.25 m depth) were installed along the boulevard of
Gladstone Street and nine boreholes (0.85 m depth) and two (3.25 m depth) were installed along the
boulevard of Annabella Street. A field vapour screening was completed using a Gastech Model 1238 and
soil vapour samples were collected based on the screening results from five of the boreholes using
special canisters. The results were compared to other urban centres, ambient air quality criteria and
workplace air quality standards. The comparison with other urban centres suggests that although the soil
gas levels are above ambient, they are not unusual relative to typical values in large urban environments.
Soil gas concentrations were detected below the ambient air quality criteria and workplace air quality
standards using Time Weighted Average (CH2M Hill, 1995). MH has undertaken a number of indoor air
studies to assess workplace safety and health concerns.

Seven dedicated vapour probes (6.1 m depth) were installed, three along the east side of the Hydro
property and four along the west side of the Hydro property to assess soil vapours on the Hydro property
(UMA, 2006). Field screening was conducted using a Gastech Model 1238 and soil vapour samples were
collected from all of the vapour probes using calibrated pumps and Carbotrap tubes. The soil vapour
results were compared to ambient air quality criteria and available guidelines and reference values.
Benzene values for all of the wells including the ambient air sample exceeded the air quality criteria and
guidelines. The naphthalene and toluene results in all but one of the wells exceeded the criteria and
guidelines.

Six dedicated vapour probes (6.1 m depth) were installed, three along the boulevard of Gladstone street
and three along the boulevard of Anabella street to assess off-site soil vapours (UMA, 2007). The same
sampling protocols and assessment criteria as the 2006 study were applied. The soil vapour results from
all of the vapour probes were either at or below the laboratory minimum detection limits or below the
applicable criteria, guidelines and reference values.

The results of the soil vapour characterization studies confirm that although soil vapour concentrations
within the property boundaries of the former Sutherland MGP site exceed criteria, guidelines and
reference concentrations, there does not appear to be any off-site migration of soil vapour that would
pose any public health risk or safety risk. Quarterly monitoring of combustible vapour is proposed in the
Remedial Monitoring program for the former Sutherland MGP site. Combustible vapour results from
recent monitoring events were compared to the soil vapour characterization studies and it was concluded
that another study should be conducted using a photo-ionization detector (PID) and soil vapour
characterization to correlate field results with laboratory soil vapour values to establish a quantitative
relationship between total volatile organic compounds (TVOC) and the concentrations of individual
volatile hydrocarbon constituents of concern.
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5.6 Response Triggers for Future Risk Management Decisions

Based on the assessment of site conditions and the evaluation of human health and environmental risks,
it is concluded that:

e The currently available information indicates no unacceptable human health risks associated with
either contaminated soil vapour intrusion into buildings or off-site exposures to soils or sediment;

e The major portion of the mass of contaminants in the Red River arose from historical direct deposition
during the MGP operational era, and ongoing inputs of either dissolved-phase or free-phase
contaminants is a very minor contributor to riverine sediment and water-borne concentrations.
Ongoing off-site transport is not considered to be a significant source of contamination to the Red
River.

e The benthic invertebrates in sediments adjacent to the former MGP site are not obviously
impoverished relative to other areas of the Red River within Winnipeg. This is attributed to (i) the
limited bioavailability of PAHs from coal-tar contaminated sediments, (ii) relatively small aerial extent
of the zone of coal-tar contamination at concentrations in porewater that would be expected to elicit
toxic responses, and (iii) burial of the most contaminated sediments by a layer of minimally
contaminated sediments originating from farther up river.

A proposed monitoring program (Remedial Monitoring Program: Section 5.5) has been established as
part of the CEMP for Residuals from Historic Operations at the Sutherland Avenue Former Manufactured
Gas Plant.

As stated above, the overall objective of the Sutherland Site Remedial Monitoring program is to -

e Ascertain whether MGP-derived contaminants in the Red River and in upland areas might cause
wider environmental impacts in the future relative to the baseline conditions documented in the CEMP
and supporting documents (UMA, 2003; this TAC response document).

Furthermore, the Remedial Monitoring (RM) program will:

e provide on-going assurance that residual conditions do not pose a threat to human health or the
environment;

e detect and measure any potential changes in conditions on or off the site in a time frame to allow
appropriate response; and

e trigger additional remedial actions, as warranted.

The RM program is based on a remedial strategy that is divided into two broad categories: Human health,
and the aquatic environment. In evaluating human health and environmental risks associated with
residual coal-tar and related products from the former MGP site, the sources of residual coal tar
contaminants should be monitored and pathways evaluated. The primary sources of residual coal tar
contaminants are the impacted sub-surface soils at the former Sutherland MGP site and river sediment.
Direct exposures of humans to PAH-contaminated soils is precluded at the Sutherland site owing to the
lack of contamination of surface, accessible soils and the ground surface is typically hard surface
pavement. However, there is the potential for human exposure to soil vapour as a result of vapour
migration from the sub-surface impacted soils. Aquatic organisms may be exposed to PAH contamination
as a result of direct exposure to impacted river sediment.

Figures 5-1 to 5-3 illustrate the RM program and proposed response triggers.

MANITOBA HYDRO 99
COMPREHENSIVE ENVIRONMENTAL MANAGEMENT PLAN

SUTHERLAND AVENUE FORMER MANUFACTURED GAS PLANT
RPT-0217-058-03-Comprehensive Environmental Management Plan-Final-0802.doc



Continue Annual Monitoring

UMA ‘ AECOM

—>
~ Q2 Z
Sle
= § - Annual mapping Annual update: ‘ Groundwater
e - of plume dimensions, contaminant ‘ toxicity testing,
= g plume characteristics flux estimates to ‘ fathead minnow or
= g . groundwater flow Red River rainbow trout fry
3 Q direction ‘
El.& Follow-up Study §i |
on Seasonal i
Variability of GW - | B
Quality and Flow
v Nachangs = No change GW atriver
in site conditions; in status banknon-
GW contamination o
xic
plume stable or
shrinking
{ Jy !
\
and/or
v v

Change in site conditions (groundwater levels, flux, distribution, ...)

{

relative to previously documented conditions

Increase frequency and intensity
of monitoring/data acquisition
to reduce uncertainty

1) Further characterize
upland source areas

2) Evaluate spatial
coverage of soll
vapour monitoring data

3) Complete updated site-
specific risk assessment
of human health and
aquatic risks, including
predictions of future risks
based on site temporal
trends

4) Implement remedial
measures as required to
address any risks

Have important coal tar source areas
been overlooked or under-appreciated?

Extent of groundwater contamination
by volatiles will influence expected areal
extent of contaminated soil vapours

in vadose zone

The previously completed risk assessment
may not adequately address future risks,

if either (i) site use changes, or

(ii) contaminant concentrations in exposure |

media increase over time

Figure 5-1: Summary of Proposed Actions Associated with Remedial Monitoring Program-Groundwater
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Figure 5-2: Summary of Proposed Actions Associated with Remedial Monitoring Program—Contaminants in Soil Vapour
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Figure 5-3: Summary of Proposed Actions Associated with Remedial Monitoring Program—-River Sediments
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5.7 Communication and Reporting Plan

Since 1993, MH (formerly Centra Gas) commissioned a number to studies to assess potential human
health and environmental risks associated with the residual coal tar residues from the former Sutherland
MGP site located at 35 — 38 Sutherland Avenue in Winnipeg, Manitoba. The results of these studies were
provided to a number of agencies including MC (formerly Manitoba Environment), Consumer and
Corporate Affairs, Public Utilities Board, Environment Canada, City of Winnipeg and Department of
Fisheries and Oceans. In addition, MH has met with the MH Health and Safety Committee and informed
Sutherland staff of investigation activities and the results of the studies. Notices were provided to
residents around the former MGP site, the local City of Winnipeg Councillor and MH Sutherland staff
informing them of investigation activities. In 1995 a News Release on the on-going environmental
investigations was issued.

In 1997, MC designated the former Sutherland MGP site as a contaminated site and placed pertinent
environmental investigation reports in their public registry located at 123 Main Street, Winnipeg,
Manitoba. In 2006, MH developed and provided to MC a proposed Management Plan to address the
residuals from the historical operations at the former Sutherland MGP. MC in discussions with MH
indicated that upon acceptance of the Management Plan, a Director's Order will be issued to MH
pursuant to the Contaminated Sites Remediation Act to implement the plan. The Management Plan
includes the preparation of an annual report describing all field activities, monitoring results and
recommendations for further remedial actions if required. A TAC consisting of representatives from MC,
Manitoba Water Stewardship, Manitoba Health, Manitoba Justice, City of Winnipeg, Winnipeg Regional
Health Authority and Department of Fisheries and Oceans has been created to review the Management
Plan and supporting technical reports.

In addition to the reporting requirements that will be specified by MC in the Director’'s Order, MH will
implement a communications plan that will keep stakeholders (regulatory agencies, public
representatives, the local community and MH Sutherland staff) informed of the management plan, current
site investigation and monitoring activities, site conditions and future investigation/monitoring activities
and remedial actions. The regulatory agencies identified in the communications plan include the TAC
members, Environment Canada, Fisheries and Oceans Canada, and the Public Utilities Board. The City
of Winnipeg Councillor for Point Douglas Ward, MLA for Point Douglas Constituency, Minister of
Conservation, Minister of Water Stewardship and Minster responsible for MH have been identified as the
public representative stakeholders. The local community around the former Sutherland MGP site has
been identified as the general public stakeholder. Additional agencies, groups and individuals may be
added to the currently identified stakeholders based on the response to communications or specific
requests received by MH. MH Sutherland staff has also been identified as a stakeholder.

Upon the approval of the Management Plan, MH will prepare a summary document providing the
background history of the former Sutherland MGP site, investigation studies, the Management Plan and
Director’'s Order. MH will conduct an Open House for the local community. The summary document will
also be provided to MH Sutherland staff and the MH Management Team for the former MGP site, will
meet with staff to address their concerns or questions. The annual report on the monitoring activities and
results of the Remedial Monitoring program provided to MC will also be provided to the regulatory
stakeholders. A summary of the annual report will be prepared and provided to the public representatives
and made available through MH to local residents and Sutherland staff. Notices for specific site activities
that include installation of new monitoring wells/vapour probes or soil excavation that are conducted
outside of the MH property boundary will be provided to regulatory authorities, public representatives,
local residents and Sutherland staff.
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6.0 Alternative Remedial Options

6.1 Issues ldentified

The monitored natural recovery (MNR) remedy has been selected for the Sutherland Site and adjacent
environment primarily on the evidence provided by the ecological risk assessment, showing no obvious
impacts of the contaminated sediment on sediment-dwelling faunal communities.

Remedial options other than MNR for sediments were not described in detail in the CEMP. The potential
benefits and drawbacks of dredging, capping, and in-situ sediment treatment are discussed in Section
6.2. Section 6.3 assesses active remediation of impacted soils and groundwater on the upland portion of
the site, including measures to mitigate the potential movement of dissolved-phase or non-aqueous
phase liquids (NAPL) from the upland portion of the site into the Red River.

6.2 Evaluation of Remediation Options for Coal-tar Contaminated Sediments in the Red
River

6.2.1 Dredging

Dredging is the removal of sediment from a waterway. Figure 6-1 provides some facts about dredging
including some advantages and disadvantages of this technology. A typical sequence of dredging steps
identified by the U.S.EPA (2005) includes:

Debris removal

Sediment removal

Transport

Staging

Pretreatment/dewatering

Water treatment and disposal

Sediment transport, treatment, and disposal.

This Section summarizes approaches to removing and disposing of contaminated sediments at the site, if
removal is performed. Removal is accomplished by dredging using mechanical, hydraulic, or dry-dredging
techniques. Mechanical and hydraulic dredging uses electronic locational and depth guidance tools to
position the dredge and remove the target sediments. Contaminated sediment, and approximately 15 to
30 centimetres of material below the contaminated layer (overdredge), are usually targeted. Due to
residual contaminated sediment left after dredging, additional dredging, capping, or monitored natural
attenuation are commonly necessary. Dry dredging would involve re-routing the Red River or otherwise
isolating the contaminated sediments from the flow of the river, and performing the removal like a soil
excavation.

Dredged sediment disposal typically involves a local aquatic or terrestrial disposal cell or, more likely at
this site, off-site treatment and/or landfill disposal. Aquatic dredge disposal sites have been used to
contain contaminated sediments at several coastal and lacustrine sites in the United States, but no such
disposal option has ever been attempted in Canada.

6.2.1.1 Physical Setting
The Sutherland MGP Site is located in metropolitan Winnipeg (660,000 population) located 100

kilometres upstream of Lake Winnipeg on the banks of the Red River. The land in this part of Manitoba
slopes northwards from North Dakota at approximately 10 centimetres per kilometre. The Red River
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meanders northward with a slow current through a channel that varies from 60 to 150 metres in width,
and has an average depth at the banks-full stage of from 3 to 10 metres. At the Sutherland Site in |
Winnipeg the river channel is about 150 metres in width, and approximately 10 metres in depth at the

banks-full stage. In summer there is about a 3 metre depth of water in the channel.

The Assiniboine River flows into the Red River at the Forks in downtown Winnipeg. Under normal
conditions, it contributes approximately twenty percent of the water flowing through Winnipeg.

Historic flood events prompted the construction of the Red River Floodway to divert a portion of the
excess river flow around Winnipeg. The floodway minimized damage during a major flood in 1997 and is
now undergoing expansion. The Floodway is designed to keep the maximum flow in the Red River
channel below the level of the dikes through Winnipeg. At the Sutherland Site the dike is formed by Rover
Avenue, and the estimated flow in 1997 was approximately 75,000 cubic feet (2100 cubic metres) per
second (Manitoba Historical Society, 2002).

The available physical data for the Red River sediments indicates that most of the sediments at the site
are fine grained silts or clays. These data are based on numerous samples taken throughout the area as
reported in Table 3-5 of the UMA December 2003 Supplemental Environmental Site Investigation. Also,
North South Consultants, Inc. (2003) mapped medium silt and clay substrate throughout the sediment
investigation area adjacent to the Sutherland Site, except for a small area of cobbles along the shoreline
at Transect 3. As explained in Section 4.5, sediment deposition in the Red River has resulted in a cleaner
recent layer of sediments overlying much of the MGP contaminated sediments.

A natural gas pipeline crosses the Red River just upstream from the Disraeli Bridge, adjacent to the
Sutherland Site. Tires and other typical urban debris are expected to be present in the Red River.

6.2.1.2 Possible Removal Approaches

The physical properties of the sediments and of the river setting in which they are found will determine the
details of equipment choices, dredging techniques, the time required, and ultimately the cost for dredging.
For the purpose of this report we can assume the information needed to evaluate dredging, but further
data collection may be needed to actually design a dredging remedy. Given the physical properties of the
sediments, the physical features of the site, and the elevated PAH concentrations, diverting the river and
excavating the contaminated sediment is not likely feasible, and dredging would probably be limited to
certain mechanical and hydraulic removal equipment and approaches.

Based on the description in Section 4.5, the estimated total volume of contaminated sediments is 50,000
cubic metres contained in an area up to 80 metres wide and 700 metres long. The actual volume of
sediment to be dredged is potentially greater than 50,000 cubic metres because some clean sediment
must be removed to access the contaminated sediment (i.e., the overdredge material). During the
removal action, the dredging area would be excluded from boat traffic and silt curtains would be deployed
to reduce suspended sediment migration. It may be possible to dredge 1,000 to 1,500 cubic metres of
sediment per day; which would allow the dredging phase to be completed within one season (May to
October). Dredging operations also need to consider windows of time during non-spawning periods for
important fish species, as well, and this typically further constrains the available time periods available
annually for the conduct of remedial activities.

Upstream and downstream water quality monitoring would be conducted to evaluate impacts to the river
and provide feedback for modification to the dredging activity to reduce pollution. Air monitoring would be
conducted to protect worker safety and public health.
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Debris removal would be accomplished with a barge mounted crane with appropriate debris recovery
equipment. The Sutherland property would be used for staging the debris, some of which may require
decontamination prior to disposal in a landfill.

Dredging would be designed to efficiently remove the contaminated sediment while minimizing the
amount of residual contaminated sediments left at the sediment surface after dredging. Residual
contaminants would likely be left in the river due to the proximity of the Disraeli Bridge piers and the
natural gas pipeline. Residual material is also caused by a number of other factors including:

e Mixing of contaminated material into the underlying clean material during the dredging
process. The act of placing mechanical or hydraulic dredging equipment onto the riverbed can
contribute to mixing of contaminated sediment with the clean underlying material. The soft, fine
grained, low strength nature of the dredge material can also compound this effect. Material on the
edges of the dredge cut can slough into the dredged area. Debris in the sediments can disrupt
dredging operations leaving residuals as well.

e Fallout of the re-suspended sediment during the dredging process. As the sediment is agitated,
material can re-suspend into the water column. This re-suspended material can fall out of the water
column and redeposit on the recently dredged surface. Also, contaminants retained in the water
column can have short term adverse effects on aquatic biota. It has been estimated that as much as
10% of the mass of removed sediments is routinely lost during environmental dredging, and is re-
suspended in downstream areas.

e Location Control. Survey control and equipment location during dredging affects the completeness
of the dredging depth and proper lateral coverage. Also, if the designed dredging depth was not deep
enough to adequately remove the material identified during the pre-dredge sampling and analyses,
elevated levels of contaminated sediment can be left behind.

According to the National Academy of Sciences (2007) dredging projects have systematic difficulties
associated with residual contaminated sediments and contaminants released during dredging. These side
effects of dredging are termed “inevitable” by NAS.

The ecological damage caused by residual contaminated sediments is due to their location in the
bioactive zone in surficial sediment and at the sediment — water interface. The chemical quality of the
residuals is usually an average of the concentrations of the dredged sediments. Thus, the recently
deposited cleaner sediments would be replaced by residual contaminated sediments containing higher
concentrations of PAH.

Mechanical Removal

Mechanical dredging would involve the use of an enclosed bucket to minimize the mixing and
resuspension of contaminated sediment. The enclosed bucket is a wire supported, sealed bucket with the
capability of producing a level cut through the sediments (See Appendix G: Photos 1 and 2). The
watertight nature of the bucket attempts to minimize the amount of resuspension.

The enclosed bucket would remove the relatively clean overlying sediment as well as the target
contaminated sediment layer. To ensure removal of the contaminated material the design would call for
overdredging an additional one foot of clean sediment below the contaminated layer. A dredging pattern
would be established to methodically remove sediments and provide a sloping sidewall that would avoid
problems with sediments slumping into the dredged area. The amount of slope would be determined
based on the physical properties of the sediments. For example, at a maximum dredging depth of
approximately three metres, a 1:3 slope would involve excavating approximately nine metres beyond the
edge of contamination.
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A barge-mounted crane would be used to operate the enclosed bucket (see Appendix G: photos 3, 4, and
5) and place the dredged material into haul barges or into a hopper for transportation to the staging area
via pipeline. The use of haul barges would also require a clamshell for offloading the barges at the
staging area (Appendix G: Photo 6). The pipeline method uses water to convey the sediment to the
staging area as a slurry with a typical solids content of 30% to 40% or more. If the sediments were
transported via pipeline, dewatering would be required prior to disposal, and water treatment would be
required as discussed below for hydraulic removal.

Hydraulic Removal

Various sizes and designs of hydraulic dredges exist to handle a range of sediment removal conditions.
One hydraulic dredge design is shown in Appendix G: Photos 7 and 8. In general, larger dredges move
more sediment faster, but also release more contaminants to the water column and create more residual
contaminated sediment and more water that requires treatment. A barge mounted hydraulic dredge would
convey sediments to the staging area via pipeline for geotube or filter press dewatering. This layout is
shown in Appendix G: Photo 9.

Once sediment is removed and transported to the staging area, the water must be removed and treated.
Dewatering can be accomplished using geotextile fabric tubes that will retain the sediment and allow
water to drain from the sediment and pass through the fabric (i.e., geotubes). At the Fox River in
Wisconsin, the sediment is conveyed via pipeline and placed in geotubes for dewatering (Appendix G:
Photo 10). Geotubes require a large staging area with drainage collection and water treatment (Appendix
G: Photo 11). After an adequate dewatering period (typically one to three months) the sediment would be
loaded for off-site shipment to a disposal facility (Appendix G: Photos 12 and 13). Sediment pretreatment
may involve removal of the sand fraction to reduce the volume of contaminated sediments if it could be
shown that the PAHs are only associated with the silt and clay fractions.

A typical water treatment system would consist of sediment removal in a settling pond with flocculation
chemicals, followed by sand filtration, granular activated carbon filtration (Appendix G: Photo 14), and
discharge back into the Red River. Appendix G: photos 15, 16, and 17 show construction activities at the
water treatment plant built for the Fox River dredging project. Flocculants can also be added to the
geotubes to speed the dewatering time and help clarify the water. Metals removal via a sand filter would
likely be needed to avoid rapid fouling of the carbon filtration units.

The dewatered sediment would then be loaded into trucks for transport to a treatment and/or disposal
facility. A truck cleaning station will be established on site to ensure that liners and tarps are in place and
trucks a clean prior to traveling on public roads. A truck route will be established for all truck traffic going
to and from the landfill facility.

6.2.2 Capping

Capping is commonly used at contaminated sediment sites to mitigate risks to human health and the
environment. The U.S. Army Corps of Engineers (USACE) has experience with this technique dating back
to the 1960s (Palermo and Reible, 2007). Capping involves placing a layer of cleaner dredged material,
or geologic materials from upland borrow sources, over contaminated sediments to isolate contamination
from the aquatic environment. Figure 6-2 is a fact sheet that identifies some advantages and
disadvantages of capping.
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Cap design includes the following:

¢ Site characterization. This includes an assessment of the site's features (water depths, bathymetry,
currents, wave energies, and ice), site uses (navigational and recreational), geotechnical (subsurface
and groundwater flow), and institutional constraints associated with a cap.

e Sediment characterization. This includes an assessment of the contaminated sediment's physical,
chemical, and biological characteristics.

e Cap design and construction techniques. The cap design and its intended function may require
certain approaches to cap construction that need to be considered.

e Monitoring and cap maintenance plans. This step involves short- and long-term monitoring plans
for critical features of the cap design, construction, and performance. Also, conceptual maintenance
programs are identified based on the results of the monitoring.

Section 6.2.1.1 described the site features and physical characteristics of the Red River and its
sediments. The water in the Red River is generally deep enough that the bottom sediment is not
disturbed by ice, boating, or other human activities. However, the current in the Red River, especially
during storm events, would be a major factor in the design of a cap. During normal and low-flow
conditions, the site area is depositional. A layer of relatively clean naturally deposited sediment is
presently capping most of the contaminated sediments.

The contaminated sediments are located in an area up to 80 metres wide and 700 metres long. The
estimated area to be capped is approximately five hectares. The river bed slopes from the banks to the
center of the river at a slope of approximately 10% and it slopes downstream at less than 1%.

The sediments are mostly silt and clay with up to 40% coarser material. A cap should be designed with
similar sized materials to minimize intermixing with the river bed sediments. Additional geotechnical data
to ensure that the sediment has sufficient strength to support a cap would be needed for a final cap
design. However, a typical cap design that may be appropriate for the Sutherland site is described below.

6.2.2.1 Typical Cap Design

Caps are designed as a series of layers that function to physically isolate the contaminated sediments
from the aquatic environment, stabilize the cap and protect it from erosion, and to achieve chemical
isolation for contaminant migration through the cap. Figure 6-3 is reproduced from USEPA’s
Contaminated Sediment Remediation Guidance (2005) and shows caps with a variety of layers for
specific purposes. It is possible to accomplish all three functions with a single thick layer cap in certain
conditions; however, most caps are designed to minimize the thickness, and the associated cost, of the
cap. The three functional cap layers are discussed below.

Biological Isolation Component

One concern with the in situ contaminated sediments at the Sutherland site is exposure of aquatic
organisms directly to contaminated sediments or by burrowing organisms that move buried contaminants
to the surface (i.e., bioturbation). To provide physical isolation from benthic organisms, the cap must
provide a buffer between the organisms and underlying contaminated sediments. The estimated average
depth of bioturbation in the Red River is limited to the top 5 to 10 centimetres. Therefore, the minimum
thickness for biological isolation is assumed to be 10 centimetres. The current natural cap is
approximately 10 centimetres thick.
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The weight of the cap material will compress underlying sediment and the cap layer itself will consolidate
as well. Therefore, the design thickness of the cap must account for consolidation. When the
contaminated sediments compress under the weight of a cap, pore water is expelled through the cap into
the water column. This represents a short term impact that requires design consideration and monitoring
during and after cap placement.

Long-term Durability Component

Caps are designed to stabilize the contaminated sediment, minimize resuspension and contaminant
transport, and make the cap itself resistant to erosion. EPA guidance (2005) recommends designing caps
to withstand a 100-year flood event. However, the Manitoba Floodway Authority effectively regulates the
size of the floods in Winnipeg by diverting water around the city. Therefore, a cap for the Sutherland site
sediments can be designed to minimize erosion from the floodwaters that do not bypass Winnipeg.

Stabilization

As summarized previously, the sediment to be capped at the Sutherland site is mostly fine grained with
some sand. Therefore, to stabilize the sediments and to prevent resuspension, the capping material
needs to be of similar grain size. For instance, a coarse grained material such as gravel or cobble sized,
without any finer material or a separation geotextile, would penetrate the soft sediment during placement.
In addition, the coarse grained material would not be able to prevent the migration of the finer grained
sediment up through the cap with time. A fine to medium sand or silty sand applied at a slow rate would
confine the underlying sediments and prevent upward migration of the contaminated sediments. A finer
grained cap has less void spaces to be filled by the underlying smaller grain sized contaminated sediment
than a coarser grained cap material. The density of finer grained capping material will also more closely
match the natural capping sediments, increasing the stability of the cap.

The rate and method of placement of cap material also have a significant impact on the stability of a cap.
Cap material placed too fast and unevenly (such as from a clamshell bucket, see Appendix G: Photos 18,
19, and 20) could cause a temporary increase in pore pressure reducing the strength of the sediment in
that area (Palermo et. al. 1996). This reduction in strength and the addition of load could lead to isolated
pockets of bearing failure, resulting in a mixed layer of cap material and sediment. In addition, long-term
deformation and mixing of the cap could occur if an uneven distribution of cap material is placed over the
soft sediment. If the capping material is placed slowly and evenly (see discussion in Section 6.2.2.2
below), the confined sediment will build up pore pressure more evenly avoiding pockets of lower strength.
In addition, with a more evenly applied sediment layer the load applied to the sediment is also more
evenly distributed reducing the potential for isolated bearing failures. With time, as the pore pressure
dissipates, the confined sediment becomes denser through consolidation, and gains strength.

Resistance to Disturbance

The main forces that could disturb the sediment cap are the river currents, especially from flood events.
Cap damage due to ice contact is likely to be a factor in those areas where the contaminated sediments
are in shallow water close to shore. Vessel propeller wash or other turbulence from vessels are not likely
to cause river bed erosion.

The current velocity in the Red River in the vicinity of Winnipeg during a 25-year flood event is in the
range of 3 to 5 fps. In general, the current is fastest at the water surface and slowest at the bottom along
the bed. Flooding can create turbulent flow that directs higher velocity currents into the banks and bed of
the river. Armoring the cap with a layer of gravel would minimize the potential for cap erosion during
floods.
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Chemical Isolation Component

Contaminant migration associated with the movement of sediment particulates should be controlled if the
cap is properly designed for stabilization. However, the potential for a cap to resist the possible vertical
movement of dissolved contaminants by advection and the inevitable movement (long term) of
contaminants by molecular diffusion needs to be assessed. Advection can occur while the cap is being
placed and the underlying sediments consolidate, thus forcing water up into the cap. It can also occur
over the long-term, as groundwater flows up through the contaminated sediment into the cap. Also, a cap
will have some sorptive capacity that will retard contaminant flux through the cap. The ability of the cap
materials to reduce contaminant flux can be enhanced with amendments such as carbon for PAH
adsorption.

The bulk sediment and pore water PAH analyses conducted for the bioavailability study indicate that
neither advection nor diffusion is resulting in high concentrations of dissolved PAH in existing sediment
pore water. New capping material added on top of the existing sediment profile can be expected to further
reduce the flux of contaminants into the aquatic environment. Due to the lack of impacts from advection
and diffusion, a cap can be designed for stabilization and physical isolation of the contaminated
sediments, without additional design considerations for chemical isolation.

In the Red River there is limited vertical groundwater flow through the contaminated sediments. Without
the driving force of the groundwater, the dissolved and/or colloidally facilitated transport from the
contained sediments due to advection is not a concern.

Diffusion is apparently being mitigated by natural recovery processes. These processes include
biodegradation of PAHs as well as sediment accumulation occurring on top of the contaminated
sediments at the Sutherland site.

6.2.2.2 Cap Construction and Monitoring

Capping relatively soft sediments can best be accomplished by applying a uniform load over the site in a
slow, even manner. One likely option is hydraulic placement of capping material using a diffuser system
at the end of the discharge pipe to slow the rate of discharge and allow a more even distribution of
capping material. Appendix G: Photos 21, 22, and 23 show examples of diffuser systems used to spread
capping materials.

The most cost effective capping scenario would be to operate a hydraulic dredge in nearby, non-
impacted, portions of the Red River. This could be done to hydraulically obtain, transport, and place the
cap materials. Another option would be to obtain the cap materials from upland borrow sources; perhaps
from the excavation work on the expansion of the Manitoba Floodway should this alternative be
considered during the timeframe of the floodway expansion. Upland material brought to the site via trucks
could be mixed with water and pumped in the form of a slurry to the capping site via pipeline for
placement. The physical and chemical characteristics of the cap material would need to be assessed.

If geotextiles are used as part of the cap, they are typically installed as a single sheet over the entire area
to be capped. This requires a laydown area on land to weld seams together, and barge-mounted
equipment to drag the geotextiles into place. Perimeter weights are then used to hold the fabric in place
while additional capping layers are added.

The capping area would be separated from the river using silt curtains and oil booms, as necessary. A
monitoring program would be implemented to evaluate cap construction, assess short-term contaminant
release and impacts to surface water, and the long-term performance of the cap. Long-term monitoring
will evaluate the integrity of the cap, recolonization by biota, and evidence of contaminant migration.
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6.2.3 In-situ Sediment Treatment

A limited number of in-situ treatment options have been used for sediment remediation. Sediments
containing organic contaminants can be treated biologically, however, as a practical matter this has only
been done in small ponds or lagoons where the entire water body is used as a ‘reaction vessel'. For
example, the French Limited Superfund Site near Houston, Texas was a lagoon that was treated by
mixing the bottom sediments into the water column and injecting oxygen. A similar approach for the
Sutherland site would require isolating the treatment area from the Red River, most likely with a sheet pile
wall, and conducting the mixing and treatment inside the wall. Biological treatment of PAH compounds
can effectively reduce the PAH concentrations by perhaps as much as 50 to 75 percent. However, it is
not practical to expect to reduce PAH concentrations to the low part per million range that currently exists
over much of the sediment plume area.

Other in-situ approaches such as solidification/stabilization and chemical oxidation have recently been
used to treat upland soils, but are unproven for sediment treatment. Again, complete isolation of the
treatment area from the rest of the Red River would be necessary.

One proprietary in-situ method called Limnofix uses a combination of chemical oxidation and biological
degradation to reduce contaminant concentrations in sediments. Limnofix has been used to destroy over
99% of sulfide contaminants in sediments (i.e., through increased transfer to overlying waters and
oxidative conversion to sulfate), but has not been proven to be efficacious in destroying PAHs. Limnofix
or other in-situ techniques have not been used to treat sediments at MGP sites. Limnofix was used on a
pilot scale at an industrial boat slip in Hamilton Ontario. The concentrations of PAH in sediment were
reduced by 64% from a starting concentration of 730 mg/kg. No data were provided for the Hamilton site
regarding short term impacts from turbidity,re-suspension of contaminated sediments from the Limnofix
injection boom, or enhanced solubilization and transfer to the overlying water. However, it may be
necessary to isolate the treatment area from the rest of the Red River using this technology as well.

The Sutherland Site has sediment PAH concentrations over 17,000 mg/kg that would likely require
multiple treatments using Limnofix. Assuming a 64% reduction at Sutherland, the treated sediment would
still contain up to 6,120 mg/kg of PAH after Limnofix treatment.

6.3 Evaluation of Other Remedial Technologies to Address Contaminant Transport from
Upland to the Red River

Prior analysis (UMA 2006) has indicated that low concentrations of dissolved PAH compounds migrate
with groundwater from the Sutherland site to the Red River. An annual flux of ~0.33 to 0.37 kilograms of
naphthalene has been calculated for the groundwater flow. Another potential concern for off-site migration
is DNAPL that may migrate independently from groundwater. Although DNAPL has not been measured at
the site, visual descriptions of test holes in the northwest corner of the site are consistent with the
presence of a limited amount of DNAPL. The relatively high concentrations of PAH in wells MW-23 and
MW-24 may indicate DNAPL in the vicinity of these wells.

The CEMP (UMA, 2006) suggests a barrier system such as a cut-off trench equipped with a French drain
to collect dissolved phase contaminants and, if present, LNAPL and DNAPL, if it becomes necessary to
intercept groundwater flow to the Red River. A cut-off trench has an advantage over an impermeable
barrier because it allows for the collection of groundwater, not just its deflection. Another option might be
a funnel and gate system that deflects groundwater through a narrow opening in an impermeable wall
where permeable reactive media, such as granular activated carbon, removes MGP constituents from the
groundwater. The carbon media would need to be installed via a cassette system that would allow for its
periodic replacement. If DNAPL is present, the carbon system would be very expensive to maintain. A
system of pumping wells could also be used to intercept groundwater from the site, but wells must rely on
a zone of influence that can vary in three dimensions depending on local geology. Wells would be less
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effective than the cut-off trench which intercepts the entire cross-sectional area of groundwater flow
independent of soil heterogeneity. '

A conceptual interceptor trench is shown in Figure 6-4. The trench would be approximately 300 metres
long, running from well MW-42 to west of MW-41,(Figure 3-1) and located between the dike and the river
bank. The trench would be keyed in to the till layer approximately 15 metres below the ground surface.
The bottom of the trench would contain perforated piping and would be sloped to one or more sumps
where DNAPL could collect for recovery. The subsurface drain would be installed in one continuous
vertical trench approximately one metre wide. Biopolymers would be used to support the open trench
during construction. The installation would take approximately two months, depending on ease of access
and the potential need for specialty equipment to excavate beneath the Disraeli Overpass.

Vertical risers in the trench would also allow for the recovery of groundwater, and the entire trench would
be filled with coarse granular materials such as sand or pea gravel. Groundwater interception would
require pumping approximately 300,000 litres per year based on the cross-sectional area (300m by 11m)
and the average linear groundwater velocity of 2.8 x 10 metres per second.

After installation the sumps in the interceptor trench should be checked for accumulation of DNAPL. A
separate DNAPL pump could be used to remove the DNAPL and keep it separate from groundwater. If
DNAPL does not accumulate in the sumps, a decision could be made regarding the need to pump
groundwater. A water treatment system would be needed to treat recovered groundwater to surface
discharge standards. This would likely include iron removal and carbon filtration for organic compounds
prior to discharge to the Red River.
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FACT SHEET:

Dredging

Description:

Excavation of sediment from a waterway.
Removed sediment will require subsequent
management. Typical process options include
hydraulic (e.g., cutterhead, horizontal auger, dust
pan, matchbox, plain suction); mechanical (e.g.,
clamshell bucket, backhoe, bucket ladder, dipper,
dragline); and specialty (e.g. PNEUMA® Pump, Dry
Dredge™, SoliFlo™).

Scale of Implementation:
Full-Scale

Precedenoe (full-scale):

v Sheboygan River and Harbor (WI)
Grasse River (NY)

St. Lawrence River (NY)

New Bedford Harbor (MA)
Manistique River and Harbor (MI)
Marathon Battery (NY)
Shiawassee River (MI)
Williamette River (OR)

Duwamish Waterway (WA)
Waukegan Harbor (IL)

River Raisin (MI)

Monguagon Creek (MI)

Willow Run Creek (MI)

Lake Jarnsjon (Sweden)
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Documented Effectiveness Toward

Risk Reduction:

v permanently removes sediment from aquatic
environment

For More Information:

v 1 h Coundil. G d Sedis ts in Ports and
Waterways: Cleanup Strategies and Technologi 1 Academy of
Sciences. 1997

v USEPA ARCS Prog R diatic dance Document. EPA-905-R94

003. October 1994.
v Herbich, 1.8. Handbook of Dredging Engineering. McGraw Hill, Inc. 1992

Typical Dredging Components

Critical Engineering Design Issues
Inﬂuencmg Effectiveness:

desired solids concentration

desired production rate

dredging accuracy

sediment/dredging depth

ability to handle debris

water depth

water velocity

navigational traffic

access constraints

the presence of boulders/debris

bottom conditions

disposal requirements

weather

location, configuration, and extent of targeted
sediment

AN NE AN N N U U N N S

Short-/Long-Term Issues:

v residual sediment due to mixing of constituent-
containing material with underlying material or
surrounding sediment during dredging

areas missed by dredge

sediment resuspension/downstream migration
elevated chemical levels in residual sediments
long- or short-term increases in chemical
bioavailablity

alteration or destruction of benthic community
achieving low chemical cleanup levels unlikely
presence of boulders/debris

exposure of more highly contaminated
sediments

cannot achieve 100% removal; remaining
residuals available for future exposure

NSNS S
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Reproduced from Paul Doody, Blasland,
Bouck, & Lee. Pros & cons of various
sediment management remedies. Sediment
Work Group website

www.smwgq.org.auqust2007

Scale: 1:25,000

12019-002 Figure 6-1
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FACT SHEET:

Engineered Capping

Description:

Controlled placement of various materials (e.g.,
sand, fill, gravel/cobbles, geotextile material, etc.)
to physically isolate sediments from the overlying
water column. Typical process options include:
multi-media cap, sand cap, AquaBlok™, and
revetments. Typical cap thicknesses range from
0.5-3 feet.

Scale of Implementation:
Full-Scale

Precedence (full-scale):

v Convair Lagoon (CA)

Duwamish Waterway (WA)

Puget Sound (WA)

Hamilton Harbour (Ontario, Canada)

St. Lawrence River (NY)

Sheboygan River and Harbor (WI)

Central Long Island Sound Disposal Site (NY)
Mud Dump Site (NY)

AN NN Y. N

Documented Effectiveness Toward

Risk Reduction:
reduces chemical bioavailability

/ reduces water-column chemical concentrations

v can facilitate conditions conducive to natural
degradation processes

v minimizes downstream migration of
contaminated sediment

v can improve fish habitat areas

For More Information:

¥ USEPA ARCS Program: Mmhmsm%qumapphgd
Contaminated Sediments. EPA 905-896-004.

¥  Hazardous Substance Research Center and USEPA Great Lakes National
Program Office. “Proceedings from: In-Situ Capping of Contaminated
Sediments -~ A Seminar for Decision Makers.” Chicago, IL. November 20-
21, 1996.

fe . 12° Inksness Typlcal

+— wPypicat Cap Armoring Detail
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Critical Engineering Design Issues
Influencing Effectiveness:
cost/location of capping material source
sediment surface topography
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Table A1: Ecotox data for toxicity of PAHs to rainbow trout or fathead minnow

Chemical Name Species Endpoint Effect Exposure Exposure Conc1 Author Publication
Scientific Measurement Duration Type (ug/L) Year
Name (LEVD))
1,3-Dimethylnaphthalene Oncorhynchus MORT 96 h static 1700 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178
Representative Compounds
Detected in Great Lakes
Fish
1-Methylnaphthalene Oncorhynchus LD50 MORT 96 h | 20.5 Hodson, P.V. A Comparison of the Acute J.Appl.Toxicol. 5(4):220-226 1985
mykiss Toxicity of Chemicals to
Fish, Rats and Mice
2-Methylnaphthalene Oncorhynchus LC50 MORT 24h static 2443 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada: 188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
2-Methylnaphthalene Oncorhynchus LC50 MORT 48 h renewal 2080 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada:188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
2-Methylnaphthalene Oncorhynchus LC50 MORT 72h renewal 1694 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada:188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
2-Methylnaphthalene Oncorhynchus LC50 MORT 96 h renewal 1456 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada: 188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
9H-Fluorene Oncorhynchus LC50 MORT 24 h static >2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada: 188 p.(1990) /




Chemical Name Species Endpoint Effect Exposure Exposure Conc1  Author Source Publication
Scientific Measurement Duration Type (ug/L) Year
Name (Days)
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
9H-Fluorene Oncorhynchus LC50 MORT 48 h renewal >2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada:188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
9H-Fluorene Oncorhynchus LC50 MORT 72h renewal >2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada:188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
9H-Fluorene Oncorhynchus LC50 MORT 96 h renewal >2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada:188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
9H-Fluorene Oncorhynchus LC50 MORT 96 h static 0.82 Finger, S.E., E.F. Comparison of Laboratory In: T.P.Boyle (Ed.), Validation and 1985
mykiss Little, M.G. Henry, and Field Assessment of Predictability of Laboratory Methods
J.F. Fairchild, and Fluorene - Part 1: Effects of for Assessing the Fate and Effects of
T.P. Boyle Fluorene on the Survival, Contaminants in Aquatic Ecosystems,
Growth, Reproduction, and 1st Symposium, ASTM STP 865,
Behavior of Aquatic Philadelphia, PA :120-133
Organisms in Laboratory
Tests
Acenaphthene Oncorhynchus LCs50 MORT 24h flow-through 1570 Holcombe, G.W., Toxicity of Selected Priority Ecotoxicol.Environ.Saf. 7(4):400-409 1983
mykiss G.L. Phipps, and Pollutants to Various (OECDG Data File)
J.T. Fiandt Aquatic Organisms
Acenaphthene Oncorhynchus LC50 MORT 48 h flow-through 1130 Holcombe, G.W., Toxicity of Selected Priority Ecotoxicol.Environ.Saf. 7(4):400-409 1983
mykiss G.L. Phipps, and Pollutants to Various (OECDG Data File)




Chemical Name

Species
Scientific
Name

Endpoint

Effect
Measurement

Exposure Exposure
Duration Type
(Days)

Conc 1
(ug/L)

Author

Title

Year

Publication

J.T. Fiandt Aquatic Organisms
Acenaphthene Oncorhynchus LC50 MORT 72h flow-through 800 Holcombe, G.W., Toxicity of Selected Priority Ecotoxicol.Environ.Saf. 7(4):400-409 1983
mykiss G.L. Phipps, and Pollutants to Various (OECDG Data File)
J.T. Fiandt Aquatic Organisms
Acenaphthene Oncorhynchus LC50 MORT 96 h flow-through 670 Holcombe, G.W., Toxicity of Selected Priority Ecotoxicol.Environ.Saf. 7(4):400-409 1983
mykiss G.L. Phipps, and Pollutants to Various (OECDG Data File)
J.T. Fiandt Aquatic Organisms
Fluoranthene Oncorhynchus LC50 MORT 96 h flow-through >12 Spehar, R.L., S. Comparative Toxicity of Arch.Environ.Contam.Toxicol. 1999
mykiss Poucher, L.T. Fluoranthene to Freshwater 37(4):496-502
Brooke, D.J. and Saltwater Species
Hansen, D. Under Fluorescent and
Champlin, and D.A. Ultraviolet Light
Cox
Fluoranthene Oncorhynchus LC50 MORT 96 h flow-through 91 Spehar, R.L., S. Comparative Toxicity of Arch.Environ.Contam.Toxicol. 1999
mykiss Poucher, L.T. Fluoranthene to Freshwater 37(4):496-502
Brooke, D.J. and Saltwater Species
Hansen, D. Under Fluorescent and
Champlin, and D.A. Ultraviolet Light
Cox
Fluoranthene Oncorhynchus LC50 MORT 96h flow-through 7.7 Spehar, R.L., S. Comparative Toxicity of Arch.Environ.Contam.Toxicol. 1999
mykiss Poucher, L.T. Fluoranthene to Freshwater 37(4):496-502
Brooke, D.J. and Saltwater Species
Hansen, D. Under Fluorescent and
Champlin, and D.A. Ultraviolet Light
Cox
Fluoranthene Oncorhynchus LC50 MORT 96 h static 187 Birge, W.J., J.A. Acute Toxicity Testing with In: J.D.Horne, M.A.Sirsky, 1982
mykiss Black, S.T. Ballard, Freshwater Fish T.A.Hollister, B.R.Oblad, and
and W.E. J.H.Kennedy (Eds.), Aquatic Toxicity
McDonnell Studies of Five Priority Pollutants,
Rep.N0.4398, NUS Corp, Houston,
TX :47 p.
Fluoranthene Oncorhynchus NR-LETH MORT 72h static 250 Birge, W.J., J.A. Acute Toxicity Testing with In: J.D.Horne, M.A.Sirsky, 1982
mykiss Black, S.T. Ballard, Freshwater Fish T.A.Hollister, B.R.Oblad, and
and W.E. J.H.Kennedy (Eds.), Aquatic Toxicity
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Exposure
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Conc 1

(ug/L)

Author

Publication
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McDonnell Studies of Five Priority Pollutants,
Rep.No.4398, NUS Corp, Houston,
TX :47 p.
Fluoranthene Oncorhynchus NR-LETH MORT 72h static 250 Birge, W.J., J.A. Acute Toxicity Testing with In: J.D.Horne, M.A.Sirsky, 1982
mykiss Black, S.T. Ballard, Freshwater Fish T.A Hollister, B.R.Oblad, and
and W.E. J.H.Kennedy (Eds.), Aquatic Toxicity
McDonnell Studies of Five Priority Pollutants,
Rep.N0.4398, NUS Corp, Houston,
TX:47 p.
Naphthalene Oncorhynchus LC50 MORT 23d flow-through 120 Black, J.A., W.J. Comparative Aquatic Fundam.Appl.Toxicol. 3(9/10):353-358 1983
mykiss Birge, A.G. Toxicology of Aromatic (OECDG Data File)
Westerman, and Hydrocarbons
P.C. Francis
Naphthalene Oncorhynchus LC50 MORT 27d flow-through 110 Black, J.A., W.J. Comparative Aquatic Fundam.Appl.Toxicol. 3(9/10):353-358 1983
mykiss Birge, A.G. Toxicology of Aromatic (OECDG Data File)
Westerman, and Hydrocarbons
P.C. Francis
Naphthalene Oncorhynchus LC50 MORT 96 h flow-through 1600 DeGraeve, G.M., Effects of Naphthalene and Arch.Environ.Contam.Toxicol. 1982
mykiss R.G. Elder, D.C. Benzene on Fathead 11(4):487-490
Woods, and H.L. Minnows and Rainbow
Bergman Trout
Naphthalene Oncorhynchus LC50 MORT 96 h flow-through 2250 Bergman, H.L., and Effects of Aqueous Contract No.EY-77-C-04-3913, 1977
mykiss A.D. Anderson Effluents from In Situ Fossil Univ.of Wyoming, Laramie, WY :73 p.
Fuel Processing
Technologies on Aquatic
Systems
Naphthalene Oncorhynchus LC50 MORT 96 h static 1800 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178
Representative Compounds
Detected in Great Lakes
Fish
Naphthalene Oncorhynchus LC50 MORT 96 h static 2600 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178

Representative Compounds

Detected in Great Lakes
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Naphthalene Oncorhynchus LC50 MORT 96 h static 4400 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178
Representative Compounds
Detected in Great Lakes
Fish
Naphthalene Oncorhynchus LC50 MORT 96 h static 4500 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178
Representative Compounds
Detected in Great Lakes
Fish
Naphthalene Oncorhynchus LC50 MORT 96 h static 5500 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178
Representative Compounds
Detected in Great Lakes
Fish
Naphthalene Oncorhynchus LC50 MORT 96 h static 6100 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178
Representative Compounds
Detected in Great Lakes
Fish
Naphthalene Oncorhynchus LC50 MORT 27d flow-through 120 Millemann, R.E., Comparative Acute Toxicity Trans.Am.Fish.Soc. 113(1):74-85 1984
mykiss W.J. Birge, J.A. to Aquatic Organisms of
Black, R.M. Components of Coal-
Cushman, K.L. Derived Synthetic Fuels
Daniels, P.J.
Franco, J.M.
Giddings, J.F.
McCarthy, and A.J.
Phenanthrene Oncorhynchus LC50 MORT 23d flow-through 40 Black, J.A., W.J. Comparative Aquatic Fundam.Appl.Toxicol. 3(9/10):353-358 1983
mykiss Birge, A.G. Toxicology of Aromatic (OECDG Data File)

Westerman, and

P.C. Francis

Hydrocarbons




Chemical Name Species Endpoint Effect Exposure  Exposure Publication
Scientific Measurement Duration Type Year
Name (Days)
Phenanthrene Oncorhynchus LC50 MORT 27d flow-through 40 Black, J.A., W.J. Comparative Aquatic Fundam.Appl.Toxicol. 3(9/10):353-358 1983
mykiss Birge, A.G. Toxicology of Aromatic (OECDG Data File)
Westerman, and Hydrocarbons
P.C. Francis
Phenanthrene Oncorhynchus LC50 MORT 96 h static 3200 Edsall, C.C. Acute Toxicities to Larval Bull.Environ.Contam.Toxicol. 1991
mykiss Rainbow Trout of 46(2):173-178
Representative Compounds
Detected in Great Lakes
Fish
Phenanthrene Oncorhynchus LC50 MORT 60d flow-through 0.0002 Passino-Reader, Rainbow Trout Larvae October 19 Letter to R.Spehar, 1993
mykiss D.R. Compared with Daphnia U.S.EPA, Duluth, MN :5 p.
pulex Response in
Contaminant Bioassays.
Copy of a Research
Information Bulletin (RIB).
Draft (Personal
Communication)
Phenanthrene Oncorhynchus LC50 MORT 27d flow-through 30 Millemann, R.E., Comparative Acute Toxicity Trans.Am.Fish.Soc. 113(1):74-85 1984
mykiss W.J. Birge, J.A. to Aquatic Organisms of
Black, R.M. Components of Coal-
Cushman, K.L. Derived Synthetic Fuels
Daniels, P.J.
Franco, J.M.
Giddings, J.F.
McCarthy, and A.J.
Pyrene Oncorhynchus LC50 MORT 24 h static 2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada:188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
Pyrene Oncorhynchus LC50 MORT 48 h renewal 2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada: 188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
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Trout (Oncorhynchus
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Publication

Year

mykiss)
Pyrene Oncorhynchus LCs50 MORT 72h renewal 2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada: 188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
Pyrene Oncorhynchus LC50 MORT 96 h renewal 2000 Kennedy, C.J. Toxicokinetic Studies of Ph.D.Thesis, Simon Fraser Univ., 1992
mykiss Chlorinated Phenols and Canada: 188 p.(1990) /
Polycyclic Aromatic Diss.Abstr.Int.B Sci.Eng. 53(1):18
Hydrocarbons in Rainbow
Trout (Oncorhynchus
mykiss)
1-Methylnaphthalene Pimephales LC50 MORT 0.04d static 39000 Mattson, V.R., J.W. Acute Toxicity of Selected EPA-600/3-76-097, U.S.EPA, Duluth, 1976
promelas Arthur, and C.T. Organic Compounds to MN :12 p.
Walbridge Fathead Minnows
1-Methylnaphthalene Pimephales LC50 MORT 24h static 9000 Mattson, V.R., JW. Acute Toxicity of Selected EPA-600/3-76-097, U.S.EPA, Duluth, 1976
promelas Arthur, and C.T. Organic Compounds to MN:12 p.
Walbridge Fathead Minnows
1-Methylnaphthalene Pimephales LC50 MORT 48 h static 9000 Mattson, V.R., JW. Acute Toxicity of Selected EPA-600/3-76-097, U.S.EPA, Duluth, 1976
promelas Arthur, and C.T. Organic Compounds to MN :12 p.
Walbridge Fathead Minnows
1-Methylnaphthalene Pimephales LC50 MORT 72h static 9000 Mattson, V.R., J.W. Acute Toxicity of Selected EPA-600/3-76-097, U.S.EPA, Duluth, 1976
promelas Arthur, and C.T. Organic Compounds to MN :12 p.
Walbridge Fathead Minnows
1-Methylnaphthalene Pimephales LC50 MORT 96 h static 9000 Mattson, V.R., JW. Acute Toxicity of Selected EPA-600/3-76-097, U.S.EPA, Duluth, 1976
promelas Arthur, and C.T. Organic Compounds to MN :12 p.
Walbridge Fathead Minnows
2,3,5-Trimethyl Pimephales LC50 MORT 96 h static 6400 Mayer, F.L.Jr., and Manual of Acute Toxicity: Resour.Publ.No.160, U.S.Dep.Interior, 1986
naphthalene promelas M.R. Ellersieck Interpretation and Data Fish Wildl.Serv., Washington, DC :505

Base for 410 Chemicals
and 66 Species of

Freshwater Animals

p. (USGS Data File)




Chemical Name Species Endpoint Effect Exposure Exposure Conc1  Author Source Publication
Scientific Measurement Duration Type (ug/L) Year
Name (Days)
2,3,6- Pimephales LC50 MORT 96 h static >6700 Mayer, F.L.Jr., and Manual of Acute Toxicity: Resour.Publ.No.160, U.S.Dep.Interior, 1986
Trimethylnaphthalene promelas M.R. Ellersieck Interpretation and Data Fish Wildl.Serv., Washington, DC :505
Base for 410 Chemicals p. (USGS Data File)
and 66 Species of
Freshwater Animals
9H-Fluorene Pimephales LC50 MORT 96 h static >100000 Finger, S.E., E.F. Comparison of Laboratory In: T.P.Boyle (Ed.), Validation and 1985
promelas Little, M.G. Henry, and Field Assessment of Predictability of Laboratory Methods
J.F. Fairchild, and Fluorene - Part 1: Effects of for Assessing the Fate and Effects of
T.P. Boyle Fluorene on the Survival, Contaminants in Aquatic Ecosystems,
Growth, Reproduction, and 1st Symposium, ASTM STP 865,
Behavior of Aquatic Philadelphia, PA :120-133
Organisms in Laboratory
Tests
Acenaphthene Pimephales LC50 MORT 72h flow-through 1700 Holcombe, G.W., Toxicity of Selected Priority Ecotoxicol.Environ.Saf. 7(4):400-409 1983
promelas G.L. Phipps, and Pollutants to Various (OECDG Data File)
J.T. Fiandt Aquatic Organisms
Acenaphthene Pimephales LC50 MORT 96 h flow-through 1600 Holcombe, G.W., Toxicity of Selected Priority Ecotoxicol.Environ.Saf. 7(4):400-409 1983
promelas G.L. Phipps, and Pollutants to Various (OECDG Data File)
J.T. Fiandt Aquatic Organisms
Acenaphthene Pimephales LC50 MORT 96 h flow-through 1730 Geiger, D.L., C.E. Acute Toxicities of Organic Ctr.for Lake Superior Environ.Stud., 1985
promelas Northcott, D.J. Call, Chemicals to Fathead Univ.of Wisconsin-Superior, Superior,
and L.T. Brooke Minnows (Pimephales WI:326 p.
promelas), Volume 2
Acenaphthene Pimephales LC50 MORT 96 h flow-through 608 Cairns, M.A., and Toxicity of Acenaphthene Arch.Environ.Contam.Toxicol. 1982
promelas A.V. Nebeker and Isophorone to Early 11(6):703-707
Stages of Fathead Minnows
Anthracene Pimephales LT50 MORT 7h renewal 19.1 Oris, J.T., A. Humic Acids Reduce the Environ.Toxicol.Chem. 9(5):575-583 1990
promelas Tilghman Hall, and Photo-Induced Toxicity of
J.D. Tylka Anthracene to Fish and
Daphnia
Anthracene Pimephales LT50 MORT 158h renewal 54 Oris, J.T.Jr. The Photo-Induced Toxicity Chemosphere 16(7):1395-1404 1987
promelas of Polycyclic Aromatic
Hydrocarbons to Larvae of
the Fathead Minnow
(Pimephales promelas)
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Benz[a)anthracene Pimephales LT50 MORT renewal 1.8 Oris, J.T.Jr. The Photo-Induced Toxicity Chemosphere 16(7):1395-1404 1987
promelas of Polycyclic Aromatic
Hydrocarbons to Larvae of
the Fathead Minnow
(Pimephales promelas)
Benzo(a)pyrene Pimephales LT50 MORT 40 h renewal 5.6 Oris, J.T.Jr. The Photo-Induced Toxicity Chemosphere 16(7):1395-1404 1987
promelas of Polycyclic Aromatic
Hydrocarbons to Larvae of
the Fathead Minnow
(Pimephales promelas)
Fluoranthene Pimephales LC50 MORT 30d renewal 71 Gendusa, A.C. Toxicity of Chromium and Ph.D.Thesis, University of North 1990
promelas Fluoranthene from Aqueous Texas:138 p.(Publ in Part As 9393,
and Sediment Sources to 5091)
Selected Freshwater Fish
Fluoranthene Pimephales LC50 MORT 96 h flow-through >17 Spehar, R.L., S. Comparative Toxicity of Arch.Environ.Contam.Toxicol. 1999
promelas Poucher, L.T. Fluoranthene to Freshwater 37(4):496-502
Brooke, D.J. and Saltwater Species
Hansen, D. Under Fluorescent and
Champlin, and D.A. Ultraviolet Light
Cox
Fluoranthene Pimephales LC50 MORT 96 h flow-through >212 Spehar, R.L., S. Comparative Toxicity of Arch.Environ.Contam.Toxicol. 1999
promelas Poucher, L.T. Fluoranthene to Freshwater 37(4):496-502
Brooke, D.J. and Saltwater Species
Hansen, D. Under Fluorescent and
Champlin, and D.A. Ultraviolet Light
Cox
Fluoranthene Pimephales LC50 MORT 96 h flow-through 12.2 Spehar, R.L, S. Comparative Toxicity of Arch.Environ.Contam.Toxicol. 1999
promelas Poucher, L.T. Fluoranthene to Freshwater 37(4):496-502
Brooke, D.J. and Saltwater Species
Hansen, D. Under Fluorescent and
Champlin, and D.A. Ultraviolet Light
Cox
Fluoranthene Pimephales LC50 MORT 96 h flow-through 6.83 Diamond, S.A. Characterization of Acute Ph.D.Thesis, Miami University, 1995
promelas and Chronic Toxicity of Oxford, OH :151
Fluoranthene and the
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Potential for Acquisition
Enhanced Tolerance in
Fathead Minnows
(Pimephales promelas)
Fluoranthene Pimephales LC50 MORT 96 h static 95 Horne, J.D., and Aquatic Toxicity Studies of Rep.N0.4380, NUS Corp., Houston 1983
promelas B.R. Oblad Six Priority Pollutants Environ.Center, Houston, TX:99 p./
Appendix A, J.D.Horne, M.A.Swirsky,
T.AHollister, B.R.Oblad, and
J.H.Kennedy (Eds.), Acute Toxicity
Studies of Five Priority Pollutants,
NUS Corp.Rep.N0.4398, Houston, TX
47 p.
Fluoranthene Pimephales LC50 MORT 96h static 95 Horne, J.D., and Aquatic Toxicity Studies of Rep.N0.4380, NUS Corp., Houston 1983
promelas B.R. Oblad Six Priority Pollutants Environ.Center, Houston, TX:99 p./
Appendix A, J.D.Horne, M.A.Swirsky,
T.A Hollister, B.R.Oblad, and
J.H.Kennedy (Eds.), Acute Toxicity
Studies of Five Priority Pollutants,
NUS Corp.Rep.N0.4398, Houston, TX
47 p.
Fluoranthene Pimephales LC50 MORT 6d flow-through 6.83 Diamond, S.A., J.T. Adaptation to Fluoranthene Environ.Toxicol.Chem. 14(8):1393- 1995
promelas Oris, and S.1. Exposure in a Laboratory 1400
Guttman Population of Fathead
Minnows
Naphthalene Pimephales LC50 MORT 96 h flow-through 9930 Bio Dynamics, Inc. A Flow-Through Acute Fish EPA/OTS Doc.#86-870000910 1987
promelas Toxicity Test of :26p.(NTIS/OTS 0515348)
Naphthalene
Naphthalene Pimephales LC50 MORT 24h flow-through 7760 Holcombe, G.W., The Acute Toxicity of Environ.Pollut.Ser.A 35(4):367-381 1984
promelas G.L. Phipps, M.L. Selected Substituted (OECDG Data File)
Knuth, and T. Phenols, Benzenes and
Felhaber Benzoic Acid Esters to
Fathead Minnows
Pimephales promelas
Naphthalene Pimephales LC50 MORT 48 h flow-through 6350 Holcombe, G.W., The Acute Toxicity of Environ.Pollut.Ser.A 35(4):367-381 1984
promelas G.L. Phipps, M.L. Selected Substituted (OECDG Data File)
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Knuth, and T. Phenols, Benzenes and
Felhaber Benzoic Acid Esters to
Fathead Minnows
Pimephales promelas
Naphthalene Pimephales LC50 MORT 72h flow-through 6080 Holcombe, G.W., The Acute Toxicity of Environ.Pollut.Ser.A 35(4):367-381 1984
promelas G.L. Phipps, M.L. Selected Substituted (OECDG Data File)
Knuth, and T. Phenols, Benzenes and
Felhaber Benzoic Acid Esters to
Fathead Minnows
Pimephales promelas
Naphthalene Pimephales LC50 MORT 96 h flow-through 6140 Broderius, S.J., Use of Joint Toxic Environ.Toxicol.Chem. 14(9):1591- 1995
promelas M.D. Kahl, and Response to Define the 1605 (Author Communication Used)
M.D. Hoglund Primary Mode of Toxic
Action for Diverse Industrial
Organic Chemicals
Naphthalene Pimephales LC50 MORT 96 h flow-through 7900 DeGraeve, G.M,, Effects of Naphthalene and Arch.Environ.Contam.Toxicol. 1982
promelas R.G. Elder, D.C. Benzene on Fathead 11(4):487-490
Woods, and H.L. Minnows and Rainbow
Bergman Trout
Naphthalene Pimephales LC50 MORT 96 h flow-through 6080 Holcombe, G.W., The Acute Toxicity of Environ.Pollut.Ser.A 35(4):367-381 1984
promelas G.L. Phipps, M.L. Selected Substituted (OECDG Data File)
Knuth, and T. Phenols, Benzenes and
Felhaber Benzoic Acid Esters to
Fathead Minnows
Pimephales promelas
Naphthalene Pimephales LC50 MORT 96 h flow-through 6140 Geiger, D.L., C.E. Acute Toxicities of Organic Ctr.for Lake Superior Environ.Stud., 1985
promelas Northcott, D.J. Call, Chemicals to Fathead Univ.of Wisconsin-Superior, Superior,
and L.T. Brooke Minnows (Pimephales WI :326 p.
promelas), Volume 2
Naphthalene Pimephales LC50 MORT 96 h flow-through 4900 Bergman, H.L., and Effects of Aqueous Contract No.EY-77-C-04-3913, 1977
promelas A.D. Anderson Effluents from In Situ Fossil Univ.of Wyoming, Laramie, WY :73 p.

Fuel Processing
Technologies on Aquatic

Systems
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Naphthalene Pimephales LC50 Millemann, R.E., Comparative Acute Toxicity Trans.Am.Fish.Soc. 113(1):74-85 1984
promelas W.J. Birge, J.A. to Aquatic Organisms of
Black, R.M. Components of Coal-
Cushman, K.L. Derived Synthetic Fuels
Daniels, P.J.
Franco, J.M.
Giddings, J.F.
McCarthy, and A.J.
Pyrene Pimephales LT50 MORT 3.2h renewal 25.6 Oris, J.T.Jr. The Photo-Induced Toxicity Chemosphere 16(7):1395-1404 1987
promelas of Polycyclic Aromatic
Hydrocarbons to Larvae of
the Fathead Minnow
(Pimephales promelas)
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UMA Engineering Ltd.

1478 Buffalo Place

Winnipeg. Manitoba R3T L7

T 204.284.0580 F 204.475.3646 www.uma.aecom.com

August 7, 2007 _ UMA Project; 0217 158 03 (4.6.1.4)

Mr. Bob Gill, M.N.R.M.
Senior Environmental Specialist
Manitoba Hydro/Centra Gas
820 Taylor Avenue

Winnipeg, Manitoba

R3C 2P4. '

Dear Bob:

Re: Remedial Monitoring Program

River Sediment and Surface Water Monitoring
UMA :E.ngine“_er'ing Ltd.. (UMAY) is: pleased to provide three (3) copies of this report documenting the sediment
imonitaring at twenty four locations and surface water samplingat thirteen locations from the Red River opposite
the ‘Sutherland Avenue former Manufactured Gas Plant (MGP) site. This work was undertaken between January

and March 2007..

Thank you for the oppertunify to provide our services of this project. Please do nbt hesitate to call Mr. Edwin Yee,
B.Sc. at (204).284-0580 should you have any questions regarding this report. '

Sincerely,

UMA Engineering Ltd.

J_“Q,\Q

Tom Wingrove, P.Eng.

Senior Vice President

Earth and Water
tom.wingrove@uma.aecom.com.

RPT-0217-158-03-River Sediment Moniloring-0708.doc
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Disclaimer

The attached Report (the “Report”) Hias bsen prepared by UMA Engineering Lid. (“UMA”) for the benefit of Manitoba:
Hydro- {"Client’}y in actordance with the agréamient between UMA and Client for the services .describ'_e'ﬂ’ in the Report
{the “Agreement®), and s subject to the-budgetaty, time and other constraints and limitations set forth in the
Agreement.

The informiation and data contained in the Report; inciuding without limitation the resuilts of any inspections, sampling,
testing-and-analyses anid any conclusions of recommendations of UMA (the *“Information™), represent UMA's
professional judgement in light of the knowledge and infommation available to it at the ime of preparation of the
Report. UMA has not-updated.the Report since the dite that thie Report was prepared. Further, UMA hes relied upan
the atcuracy of the'information provided to it by Client in-order to:prepare the-Report and LUMA has not indspendently
verified the accuragy of such information, rior was it required to do so. Thus, UMA shall not be responsible for any
everits or cireurnétances that may have occurred since the data.on which the Report was. prepared which may.affect
the information contained therein, or for atiy. insccuracies contained in information that was:provided to UMA by

Client.

UMA mekes ng guarantess or wamanties whatsoever, whether express of implied, with respect to the Report, the
information ot ariy partthereof and UMA shali not, by. the act of preparing or issuing the Report.and the Inforrhation,
be deemed to have.répresented that the Report or the Information is accurate, exhaustive, complete-or applicable to

any-specific use.
© UMA ENGINEERING LTD. ALL RIGHTS RESERVED

MANITOBA HYORO .
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1.0 Background

Ttie Suthisriand former manufactured gas plant (MGP) site at 35-38 Sutherland Avenue, Winnipeg, .
exhibits residual contamination of subsurface soils with substances associated with coal tar. Beginning in
1993 extensive investigation of the soll, groundwater, air and riverbed sediments have been undertaken
at the site of-the former manufactured gas plant on Sutherland Avenue in Winnipeg. The investigations
have identified the presence of polycyclic aromatic hydrocarbons (PAHs), monocyclic aromatic
hydrocarbons (BTEX), and aliphatic hydrocarbon's — petroleum. hydrecarbons (PHC), total volatile:
hydrocarbons (TVH) and total éxtractable hiydrocarbons (TEH) at concentrations in ‘excess of the CCME
Tier | guidelines in soil, groundwater and sediment. )

UMA completed the Gomprehensive Environmental Management Plan for Residuals from Historical
Operations at the Sutheitand Avenue.Former Manufactured Gas Ptant in May, 2006. The Environmental
Management:Plan pfoposes a remedial monitoring program. The objectives of the monitoring program
are:

provide on-going assurance that residual conditions do not pose a threat to human health or the
environment; '

detect and measure any potential chénges. in conditions on or off site in a time frame to allow
appropriate response;

e implement additional r_e‘m'é'dial actions, if warranted.

The monitoring program is based on a remedial strategy that is divided into two broad categories, hurmhan
health and the physical environment. In evalugting human health and environmental risks associated with
residual coal-tar and related products from the former MGP site, the sources of residual coal tar
contaminants should be monitored and pathways evaluated. Direct exposures of humans to PAH-
contaminated soils is precluded at the Sutherland site owing to the lack of contamination of surface,
accessible soils and the ground surface Is typically-hard surface pavement.

The proposed Remedial Monitoring program includes the following:

* River Baseling; ,
o Upland Groundwater; and
e Upland Vapour.

The River Baseline work is directed at re-sampling the original sediment locations. The Upland
Groundwater work will involve monitoring the existing plezometers within the overburden soils and one
bedrock monitoring well, and the installation of additional piezometers along Annabella Street and
Gladstone Streét. The Upland Vapour work will invoive the installation of dedicated shallow vapour
probes.on-the east and west sides of the former Sutherland MGP site that will allow monitoring of the
shallow unsaturated zone along the perimeter of the site for potential vapour migration. The initial vapour
monitoring will involve the characterization of the soil vapours with on-going monitoring of combustible

vapours.

MaNiTOBA HYDRO
REMEDIAL MONITORING PROGRAM

RIVER SEDIMENT MONITORING
RPT-0217-158-03-RIVER SEDIMENT MONITORING-0708.00C
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2.0 Scope of Work

Manitoba Hydro requested that UMA undertake the:River Sediment Sampling as a component of the
Remedial Monitoring Program to determine if there is any change to the contaminant plume and potential
risk to the aquatic life in the Red River. Previous investigations of the riverbed did not provide total
delineation of the horizontal and vertical distribution of the contaminant plume. UMA undertook the drilling
of an additional eight transects within the river channel consisting of five test holes per transectas part of
the 2003 Supplemental Site Investigation. The site investigation work was carried-out in accordance with
Manitoba Guideline. 98-01 Environmental Site Investigations in Manitoba. The:river sediment monitoring
program follows the above guidelines. Some of the sampling locations established during the 2003 .
Investigation work were re-sampled and additional sampling locations down stream were established and
sampled to ensure complete coverage of the cantaminant plume. The objective of this sediment
monitoring event is to.assess the biologically active zone of the sediments (0 — 10 cm). Delineation of the
aerial extent and depth of the sediment contaminant plume and assessment of temporal plume changes

is plahned fora future investigation..

Twenty four (24) sediment samples were collected from the Red River around the Disraeli ‘Bridge a@nd
downstream approximately 800 m. In addition, twenty-five (25) surface water samples including two 2
duplicate water samples were collected at approximately one (1) metre below the ice level and
approximately 0.15 to 0.30 metres above the Red River bottom. The water samples were added to the
monitoring prograim in response to a request from the Manitoba Conservation Technical Advisory
Committée (TAC) to assess whether the PAHSs in the river sediments were influencing water quality. The
locations of the sediment and surface water samples, which were based on the 2002 drilling investigation,
are.shown on Figures 01 and 02 respectively. The scope of work included the following: '

Collect sediment samples from select locations that coincide with the 2002 drilling investigation where
possible with the addition of new samplirig locations further downstream. Due to low river levels,

some sediment locations had to be moved along the river's edge.

Collect surface water samples above the river sediment and near the water surface to determine
water chemistry and assess whether any release of PAHs from the sediment is affecting water

quality.

Analyze the sediment samples for PAHs and surface water samples for metais and PAHs.

Provide a report assessing the results of the sediment and surface water analysis.
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3.1 Sediment Sampling '
Thie sediment sampling program was conducted on January 29", 30, February 1% and 21%, 2007, using
a chain saw and Eckman Dredger. The following describes the sampling program:

Twenty four (24) sediment sample locations were cut in the'ice based on the forty (40) sample
locations established in the 2003 Supplemental Enivironmental Site Ifivestigation. Additional sample
locations downstream of the 2002 sampling program were added (Figure 1). The study sampling
protocol was-undertaken in accordance with Manltoba Guideline 98-01.

A sampling port was cut through the river ic‘e.'u.sing a chaji_ri saw. The sediment sample was collected
using an Eckman Dredger.

« The sampler was lowered maintaining tension on the line to avoid drifting.
The sample was retrieved slowly to minimize the potential loss or disturbance of the sediment
sample.
The closure mechanism was released and the sample was placed in a 125 mL glass jarand .labelle'd
according to the sample location.

_ Nitrile gloves were womn and disposed of after the collection of each sample.
All sample locations were individually- barricaded using snow fencing and thin ice signs were placed
along each transect for safety.

All sediment samples were submitted to ALS Laboratories in Winnipeg, Mamtoba with the appropnate '
chain of custody'and within the required holding times.

Twenty four (24) sediment samples were submitted for laboratory analysis of polycyclic aromatic
hydrocarbons (PAHs). Results of the sediment analysis are presented in Table 1 and discussed in
Sections 4.0 and 5.0. The laboratory reports are provided in Appendix: C ;

32 Surface Water Sampling

The surface water samphng program was conducted on March 12 and 13, 2007 Test hole locations are
shown on Figure 02. The following describes the sampling program:

Twelve (12) sample locations were drilled through the ice based on the 2007 sediment sampling
investigation (Figure 02).

A sampling port was cut through the river ice using a Kanga drill equipped with a 1.5 auger.-

Depth to bottom and ice thickness was measured using a graduated steel rod. Once depth to bottom
was established, a sampling tube was fixed to the rod and again lowered to the desired sampling

depth.
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« Samples were taken from two separate depths within {ie water column using a berista'ltic low flow
pump. Sample A was taken from approximately 1.0.m below ice lével and sample B was taken:from
approximately 0.15 m to 0.30 m above river bottom. All sample handling was done using nitrile -

gloves.

o The samples were placed in the appropriate laboratory supplied bo&les and labelled according to the.
sample location. - _ _

o Al surface water samples were submitted to ALS Laboratories (formerly Enviro-Test) in Winnipeg,

Manitoba with the appropriate chain of custody and within the required holding times.

Twenty-five: (25) surface water samples including two.duplicate water samples were submitted for
laboratory analysis of benzene, toluens, ethylbenzene, xXylenes (BTEX), total volatile hydrocarbons
(TVH), total extractable hydrocarbons. (TEH), polyaromatic hydrocarbons (PAHs) and metals. The
analysis of metals was included to provide a more-complete:assessment of surface water quality. Results
of the surface water-analysis are discussed in Section 4,0 and presented in Table 2.and 3. The laboratory

reports are provided in. Appendix C.
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4.0 Results

Thie results of the sediment analysis have been compared with the Probable-Effects Level, Canadian
‘Couricil of Ministers of the Environment (CCME) Sediment Guality Guidelines, Probable Effects Level
(PEL), Update 2002. The selected guidelings.provide the probable effect range within which adverse

biological effects freqliently-occur.
The results of the surface water samples have been compared to the CCME Canadian Water Quality

Guidelines fof the P tection of Aquafic Life, Freshwater Aquatic Life (FAL), Update 6.0, December 2006
and the Manitoba Water Quality Standards, Objectives and Guidelines, Final Draft November:2002.

| 4.2 Sediment Results

All sediment samples cqllecied in the field were submiitted to ALS Laboratories in Winnipeg for PAH
analysis. A summary of the results is:provided in'Table 1 for PAHs: The detailed laboratory results are

provided in Appendix C.

The majority of the results for PAHSs were below the laboratory: minimurm detection limit and the CCME
guidelines. There were however, parameters that did exceed the applicable guidelines. In sample T3-2,
acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, benzo(a)pyrene, chrysene,.
dibenzo(a,h)anthracene, fluoranthene, fluorene, phenanthrens and pyrene exceeded the applicable
CCME guidelines. Concentrations of naphthalene in excess of the applicable CCME guidelines were
detected in T3-3, and T6-4.

All laboratory quality control.criteria were met and the results of surrogate recoveries for PAHs were all
within the labcratory measure of method efficiency. -

4.3 Surface Water Results

Surface Water samples coliected one (1) metre below the ice level are designated by the letter “A” and
samples collected approximately 0.15 to 0.30 metres above the river bottom are désignated by the letter
“g*. All of the surface water samples collected in the field were submitted to ALS Laboratories in
Winnipeg for PAH, benzene, foluene, ethylbenzene and xylenes (BTEX), Total Volatile Hydrocarbons
(TVH), Total Extractable Hydrocarbons (TEH), metals, Total Dissolved Solids (T! D$8) and Total Suspended
Soiids (TSS) analysis: A summary of the PAH/BTEX/TDS/TSS and metal results are provided in Tables 2
and 3 respectively. The detailed laboratory results are provided in Appendix C.

All of the surface water sample results for BTEX, TVH and TEH were below the minimum laboratory
detection limits and CCME Guidelines. For PAHS, with the exception of surface water samples T3-W1A
and T6-W1A collected 1 metre below the ice level, all of the surface water samples were either below the
minimum laboratory detection limits or below the applicable guidelines. Surface water sample T3-W1A
exceéeded the applicable guidelines for benzo(a)anthracene, benzo(a)pyrens, fluoranthene and pyrene.
Surface water sample T6-W1A exceeded the applicable guidelines for benzo{a)anthracene, fluoranthens
and pyrene. Relatively high levels of TDS and TSS were recorded in all of the samples when compared,
with the Manitoba Water Quality Objectives (WQO). The Manitoba WQO range for TDS in surface and
groundwater is 700 to 1000 mg/L and the TSS range is 5 to 25 mg/L. All of the TDS results for the water
samples submitted are within the WQO range while all of the TSS values exceed the WQO range.
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Concentrations of aluminurn. exceeded the applicable guideline in all of the surface water samples. With
the exception of surface water sample T9-W1A collected 1 metre below the ice level, all of the surface
water samples exceeded or were at the applicable guidefine for copper. Concentrations of iron in the
surface water samples exceeded the applicable guideline for iron with the exception of sample T8-W1B
collected approximately 0.15 to 0.30 metres-above the sediment surface. Concentratioris of selenium
were either in excess of or at the applicablé guideline value in surface water samples T2-W1A, T2-W1B,
T2-W2A, T2-W2B, T2-W3A, T3-W1A, T7-W1B and upstream samples UP1-W1A, UP1-W1B and UP2-
W1A. Zinc coricentrations.in samples T2-W2A and T9-W1B, and upstream sample UP1-W1A were either
in excess-or at the applmble guideline.

The results for the duplicate water samples T2-W3A and T8-W2A for sample locations T2-W2B and T8-
W1B respectively, are within the laboratory accepted 20 percent Relative Percent Difference (RPD) with
the exception of T2-W3A for selenium and zirconium-and T8-W2A for aluminum, arsenic, iron, nickel and
thallium. It should be noted that deviation outside the acceptable RPD is permitted in cases where
analytes with low detection limits and measured concentrations in the samples are less than five times
the minimum laboratory detection limits (MDL). Th|s would apply to the nickel, selemurn and thallium

parameters.
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5.0 Discussion

The majority of the results for PAHS in the river sediments were below the minimum laboratory.detection .
limits and the:-CCME guidelines.. Three (3) of the twenty-four (24) sediment samples exceeded the
applicable guidelines..

Coricentrations of naphthalene in excess of the applicable CCME guidslines were detected in T3-3-and
T6-4, and near the CCME guideline for T3-2. In-sediment sample T3-2, acenaphthene, acenaphthylene,
anthracene, benzo(a)anthracene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracens, fiuoranthene,
fluorene; phenanthrene and pyrene exceeded the applicable CCME guidelines.

liv compating the 2007 PAH sediment results to those obtained for the 2003 ecological risk assessment of
thie Red River adjacent to the Sutheriand site which employed & sirnilar sample collection methodology
(North/South Consultants Inc., 2003), the 2007 PAH sediment results are lower. Additional sediment
sampling locations were established further downstream of the 2002/2003 sample locations to addiess
potential redistribution. of the PAH sediment plume. The resuits of all of the new.downstream sample
locations were below minimum laboratory detection hmlts The shallow river sediment sampling indicates

a clean layer of recent sediment.

The resuits of all the water sarnples were below thé minimum laboratory detection limits for BTEX, TVH
and TEH. For the PAHSs, surface water samples. T3-W1A and T6-W1A collected at 1 metre below ice level
exceeded the applicable guidelines. for benzo(a)anthracene, fluoranthene and pyrene. The
berizo(a)pyrene result for sample T3-W1A also exceeded the applicable guideline. Surface water sample
T3-1WA was collected near the river bank above sediment sample location T3-3. The sediment sample
exceeded the applicable guideline for naphthalene but not for the PAHs observed in the surface water
sample. The surface water sample T6-W1A was collected near the river bank abave the sediment-sample
iocation T6-1 where the-concenfrations of PAHs in the. sediments were below the minimum laboratory
detection limits. The results of all of the water samples collected just above the river sediment were below
the minimum laboratory detection limits. There does not appear to be a correlation with the PAH surface
water values and the sediment values as only two surface water samples collected at 1 metre below the
ice level exceeded applicable guidelines while the samples collected at 0.15 to 0.30 m above the river

bottom were below applicable guidelines.

The results of the surface water analysis indicate that aluminum, copper and iron concentrations are
consistently higher than the applicable guidelines and a number of water samples were just above the
selenium water quality guideline. Although the 2007 sediment samples weré not analyzed for metals, high
concentrations of alumihum were found in the 2003 sediment samples. However, similar values were
obtained for aluminum, copper, iron and selenium for the upstream control water samples. Manitoba
Water Stewardship collects:monthly water samples at the St. Norbert South Fiood Gate, one of their
moriitoring stations. on the Red River located just:south of the City of Winnipeg. The water quality résults
for this monitoring station show similar high values exceeding the applicable guidelines for aluminum,
copper, iron and selenium. Relatively high levels of calcium and magnesium were obtained from the
surface water samples indicating a relatively high hardness level for the'Red River. Manitoba Water
Stewardship results for Red River water quality at the St. Norbert South Flood Gate confirm the relatively
high levels of calcium and magnesium present in Red River water entering the urban environment.

ManNToBA HYDRO
REMEDIAL MONITORING PROGRAM.

RIVER SEDIMENT MONITORING
RPT-0217-158-03-RIVER SEDIMENT MONITORING-0708.D0C



‘UMA I AECOM

6.0 Conclusions and Recomméndations_

The results of thie Red River sedimiert monitoring program were below the applicable PAH guidelines with
the exception of samples T3-2, T3-3 and T6-4. Sarnples T3-3 ard T6-4 exceeded the naphthalene '
guideline, while sample T3-2 exceéeded a number of PAH guidelines. The 2007 PAH sedinient results are
lower thari PAH sediment.resuits from the benthic.study (North/South Consultants inc., 2003) that -
employed a-similar sample collection methodology as described in Section 3-and in. accordance with
Manitoba Guideline 98-01. Spatial distribution of the. plume couid not be determined based on the results
as the objective of this sediment monitoring event was the assessment of the biologically active zone of
the sediments {0 — 10 cm). Delineation of the aerial extent and depth of the sedirnent contaminant piume
and assessment of temporal plume changes is planned for a future investigation.

All of the surface. water samples with the exception of T3-W1A and T6-W1A were below the applicable
guidelines for PAHs. Both of these surface water samples were collected 1 mefre below ice level and the
water samples collected 0.15 to 0.30 metres:above the river bottorn at these sample locations. were below
the minimum laboratory detection limits. There does not appear.to be a correlatiori with the PAH surface

water values and the sediment values.

Concentrations of d@luminum, copper and, iron wére at or above the applicable water quality guidelmes for
all sample locations, including the upstream control samples. However, the study resuits are similar to -
‘Manitoba Water Stewardship water quality results for Red Rivér water entering the urban erivironment.

Some of the surface water samples exceeded the applicable guidelines for selenium and zinc. Although
the 2007 sediment samples-were not analyzed for metal content, the 2003 sediment sample results had
high levels of aluminum. There is no applicable’ gundeline for-aluminum, but all of the 2003 sediment
results for copper were below the applicable CGME guideline. The concentrations of metals in the water
column above the impacted sediment are similar to values obtained by Manitoba Water Stewardship at
their upsiream monitoring station lacated at the St. Norbert South Flood Gate.

Based on the results, the following is recommended:.

in addition to surface sediment monitoring, core sampling should be undertaken to assess the
spatial distribution of the PAH contaminant plume; and

Suiface water samples above the sediment:monitoring locations should be collected and
analyzed for PAHs as part of the next scheduled river:sediment monitoring event to identify if
there are any PAH impacts to the river water quality and if there is a correlation to the underlying

impacted river sediments.

Respectfully Submitted,

Reviewed By: "

UMA Engineering Ltd.

Kristiina Ferraz B.A., Grad Tech. Edwin Yee, B.Sc

Environmental Technologist Environmental Specialist

Earth and Water Earth and Water
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Notes:

Sample Location

Table 1. Summary of PAH in River Sediment
Former Sutherland Avenue MGP, Winnipeg, Manitoba

CCME Sediment Criteria

T2-1

T2-2

T2-3

T2-4

T3-2

T3-3

T3-4

T4-1

CCME, Interim Sediment Quality Guidelines (PEL) for Freshwater, Update 2002.

-- indicates no criteria

BOLD or shaded indicates exceeded parameter

Sample Date (mg/kg) 29-Jan-07  29-Jan-07  29-Jan-07 29-Jan-07 29-Jan-07 29-Jan-07 29-Jan-07  31-Jan-07
[Acenaphthene B 0.01 0.0889 | <001 | <0.01 <0.01 [ <0.01 0.68 0.08 .
Acenaphthylene 0.01 0.128 | <001 | <0.01 <0.01 <0.01 0.62 003 | <0.01 <0.01
Anthracene 0.01 0.245 | <0.01 <0.01 <0.01 <0.01 1.9 0.05 <0.01 <0.01
Benzo (a) anthracene |  0.01 0.385 | <001 [ <001 <0.01 <0.01 2.3 <0.01 - <001 | <0.01
Benzo (a) pyrene 001 | 0.782 <0.01 ~ <0.01 - <0.01 <0.01 1.8 | <001 | <001 <0.01
Benzo (b) fluoranthene 001 -~ - | <001 <001 <0.01 | <0.01 | 2.0 | <0.01 <001 | <001
Benzo (g,h,i) perylene | 0.01 = | <0.01 <0.01 <0.01 <0.01 1.0 <0.01 <0.01 <0.01
Benzo (k) fluoranthene 0.01 - | <001 <0.01 - <0.01 <0.01 0.74 <0.01 <0.01 <0.01
Chrysene | o.01 0.862 - <0.01 <0.01 ~ <0.01 <0.01 22 | <0.01 ~ <0.01 <0.01
Dibenzo (a,h) anthracene 0.01 0.135 <0.01 <0.01 <0.01 ~ <0.01 0.24 <0.01 <0.01 <0.01
Fluoranthene B 0.01 2.355 <0.01 <0.01 <0.01 | <0.01 6.2 0.03 <0.01 <0.01
Fluorene 0.01 0.144 <001 | <001 | <001 <0.01 1.1 0.03 ~ <0.01 <0.01
Indeno (1,2,3-cd) pyrene 0.01 - <001 <0.01 _<0.01 <001 | 16 <0.01 <0.01 <001
Naphthalene 0.01 0391 | <001 <0.01 <0.01 <0.01 0.38 24 007 | <0.01
1-Methyl naphthalene 0.01 - | <o0.01 <0.01 <001 | <0.01 0.12 - 0.08 <001 | <0.01
2-Methyl naphthalene 10.01 0201 <001 | <0.01 - <0.01 ~ <0.01 0.06 0.10 <0.01 <0.01
Phenanthrene ~ 0.01 0.515 - <0.01 <0.01 <0.01 <0.01 6.2 005 | <001 1 <0.01 |
Pyrene 0.01 0.875 <0.01 <001 | <0.01 <0.01 5.1 0.03 <001 | <001 |
Quinoline 0.05 - | <0.05 <0.05 | <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Acridine | 005 | - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 | <0.05 <0.05
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Table 1. Summary of PAH in River Sediment
Former Sutherland Avenue MGP, Winnipeg, Manitoba

CCME Sediment Criteria

T5-2

Sample Location T6-1 T6-2 T6-3 T6-4 T71 T7-2 T7-3

Sample Date (mg/kg) 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07  7-Feb-07  7-Feb-07  7-Feb-07
Acenaphthene | ~0.0889 | <001 <001 | 002 | <001 | 003 | <001 | <001 | <001 |
Acenaphthylene 0.01 - 0.128 | <001 | <001 | 002 | <001 <001 | <001 | <001 | <001
Anthracene 00t | 0245 | <001 | <001 019 | <001 | 003 [ <001 | <001 <001
Benzo (a) anthracene | 001 0.385 | <00t | <001 | 002 | <001 | 003 | <001 | <001 | <001 |
Benzo (a) pyrene 0.01 0782 , <001 | <001 | 002 <0.01 0.03 <001 | <001 | <001
[Benzo (b) fluoranthene oot | - | <001 <001 | 002 | <001 | <001 | <001 | <001 <0.01
Benzo (g,h,i) perylene 001 | - |} <001 | <0.01 0.02 <001 | 003 | <001 | <001 <0.01
Benzo (k) fluoranthene - 001 - | <00t | <001 | <001 | <001 <001 | <0.01 <001 | <001 |
Chrysene 001 | o082 | <001 | <001 - 0.02 <0.01 0.03 <001 | <001 | <001
Q@_(%h)iainthracgngwﬁ 0.01 | 0135 - <0.01 <0.01 <0.01 | <0.01 | <0.01 <0.01 | <Q§1 <0.01
Fluoranthene 001 | 2355 | <001 | <001 | o010 <001 | 008 | <001 <001 | <001
Fluorene 0.01 0144 | <001 | <001 0.02 <0.01 <0.01 <0.01 <001 | <001
Indeno (1,2,3-cd) pyrene LAY - | <001 | <001 0.02 <001 | 003 | <001 | <001 <0.01
Naphthalene | o001 o 031 | 008 | <001 038 [ 002 | 053 | 002 | <001 <0.01
1-Methyl naphthalene | 0.01 L= | <0.01 <001 | 0.02 <0.01 0.03 <0.01 <001 | <001
2-Methyl naphthalene [ 0.01 0.201 <001 | <001 | 007 | o002 003 | <001 <001 | <001
Phenanthrene 001 10.515 | <001 <0.01 014 | <001 010 | <0.01 <001 | <001
Pyrene [ oot | 0875 | <001 | <0.01 007 | <001 | 005 | <001 <001 [ <001 |
Quinoline 0.05 - | <005 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Acridine 0.05 - ' <005 | <0.05 <005 | <005 | <005 <005 | <005 | <005
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CCME, Interim Sediment Quality Guidelines (PEL) for Freshwater, Update 2002.
-- indicates no criteria

BOLD or shaded indicates exceeded parameter




Notes:

Table 1. Summary of PAH in River Sediment
Former Sutherland Avenue MGP, Winnipeg, Manitoba

ple Da g/Kg o) h-0 h-0 h-0 b-0 o h-0 b-0
Acenaphthene 0.01 0.0889 <001 | <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
|Acenaphthylene B 0.01 | - 0.128 ~ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 |
Anthracene - 0.01 - 0.245 | <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo (a) anthracene 0.01 0.385 | <001 <0.01 <0.01 | <0.01 <0.01 - <0.01 <0.01 <0.01
Benzo (a) pyrene | o001 | 0.782 | <0.01 <0.01 <0.01 <0.01 <001 | <001 | <0.01 <0.01 |
Benzo (b) fluoranthene 0.01 - <0.01 <0.01 - <0.01 <0.01 <0.01 <0.01 '<0.01 <0.01
Benzo (g,h,i) perylene 0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo (k) fluoranthene 0.01 -- | <0.01 | <0.01 <0.01 <0.01 <0.01 <0.01 | <0.01 <0.01 |
Chrysene o - 0.01 0862 | <0.01 <0.01 <0.01 | <001 | <0.01 <0.01 <0.01 <0.01
Dibenzo (a,h) anthracene 0.01 | 0.135 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 ' <0.01 <0.01
Fluoranthene 0.01 2355 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fluorene 0.01 0144 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Indeno (1,2,3-cd) pyrene | 0.01 - | <00t | <001 <001 | <001 | <001 | <001 | <001 | <001 |
Naphthalene 0.01 0.391 ) <0.01 <0.01 0.13 <0.01 <0.01 ~ <0.01 <0.01 <0.01
1-Methyl naphthalene 0.01 - | <001 | <0.01 | <001 | <001 | <001 | <0.01 <0.01 <0.01
2-Methyl naphthalene 0.01 0.201 <0.01 | <0.01 <0.01 <001 | <001 [ <0.01 <0.01 <0.01
Phenanthrene 0.01 0.515 | <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pyrene - 0.01 0.875 ] <001 | <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Quinoline 0.05 - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Acridine | 005 - - <005 | <005 | <005 <0.05 <0.05 <0.05 <0.05 <0.05 |
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Table 2. Summary of PHC and PAH in River Water
Former Sutherland Avenue MGP, Winnipeg, Manitoba

UP2-W1A  UP2-w1B T2-W1A T3-W1A T3-W2A T3-W2B T6-W1A

T2-W3A'

Sample Location uP1-wiA®  UP1-wiB* T2-W1B T2-W2A T2-W2B

MDL CCME Water Criteria (ug/L)

CCME, Water Guidelines for the Protection of Freshwater Aquatic Life, Update 2006.

* Manitoba Water Quality Objective (mg/L)
! Duplicate of T2-W2B

% Duplicate of T8-W1B

3A- Approximately 1.0 m below ice level.

‘B- Approximately 0.15 m to 0.30 m above sediment.

BOLD or shaded indicates exceeded parameter

Sample Date 12-Mar-07  12-Mar-07  12-Mar-07  12-Mar-07 12-Mar-07  12-Mar-07 12-Mar-07 12-Mar-07  12-Mar-07 12-Mar-07  12-Mar-07 12-Mar-07  12-Mar-07
Benzene R <05 0.5 <0, - - 5 | <05 | ~ -
Toluene | 05 20 | <os <05 <05 <05 | <05 | <05 <05 <05 | <05 | <05 | <05 <05 | <05
Ethylbenzene 05 90.0 <05 <0.5 <0.5 <05 <05 <05 <05 <05 | <05 | <05 <0.5 <0.5 <05 |
Xylenes | o5 - | <05 <05 | <05 <0.5 <05 | <05 <0.5 <0.5 <05 <05 <05 <05 <05 |
TVH | 100 - | <100 <100 | <100 | <100 | <100 <100 | <100 <100 <100 <100 <100 <100 <100 |
TEH 100 - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 | <100 <100 <100
1-Methyl Naphthalene | 005 | - <0.05 <005 | <005 | <0.05 <0.05 <0.05 <0.05 <0.05 <005 | <0.05 <005 | <0.05 <0.05
2-Methyl Naphthalene | 005 | - <0.05 <0.05 <005 | <0.05 <0.05 <0.05 <0.05 <005 | <005 | <0.05 <0.05 <0.05 <0.05
Acenaphthene | 005 5.8 <0.05 <0.05 <0.05 <0.05 <0.05 | <005 | <005 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Acenaphthylene 005 | - | <005 | <005 <005 | <005 <005 | <005 <0.05 <0.05 <005 | <005 <0.05 <0.05 <0.05
Anthracene | o0t | 0.012 <0.01 - <0.01 <001 | <001 | <00f <0.01 <0.01 <0.01 <001 | <0.01 <0.01 <0.01 <0.01
Benzo(a)anthracene [ 0.01 0.018 <0.01 <0.01 <0.01 <001 | <0.01 <0.01 <001 | <001 | <001 0.06 <0.01 <0.01 0.03
Benzo(a)pyrene 0.01 0.015 - <0.01 <0.01 <001 | <0.01 <0.01 <0.01 <0.01 <001 | <001 0.02 <0.01 <0.01 <001 |
Benzo(b)fluoranthene - 0.01 - <0.01 <001 | <001 <0.01 <0.01 <0.01 <001 | <001 | <001 [ 006 <0.01 <0.01 0.02 |
Benzo(ghi)perylene | 0.01 - | <oot <001 [ <001 | <001 <0.01 <001 | <0.01 <0.01 <001 | o004 | <001 <001 | <001 |
[Benzo(k)fluoranthene 0.01 T = | <001 <0.01 <0.01 <0.01 | <001 | <001 | <001 | <001 <001 | 006 | <0.01 <0.01 002
Chrysene | oo0s - - | <005 <0.05 | <0.05 <0.05 <0.05 <005 | <005 <005 | <0.05 0.08 <0.05 <0.05 <0.05
Dibenzo(ah)anthracene [  0.01 | 7;7 = <001 | <001 [ <0.01 ~ <0.01 <0.01 <0.01 ~ <0.01 <0.01 <0.01 0.06 <0.01 <0.01 0.02 |
Fluoranthene | 001 | 004 | <00t <001 <001 | <001 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 - <0.01 <0.01 0.06
Fluorene - 005 | 30 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 <0.05
Indeno(1,2,3 cd)pyrene 001 | ot o _<0.01 <001 | <0.01 <0.01 <0.01 <0.01 <001 | <0.01 <0.01 0.05 ~ <0.01 <0.01 0.01
Naphthalene 0.05 11 <0.05 <0.05 <0.05 <005 | <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phenanthrene 0.01 7 0.4 <0.01 <001 | <001 | <001 | <001 <001 | <001 | <001 <001 | 003 | <001 <0.01 0.03
Pyrene | o001 0.025 <001 | <001 | <001 | <001 [ <0.0f <001 | <001 | <0.01 <0.01 008 | <001 <0.01 0.04
Quinoine | 0.5 34 <0.05 <005 | <005 | <005 | <005 <0.05 <0.05 <0.05 <005 | <005 <0.05 <0.05 <0.05
Acridine - 0.01 - 4.4 <0.01 <0.01 <001 | <001 [ <001 <001 | <001 <0.01 <001 | <0.01 <0.01 <0.01 <0.01 |
Total Dissolved Solids 5 700 - 1000* 610 610 620 610 630 630 640 630 640 | 660 650 650 650
Total Suspended Solids | 5 5-25* = 3 | 29 39 36 47 42 42 a3 50 41 42 A
Notes:



Table 2. Summary of PHC and PAH in River Water
Former Sutherland Avenue MGP, Winnipeg, Manitoba

Sample Location T6-W1B T6-W2A T6-W2B T7-W1A T7-W1B T7-W2A T7-W2B T8-W1A T8-W1B T8-W2A 2 T9-W1A T9-W1B

CCME Water Criteria (ug/L)

Sample Date 12-Mar-07  12-Mar-07 12-Mar-07  13-Mar-07  13-Mar-07 13-Mar-07 13-Mar-07  13-Mar-07 13-Mar-07 13-Mar-07 13-Mar-07 13-Mar-07

Benzene .y 05 370 o} 98 f <05} 05 | <05 | <05 | <05 | <05 [ <05 [ <05 | <05 <05 <05
Towere | o5 | 20 | <5 | <05 | <05 05 | <05 | <05 | <05 | <05 [ <05 | <05 | <05 | <05
Ethyibenzene 05 | 90.0 } <05 <05 | <05 | <05 <5 | <05 | <5 | <05 | <05 | <05 | <05 | <05
Xylenes | 05 ] - )} <05 <05 | <05 <05 [ <05 <0.5 <05 | <05 |} <05 | <05 | <05 | <05 |
TVH 100 | - ] <t00 | <100 | <100 <100 | <100 | <100 <100 | <100 | <100 | <100 - <100 <100
TEH 100 - <100 | <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
1-Methyl Naphthalene | 005 | - | <0.05 <0.05 <005 | <0.05 <0.05 <005 | <005 [ <005 | <0.05 <0.05 <0.05 <0.05
2-Methyl Naphthalene | 0.05 | - B <0.05 <005 | <005 | <005 | <005 <0.05 <0.05 <0.05 <005 | <005 | <0.05 <0.05
Acenaphthene 005 | 58 | <0.05 <005 | <005 | <005 | <005 | <005 | <005 | <0.05 <005 | <005 | <0.05 <0.05 |
Acenaphthylene o5 | - | <005 <005 | <005 | <0.05 <005 | <005 | <0.05 <005 | <005 <0.05 <0.05 <0.05
Anthracene 001 | 0012 f <001 | <001 | <001 | <001 | <001 | <001 | <001 | <0.01 <0.01 <0.01 <001 | <001
Benzo(a)anthracene 001 |  0.018 <0.01 <0.01 <001 | 0.0 <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001
Benzof@pyrene | 001 | 0015 | <00t <001 | <001 | <001 | <00t <001 | <001 | <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(b)fluoranthene o001 | - - - <0.01 <0.01 <0.01 | <0.01 <0.01 | <0.01 <001 | <0.01 | <0.01 ~<0.01 | <0.01 <0.01 |
Benzo(ghi)perylene 0.01 - | <00t | <00t <0.01 <001 | <0.01 <001 | <001 | <001 <001 | <0.01 <0.01 <0.01
Benzo(k)fluoranthene | o001 [ - - <0.01 <001 | <001 | <001 <0.01 <001 | <0.01 ~ <0.01 <0.01 <001 | <001 | <001
Chrysene | 005 - | <005 | <005 | <005 <0.05 <005 | <005 | <0.05 <005 | <005 <005 | <005 | <0.05
Dibenzo(ah)anthracene 0.01 - | <00t | <001 | <001 <0.01 <0.01 <0.01 <0.01 <001 | <0.01 <0.01 - <0.01 <0.01
Fluoranthene 0.01 7 004 | <001 | <001 | <001 | 003 | <001 | <001 | <00f <001 | <001 <0.01 <0.01 <0.01
Fluorene | 005 30 | <005 | <005 <0.05 <0.05 <0.05 <005 | <0.05 <0.05 <005 | <005 <0.05 <0.05
Indeno(1,2,3 cdjpyrene | 0.01 = <001 | <001 ] <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 <001 | <001
Naphthalene | 0.5 14 <005 | <005 | <005 | <005 <005 | <005 | <005 <0.05 <005 | <005 | <0.05  <0.05
Phenanthrene | o0t | 04 | <001 | <001 <001 | 002 <001 | <001 | <001 <001 | <0.01 <0.01 <0.01 <0.01
Pyene [ o001 | 0025 <0.01 <001 | <001 | o002 <001 | <001 <001 | <001 <001 | <001 <0.01 <0.01
Quinoline | oo0s 34 <0.05 - <0.05 <0.05 <0.05 - <0.05 <0.05 <005 | <0.05 <0.05 <005 | <0.05 <0.05 |
Acridine 001 | 44 <0.01 <001 | <001 | <001 | <001 | <001 <001 | <001 | <001 <0.01 <0.01 <0.01
Total Dissolved Solids 5 700 - 1000 670 630 620 | 650 630 630 640 650 640 640 620 630
Total Suspended Solids 5 . 5-25* 44 39 46 26 31 29 33 | 25 | 35 33 - 28 33
Notes:

CCME, Water Guidelines for the Protection of Freshwater Aquatic Life, Update 2006.
* Manitoba Water Quality Objective (mg/L)

! Duplicate of T2-W2B

2 Duplicate of T8-W1B

3 A - Approximately 1.0 m below ice level.

‘B- Approximately 0.15 m to 0.30 m above sediment.

BOLD or shaded indicates exceeded parameter



Table 3. Summary of Metals in River Water
Former Sutherland Avenue MGP, Winnipeg, Manitoba

Sample Location CCME Water Criteria (ug/L) UP1-W1A® UP1-wiB* UP2-WiA UP2-WiB T2-W1A T2-W1B T2-W2A T2-W2B T2-W3A' T3-W1A T3-W2A T3-W2B T6-W1A

Sample Date 12-Mar-07 12-Mar-07 12-Mar-07 12-Mar-07 12-Mar-07 12-Mar-07 12-Mar-07 12-Mar-07 12-Mar-07  12-Mar-07 12-Mar-07 12-Mar-07 12-Mar-07
Silver , ) ;, » , o - <1
Aluminum | 20 5-100 | 1510 2410 1220 1250 | 1240 1480 1430 1520 1430 | 930 1550 1480 1060 |
Arsenic 1 65 1 5.0 3.8 4.1 36 | 36 36 | 387 | 38 36 | 35 | 34 37 | 387 3.6
Boron .} s +r - 10} 110} 10 f 110 | 110 | 110 120 | 110 | 110 110 110 110 110
Barum o3 | - 88.9 998 | 857 | 875 877 | 898 %1 | 81 | 87 | 85 | 840 | 876 | 838
Berylium | 1 - | o« U S N T T Y <1 BRI R s I T R e
Bismuth | 02 | -1 <02 <02 | <02 | <02 | <02 | <02 | <02 <02 <0.2 <02 <0.2 <0.2 <0.2
Calcium | 100 B - | 8300 | 8130 | 81500 | 78100 | 80000 81200 | 82600 | 78800 80500 | 78400 | 79400 78900 | 79400
Cicjrrl[qm__ . 02 1 0.017 | <02 | <0.2 <0.2 1 7<02 <0.2 <0.2 ) <0.2 | <02 i <02 <0.2 <0.2 <0.2 ~<0.2
Cobalt 02 | - 06 0.8 0.4 06 05 06 05 | o5 | o5 05 0.7 0.6 05
Chromium | 1 | 99 R R - R [ < <t |« o<t | A o<
Cesium | o L 0.2 03 | o1 02 0.1 02 | o2 0.2 .02 01 0.2 0.2 1
Copper o 2.4 4 5 4 4 4 a4 4 T & 4 4 4 4
iron | s | 30 B 1210 1970 960 1160 1010 1370 1200 1200 1170 730 1170 1170 850
Potassium , | 100 | - 10600 | 10800 10600 10100 | 10300 10700 | 10900 10200 | 10500 | 10600 10600 10300 10200
Magnesium | 10 - , 42000 42200 | 42500 | 42400 | 42800 42900 | 43200 42200 | 42100 42500 | 42300 42300 | 42800
Manganese | o3 | - 80.0 114 689 | 772 771 | 940 | 851 818 | 8.0 | 563 | 741 75.6 68.5
Molybdenum | 02 | 730 26 26 27 | 27 2.7 2.8 2.8 27 | 28 26 27 | 27 26
Sodium 30 - | 53100 | 53800 | 55000 | 52000 | 53200 | 54900 | 56600 52600 54000 57100 51900 | 52600 | 54200 |
Nickel , ; 2 25-150 5 5 | 4 4 | 4 5 4 4 4 4 4 4 4
Phosphorus | s0 = | 20 | 310 270 290 30 | 200 | 300 280 | 280 280 | 290 290 | 290
Lead 05 | 1.7 ) 66 | 10 65 ( o7 | 05 | 07 | 06 06 | 05 05 06 | 06 06
Rubidum 02 | - | so0 65 | 46 | 48 | 46 54 50 5.0 51 | a0 5.0 50 | 42
Antimony | 1 - - <1 <1 <1 <1 |« o <1 <1 <1 | < <1 <1 <1
Selenium R 1.0 1 2 2 <1 | 2 1 | el BE <1 |« -
Tin | o6 - <06 <0.6 <06 <06 <06 <0.6 <0.6 <0.6 <06 | <06 <0.6 <0.6 <0.6
Strontium | o1 | - 312 323 | 2 | 315 | 321 | 307 329 21 | 315 08 | 312 | 30 | 308
Tellurium 1 - - <1 R e T < | <« i <t |« < <1 <1
Titanium | oe | - | 440 | 5519 | 334 330 316 | 455 316 36.8 380 272 536 | 444 | 300
Thalium 01 08 02 02 0.2 - 03 0.5 0.3 03 0.2 02 04 0.3 0.3 0.3
Uranium | o1 - 3.1 32 31 | 29 a1 | 31 31 | 31 | 31 | 3 | 29 3 - 29
Vanadium N - |l s | 10 4 5 5 | & 4 6 6 | 4 i 6 6 4
Tungsten 02 B - <0.2 02 | <02 | <02 <02 | <02 <0.2 <0.2 <02 <0.2 <0.2 <02 <0.2
Zine o 10 | 300 30 20 <0 | <0 | 10 | 10 30 <10 | <10 | 20 20 <10 <10
Zirconium 0.4 o - 1.7 23 14 | 14 | 13 1.8 15 36 | 15 | 11 EE 15 10
Notes:

CCME, Water Guidelines for the Protection of Freshwater Aquatic Life, Update 2006.
' Duplicate of T2-W2B

# Duplicate of T8-W1B

“ A - Approximately 1.0 m below ice level.

“ B - Approximately 0.15 m to 0.30 m above sediment.

BOLD or shaded indicates exceeded parameter




Table 3. Summary of Metals in River Water
Former Sutherland Avenue MGP, Winnipeg, Manitoba

ple Da : ; ar-0 ar-( ar-0 ar-0 ar-0 ar-0 ar-0 ar-0 ar-( 0 0 0
Siver - 1 01 <1 <1 <1 <1 <1 | <1 <1 <1 <1 <1 <1 <1
Aluminum B | 20 5-100 1510 | 1370 1200 1190 1210 | 1100 1380 | 1280 | 1370 | 1100 1030 1450
Arsenic 05 ] 5.0 - 3.6 25 395 __ 36 3.5 36 | 36 a7 28 26 | 29
Boron 30 | 110 | 110 110 100 | 100 110 110 100 100 110 | 100 100
Barium 03 - 86.9 860 | 850 81.0 82.2 82.4 86.4 850 | 864 85.0 81.7 | 869
Beryllium N - |l <« <1 <« <1 <1 <1 <1 <1 | <« |«
Bismuth - 0.2 - | <02 | <02 <02 | <02 <0.2 <02 <02 <0.2 <02 | <02 | <02 | <02
Calcium | 100 | - 82200 78100 76700 78000 | 78700 79000 | 80200 79200 80900 81000 | 75900 | 81800 |
Cadmium . 0.2 0.017 | <02 <02 | <02 | <02 | <02 | <02 | <02 <0.2 <02 02 | <02 | <02
Cobalt - | 02 - 06 | o6 | o6 06 0.6 05 06 | o6 | 0.6 0.6 05 | 05
Chromum | 1 | 99 7 T 5 U IR T RS T AN T TR RS LA R N R T
Cesium | o1 - 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 01 02
Copper 1 2-4 4 4 4 | 4 4 | 4 4 4 | 4 4 3 4
lon | s0 300 | 1200 1060 1090 890 970 850 1040 960 110 1000 840 109
Potassium [ 100 - | 10900 10300 9900 | 10600 | 10300 | 10600 10600 | 10300 10600 | 10500 9800 10600
Magnesium 10 - | 43900 42300 | 41900 | 42700 | 43000 41800 44400 43400 44200 43200 40800 42700
Manganese 03 | - 78.5 724 75.3 65.2 66.2 65.8 70.1 66.7 - 76.3 74.0 63.2 74.4
Molybdenum 02 | 73.0 27 26 26 | 28 | 26 27 | 27 | 28 | a7 2.9 2.8 27
Sodium N - | 58600 51900 50800 62000 | 61800 63800 64300 61600 62000 63100 58900 64200
Nickel 2 25-150 4 | 4 4 4 | 4 | a4 5 | 4 | 4 3 3 4
Phosphorus | s0 - 30 | 310 200 | 260 30 | 270 | 300 290 280 - 250 220 250
Lead - | os -7 1 10 06 06 07 | o7 0.7 07 | o7 08 08 | o8 0.8
Rubidium - 0.2 - 4.9 46 46 45 | a5 | a3 4.6 46 | 46 53 | 49 55
Antimony 1 - <1 R R <1 A e <1 <1 <t < <1
Selenium - 7*:v 1 1.0 | <1 | <1 <l -« L 1 <1 <1 <t <1 ;77§ 7i <1 | - <1
Tin | os - <0.6 <0.6 <0.6 <0.6 <06 | 08 <0.6 <06 | <06 <0.6 <0.6 <06
Strontium 01 - 317 | 309 302 | 308 302 | 316 30 | 310 | 315 348 332 339
| Tellurium 1 ] = <« |l <« <1 <1 < <1 <1 <1 <?i J<‘17 - <1 <1
Titanium | 09 | - | 415 33.0 304 428 | 403 280 | 431 357 | 394 383 | 281 337 |
Thallium - 0.1 08 0.3 02 | o3 03 03 | o3 0.3 0.2 0.2 o8 0.2 03
Uranium ) 01 - 8 1 = 2.9 3 3 3 ) 3 | 34 36 4 | 35
Vanadium ] 1| - 6 5 5 5 5 | 4 | 5 5 5 5 | 4 6
Tungsten 02 - <0.2 <0.2 - <0.2 <02 | <02 <02 | <02 | <02 <02 <0.2 <0.2 <0.2
Zinc 10 30.0 10 10 20 10 10 10 20 10 10 10 [ 10 50
Ziconium 1 o4 - 15 1.5 1.4 13 1.3 1.2 1.4 18 1.4 1.5 1.3 15
Notes:
CCME, Water Guidelines for the Protection of Freshwater Aquatic Life, Update 2006.
' Duplicate of T2-W28B
“ Duplicate of T8-W1B

* A - Approximately 1.0 m below ice level.
“ B - Approximately 0.15 m to 0.30 m above sediment.
BOLD or shaded indicates exceeded parameter
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_ Appendix B
Site Photographs



UMA | AECOM

Photo : | 2089 Description : | View northeast at Disraeli Bridge and T2.
Date: February 21, 2007

Photo : | 2090 Description : | View north of Disraeli Bridge.

Date: February 21, 2007
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‘Laboratory Reports




ALS Laboratary Group

ANALY TICAL CHEMISTRY & TESTING SERVICES

Environmental Division

ANALYTICAL REPORT

UMA ENGINEERING
ATTN: KRISTIINA FERRAZ
1479 BUFFALO PLACE

Reported On: 04-APR-07 08:52 AM

WINNIPEG MB R3T 1L7

Project P.O. # , ' ,
Job Reference: 0217 158 03 08

Legal Site Desc:
CofC Numbers:

Other Information:

Comments:

APPROVED BY: W

GERRY VERA
Project Manager

THIS REPORT SHALL NOT BE REFRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY.
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU ;

REQUIRE ADDITIONAL SAMPLE STORAGE TIME.

Manitoba Technology Centrea Ltd.
Part of the ALS Laborakory Grm}.{ﬂ
1329 Niakwa Road East, Unit 12, Winnipeg, MB R2J 374
Phone; +1 204 255 8720 Fax: +1 204 255 8721 www.alsglobal.com
A Campbeil Brothérs Limied Company




0217 158 0308

L473815 CONTD.... '
PAGE 2 of 6'

ALS LABORATORY GROUP ANALYTICAL REPORT

L473815-1 T2-1

Sampled By:  KF on 28-JAN-07 !

Matrix: SEDIMENT
% Moisturs 45 0.1 % 03-FEB-07| 03-FEB-07 | JAP |R489976

PAH Acenaphthens <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385

Acenaphthylene <0.01 0.01 mgfkg |02-FEB-07| 03-FEB-O7 | JAP |R420385
Anthracene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R480385
Benzo(a)anthracene <0,01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R400385
Benzo(ajpyrena <0.01 001 | mgkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo{b)Aucranthene <0.01 0.01 mgikg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo{ghi}perylene <0.01 0.01 mglkg |02-FEB-07( 03-FEB-07 | JAP |R490385
Benzo(k)fluoranthene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Chrysene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Dibenzo{ah)anthracene <001 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Fluoranthene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP R490385
Fluorens <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg- |02-FEB-07| 03-FEB-07 | JAP |R490385
Naphthalene <0.01 0.01 | 'mgkg -|02-FEB-07| 03-FEB-07 | JAP |R490385
1-Methyl Naphthalene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
2.Methyl Naphthalene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Phenanthrene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Pyrene «<0.01 0.01 mghkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Quinoline <0.05 0.05 | mgka |02-FEB-07| 03-FEB-07 | JAP R490385
Acridiné <0.05 0.05 malkg |02-FEB-07| 03-FEB-07 | JAP |R490385

Sum 2-Fluarobiphenyi Surr 60 25175 %  |02-FEB-07| 03-FEB-07 | JAP |R490385

Sur: . Terphenyl Surr 90 25175 % 02-FEB-07| 03-FEB-07 | JAP |R490385

4738152  T12-2 .

Sampled By:  KF on 23-JAN-07

Matrix: SEDIMENT '
% Molsture 56 0.1 % 03-FEB-07| 03-FEB-07 | JAP [R489978

PAH Acenaphthens <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385

Acenaphthylene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP | R490385
Anthracene <0.01 0.01 mglkg [02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(a)anthracene <0.01 0.01 mg/kg {02-FEB-07| 03-FEB07 | JAP R490385
Benzo(a)pyrene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R480385
Benzo(b)fluoranthene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(ghilperylene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(k)fluoranthene <0.01 0.01 mg/kg | 02-FEB-07| 03-FEB-07 | JAP |R490385
Chrysens <0.01 0.01 mgfkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Dibenzo{ah)anthracene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP | R4890385
Fluoranthene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Fluorene <0.01 0.01 | - mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Indeno(1,2,3 cd)pyrene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Naphthalene <0.01 0.01 mg/kg |O02-FEB-07| 03-FEB-07 | JAP |R490385
1-Methyl Naphthalene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
2-Methyl Naphthalene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Phenanthrene <0.01 .01 mg/kg | 02-FEB-07| 03-FEB-07 | JAP |R490385
Pyrene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Quinoline <0.05 0.05 | mgkg |02-FEB-07| 03-FEB-07 | JAP. [R490385
-Acridine <0.05 0.05 mgfkg |D2-FEB-07| 03-FEB-07 | JAP |R490385

Sur: 2-Fluorobiphenyl Surr 64 25-175 % 02-FEB-07| 03-FEB-07 | JAP |R490385
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L473815-2 T2-2

Sampled By:  KF on 29-JAN-07

Matrix: SEDIMENT

PAH . .

Sum: Terphenyl Surr 86 25-175 % 02-FEB-07| 03-FEB-07 | JAP |R490385

14738153  T12-3 '

Sampled By:  KF on 28-JAN-07 !

Matrix: SEDIMENT
% Molsture . 58 0.1 % 03-FEB-07| 03-FEB-07 | JAP |R489976

; PAR Acenaphthene <0.01 001 | mgkg |02-FEB-07| 03-FEB-07 | JAP |R480385
"Acenaphthylene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP | R490385
Anthracene - <0.01 001 | mgkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(a)anthracene <0.01 0.0 | mg/kg |02-FEB-07| 03-FEB07 | JAP |R490385
Benzo{a)pyrena <0.01 001 | mgikg |02-FEB-O7| 03-FEB-07 | JAP |R490385.
Benzo(b)flucranthene <0.01 0.01 | mgkg |02-FEB-07| 03-FEB-07,| JAP |R490385
Benzo{ghi)perylene <0.01 001 | mgkg |02-FEB-O7| 03-FEB-07 | JAP |R490385
Benzo{k}fiucranthene <0,01 0.01 | fughg '|02-FEB-07| 03-FEB-07 | JAP |R490385
Chrysene . <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385 -
Dibenzo{ah)anthracene <0.01 001 | mghkg |02-FEB-07| 03-FEB-07 [ JAP |R490385
Fluoranthene <0.01 001 | mgkg |02FEB-07| 03-FEB-07 | JAP |R490385
Fluorene <0.01 001 | mghkg |02-FEB-07| 03-FEB-07 | JAP [R490385
indeno{1,2,3 cd)pyrene <0:01 "0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Naphthalene <0.01 0.01 mgikg |02-FEB-07| 03-FEB-07 [ JAP |R490385
1-Methyl Naphthalene <0.01. 0.01 mgfkg | 02-FEB-07| 03-FEB-07 | JAP |R490385
2-Methyl Naphthalene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R480385
Phenanthrena <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Pyrene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Quingline <0.05 0.05 | mokg |02-FEB-07| 03-FEB-07 | JAP | R490385
Acridine <0.05 0.05 | mgkg [02-FEB-07| 03-FEB-07 | JAP | R450385

" sum 2-Fluorobiphenyl Surr 70 25175 % 02-FEB-07| 03-FEB-07 | JAP |R490385 .

Sum: Terphenyl Surr 84 25-175 % 02-FEB-07| 03-FEB-07 | JAP |R490385

L473815-4  T2-4

Sampled By:  KF an 29-JAN-07

Matrix: SEDIMENT
% Moisture 62 0.1 % 03-FEB-07| 03-FEB-07 | JAP |R489976

PAH Acenaphthene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385

Acenaphthylene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Anthracene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R480385
Benzo{a)anthracene <0.01 0.01 | mgkg |02-FEB-07| 03-FEB-07 | JAP |R4290385
Benzo(a)pyrene <0.01 0.01 mofkg | 02-FEB-O7| 03-FEB-07 | JAP |R490385
Benzo{b)flucranthene <0.01 0.01 mgikg |02-FEB-07| 03-EEB-07 | JAP |R490385
Benzo(ghi)perylene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo{k}fluoranthene <0.01 0.01 | mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Chrysene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP | R490385
Dibenzo(ah)anthracene <0.01 0.01 mo/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Fluoranthene <0.01 0.01 mg/kg |02-FEB-07( 03-FEB-07 | JAP |R480385
Fluorene <0.01 0.01 | mglkg |02-FEB-07| 03-FEB-07 | JAP |R480385
Indeno(1,2,3 cd)pyrens <0.01 0.01 | mgkg |02-FEB-07| 03-FEB-O7| JAP |R490385
Naphthalene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
1-Methyl Naphthalene <0.01 001 | mgkg [02-FEB-07| 03FEB-07 | JAP |R490385
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L4738154  T2-4
Sampled By:  KF an-28-JAN-07 . '
" Matrix: . SEDIMENT
PAH : . :
2-Methyl Naphthalene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Phenanthrene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R480385
Pyrene <0.01 0.01 | mgikg |02-FEB-07| 03-FEB-07 | JAP |R490385
Quinoline <0.05 0.05 | mg/kg |02-FEB-07| 03:FEB-07 | JAP |R490385
Acridine <0.05 0.05 | mgkg |02-FEB-07| 03FEB-07 | JAP |R490385
sum 2-Fluorobiphenyl Surr 82 25-175 % 02-FEB-07| 03-FEB-07 | JAP |R490385
surr: Terphenyl Surr 90 25178 - % 02-FEB-07| 03-FEB-07 | JAP |R490385
14738158 T3-2
Sampled By:  KF on 28-JAN-07
Matrix: SEDIMENT
. % Moisture 54 0.1 % 03-FEB-07| 03-FEB-07 | JAP |R489976
PAH Acenaphthene 0.68 0.01 mg/kg” |02-FEB-07| 03-FEB-07 | JAP |R490385
Acenaphthylene 0.62 0,01 mg/kg -|02-FEB-07| 03-FEB-07 | 'JAP | R480385
Anthracens 1.8 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R4280385
Benzo(a)anthracene 23 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP.- |R490385
Benzo{a)pyrene 1.8 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(b)fucranthene 2.0 0.01 mglkg |02-FEB-07| 03-FEB07 | JAP |R490385
Benzo(ghi)perylene 1.0 0.01 mgl/kg |02-FEB-07| 03-FEB-07 | JAP |R480385
Benzo(k)fluoranthene 0.74 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Chrysene 2.2 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Dibenzo{ah)anihracene 0.24 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Fiuoranthene ' 6.2 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP | R490385
Fluorene 1.1 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP | R480385
Indenc(1,2,3 cd)pyrene 16 0.01 mg/kg |02-FEB-D7| 03-FEB-O7 | JAP | R490385
Naphthalene 0.38 0.01 mglkg’ |02-FEB-07| 03-FEB-07 | JAP |R490385
1-Methyl Naphthalene 0.12 0.01 mg/kg | 02-FEB-07| 03-FEB-07 | JAP |R490385
2-Methyi Naphthalene 0.06 0.01 mg/kg |02-FEB-07| 03-FEB-07. JAP | R480385
Phenanthrene 6.2 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP |R480385
Pyrene 5.1 0.01 mg/kg  |02-FEB-07| 03-FEB-07 | JAP |R490385
Quinoline <0.05 0.05 | mg/kg |02-FEB-07| 03-FEB-07 | JAP [R4900385
Acridine <0.05 005 | mghkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Surr: 2-Fiuorobiphenyl Surr 78 25-175 % 02-FEB-07| 03-FEB-07 | JAP |R490385
Sur: . Terphenyl Surr 92 25-175 % 02-FEB-07| 03-FEB-07 | JAP |R490385
L4738156 T3-3
Sampled By:  KF on 29-JAN-07
| Matrix: SEDIMENT
‘ % Moisture * 62 0.1 % 03-FEB-07| 03-FEB-07 | JAP |R489976
PA
H Acenaphthene 0.08 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Acenaphthylene 0.03 0.01 molkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Anthracene - -0.05 0.01 mgfkg | 02-FEB-07| 03-FEB-07 | JAP | R490385
Benzo(a)anthracene <0.01 0.01 mgkg |02-FEB-07| 03-FEB-07 | JAP | R490385
" Benzo{a)pyrene - <0.01 0.01 mg/kg . |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(b)lucranthene <0.01 0.01 mg/kg [02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(ghi)perylene <0.01 0.01 mglkg |02-FEB-07| 03-FEB-07 | . JAP |R400385
‘Benzo{k)fluoranthene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Ghrysene <0.01 0.01 mghkg |02-FEB-07| 03-FEB-07 | JAP |R490385
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L4738156  T3-3

Sampled By:  KF on 29-JAN-07

Maltrix: SEDIMENT

PAH :

Dibenzo(ah)anthracene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Fluoranthene 0.03 0.01 mg/kg |02-FEB-07| 03-FEB-O7 | JAP |R490385
Fluorene 003 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Naphthalene - 24 0.01 mglkg . [02-FEB-07| 03-FEB-07 | "JAP- |R490385
1-Methyi Naphthalene 0.08 0.01 | mgkg |[02-FEB-07| 03-FEB-07 | JAP |R490385
2-Methyl Naphthalene 0.10 0.01 mg/kg. |02-FEB-07| 03-FEB-07 | .JAP |R490385

. Phenanthrene 0.05 T 0.01 | mgkg |[02-FEB-O7| 03-FEB-07 | JAP | R490385
Pyrene 0.03 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Quinoline <0.05 0.05 | mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Acridine <0.05 0.05. | mglkg |02-FEB-07| 03-FEB-07| JAP |R490385

surm: 2-Fluorobiphenyl Surr - 74 25175 % 02-FEB-07| 03-FEB-07 | JAP |R490385

sum Terphenyl Surr 92 25175 % 02-FEB-07| 03-FEB-07 | JAP |R480385°

L473815-7 13-4

Sampled By: KF on 29-JAN-07 ,

Matrix: SEDIMENT
% Moisture 58- - 0.1 % 03-FEB-07| 03-FEB-07 | JAP |R489978

e Acenaphthene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385

Acenaphthylene <0.01 0.01 mg/kg |02-FEB-07( 03-FEB-07 | JAP |R490385. .
Anthracene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(a)anthracene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benzo(a)pyrene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Benza(b)fiuoranthene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP '|R480385
Benzo(ghl)perylene <0.01 0.01 mg/kg [02-FEB-07| 03-FEB-07 | JAP [R480385
Benzo(k)fluoranthene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB07 | JAP |R480385
Chrysens <0.01 o.M mglkg |02-FEB-07| 03-FEB-07 | JAP |R490385
Dibenzo(ah)anthracene <0.01 0.01 mg/kg' | 02-FEB-07| 03-FEB-07 | JAP |R490385
Fiuoranthene <0.01 0.01 mg/kg |02-FEB-J7| 03-FEB-07 | JAP |R490385
Fluorene <0.01 0.01 mg/kg | 02-FEB-07| 03-FEB07 |  JAP |R490385
Indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg | 02-FEB-07| 03-FEB-07 | JAP | R490385
Naphthalene 0.07 0.01 mglkg |02-FEB-07| 03-FEB-07 | JAP | R490385
1-Methyl Naphthalene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
2-Methyl Naphthalene <0.01 0.01 mg/kg | 02-FEB-07| 03-FEB-07 | JAP |R490385
Phenanthrene <0.01 0.01 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385
Pyrene <0.01 0.01 mg/kg | 02-FEB-07| 03-FEB-07 | JAP |R490385
Quinoline <0.05 0.05 mg/kg |02-FEB-07| 03-FEB-07 | JAR |R490385

. Acridine <0.05 - 0.05 mg/kg |02-FEB-07| 03-FEB-07 | JAP |R490385

sum 2-Fluorobiphenyl Surr 62 25175 % 02-FEB-07| 03-FEB-07 | JAP |R490385

sum Terpheny! Surr 76 25-175 % 02-FEB-07| 03-FEB-07 | JAP |R490385

* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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~ Reference Information

Methods Listed (if applicable): ' - ‘
ALS Test Code Matrix . Test Description Preparation Method Reference(Based On) Analyticel Method Reference(Based On)
PAH,PANH-WP Soil PAH ) " EPA SW846-8270B Sep 1004,3550A

Samples are ground into sodium sulfate and extracted with acetone/dichloromethane using a combination of higﬁ?eagﬁcy sonication and shake using
a wrist-action shaker. After extract concentration, samples are analyzed by GC/MS. . . - ! '

+ | aboratory Methads employed follow in-house procedures, which are
generally based on nationally or intemationally accepted methodologies.

Chain of Custody numbers:
The last two letiars of the above test code(s) indicate the Iaborésrory that performed analytical analysis for that test. Refer to the list below:

l.aboratory Location

Laboratory Definition Code Laboratory Location Laboratory Definition Code

wpP ALS LABORATORY GROUP -
WINNIPEG, MANITOBA, CANADA

GLOSSARY OF REPORT TERMS . . . i
that is similar to the target anelyle(s) in chemical composition and behavior but not normally

Surr - A surrogate Is an organic compound
detectad in environmental samples. Frior to sample processing, samples are fortifled with one or more surrogate compounds.
The reported surrogate recovery value provides a measure of method efficiency. The Laboralory control limits are determined under

column heading D.L. : -
mg/kg (unils) - unit of concentration based on mass, panls per million.
mg/L {units) - unit of concentration based on volume, parts per miffion.

< - Less than.

D.L. - The reporting limit. . :
N/A - Result not evailable. Refer to qualifier code and definition for explanation.

Test results reported refate only to the samples as recelved by the labaratory.

UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.

UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS. .

Although test results are generaled under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered proliminary.

ALS Laboratory Group has an extensive QA/QC program where all analytical data reporied is analyzed using approved referenced
procedures followed by checks and raviews by senior managers and quslily assurance personnel. However,. since the resuits are
" obtained from chermical measurements and thus cannot be gusranteed, ALS Laboratory Group assumes rio liability for the use or

interpretation of the results. ) ‘
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ALS Laboratory Group.

ANALYTICAL CHEMISTRY & TESTING SERVICES

Environmental Division .

ANALYTICAL REPORT .

UMA ENGINEERING
ATTN: KRISTIINA FERRAZ : S Reported On: 04-APR-07 08:54 AM

1479 BUFFALO PLACE

WINNIPEG MB R3T 1L7

Project P,O. #:
Job Reference: 0217 158 03 08

Legal Site Desc:
CofC Numbers: - o
. |

Other Information:

Comments:

APPROVED BY: W

GERRY VERA
Project Manager

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY,
ALL SAMPLES W BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU

REQUIRE ADDITIGNAL SAMPLE STORAGE TIME.

manltahﬂ Technoloqy Centre Ltd.
ALS Laboratory Grouw
1329 Nlakwa Road East, Unit 12, Winnipeg, MB aT4
Phone: +1 204 255 9720 Fax: +1 204 255 9721 www.alsglobal.com
A G y Limited Company
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Sum:

2-Fluorobiphenyl Surr

L475370-1 T4-4
Sampled By: DS on 31-JAN-07
Matrix: SEDIMENT
% Moisture 51 0.1 % 07-FEB-07| 07-FEB-07 | JAP |R490977
PAH Acenaphthene <0.01 0.01 | mgkg |05-FEB-07| 06-FEB-07 | JAP |R491558
Acenaphthylene " <0.01 001 | mgkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Anthracene <0.01 0.01 | mg/kg |O5FEB-07| 0B-FEB-07.| JAP |R491556
Benzo(a)anthracene <0.01 0.01 mg/kg. |05-FEB-07| 0B-FEB-07 | JAP |R491556
Benzo{a)pyrene <0.01 1001 | mgkg |05-FEB-07| 06-FEB-O7 | JAP |R491556
Benzo(b)fluoranthene <0.01 0.01 | mgkg |05-FEB-07| 06-FEB-07 | JAP |R481556
| Benzo(ghi)perylena <0.01 0.01 mg/kg |0S-FEB-07| 08-FEB-07 | JAP |R491556 -
Benzo(k)fiuoranthene <0.01 0.01 | mg/kg |05-FEB-07| 06FEB-O7 | JAP |R491556
Chrysene <0.01 0.01 [ mgkg |05-FEB-07| 06-FEB-07-| JAP |R491558
Dibenzo{ah)anthracene <0.01. 0.01 | mgkg |(O5-FEB-07| 06-FEB-07 | JAP |R491558
Fluoranthena - - <0.01 001 | mghkg |O5FEB07| 06-FEB-07 | JAP |R491556
Fluorene - ; <0.01 0.01 | mgkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Naphthalene <0.01 0.01 mg/kg | 05-PEB-07| 0B-FEB-07 | JAP - |R491556
1-Methyl Naphthalene <0.01 [ 001 | mgkg |05-FEB-07| 06-FEBO7 | JAP [R491556
2-Methy! Naphthalene <0.01 0.01 | mghkg |05-FEBO7| 06-FEB07 | JAP |R491556
Phenanthrene '<0.01 - 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Pyrene, <0.01 0.01 mglkg | 05-FEB-07| 06-FEB-07 | JAP |R491558
Quinoline: <0.05 -0.05 | mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Acridine <0.05 0.05 | mgkg |05-FEB-07| 06-FEB-07 | JAP |R491586 -
- Sum 2-Fluorobiphenyl Surr 72 25175 % 05-FEB-07| 08-FEB-07 | JAP |R491556
Surr: Temphenyl Surr 94 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491556
L4753702  T5-2 .
Sampled By: DS on 31-JAN-07
Matrix: SEDIMENT
% Molsture 52 0.1 % 07-FEB-07| 07-FEB-07 | JAP |R490977
PAH Acenaphthene <0.01 0:01 | mgkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Acenaphthylene <0.01 0.01 mgfkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Anthracene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(a)anthracene <0.01 0.01 mglkg |05-FEB-07| 0B-FEB-07 | JAP |R491556
Benzo{g)pyrena <0.01 0.01 | mgkg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(b)fuoranthene <0.01 0.01 mg/kg |05-FEB-07| 08-FEB-07 | JAP |R491556
Benzo{ghi)perylene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(k)fluoranthene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491556
Chrysene <0.01 0.01 | mokg |05-FEB-07| 06-FEB-07 | JAP |R491556
Dibenzo(ah)anthracene <0.01 0.01 mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Fluoranthene . <0.01 0.01 mg/kg | O5-FEB-07| 06-FEB-07 | JAP |R491556
Fluorene <0.01 0.01 mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R491558
indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg |0OS-FEB-07| O5-FEB-07 | JAP |R491556
Naphihalene 0.08 0.01 mg/kg - | 05-FEB-07| 08-FEB-07 | -JAP |R491556
1-Methyl Naphthalene <0.01 .01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491558
2-Methyl Naphthalene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Phenanthrene <0.01 0.01 mgtkg * |05-FEB-07| 06-FEB-07 | JAP |R491556
Pyrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Quinolirie - -<0.05 0.05 | mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Acridine - <0.05 005 | mgkg |05-FEB-07( 06-FEB-07 | JAP |R491556
88 25175 % 05-FEB-07| 06-FEB-07 | JAP | R491556
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LA75370-2 T5-2
Sampled By: DS on 31-JAN-07 l !
Matrix: SEDIMENT
PAH
Sum Terphenyl Surr 94 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491556
4753703  Te-1
Sampled By: DS on 31-JAN-07
Matrix: SEDIMENT
% Molisture . 59 © 0.1 % 07-FEB-07| 07-FEB-07 | JAP |R490977
P.AH Acenaphthene <0.01 0.01 mghkg |05-FEB-07| 06-FEB-07 | JAP |R401556
Acenaphthylene <0.01 -0.01 mglkg |05-FEB-07| 0B-FEB-07 | JAP |R491556
Anthracene ) <0.01 0:01 mg/kg |05-FEB-07|.06-FEB-07 | JAP |R491556
Benzo{a)anthracene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(a)pyrene <0.01 0.01 mg/kg |05-FEB-O7| 06-FEB-07' | JAP |R491556
Benzo(p)flucranthene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(ghi)perylene <0.01 0.01 mgikg |05-FEB-D7| 08-FEB-07 | JAP_ |R491556
Benzo(k)fluoranthene <0.01 0.01 mglkg - |05-FEB-07| 06-FEB-07 | JAP |R491556
Chrysene : <0.01 001 | mghkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Dibenzo(ah)anthracene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491558
Fluoranthene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R481556
Fluarene “<0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R481556
Indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491556
Naphthalene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R481556
1-Methyl Naphthalene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556 -
. 2-Methyl Naphthalene <0.01 0.01 mghkg |05-FEB-07| 06-FEB-07 | JAP. | R491556
Phenanthrens <0.01 0.01 | makg |05-FEB-07| 06-FEB-07 | JAP |R491556
Pyrene <0.01 0.01 mg/kg |05-FEB-07| 08-FEB-07 | JAP | R491556
Quinoline <0.05 0.05 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491558
Acridine <0,05 0.05 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Surr: 2-Fluorobiphenyl Surr 104 125-175 % 05-FEB-07| 08-FEB-07 | JAP |R491556
Surr: Terphenyl Surr 100 25-175 % |05-FEB-07| 06-FEB-07.| JAP |R491556
L4753704  T6-2 o
Sampled By: DS on 31-JAN-O7
Matrix; SEDIMENT
% Moisture 62 0.1 %  |07-FEB-07| 07-FEB-07 | JAP |R4g0977
PAH Acenaphthene 0.02 0.01 mglkg |OS-FEB-07| 06-FEB-07 | JAP |R491556
Acenaphthylene 0.02 0.01 mg/kg | O5-FEB-07| 06-FEB-07 | JAP |R491556
Anthracene 0.19 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo{a)anthracene 0.02 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(a)pyrene 0.02 0.01 mghkg |O5-FEB-07| 06-FEB-07 | JAP |R481556
Benzo{b)fluoranthene 0.02 ‘0.01 |- mg/kg |O5-FEB-O7| 06-FEB-07 | JAP |R491556
Benzo{ghi)perylene 0.02 0.01 mgikg | 05-FEB-07| 0B-FEB-07 | JAP |R491556
Benzo({k)fuoranthene <0.01 0.01 ma/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Chrysene 0.02 0.01 mglkg |05-FEB-O7| 06-FEB-O7 | JAP | R491556
Dibenzo(ah)anthracene <0.01 0.01 mg/kg |05-FEB-O7| 08-FEB-07 | JAP |R491556 |
Fluoranthene ' 0.10 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Fluorene 0.02 0.01 | . mg/kg |O5FEB-07| 06-FEB-07 | JAP |R491556
Indeno{1,2,3 cd)pyrene: 0.02 0.01 mg/kg |O05-FEB-07| 06-FEB-07 | JAP |R491556
[ Naphthalene 0.38 0.01 mghkg |O5-FEB-O7| 06-FEB-07 | JAP |R481556
1-Mathyl Naphthalene 0.02 0.01 mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R481556
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L475370-4
Sampled By: DS on 31-JAN-07
Matrix: SEDIMENT.
PAH A
2-Methy! Naphthalene 0.07 0.01 mg/kg |06-FEB-07| 06-FEB-07 | JAP |R491556
Phenanthrene 0.14 0.01 mglkg |0S-FEB-07| 06-FEB-07 | JAP | R491556
Pyrene 0.07 0.01 mglkg |0S-FEB-07| 06-FEB-07 | JAP |R491556
Quinoline . <0.08 0.05 mg/kg |05-FEB-07) 06-FEB-07.| JAP |R491556
Acridine <0.05 0.05 mg/kg  |05-FEB-07| 06-FEB-07 | JAP |R491558
Surr: 2-Fluorobiphenyl Surr 100 251175 © % 05-FEB-07| 06-FEB-07 | JAP |R491558
Surr: Terphenyl Surr 98 26175 % 05-FEB-07| 06-FEB-07 | JAP |R481556
14753705 163 '
Sampled By: DS on 31-JAN-07
Matrix: SEDIMENT
% Moisture 59 0.1 %  |07-FEB-07| 07-FEB-07 | JAP |R490977.
PAH Acenaphthene <0.01 0.01 mgl/kg |05-FEB-07| 06-FEB-07 | JAP |R491558
Acenaphthylene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Anthracene <0.01 001 | mghkg [(O5-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(a)anthracene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491558
Benzo(a)pyrene <0,01 001 | mgkg |05-FEB-07| 0B-FEB-O7 | JAP |R491556
Benzo(b)fluoranthene <0.01 0.01 mg/kg  |05-FEB-07| 08-FEB-07 | JAP- |R491556
-Benzao(ghl)perylene - <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo{k)fluoranthene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Chrysene . <0.01 0.01 mg/kg |05-FEB-07| 06-FEB07 | JAP R491556
Dibenzo(ah)anthracen <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R481556
Fluoranthene <0.01 0.01 mg’kg |05-FEB-07| 06-FEB-07 | JAP | R491556
Fiuorene : <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491558
Indeno(1,2,3 ed)pyrene <0,01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | .JAP | R491556
Naphthalene 0.02 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
1-Methyl Naphthalene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491556
2-Methyl Naphthalene 0.02 0.01 mgtkg |05-FEB-07| 08-FEB-07.| JAP |R491558
Phenanthrene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491558
Pyrene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Quinoline <0.05 0.05 mgikg |05-FEB-07| 08-FEB-07 | JAP |R491556
Acridine <0.05 0.05 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491558
Surr: 2-Fluorcbiphenyl Surr 96 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491556
Surr: Terphenyl Surr 110 25175| % |05-FEB-07| 06-FEB-07 | JAP |R491558
L475370-6 Té-4 - i
Sampled By: DS on 31-JAN-07
‘Matrix: SEDIMENT
% Moisture 61 0.1 %- 07-FEB-07| 07-FEB-07 | JAP | R490977
PAH Acenaphthene 0.03 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP [R491556
Acenaphthylene -<0.01 0.01 mg/kg - |05-FEB-07| 06-FEB-07 | 'JAP |R491556
Anthracene 0.03 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(a)anthracene 0.03 0.01 mglkg | 05-FEB-07| O6-FEB-07 | JAP .| R491556
Benzo(a)pyrene . 0.08 0.01- mg/kg |O05-FEB-07/.06-FEB-07 | JAP |R491558
Benzo{b)ftuoranthene <0.01 0.01 mg/kg |0S-FEB-07| 06-FEB-O7 | JAP |R491556
Benzo(th)perylene 0.03 0.01 mg/kg 05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(kffluoranthene <0.01 0.01 mg/kg | O5-FEB-07| 06-FEB-07 | JAP |R491556
Chrysene 0.03 0.01 | mghkg |05-FEB-07| 06-FEB-07 | JAP |R491556
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| L478370-6 '
Sampled By: DS on 31-JAN-07 .
Matrix: - SEDIMENT
PAH 1
Dibenzo{gh)anthracene <0.01 0.01 mg/kg |0S-FEB-07| 06-FEB-07 | JAP |R481558
Fluoranthene 0.08 0.01 mg/kg |O5-FEB-07| 08-FEB-07 | JAP |R491556
Fluorene <0.01 0.01 mglkg |05-FEB-07| 08-FEB-07 | JAP |R491558
indeno{1,2,3 cd)pyrene 0.03 0.0% ma/kg |O5-FEB-07| DB-FEB-07 | JAP R491556 .
Naphthalene 0.53 0.01 ma/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
1-Methyl Naphthalene 0.03 .0.01 |- mg/hkg |05-FEB-07, 06-FEB-07 | JAP |R491556
2-Mathyl Naphthalene 0.03 0.01 mgikg |05-FEB-07| 06-FEB-07 | JAP |R491558
Phenanthrene 0.10 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491558
Pyrene 0.05 0.01 mo/kg |05-FEB-07| U6-FEB-07 | JAP |R491556
Quinoline <0.05 0.05 mghkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Acridine , <0.05 0.05 mg/lkg |O5-FEB-07| 06-FEB-07 | JAP |R491556 |
Sur:’ * 2-Fluorobiphenyl Swrt o8 25175 % 05-FEB-07| 06-FEB-07 | JAP |R491558
sur: Terphenyl Surr 80 25175 % 05-FEB-07| DB-FEB-07 | JAP |R491556
L475370-7 T7-1
Sampled By: DS on 01-FEB-07.
Matrix: SEDIMENT
% Moisture 51 0.1 % 07-FEB-07| 07-FEB-07 | JAP |R480977
PAR Acenaphthene <0.01 0.01 mgfkg |D5-FEB-07| 06-FEB-07 | JAP |R491556
Acenaphthylene <0.01 0.01 | makg |0S-FEB-07| 06-FEB-07 | JAP |R491556
Anthracene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556 -
Benzo(a)anthracene <0.01 0.01 | mghkg |O5FEB-07| 06-FEB-07 | JAP |R491556
. Benzo{a)pyrene <0.01 0.01 mg/kg |05-FEB-07| 0B-FEB-07 | JAP |R491556
Banzo(b)fiuoranthene <0,01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491558
Benzo(ghl)perylene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(k)fluoranthene - <0.01 001 | mokg |O5-FER-07| 06-FEB-07| JAP |R491556
Chrysene T <0.01 0.01 | mgkg |05-FEB-07| 06-FEB-07 | JAP [R491556
Dibenzo(ah)anthracens - <0.01 0.01 mg/kg |O5-FEB-07| 06-FEB-07.| JAP |R481556
‘Fluoranthene . .~ <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491656
Fluorene <0.01 0.01 mgfkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Indeno(1,2,3 ed)pyrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Naphthalene 0.02 0.01 mg/kg |06-FEB-07| 06-FEB-07 [ JAP|R491556
1-Methyl Naphthalene <001 601 .| mgkg |O5-FEB-07| 06-FEB-07 | JAP |R491556
2-Methyl Naphthalene <0.01 0.01 mo/kg |05-FEB-07| 08-FEB-07 | JAP |R491556
Phenanthrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Pyrene <0.01 0.01 mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Quinoline <0,05 0.05 mglkg |05-FEB-07| 06-FEB-07 [ JAP | R481556
Acridine <0.05 0.05 mgfkg |05-FEB-07| 0B-FEB-07 | JAP |R491558
surr: 2-Fiuorobiphenyl Surr 08 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491558
Sum Terpheny! Surr 96 25.-175 % 05-FEB-07| 06-FEB-07 | JAP |R491556
L475370-8 772
Sampled By: DS on 01-FEB-07
Matrix: SEDIMENT
% Moistura - 60 0.1 % 07-FEB-07| 07-FEB-07 | JAP |R480977
PAH Acenaphthene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491586
‘Acenaphthylene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Anthracene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R481556
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L475370-8 T7-2
Sarnpled By: DS on 01-FEB-07
Matrix: SEDIMENT.

PAH . . :
Benzo(a)anthracene <0.01 0.01 mghkg |05-FEB-07| 06-FEB-07 | JAP |R491558
Benzo(a)pyrene <0.01 0.01 mg/kyg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(b)fluoranthene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(ghi)perylsne <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07.| JAP |R491558
Benzo{k)fluoranthene <0.01 001 mg/kg . | 05-FEB-07| 06-FEB-07 | JAP |R491556
Chrysene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Dibenzo{ah)anthracene <0.01 0.01 mg/kg’ |05-FEB-07| 06-FEB-07 | JAP |R491556

; Fluoranthene <0.01 .01 mglkg |05-FEB-07| OB-FEB-07 | JAP |R491556
Fluorene <0.01 0.01 |. mgkg |05-FEB-07| 06-FEB-07 | JAP |R491558
Indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Naphthalens <0.01 i 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
1-Methyl Naphthalene - <0.01 0.01 mglkg |05-FEB-07| 08-FEB-07 | JAP |R491556
2-Methyl Naphthalene <0.01 0.01 mglkg |05-FEB-07| 08-FEB-07 | JAP |R491558
Phenanthrens <0.01 0.1 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Pyrene <0.01 001 | mgkg |05-FEB-07| 06-FEB-07 | JAP -|R491556
Quinoline <0.05 0.05 mglkg |05-FEB-O7| 06-FEB-07 | JAP |R491556
Acridine <0.05 0.05 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Surr: 2-Fluorobiphenyi Surr 100 - 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491558 -
Sumr: Terphényl Surr 96 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491558
L475370-8 ~ T7-3 .
_Sampled By: DS on 01-FEB-07
Matrix: SEDIMENT
% Molsture 57 0.1 % 07-FEB-07| 07-FEB-07 | JAP |R490977

'AH

P Acenaphthene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491556
Acenaphthylene <0.01 0.01 mgkg |05-FEB-07 0B-FEB-O7 | JAP |R491556
Anthracene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP | R491556
Benzo{a)anthracene <0.01 0.01 mg/kg [05-FEB-07| 0B-FEB-07 | JAP |R491556
Benzo(a)pyrene <0.01 0.01 mg/kg |05-FEB-07| 0B-FEB-07 | JAP |R491556
Benzo(b)fluoranthene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491586
Benzo(ghi)perylene <0.01 0.01 mgikg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo{k)fluoranthene <0.01 0.01 mg/kg |0S-FEB-07| 06-FEB-07 | JAP |R481556
Chrysene <0.01 0.01 mo/kg | O5-FEB-D7| 06-FEB-07 | JAP |R491556
Dibenzo(zh)anthracene. <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491558
Fluoranthene <0.01 0.01 mgkg |05-FEB-07 06-FEB-07 | JAP |R491556
Fluorene - T <001 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Indeno(1,2,3 cd)pyrene <0.01 0.0t malkg |05-FEB-07| 06-FEB-07 | JAP | R491556
Naphthalene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491556
1-Methyl Naphthalene <0.01 -0.01 mglkg |O5-FEB-07| 06-FEB-07 | JAP | R491556
2-Methyl Naphthaiene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491558
Phenanthrene <0.01 0,01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Pyrene <0.01 0.01 mglkg - |05-FEB-07| 06-FEB-07 | JAP | R491556
Quinoline <0.05 0.05 | mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Acridine <0.0§ 0.05 mglkg |05-FEB-07| 06-FEB-07 | JAP .| R491556

Surr: 2-Fiuorobipheny! Surr 94 25-175 % 05-FEB-07| 06-FEB-07 | JAP | R491556
Surr: Terphenyl Sumr 92 25-175 % 05-FEB-07| 08-FEB-07 | JAP | R491556
[475370-10  T8A-1- '
Sampled By: DS on 01-FEB-07
| Matrix: SEDIMENT
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L475370-10  T8A-1 .
Sampled By: DS on 01-FEB-0 . :
Matrix: SEDIMENT
% Moisture 39 0.1 %  |07-FEB-07| 07-FEB-07 | JAP |R490977
PAH Acenaphthene 0.02 0.01 mgfkg |05-FEB-07| 06-FEB-07 | JAP |R491558
Acenaphthylene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP | R491556
Anthracene <0.01 001 | mgkg |05-FEB-07| 06-FEB-07 | JAP |R491558
Benzo(a)anthracene <0,01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo{a)pyrene <001 0.01 ma/kg |05-FEB-07| 06-FEB-07 | JAP [R491556
Benzo(b)fluoranthene <0.01 0.01 mgkg |O5-FEB-07| 08-FEB-07 | JAP |R491556
Benzo(ghl)perylene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(k}fluoranthene <0.01 0.04 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Chrysene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Dibenzo(ah)anthracene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Fluoranthene <0.01 0.01 | -mgkg |05-FEB-07| 06-FEB-07 | JAP |R491556
Fluorene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Indeno(1,2,3 cd)pyrene <0.01 0.01 mglkg: [05-FEB-07| 06-FEB-07 | JAP | R491556
Naphthalene - 0.13 0.01 mg/hkg |0S-FEB-07| 06-FEB-07 | JAP |R491556-
1-Methyi Naphthalens <0.01 0.01 mg/kg |OS-FEB-07| 08-FEB-07 | JAP |R491556
2-Methyl Naphthalene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP. | R491558
Phenanthrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Pyrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Quincline <0.05 0.05 mglkg |05-FEB-07| 06-FEB-07 | JAP |R481556
Acridine <0.05 0.05 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
surr:’ 2-Fluorobiphenyl Surr 76 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491558
. sur . Terphenyl Sur 94 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491556
L475370-11  T7A-
Sampled By: DS on 01-FEB-07
Matrix: SEDIMENT .
% Molsture 38 0.1 % 07-FEB-07| 07-FEB-07 | JAP | R480977
PAR. ‘Acenaphthene <0.01 0.01 ma/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Acenaphthylene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Anthracene <0.01 001 | mgkg [05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(a)anthracene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP | R491556
Benzo{a)pyrene <0.01 0.01 mghkg |05-FEBO7| 0BFEB-07 | JAP | R491566
Benzo{b)fiuoranthene <0.01 001 | mghkg |O5FEB-07| 0B-FEB-07 | JAP |R491556
Benzo(ghl)perylene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP |R491556
Berzo(k)fluoranthene <0.01 0.01 mgikg |05-FEB-07| 06-FEB-07 | JAP |R491556
Chrysene <0.01 0.0 mog/kg | 05-FEB-07| 0B-FEB-07 | JAP |R491556
Dibenzo(ah)anthracene <0.01 0.01 ma/kg | 05-FEB-07| 06-FEB-07 | JAP | R491556
Flugranthene <0.01 0.01 mghkg |OS-FEB-07| 08-FEB-07 | JAP |R491556
Fluorene <0.01 0.01 | - mg/kg |05-FEB-07|.06-FEB-07 | JAP |R491556
Indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Naphthalene <0.01 0.01 mgikg | 05-FEB-07| 06-FEB-07 | JAP | R491556
1-Methyl Naphthalene <0,01 0.01 mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
2-Methyl Naphthalene ... <0.01 0.01 mafkg |0S-FEB-07| 06-FEB-07 | JAP |R491556
' Phenanthrene <0.01 0.01 mg/ikg |05-FEB-07| 06-FEB-07 | JAP | R491556
Pyrene <0.01 0.01 | mghkg |05-FEB-07| 0B-FEB-07 | JAP |R491558
Quinoline <0.05 0.05 mo/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Acridine <0.05 0.05 | mglkg |O05-FEB-07| 06-FEB-07'| JAP |R491556
100 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491558

Surr:

2-Flucrobiphenyl Surr
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L475370-11  T7A1.

Sampled By: DS on 01-FEB-07

Matrix: SEDIMENT

PAH :

Sum: Terpheny! Surr 104 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491556

L475370-12 18-2

Sampled By: DS on 01-FEB-07 '

Matrix: SEDIMENT

. % Molsture . 59 0.1 % 07-FEB-07| 07-FEB-07 | JAP |R490977

; PAR Acenaphthena <0.01 ' 0.01 |. mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Acenaphthylene <0.01 0.01 mglkg |05-FEB-07| 06-FEB-07 | JAP. | R491556
Anthracene <0.01 0.01 mglkg |05-FEB-07| 05-FEBO7 | JAP |R491558
Benzo(a)anthracene <0.01 0.01- | mgkg |O5-FEB-07| 08-FEB-07 | JAP |R491556
Benzo{a)pyrene <0.01 0.01 mglkg | 05-FEB-07| 06-FEB-07 | JAP |RA491556
Benzo(b)fucianthene - <0.01 0.01 mglkg |05-FEB-07|. 06-FEB-07 | JAP |R491558
Benzo{ghi)perylene <0.01 ReXol] mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Benzo(k)fluoranthene <0,01 0.01 mg/kg ' |05-FEB-07| 06-FEB-07 | JAP |R491558
Chrysene <0.01 0.0f | mplkg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Dibenzo(ah)anthracene <0.01 0.01 mo/kg |05-FEB-07| 06-FEB-07 | JAP | R491556
Fluoranthene ’ <0.01- 0.01 mg/kg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Fluorene <0.01 0.01 mg/kg | 05-FEB-07| 06-FEB-07 | JAP | R491558
Indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg 05-FEB-07| 06-FEB-07 | JAP |R401556°
Naphthalene <0.01 0.01 | mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
1-Methyl Naphthalens <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491558
2-Methyl Naphthalene <0.01 0.01 mg/kg |05-FEB-07| 06-FEB-07 | JAP |R491556
Phenanthrene <0.01 0.01 mglkg |O5-FEB-07| 06-FEB-07 | JAP |R491556
Pyrena <0.01 0.01 mglkg |C5-FEB-07| 08-FEB-07 | JAP |R491556
Quinofine <0.05 0.05 mglkg |05-FEB-07| 06-FEB-07 | JAP | R491556
Acridine <0.05 0.05 mglkg [O5-FEB-07| 06-FEB-07 | JAP |R491556

Surr: 2-Fluorobiphenyl Sum 102 25-175 % O5-FEB-07| 06-FEB-07 | JAP |R491558

surr: Terphenyl Surr 100 25-175 % 05-FEB-07| 06-FEB-07 | JAP |R491556

* Refer to Refarenced Information for Q

Lalifiers (if any) and

b

athadolog%.
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Reference Information

Methods Listed {if applicable):

Preparation Mefhod Reference(Based On) _Analytical Method Reference(Based On)

ALS Test Code - Matrix Test Description
PAH,PANH-WP = - Soil PAH ‘ EPA SW846 82708 Sep 1994,3550A
ﬁﬁ‘?ea%gﬁcy sonication and shake using
'

Samples are ground into sodium sulfate and extracted with acetone/dichloromethane using a combination of hig
a wrist-action shaker. After exiract concentration, samples are analyzed by GC/MS. .

+ _aboratory Methods employed follow in-house procedures, which are
generally based on nationally or internationally acceptad methodologies.

Chaln of Custody numbers: _
The last two letters of the above test code(s) indicate the laboratory that perfarmed analytical analysis for thal test. Refer to the list below:
Laboratory Definition Code  Laboratory Location - Laboratory Definition Code Laberatory Location
WP ALS LABORATORY GROUP - o
_ ' WINNIPEG, MANITOBA, CANADA
GLOSSARY OF REPORT TERMS )
Surr - A surogate Is an organic compound that is similar to the target analyte(s) in chemical compaosition and behavior but not normally

samples are fortified with one or more surrogate compounds.

delected In environmiental samples. Prior to sample processing,
Laboratory controf limits are determined under

- The reported surrogate recovery value provides & measure of method efficiency. The
column heading D.L. )
mg/kg (urits) - unit of concentration ‘based on mass, parts per million.
mg/L {units) - unit of concentration bassd on volume, parts per miltion.

< - Less than. S

D.L. - The reporting limit. o )
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory. -
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.

UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS. .
Although test results are generated under strict QA/QC protocols, any unsigned test reporis, faxes, or emalls sre considared preliminary.

tensive QA/QC program where all analytical data reported is analyzed using approved referenced
d reviews by senior managers and quality assurance personnel. However, since the resufts are
guaranteed, ALS Laboratory Group assumes rio liability for the use or

- ALS Laboratory Group has an ex
procedures followed by checks an
oblained from chemical measurements and thus cannot be

interpretation of the results. .



ALS Labaoratory Group

ANALYTICAL CHEMISTRY & TESTING SERVICES

Environmental Division .

ANALYTICAL REPORT

UMA ENGINEERING ;
ATTN: KRISTHNA FERRAZ . Reported On: 04-APR-07 08:51 AM

1479 BUFFALO PLACE

WINNIPEG MB R3T 1L7

Project P.O. #: »
Job Reference: 0217 158 03 08

Legal Site Desc:
CofC Numbers:

Other Information:

Comments:

APPROVED BY: W

GERRY VERA
Project Manager

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY.
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU

REQUIRE ADDITIONAL SAMPLE STORAGE TIME.

Manitoba Technoloqy Centre Lid.

Partof the ALS Labpratory Grouy, .
1329 Niakwa Road East, Unit 12, Winnipeg, MB 374

Phone: +1 204 255 9720 Fax: +1 204 255 9721 www.alsglobal.com
' A Campbef Brothers Limited Company
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L480407-1 To-1
Sampled By:  DS/RS on 21-FEB-07
Matrix: - SEDIMENT -
% Moisture 64 0.1 % 23-FEB-07| 23-FEB-07 | THT |R496006
PAH ‘Acenaphthene <0.01 0.01 | mgikg |22-FEB-07| 23-FEB07 | JAP |R496387
Acerigphthylene <0.01. 0.01 mgtkg |22FEB-O7| 23-FEBO7 | JAP |R496387
Anthracene <0,01 0.01 mg/kg |22-FEB-07| 23-FEB-07. JAP |R496387
Benzo(a)anthracene _<0.,01 - 0.01 mgikg . |22-FEB-07| 23-FEB-07 | JAP |RR496387
Benzo(a)pyrene <0.01 001 | mgikg |22FEB-07| 23-FEB-07 | JAP |R496387
Benzo{b)fAuoranthene <0,01 001 | mgkg |22-FEB-07( 23-FEB07 | JAP |R406387
. Benzo(ghi)perylene <001 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(k)fiuoranthene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Chrysene ~<0.01 0.01 mo/kg |22-FEB-07| 23-FEB07 | JAP |R496387
Dibenzo(ah)anthracene <0.01 0.01. | mglkg |22-FEB-O7| 23-FEB.D7 | JAP |R496387
Fluoranthene - - : <0.01 0.01 mgkg |(22-FEB-07| 23-FEB-07 | JAP |R496387
Fiuoréne <0.01 0.01 mg/kg |22-FEB-07|. 23-FEB-07 | JAP |R496387
Indeno{1,2,3 cd)pyrene <0.01 0.01 ‘mghkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Naphthalene <0.01 0.01 mgikg  |22-FEB-07| 23-FEB-07 | JAP ‘| R496387
. 1-Methyl Naphthalene <0.01 007 | mgkg |(22-FEB-07| 23-FEB-O7 | JAP |R498387
2-Methyl Naphthalens <0.01 0.01 mgfkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Phenanthrene <0.01- 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387 °
Pyrene. <0.01 | 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Quinoline <0.05 0.05 | mghkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Acridine <0.05 005 | mg/kg |22-FEB-07| 23-FEB-07 | JAP |R495387
* Surn: 2-Flugrobiphenyl Surt 64 25-175 % 22-FEB-07| 23-FEB-07 | JAP R496387
Surr’ Terphenyl Surr 86 25-175 % 22-FEB-07| 23-FEB-07 | JAP |R496387
L480407-2  T9-2 -
Sampled By: DS/RS on 21-FEB-07
Matrix: SEDIMENT
% Moisture 63 0.1 % 23-FEB-07| 23-FEB-07 | THT | R496096
PAH Acenaphthane <0.01 0.01 mglkg |22-FEB-07| 23-FEB07 | JAP |R406387
Acenaphthylens . <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Anthracene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Berzo{a)anthracene <0.01 0.01 mg/kg | 22-FEB-07| 23-FEB-07 | JAP |R486387
Benzo{a)pyrene <0.01 0.01 mghkg |22-FEB-07| 23-FEB-07 | JAP |R498387
Benzo(b)fluoranthene <0.01 0.01 mgkg |22-FEB-07| 23-FEB-07 | JAP | R496387
Benzo{ghl)perylene <0.01 "0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(k)fiucranthene <0.01 .0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Chrysene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Dibenzo{ah)anthracene <0.01 0.01 mgfkg |22-FEB-07| 23-FEB:07 | JAP |R496387
Fluoranthene - <0.01 0.01 mgfkg | 22°FEB-07| 23-FEB-07 | JAP | R496387
Fluorene <0.01 0.01 mglkg | 22-FEB-07| 23-FEB-07 | JAP |R496387
Indeno(1,2,3 cd)pyrene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R406387
Naphthalene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
1-Methyl Naphthalene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
2-Methyl Naphthalene <0.01 0.01 mgikg | 22-FEB-07| 23-FEB-07 | JAP |R496387
Phenanthrene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Pyrene <0.01 0.01 mgtkg | 22-FEB-07| 23-FEB-07 | JAP |R496387
Quinofing <0.05 0:05 | mgkg |22-FEB-07| 23-FEB-07 | JAP |R4896387
Acridine - <0.05 0.05 | mghkg |22-FEB-07| 23-FEB-07 | - JAP .| R496387
| Sum 2-Fluorobiphenyl Surr 66 26-175 % 22-FEB-07| 23-FEB-07 | JAP |R496367




0217 158 03 08

L480407 CONTD....

PAGE 3 of §'

ALS LABORATORY GROUP ANALYTICAL REPORT

14804072 - T9-2
Sampled By:  DS/RS on 21-FEB-07 : '
Matrix: . SEDIMENT '
PAH : ' :
Ssum: Terphenyl Surt 92 25175 % 22-FEB-07| 23-FEB-07 | JAP |R496387
1480407-3  T1041 '
Sampled By:  DS/RS on 21-FEB-07
Malrix: SEDIMENT
% Moisture . 66 - 0.4 % 23-FEB-07| 23-FEB-07 | THT |R486098
PAH ) i
Acenaplithens <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP | R496387
Acenaphthylene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Anthracene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(a)anthracene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(a)pyrene " <0.01 0.01 | mgfkg |22-FEB-07| 23-FEB-07| JAP | R496387
Benzo(b)fluoranthene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(ghi)perylene <0.01 0.01 mo/kg [22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo{k}fluoranthene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | "JAP |R496387
Chrysens <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07.| JAP |R496387
Dibenzo(ah)anthracene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP- | R496387
Fluoranthene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R406387
Fluorens *<0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Indeno(1,2,3 cd)pyrene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Naphthalene <0.01 0.01 mgikg |22-FEB-07| 23-FEB-07 | JAP |R496387
1-Methyl Naphthalene <0.01 0.01 mglkg | 22-FEB-07| 23-FEB-07 | JAP |R496387
2-Methyl Naphthalena <0.01 0.01 mgfkg |22-FEB-07| 23-FEB-O7 | JAP |RR496387
Phenanthrene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP | R496387
Pyrene <0.01 0.01 mg/kg | 22-FEB-07| 23-FEB-07 | JAP |R496387
Quinoline <0.05 0.05 | mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Acridine <0.05 0.05 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Surr; 2-Fluorobiphenyl Sur 74 25175|- % ° |22-FEB-O7| 23-FEB-O7 | JAP |R4096387
Sure: Terphenyi Surr: 86 25-175 %  |22-FEB-07| 23-FEB-07 | JAP |R496387
L4B0407-4  Ti0-2 '
Sampled By: . DS/RS on 21-FEB-07
Matrix: SEDIMENT
% Molsture 66 0.1 % 23-FEB-07| 23-FEB-07 | THT | R496096
PAH : .
Acenaphthene " <0.01 001 | mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Acenaphthylene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Anthracene <0.01 0.01 mgfkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo{ajanthracene <0.01 0.01 mo/kg | 22-FEB-07| 23-FEB-07 | JAP' |R496387
Benzo(a)pyrene <0.01 0.01 ma/kg |22-FEB-07| 23-FEB07 | JAP |R496387
Benzo(b)fiuoranthene <0.01 0.01 | - mglkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(ghi)perylene <0.01 0.01 mgkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo{k)fucranthene <0.01 0.01 mg/kg |22-FEB-O7| 23-FEB-07 | JAP |R496387
Chrysene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Dibenzo{ah)anthracene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Fluoranthene .. - <0.01 0.01 mg/kg. |22-FEB-07| 23-FEB-07 | JAP |R486387
Fluorene : <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
indeno(1,2,3 cd)pyrene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP [R496387
‘Naphthalene’ <0.01 0.01 mglkg {22-FEB-07| 23-FEB-07 | JAP |R496387
1-Methyl Naphthalene <0.01 0.01 mg/kg |(22-FEB-07| 23-FEB-07 | JAP |R496387
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L480407-4 Ti02

Sempled By:  DS/RS on 21-FEB-07 , !

Matrix: SEDIMENT

PAH : ’

2-Methyi Naphthalene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP |R406387
Phenanthrene <0.01 0.01 mgfkg |22-FEB-07| 23-FEB-07 | JAP |R495387
Pyrene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Quinoline <0.05 0.05 mgkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Acridine <0.05 0.05 mg/kg |22-FEB-07| 23-FEB-07 | . JAP |R496387

surr 2-Flucrobiphenyl Surr 70 25175 . % 22-FEB-07| 23-FEB-07 | JAP |R496387

Sorr: Terphenyl Surr 94 25-175 % 22-FEB-07| 23-FEBO7 | JAP | R496387

14804075 T11°

Sampled By:  DS/RS on 21-FEB-07

Matrix: SEDIMENT

1
% Moisture 64 0.1 % 23-FEB-07| 23-FEB-07 | THT | R496096
PAH Acenaphthene <0.01 0.01 mg/kg | 22-FEB-07| 23-FEB-07 | JAP |R496387

Acenaphthylene <0.01 0.01 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R496387
Anthracene <0.01 0.01 mgfkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(a)anthracene <0.01 0.01 mglkg |22-FEB-07| 23-FEB-07 | JAP- |R496387
Benzo(a)pyrens <0.01 . 0.01 mg/kg |(22-FEB-07| 23-FEB-07 | JAP | R496387
Benzo(b)fiuoranthene -<0.01 0.01 mgfkg |22-FEB-07| 23-FEB-07 | JAP |R495387
Benzo(ghi)perylene -<0.01 0.01 |  mgkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Benzo(k)fiuoranthene <0.01 0.01 mo/kg |22-FEB-07| 23-FEB-07 | JAP [R496387
Chrysene <0.01 0.01 mg/kg |22-FEB-G7| 23-FEBO7 | JAP |R496387
Dibenzo(ah)anthracene <001 0.01 mg/kg |22-FEB-07| 23-FEB07 | JAP |RA496387
Fluoranthene <0.01 0.01 ma/kg | 22-FEB-07| 23-FEB-07 | JAP |R496387
Fluorene <0.01 0.01 mgfkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Indeno(1,2,3 cd)pyrene <0.01 0.01 ma/kg |22-FEB-07| 23-FEB-07 | JAP .| R496387
Naphthalene <0.01 0.01 mglkg |22.FEB-07| 23-FEB-07 | JAP |R496387
1-Methy! Naphthalene <0.01 0.01 mgkg |22-FEB-07| 23-FEB-07 | JAP |R496387
2-Methyl Naphthalene <0.01 0.01 mgfkg |22-FEB-07| 23-FEB-07.| JAP |R496387
‘Phenanthrene <0,01 0.01 ‘mglkg |22-FEB-07| 23-FEB-07 | JAP | R496387
Pyrens <0.01 0.01 mghkg |22-FEB-07| 23-FEB-07 | JAP |R496387
Quinoline <0.05 0.05 mg/kg |22-FEB-07| 23-FEB-07 | JAP |R495387
Acridine <0.05 0.05 mg/kg  |22-FEB-07| 23-FEB-07 | JAP. | R496387

sum: 2-Fluorobiphenyl Surr 68 25175 % 22-FEB-07| 23-FEB-07 | JAP |R496387

sSure Terphenyl Surr 80 25-175 % 22-FEB-07| 23-FEB-07 | JAP |R406387

* Refer to Referenced Information for Qualifiers (if any) and Methodology. -
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Reference Information

Methods Listed (if applicable):
ALS Test Code Matrix Test Description

Freparation Method Reference(Based On) _Analyfical Method Reference(Based On)
EPA SW846 8270B Sep 1994,3550A

PAH,PANH-WP Soll PAH . _ /
Samples are ground into sodium sulfate and extracted with acetone/dichloromethane using a combination of higﬁ?e&%g‘hcy sonication and shake using

a wrist-action shaker. After extract concentration, samples are analyzed by GC/MS. -

*+ | aboratory Methods employed follow in-house procedures, which are
generally based on nationally or intemationally accepted methodologies.

Chain of Custody numbers:

The fast two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test.. Refer to the list below:

Laboratory Definition Code Laboratory Location o Laboratory Definition Code Laboratory Location
WP ALS LABORATORY GROUP -

WINMIPEG, MANITOBA, CANADA

GLOSSARY OF REPORT TERMS ‘
Surr - A surrogate Is an organic compound that is similar to the target anaiyte(s) in chemical composition and behavior but not normally

detected in environmental samples. Prior to sample processing, samples are fortified with one or more sumrogate compounds.
The reported surrogate recavery value provides & measure of methed efficlency. The Laboratory control limits are determined under

colummheadingD.L. - .
mg/kg (units) - unit of concentration based on mass, parts per million.

mg/L (units} - unit of concentration based on volume, parts per million.

< - Less than,

D.L. - The reporting limit. )
N/A - Resuit not available. Refer to qualifier code and definition for explanation,

Test results reported relate only to the samples as received by the laborafory.
UNLESS OTHERWISE STATED, ALL SAMFLES WERE RECEIVED IN ACCEFTABLE CONDITION.

UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORREGTED FOR CLIENT FIELD BLANKS.
Although test resuits are generated under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered prelirinary.

ALS Laboratory Group has an extensive QA/QC program where all analytical data reported Is analyzed using approved referenced
procedures followed by checks and reviews by senior managers and quality assurance personnel. However, since the restits are
obtained from chernical measurements and thus cannot be guaranteed, ALS Laboratory Group assumes no liability for the use or

interpretation of the resuits.
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ALS Labaratary Group.

ANALY TICAL CHEMISTRY & TESTING SERVICES

Environmental Division

ANALYTICAL REPORT

UMA ENGINEERING ’ _ .
ATTN: EDWIN YEE . Reported On: 19-APR-07 12:58 PM
Revision: 1

1479 BUFFALO PLACE
WINNIPEG MB R3T 1L7- )

Project P.O. #: \
Job Reference: 0217 158 03

Legal Site Desc: .
CofC Numbers:

Other Information:

Comments:

APPROVED BY: /00#’4 72"“‘&‘4/

PAUL NICOLAS
Profect Manager

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY.
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU .

REQUIRE ADDITIONAL SAMPLE STORAGE TIME.

manltnna Technology Centre Ltd.
ofthe ALS Laboratory Gro
1329 Niakwa Road East, Unit 12, Winnipeg, MB REJ 314
Phone: +1 204 255 9720 Fax: +1 204 255 9721 www.alsglobal.com

A Campbef Brothers Limiled Company
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ALS LABORATORY GROUP ANALYTICAL REPORT

T2-W1A
MR on 12-MAR-07

| L485862-1
Sampled By:
Matrix: . WATER
BTEX,TVH and TEH

BTEX
Benzene . -

Toluene
Ethylbenzene
m+p-Xylenes
o-Xylene
Xylanes
TVH (C5-C10}) :
- Total Volatiles

Tot. Extr. Hydrocarbons (C11-C30)
TEM (C11-C30) -

Metal scan
Silver (Ag)-Total

Aluminum (Al)-Total
Arsenic (As)-Total
Boron (B}-Total
Barium (Ba)-Total
Berylllum (Be)-Total
Bismuth (Bi)-Tetal
Calcium (Ca)-Total
Cadmium (Cd)-Total
Cobalt (Co)-Total
Chromium (Cr)-Total

- Cesium (Cs)-Total
Copper (Cu)-Total
iron (Fe)-Total
Potassium (K)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Malybdenum (Mo)-Total
‘Sodium {Na)-Total
Nickel (Ni)-Total
Phosphorus (P)-Total
Lead (Pb)-Total
Rubidium (Rb)-Tatal
Antimony (Sb)-Total
Selenium (Se)-Tatal
Tin {Sn}-Total
Strontium (Sr}-Total
Tellurium (Te}-Total
Titanlum (T1)-Total
Thallium (T1)-Total
Uranium (U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
Zinc (Zn)-Total

" Zirconium (Zr)-Total

PAH
1-Methyl Naphthalene

2-Methyl Naphthalene
Acenaphthene

<0,0005
<0.0005
<0.0005
<0.0005
<0.0005
<0.0005

<0.1

<0.1

<0.001
1.24
0.0036
0.41.
0.0877
<0.001
<0.0002
"'80.0
<0.0002
0.0005
<0.001
0.0001
0.004
1.01
10.3
42.8
0.0771
0.0027
53.2
0.004
0.30
0.0005
0.0046
<0.001
0.002
<0.0008
0.321
<0001
0.0316
0.0005
0.0031
0.005
<0.0002
0.01
0.0013

<0.00005
<0.00005
<0.00005

RAMB

0.0005
0.0005
0.0005
0.0005
0.0005

0.1

0.1

0.001
0.02
0.0005
0.03
0.0003
0.001
0.0002
0.1
0.0002
0.0002
0.001
0.0001
0.001
0.05
0.1
0.01
0.0003
0.0002
0.03
0.002
0.05
0.0005
0.0002
0.001
0.001
0.0006
0.0001
0.001
0.0009
0.0001
0.0001
0.001
0.0002
0.01
0.0004

0.00005
0.00005
0.00005

0.0005 |

mgfL
maiL

mg/L

mg/L

) mg/L
mg/lL.

mg/L.
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/l.
mg/L
mg/L

mg/L
mg/L

mg/L
mg/L

mg/L
mg/L
my/L

mglL
mg/l.

mg/l.
mg/L
mg/L

mg/L

mgll.
mgfL
mg/L

mg/L
mg/L:
mg/L

16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474

16-MAR-07 | MDM | R504474

15-MAR-07| 19-MAR-07 | THT |R504135

15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG | R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG | R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 16-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07| DAG' | R503213
15-MAR-07| 16-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG | R503213
15-MAR-07| 15-MAR-07 | DAG '| R503213
15-MAR-07| 15-MAR-07| DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07| DAG | R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG | R503213
15-MAR-07| 15-MAR-07 | DAG | R503213
15-MAR-07| 156-MAR7 | DAG | R503213
15-MAR-07| 15-MAR07 | DAG | R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG | R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |RS503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07 | DAG' | R503213
15-MAR-07| 15-MAR-07 | DAG | R503213
15-MAR-07| 15-MAR-07| DAG |R503213
15-MAR-07| 15-MAR-07 | DAG |R503213
15-MAR-07| 15-MAR-07| DAG |R503213

15-MAR-07| 17-MAR-07 | JAP |R504136
15-MAR-07| 17-MAR-07 | JAP | R504136
15-MAR-07| 17-MAR-07 | JAP |R504136
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ALS LABORATORY GROUP ANALYTICAL REPORT

1485862-1  T2-W1A
Sampled By: MR on 12-MAR-07
Matrix; WATER .
PAH 4 .
Acenaphthylene <0.00005 D.00005| mg/l  [15-MAR-07| 17-MAR-07 | JAP |R504136
Anthracene <0.00001 0.00007| mglL [15-MAR-07| 17-MAR-07| JAP |RS604138
Benzo(a)anthracene <0.00001 D.00001| mg/l |15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(a)pyrene <0.00001 0.00001| mg/ (15-MAR-07| 17-MAR-07 JAP |R504136
Benzo{b)fiuoranthene <0.00001 D.00001 mglL [15-MAR-07| 17-MAR-07 | JAP |R504136
Berzo(ghi)perylene <0.00001 0.00001] mgll  [15-MAR-07| 17-MAR-07| JAP |RS504136
Benzo{k)fluoranthene <0.00001 0.00001| mg/L- [15-MAR-07| 17-MAR-07 | JAP |R504136
i Chrysene <0.00005 0.00005] mg/llL [15-MAR-07| 17-MAR-07 | JAP |R504136
Diberzofah)anthracene <0.00001 0.00001| . mg/L  [15-MAR-07| 17-MAR-07| JAP |R504136
Flucranthene <0.00001 0.00001| mglL |15-MAR-07| 17-MAR-07| JAP |R504138
Fluorene <0.00005 00005 mg/L [15-MAR-07 17-MAR-07| JAP |R504136
indeno(1,2,3 cd)pyrene . <0.00001 0.00001 mgiL |15-MAR-07| 17-MAR-07| JAP |R504136
Naphthalene <0.00005 0.00005| mglL |15-MAR-07|.17-MAR-07 | JAP |R504136
Phenanthrens <0.00001' 0.00001 mg/L [15-MAR-07| 17-MAR-07| JAP |R504136
Pyrene " <0.00001 D.00001| mg/L |15-MAR-07| 17-MAR-07 | JAP - R504136
Quinoline <0.00005 0.00005] mgll [15-MAR-07| 17-MAR-07 | JAP |R504136
Acridine <0.00001 0.00001| mgfl. |15-MAR-07| 17-MAR-07 | JAP |R504136
Sure: 2-Fluarcbiphenyl Surr 70, - 25-175 %  [15-MAR-07 17-MAR-07 | JAP |R504136
surr Terpheny! Surr 75 25-175 %  [15-MAR-07| 17-MAR-07 | JAP |R504136
Total Dissolved Solids 630 - 5 mg/L -~ | 19-MAR-07| BJL |R504860
_ - Total Suspended Solids 39 5 mg/L 19-MAR-07| BJL |R504880
14858622  T2-W1B
Sampled By: MR on 12-MAR-07
Matrix: WATER
BTEX,TVH and TEH
BTEX . _
Benzene <0.0005 0.0005| mgl 16-MAR-07 | MDM | R504474
Toluene <0,0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 0.0005| mplL 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005 mglL 16-MAR-07 | MDM | R504474
o-Xylene .<0.0008 0,0005| mglL 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0,0005| mglL 16-MAR-07 | MDM | R504474
TVH (C5-C10) .
’ Total Volatiles <0.1 0.1 mg/L 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30) . _
TEH (C11-C30) <0.1 0.1 mg/l  [15-MAR-07| 19-MAR-07| THT | R504135
Metal scan A .
Sliver (Ag)-Total <0.001 . 0.001 | mglL [15-MAR-07| 15-MAR-07| DAG |RR503213
Aluminum (Al)-Total 1.48 0.02 mg/l  |15-MAR-07| 15-MAR-07| DAG |R503213
Arsenic (As)-Total 0.0037 0.0005| mgl |15-MAR-07| 15-MAR-07| DAG |R503213
Baron (B}-Total 0.1 0.03 mg/l  |15-MAR-07| 15-MAR-07| DAG |R503213
Barium (Ba)-Total 0.0898 00003 mgll [15-MAR-07 15MAR-07| DAG |R503213
Beryllium (Be)-Total <0.001. 0.001 |. mglL [15-MAR-07| 15-MAR-07 | DAG | R503213
Bismuth (Bi)-Total <0.0002 0.0002| mgll [15-MAR-07| 15-MAR-07| DAG |R503213
Calcium (Ca)-Total 8.2 0.1 mgll.  |[15-MAR-07 15-MAR-07| DAG |R503213
Cadmium (Cd)-Total <0,0002 0.0002| mgll [15-MAR-07| 15-MAR-07| DAG | R503213
Cobalt (Co)-Total 0.0006 0.0002| mgl |15-MAR-07| 15-MAR-07 | DAG |R503213
Chromium (Cr)-Total <0,001 0.001 | mgl [15-MAR-07| 15-MAR-07| DAG | R503213
Cesium {Cs})-Total 0.0002 0.0001| mgl [15-MAR-07| 15-MAR-07 | DAG.|R503213
Copper (Cu)-Total 0.004 0.001 | mgh [15-MAR-07| 15MAR-07| DAG |RS03213
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L485862-2  T2-WiB
Sampled By: MR on 12-MAR-07 . .
" Matrix; . WATER
Metal scan . :
Iron {Fe)-Total 1.37 0.05 | mglL |[15-MAR-07 15-MAR07| DAG |R503213
Potassium (K)-Total 10.7 0.1 mgll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Magnesium (Mg)-Total 429 0.01 mg/L  |15-MAR-07| 15-MAR-07 | DAG | R503213
Manganese (Mn)-Total 0.0940 0.0003| mgl |15-MAR-07| 15-MAR-07 | DAG |R503213
Molybdenum (Mo)-Total 0.0028 0.0002| mg/l |15-MAR-07| 15-MAR-07 | DAG |R503213
Sodium (Na)-Total 54.9 003 | mgll [15-MAR-07| 15-MAR-07 | DAG |R503213
Nickel {Ni)-Total 0.005 "|0.002 ( mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Phosphorus (P)-Total 4 0.29 RAMB | 005 | mgl [15-MAR-07| 15-MAR-07| DAG |R503213
Lead (Pb)-Total 0.0007 0.0005| mglL |15-MAR-07| 15-MAR-07| DAG |R503213
Rubidium (Rb)-Total 0.0054 0.0002| mgl [15-MAR-07| 15-MAR07| DAG |R503213
Antimony (Sb)-Total <0.001 0001 | mglL [15-MAR-07| 15-MAR-07 | DAG |R503213 -
Selenium (Se)-Total - © 0,002 0.001 | -mg/l. [15-MAR-07 15-MAR-07 | DAG |R503213
Tin (Sn)-Total <0.0006 0.0006| mg/L [15-MAR-07 15-MAR07 | DAG |R803213
Strontium (Sr)-Total . ' .0.327 0.0001| wmg/lL [15-MAR-07| 15-MAR-07| DAG |R503213
Tellurium (Te)-Total <0.001 0.001 | mglL |15-MAR-07| 15-MAR-07| DAG |R503213
Titanium (Ti)-Total 0.0455 0.0009| mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
Thallium (T1)-Total 0.0003 0.0001| mg/L |15-MAR-07| 15-MAR-07 | DAG.|R503213
Uranium (U)-Total ~ 0.0031 0.0001| mglk [15-MAR-07| 15-MAR-07 | DAG |R503213
Vanadium (V)-Total ~ 0.006 0.001 | mglL |15-MAR:07| 15-MAR-07| DAG |R503213
Tungsten (W)-Total <0.0002 ]0.0002| mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Zinc {Zn)-Total . 0.01 0.01 mglL  |15-MAR-07| 15-MAR07 | DAG |R503213
Zirconium (Zr)-Total : 0.0018 0.0004| mgll |15-MAR-07| 15-MAR-07 | DAG |R503213
PAH 1-Methy! Naphthalene <0.00005 0.00005| mglL [15-MAR-07| 17-MAR-07| JAP |RS504136
2-Methyl Naphthalene <0.00005 00005 mg/L [15-MAR-07| 17-MAR-07| JAP |R504136
© Acenaphthene <0.00005 mg/t  |15-MAR-07| 17-MAR-07| JAP |R504138
Acenaphthylene <0.00005 00005 mgll - [15-MAR-07| 17-MAR-07| JAP |R504136
Anthracene <0.00001 00001 mglL  |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)anthracene <0.00001 0.00001 mg/L |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)pyrene <0.00001 © D.00001| mgll.  [15-MAR-07/ 17-MAR-07| JAP |R504136
Benzo{b)fluoranthens <0.00001 0.00001 mg/lL [15-MAR-07| 17-MAR07| JAP | R504136
Benzo{ghl)perylene <0.00001 0.00001| my/L |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(k}fluoranthene <0.00001 D.00001 mgll  [15-MAR-07| 17-MAR-07| JAP |Rs04136
Chrysene <0.00005 0.00005| mg/. [15-MAR-07| 17-MAR-07| JAP |R504136
Dibenzo{gh)anthracene . <0.00001 0.00001] mg/lL [15-MAR-07| 17-MAR-07| JAP |R504136
Fiuoranthene <0.00001 p.00001[ mglL  [15-MAR-07| 17-MAR-07| JAP |R504136
Fluorene : <0.00005 00005/ mg/L |15-MAR-07) 17-MAR-07| JAP |R504136
Indena(1,2,3 cd)pyrene <0.00001 0.60001 mg/L |15-MAR-07| 17-MAR-D7| JAP |R504136
Naphthalene .<0,00005 : 0.00005/ mglL [15-MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene <0.00001 0.00001| -mg/L  [15-MAR-07| 17-MAR-07| JAP |R504136
Pyrene <0.00001 0.00001] mg/L. |15-MAR-07| 17-MAR07| JAP | R504136
Quinoline <0.00005 00005 mg/l [15-MAR-07| 17-MAR-07| JAP |RS504136
Acridine -<0.00001 0.00001 mg/L [15-MAR-07| 17-MAR-07| JAP |R504138
Sure: 2-Flucrobiphenyl Surr 82 25-175 %  |15-MAR-07| 17-MAR-07 | JAP |R504136
Sure: Terpheny! Surr- 85 25-175 %  |15-MAR-07| 17-MARO7| JAP |RS§04136
Total Dissolved Sollds 630 5 mgiL 19-MAR-07| BJL |R504880
Total Suspended Solids 47 5 mgit 19-MAR-07| BJL |R504860
L485862-3  T2-W2A
Sampled By: - MR on 12-MAR-07
Matrix: WATER
: : |

L BTEXTVH and TEH-
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1485862-3  T2-W2A
Sampled By: MR on 12-MAR-07
Matrix: WATER
‘BTEX,TVH and TEH .
BTEX - ,
Benzene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Ethylbenzene <0,0005 0.0005] mol .| 16-MAR-07 | MDM |R504474
m+p-Xylenes <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 0.0005| mgl 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0.0005 | mgil 16-MAR-07 | MDM | R604474
TVH (C5-C10) , -
Total Volatlles <0.1 | 0.1 mg/L 16-MAR-07 | MDM | R504474
Tot, Extr. Hydrocarbons (C11-C30) - ) : 3
TEH (C11-C30) <0.1 0.1 mgll  |15-MAR-07| 19-MAR-07 [ THT |R504135
Metal scan - ) ' L.
Sliver (Ag)-Total <0.001 0.001 mg/.  |15-MAR-07| 15:MAR-07 | DAG | R503213.
Aluminum (Af)-Total 143 0.02 | -mgll. [15-MAR-07|-15MAR-07.| DAG |R503213
Arsenic (As)-Total 0.0038 0.0005| mg/l |15-MAR-07| 15-MAR-07 | DAG |R503213
Boron (B)-Total 0.12 0.03 mg/l.  [15-MAR-07| 15-MAR-07 | DAG | R503213
- Barium {Ba)-Total 0.0901 0.0003| mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Beryllium {Be}-Tatal <0.001 0.001 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Bismuth (Bl)-Total <0.0002 0.0002| mg/l [15-MAR-07| 15-MAR-07 | DAG |R503213
Caicium (Ca)-Total 826 0.1 mg/l.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Cadmium (Cd)-Total <0.0002 00002 mglL [15-MAR-07|.15-MAR-07 | DAG |R503213
Cobalt (Co)-Total 0.0005 0.0002| mglL [15MAR-07| 15-MAR-07 | DAG |R503213
Chrormium (Cr)-Total <0.001, 0.001 mgiL  [15-MAR-07| 15-MAR-07 | DAG |RS503213
Cesium {Cs)-Total 0.0002 0.0001| mg/llL [15-MAR-07| 15-MAR-07| DAG | R603213
Copper (Cu)-Total 0.004 0.001 mg/l  [15-MAR-07| 15-MAR-07 | DAG |R503213°
Iron (Fe)-Total - 1.20 0.05 mg/ll.  |15-MAR-07| 15-MAR-07| DAG |R503213
Potassium (K)-Total 10.9 0.1 mg/l  [15-MAR-07| 15-MAR-07 | DAG |R503213
Magnesium (Mg)-Total 43.2 0.01 mg/l.  |15-MAR-07| 15-MAR-07| DAG | R503213
Manganese (Mn)-Total 0.0851 0.0003| mg/lL [15MAR-07| 15-MAR-07| DAG |R503213 .
Molybdenum (Mo)-Total’ 0.0028 - 0.0002 | mgl: [15-MAR-07| 15MAR-07 | DAG |R503213
Sodium (Na)-Total 56.6 0.03 mg/t |15-MAR-07| 15-MAR-07 | DAG |R503213
Nickel (NI)-Total 0.004 0002 | mgl |15-MAR-07| 156MAR-07| DAG |R503213
Phosphorus (P)-Total 0.30 RAMB | 0.05 | mg/l [15-MAR-07| 15-MAR-D7 | DAG | R503213
Lead (Pb)-Total 0.0008 0.0005| mglL [15-MAR-07| 15-MAR-07 | DAG |R503213
Rubldium (Rb)-Total 0.0050 00002 mgl |15-MAR-07| 15-MAR07| DAG |R503213
Antimony (Sb)-Total <0.001 0.001 mg/L  |15-MAR-07| 15-MAR-07 | DAG | R503213
Selenium (Se)-Total 0.001 0.001 mg.  [15-MAR-07| 15-MAR-07| DAG |R503213
Tin (Sn)-Total <0.0006 0.0006| mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Strontium (Sr)-Total 0.329 0.0001| mg/lL |15-MAR-07| 15-MAR-D7 | DAG |R503213
Tellurium (Te)-Total <0.001 0.001 mg/ll.  [15-MAR-07| 15-MAR-07 | .DAG |R503213
Titanium (Ti)-Total 0.0316 0.0009| mglL |15-MAR-07 15-MAR-07| DAG |R503213
Thallium-(TH-Total 0.0003 0.0001| mglL [15-MAR-07| 15MAR-07| DAG |R503213
Uranium (U)-Total 0.0031 0.0001| mgll |15-MAR-07| 15-MAR-07| DAG |R503213
Vanadium {V}-Total 0.004 0.001 mg/l. - [15-MAR-07| 15-MAR-07 | DAG | R503213
Tungsten (W)-Total <0.0002 0.0002| mglL |[15-MAR-07| 15-MAR-07| DAG |R503213
Zinc (Zn)-Total 0.03 0.01 mg/L  [15-MARD7| 15-MAR-07 | DAG |R503213
Zirconium (Zr)-Tatel .0.0015 0.0004| mg/ll |15-MAR-07| 15-MAR-07| DAG |RS603213
PAH 1-Methyl Naphthalene <0.00005 0.00005| mgl |15-MAR-07| 17-MAR-07 | JAP |R504136
2-Methyl Naphthalene <0.00005 D.00005| mg/L |15-MAR-07| 17-MAR-07| JAP [R504136
Acenaphthens . <0.00005 nnnnj “mg/L . [15-MAR-07| 17-MAR-07| JAP |R504136
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L485862-3  T2-W2A
Sampled By: MR on 12-MAR-07 . '
Matrix: . WATER '
PAH : : ' ; '
Acenaphthylene <0.00005 D.00005|  mgAl.  [15-MAR-07| 17-MAR-07 | JAP |R504136
Anthracene <0.00001 D.00001 mg/l [15-MAR-07| 17-MAR-07| JAP |R504138
Benzo(a)anthracens <0.00001 - 0.00001 mg/l. |[15-MAR-07| 17-MAR-07 | JAP |R504138
Benzo(a)pyrene’ <0.00001 0.00001] mg/l [15-MAR-07| 17-MAR-07 | JAP |R504138
Benzo(b)fluoranthene <0.00001 0.00001| mg/lL [15-MAR-07| 17-MAR-07 | .JAP |R504136
Benzo(ghl)perylene <0.00001 0.00001 . mg/L  [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(k)fluaranthene <0,00001 0.00001] mg/L [15-MAR-07| 17-MAR-07| JaP |R504138
Chrysene o <0.00005 00005| mg/L |15-MAR-07| 17-MAR-07 | JAP |R504138
Dibenzo(zh)anthracene <0.00001 0.00001 mg/L  [15-MAR-07| 17-MAR-07 | JAP |R504138
Fluoranthene <0.00001 : 0.00001] mgL [15-MAR-07| 17-MAR-07 | JAP |R504138
Fluorene : <0.00005 00005 mg/l  [15-MAR-07| 17-MAR-07 | JAP |R504138
‘Indeno(1,2,3 cd)pyrene - <0.00001 0.00001| mg/L  |15-MAR-07| 17-MAR-07 | JAP. |R504136
Naphthalerie <0.00005 0.00005| mg/il |15-MAR-07| 17-MAR-07 | JAP |R504136
Fhenanthrene <0.00001 0.00001 mg/lL - [15-MAR-07| 17-MAR-07| JAP |R504135
Pyrene <0.00001 D.00001] mg/t.  |15-MAR-07| 17-MAR-07 | JAP |R504135
Quincline o <0,00005 0.00005| mglL  [15-MAR-07| 17-MAR-07 | JAP |R504136
Acridine <0.00001 0.00001 mglL [15-MAR-07| 17-MAR-07| JAP |R504136
Surr: 2-Fluorobiphenyl Surr . - ' .84 25-175 % 15-MAR-07| 17-MAR-07| JAP |R504136
Surr: Terphenyl Surr T .87 _ 25175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Total Dissolved Solids 640 | 5 mg/L . 19-MAR-07| BJL |R504860
. Total Suspended Solids 42 : 5 mgfL .| 19-MAR-07| BJL |R504860
14858624  T2-W2B
Sampled By: MR an 12-MAR-07
Matrix: WATER
"BTEX,TVH and TEH _
BTEX
Benzene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005 mglL 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R604474
. m+p-Xylenes <0.0005 0.0005| mgl 16-MAR-07| MDM | R504474
o-Xylene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0.0005| mglt 16-MAR-07 | MDM | R504474
TVH (C5-C10) : . '
Total Volatiles <0.1 ) 0.1 mg/L 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30)
TEH (C11-C30) <0.1 | 01 mg/l  [15-MAR-07| 19-MAR-07| THT |R504135
Metal scan
Silver {Ag)-Total <0.001 ) 0.001 | mglh |15-MAR-07| 15-MAR-07| DAG |R503213
Aluminum (Al)-Tota! 1.52 '0.02 mg/l  |15-MAR-07] 15-MAR-07| DAG | R503213
Arsenic (As)-Total 0.0038 0.0005| mg/ll  [15-MAR-07| 15MAR-07 | DAG |R503213
Boron (B)-Total 0.1 0.03 mg/l.  [15-MAR-07| 15-MAR-07 | DAG | R503213
Barium (Ba)-Total ‘ 0.0881 0.0003| mglL |15-MAR-07| 15-MAR-07 | DAG |R503213
Beryliium (Be)-Total <0.001 0.001.| mg . |15-MAR-07| 15-MAR-07| DAG | R503213
’ * Blsmuth (Bi)-Total <0.0002 0.0002| mgll [15-MAR-07] 15-MAR-07| DAG | R503213
Calclum (Ca)-Total 78.8 0.1 mg/L  |[15-MAR-07| 15-MAR-07 | DAG | R503213
Cadmium (Cd)-Total <0.0002 - 0.0002| mg/l. |15-MAR-07| 15-MAR07 | DAG |R503213
Cobalt (Co)-Total 0.0005 0.0002| mglL |15-MAR-07| 15-MAR-07 | DAG | R503213
‘ Chromium (Cr)-Total ~ <0.001 0.001 mg/l  |15-MAR-07 15-MAR-07| DAG | R503213
' " Cesium (Cs)-Tetal 0.0002 0.0001| mg/lL [15-MAR-07| 15-MAR-07| DAG |R503213
Copper (Cu)-Total 0.004 J 0.001 | 'mglL 115-MAR-0? 15-MAR-07 | DAG |R503213
| I—
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L4858624  T2-W2B
Sampled By: MRon 12-MAR-07
Matrix: WATER
Moetal scan .
Iron (Fe)-Total 1.20 0.05 mglL  [15-MAR-07| 15-MARD7 | DAG | R503213
Potassium (K)-Tatal 10.2 0.1 | mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Magnesium (Mg)-Totai 422 0.01 mg/L  |15-MAR-07| 15-MAR-07 | DAG |R503213
Manganese (Mn)-Total 0.0818 0.0003| mg/L [15-MAR-07| 156-MAR-07| DAG |R603213
Molybdenum (Ma)-Total 0.0027 0.0002| mgl |15-MAR-07 15-MAR-07 | DAG |R503213
Sodium (Na)-Total 526 0.03 mgl.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Nickel (Ni)-Total 0.004 , 0.002 | mg/L. |15-MAR-07| 15-MAR-07 | DAG | R503213
. Phosphorus (P)-Total 0.28 . RAMB | 0.05 mg/.  |15-MAR-07| 15-MAR-07 | DAG |R503213
Lead (Pb)-Total 0.0008 |o.0005| mgi  [15-MAR-07| 15-MAR-07 | DAG |R503213
Rubidium (Rb)-Total 0.0050 0.0002] mg/l. |15MAR-07| 15-MAR-07 | DAG |R503213
Antimony (Sb)-Total <0.001 0.001 [ mg/L |15-MAR-07| 15-MAR-07| DAG |R503213
Selenium (Se)-Total 0.001 0001 | mg/lL [15-MAR-07| 15-MAR-07 | DAG |R503213
Tin {Sn)-Total <0,00068 0.0006| mgi [15-MAR-07| 15-MAR-07 | DAG |R503213
Strontium (Sr)-Total 0.321 - 00001 mgl |15-MAR-07| 15-MAR-07| DAG |R503213
Tellurium (Te)-Total <0.001 0.001 | mglL [15-MAR-07| 15-MAR-07 | DAG -|R503213
_ Thanium (TI)-Total 0.0368 0.0000| mg/L [15-MAR-07| 15-MAR-07| DAG |R503213
Thallium (T1)-Total 0.0002 0.0001| mgll [15-MAR-07| 15-MAR-07 | DAG |R503213
Uranium {U)-Total - 0.0031 - 0.0001| mglL |15-MAR-07| 15-MAR-07 | DAG |R503213 °
Vanadium (V)-Total - 0.006 0.001 | mglL [15-MAR-07| 15-MAR-07 | DAG |R503213
Tungsten (W)-Total <0.0002 0.0002| mg/lL |15-MAR-07| 15-MAR-07 | DAG |R503213"
Zinc (Zn)-Total <0.01 0.01 mgll  |[15-MAR-07| 16-MAR-07 | DAG |R503213
Zirconium {Zr)-Total 0.0036 0.0004| mglt |15MAR-07| 15-MAR-07  DAG |R503213
PAH {-Methyl Naphthalene <0.00005 P.00005| mgll  |[15-MAR-07 17-MAR-07| JAP |R504136
2-Methyl Naphthalene <0.00005 0.00005 mg/lL |15-MAR-07| 17-MAR-07| JAP |R504136
Acenaphthene <0.00005 0.00005| mg/L |15-MAR-07| 17-MAR-07| JAP. |R504136
Acenaphthylene <0.00005 0.00005| mg/L |15-MAR-07| 17-MAR-07| JAP |R504136
Anthracene . <0,00001 D.00001] mg/L |15-MAR-D7| 17-MAR-07| JAP |R504136
Benzo{a)anthracens <0.00001 0.00001 mg [15-MAR-07| 17-MAR-07| JAP |R504136 -
Benzo{a)pyrene <0.00001 0.00001] mg/ [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(b)Auoranthene <0.00001 000001 mglL |15-MAR-07| 17-MAR-07| JAP |RS504136
Benzo(ghi)perviene <0,00001 0.00001 mg/L [15-MAR-07| 17-MAR-07| JAP |RS504136
Benzo(k)fiuoranthene <0.00001 0.00001| mg/L |15-MAR-07| 17-MAR-07| JAP. |R504136
Chrysene <0.00005 0.00005| mg/lL |15-MAR-07| 17-MAR-07| JAP |R504136
Dibenzo{ah)anthracens <0,00001 0.00001] mg/.  |15-MAR-D7| 17-MAR-07 | JAP |R504136
Fluoranthens <0.00001 0.00001 mgll |[15-MAR-07 17-MAR-O7| JAP |R604136
Fluorene : <0.00005 0.00005| mglL |15-MAR-07| 17-MAR-07 | JAP |R504136
Indeno(1,2,3 cd)pyrene <0.00001. 0.00001] mgll.  [15-MAR-07| 17-MAR-07| JAP |R504136
Naphthalene <0.00005 0.00005 mg/lL |15-MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene <0.00001 0.00001 mglL [15-MAR-07| 17-MAR-07| JAP |R504136
Pyrene <0.00001 0.00001] mglL [15-MAR-07| 17-MAR-07| JAP |R504136
Quinoline <0.00005 0.00005| mg/l [15-MAR-07| 17-MAR-07| JAP |R504136
Acridine <0.00001 0.00001| mg/lL |[15-MAR-07| 17-MAR-07| JAP | R504136
sire: 2-Fluorobiphenyl Surr 69 25-175 % 16-MAR-07| 17-MAR-07 | JAP |R504136
Sure: Terphenyl Surt 77 25-175 % 15-MAR-07| 17-MAR-07| JAP |R504136
Total Dissolved Solids 630 5 mg/L | 19-MAR-07| BJL |R504860
: Total Suspended Solids 42 5 mg/L 19-MAR-07| BJL |R504860
L485862-5  T2-W3A~
Sampled By: MR on 12-MAR-07
Matrix: WATER
BTEX,TVH and TEH L
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| T2-W3A
Sampled By: MR on 12-MAR-07

. WATER

BTEX,TVH and TEH

Benzene .
Toluene
Ethylbenzene
m+p-Xylenes
o-Xylene
Xylenes

TVH (C5-C10)

Total Volatiles

Tot. Extr. Hydrocarbons (G11-C30)

TEH (C11-C30)

Metal scan

Silver {Ag)-Total
Aluminum (Al)-Total
Arsenic (As)-Total
Boran (B)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Calcium (Ca)-Total
Cadmium (Cd)-Total
Cobalt (Co)-Total
Chromium (Cr)-Total
Cesium (Cs)-Total
Capper (Cu)-Total

Iron (Fe)-Total
Patassium (K)-Total -
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Sodium (Na)-Total
Nickel (Ni)-Tota!
Phosphorus (P)-Total

- Lead (Pb)-Total

Rubidium (Rb)-Total
Antimony {Sb)-Total
Selenium (Se)-Total,
Tin {Sn)-Total
Strontium (Sr)-Total
Tellurium (Te)-Totat
Titanium (Ti)-Total
Thalllum (T)-Total
Uranium (U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
Zinc (Zn)-Total
Zirconium {2r)-Total

1-Methyl Naphthalene .
2-Methyi Naphthalene
Acenaphthene

<0.0005
<0.0005
<0.0005
<0.0005
<0.0005
<0.0005

<0.1

<0.1

<0.001
143
0.0035
0.11.
0.0887
<0.001

‘805
<0.0002
0.0005
<0.001
0.0002
0.004
117
10.5
42,1
0.0800
0.0026
54.0
0.004
0.28
* 0.0005
0.0051
<0.001
0.002
<0.00086
0.315
" <0.001
0.0380
0.0002
0.0031
0.006
<0.0002
<0.01
0.0015

<0.00005
<0.00005

<0.00005

<0.0002-

RAMB

0.0005
0.0005
0.0005
0.0005

0.1
0.1
0.001
0.02

0.0005
0.03

" |0.0003

0.001
0.0002
0.1
0.0002
0.0002

‘| 0.001

0.0001
0.001
0.05
0.1
0.01
0.0003
0.0002
0.03
0.002
0.06
0.0005
0.0002
0.001
0.001
0.0006
0.0001
0.001

" |0.0009

0.0001
0.0001
0.001
0.0002
0.01
0.0004

0.00005
0.00005

00005

0.0005 |

0.0005 |

mg/L
mg/L
mg/L

mg/L
mgiL

mglL
mg/l.

mg/L
mg/L

mg/L’

mgiL
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/l.
mg/L
mg/L
mg/L
mg/L
mgiL
mg/L
mg/l

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

- mg/L

mg/L

mg/l.

mg/L
mg/L
mg/L

mg/L’

mg/l.
mg/L

15-MAR-07|

15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07]
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07]
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07,
15-MAR-07]
15-MAR-07]
15-MAR-07|
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07]
15-MAR-07|
15-MAR-07
15-MAR-07,
15-MAR-07|
15-MAR-07,
15-MAR-07]
15-MAR-07
15-MAR-07]
15-MAR-07]

15-MAR-07|
15-MAR-07|

15-MAR-07 | DAG

15MAR-07| DAG

15-MAR-07|

MDM | R504474
MDM | R504474
MDM | R504474
MDM | R504474
MDM | R504474
MDM |R504474

16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-07

16-MAR-07 | MDM | R504474

19-MAR-07 | THT | R504135

15-MAR07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG. |R503213
15-MAR-07| DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR07 | DAG |R503213
15-MAR07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07| DAG |R503213
15-MAR07 | DAG- |R508213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15MARO7 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
16-MAR-07| DAG |R503213
15-MAR-07| DAG
15-MAR-07| DAG
15-MAR-07 | DAG
15-MAR-07 | DAG
15-MAR-07 | DAG
15-MAR-07| DAG
15-MAR-07 | DAG

R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213

R503213
15-MAR-07| DAG | R503213
15-MAR-07 | DAG |R503213
15-MAR-07| DAG | R503213
15-MAR-07 | DAG |R503213
15-MAR-07| DAG |R503213
15-MAR-07| DAG | R503213

15-MAR-07 | DAG
16-MAR-07 | DAG

R504136
R504136
R504136

17-MAR-07 | JAP
17-MAR-07 | JAP
17-MAR-07 | JAP

R503213
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L485862-5
Sampled By: MR on 12-MAR-07
Matrix: WATER
PAH : ) ) . |
Acenaphthylene <0.00005 00005 mg/L [15-MAR-07| 17-MAR-07| JAP |R504136
Anthracene <0.00001 D.00001| mglL [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(a)anthracene - <0,00001 0.00001 mglL [15-MAR-07| 17-MAR-07| JAP |R504138
Benzo(a)pyrene <0.00001 0.00001 mglt  [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(b)fuoranthene <0,00001 0.00001] mg/L - [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(ghi)perylene <0,00001 0.00001] mglL [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo{k)fiucranthene <0.00001 | . p.00001| mgl  [15-MAR-07| 17-MAR:07 | 'JAP |RS504136
; Chrysene <0.00005 ' _ 0.00005| - mg/l.  [15-MAR-07| 17-MAR-07 | JAP |R504136
Dibenzo(ah)anthracene <0,00001 0.00001] - mgl.  |15-MAR-07| 17-MAR-07 | JAP |R504136
Fluoranthens - <0.00001 D.00004| - mg/l. |15-MAR-07| 17-MAR-07 | JAP |R504136
Fluorene - <0,00005 0.00005| mg/lL  |15-MAR-07| 17-MAR-07 | . JAP | R504136
Indeno(1,2,3 cd)pyrene’ B <0.00001 0.00001] mglL  |15-MAR-07| 17-MAR-07 | JAP |R504138.
Naphthalene ‘ - <0.00005 - 0.00005 mgl [15-MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene : . <0.00001 . 0.00001| mg/L [15-MAR-07(-17-MAR-07| JAP |R504138
Pyrene <0.00001 D.00001| mg/l  [15-MAR-07| 17-MAR-07| JAP |R504138
- Quinoline . . <0.00005 0.00005| mglL [15-MAR-07| 17-MAR-07 | JAP |R504136
Acridine ' <0.00001 © p.00001| mglL [15-MAR-07| 17-MAR-07| JAP |R504136
Sum 2-Fluorobiphenyl Surr ' 84 25-175 % 15-MAR-07| 17-MAR-07 | JAP |RS504136
Sur: Terpheny! Surr 87 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504138
Total Dissolved Sclids 640 5 mglL. . | 19-MAR-07| BJL |R504860 .
Total Suspended Solids 33 . 5 mg/L 19-MAR-07 | BJi. |R504860°
14858626  UP1-W1A :
Sampled By: MR on 12-MAR-07
Matrix: WATER
BTEX,TVH and TEH
BTEX . :
Benzene <0.0005. 0.0005| mgl. 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mgiL . 16-MAR-07 | MDM | R504474 -
Ethylbenzene <0.0005 0.0005| mglL’ 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Xylenes T <0.0005 - 0.0005| mglL 16-MAR-07 | MDM | R504474
TVH (C5-C10) . . .
Total Volatifes ) <0.1 0.1 mgiL 16-MAR-07 | MDM | R504474-
Tot. Extr. Hydrocarbons {C11-C30} . .
TEH (C11-C30) <0.1 0.1 mgll  |15-MAR-07| 19-MAR-07 | THT |R504135
Metal scan . . o )
Silver (Ag)-Total - <0.001 . 0.001 mg/l  |15-MAR-07| 15-MAR-07 | DAG |R503213
Aluminum (Al)-Total 1.51 . 0.02 mgll  [15-MAR-07| 15-MAR-07 | DAG |R503213
Arsenic (As)-Total 0.0038 - 0.0005| mglL [15-MAR-07| 15-MAR-07 | DAG | R503213
Boron (B)-Total 0.10 0.03 mg/ll  |15-MAR-07| 16-MAR-07 | DAG | R503213
Barlum (Ba)-Total 0.0889 0.0003| mgll |15-MAR-07| 15-MAR-07| DAG |R503213
Beryllium (Be)-Total . <0.001 0.001 mg/l  |15-MAR-07| 15-MAR-07 | DAG |R503213
Bismuth (Bi)-Total <0.0002 ' 0.0002| mglL |15-MAR-07| 156-MAR-07 | DAG |R503213
Calcium (Ca)-Total 82.3 0.1 | mght [15MAR-07| 15-MAR-07| DAG |R503213
Cadmium (Cd)-Total _ . <0.0002 0.0002| mg/L |15-MARO7 15-MAR-07| DAG |RS503213
Caobalt (Co)-Total 0.0006 0.0002| mg/L [15-MAR-07| 15-MAR-07 | DAG |R503213
Chromium (Cr)-Total : <0.001 0.001 mgl.  |[15-MAR-07| 15-MAR-07 | DAG |R503213
Cesium (Cs)-Total 0.0002 0.0001| mglt [15-MAR-07| 15MAR-07 | DAG |R503213
Copper (Cu)-Total 0.004 0.001 mg/l.  |15-MAR-07| 15-MAR-07 | DAG |R503213
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L485862-6 UP1-W1A '
| sampled By: MR on 12-MAR-07 .
Matrix: WATER
Metal scan . I '
Iron (Fe)-Total 1.21 0.05 mgllL  [15-MAR-07| 15-MAR-07 | DAG |R503213
Potassium (K)-Total 10.8 0.1 mg/l.  |15-MAR-07| 15-MAR-07 | DAG |R503213°
Magnesium (Mg)-Total 42.0 0.01 mg/l.  [15-MAR-07| 15-MAR-07 | DAG | R503213
Manganese (Mn)-Total 0.0800 0.0003| mgl |15-MAR-07| 16-MAR-07 | DAG |R503213
Molybdenum (Mo)-Total 0.0026 0.0002| mglh |[15-MAR-07| 15-MAR-07 | DAG |R503213
Sodium (Na)-Total 53.1 003 | . mg/ll |15-MAR-07| 15-MAR-07 | DAG | R503213
Nickel {Ni)-Total 0.005 . 0.002 ‘mg/l.  |16-MAR-07| 15-MAR-07 | DAG |R503213
Phosphorus (P)-Total 0.29 RAMB | 005 | mgl [15-MAR-07| 15-MAR-07 | DAG |R503213
Lead (Pb)-Total ~ 0.0006 0.0005 mg/L |15-MAR-07| 15-MAR-07 | DAG | R503213
Rubidium (Rb)-Total 0.0050 0.0002 mg/ll.  [15-MAR-07| 15-MAR-07 | DAG | R503213
Antimony (Sb)-Total <0.001 0001 | mgl |15-MAR-07| 15-MAR-07 | DAG |R503213
Selenium (Se)-Total - " 0.001 0.001 | mg/L [15-MAR-07| 15-MAR-07| DAG |R503213
Tin (Sn)-Total <0.0006 0.0006 mg/l.  [15-MAR-07| 15-MAR-07 | DAG R503213
Strontium (Sr)-Total 0.312 0.0001 mg/L 15-MAR-07| 15-MAR-07 DAG | R503213
Tellurium (Te)-Total <0.001 0.001 mg/L 15-MAR-07| 15-MAR-07 | DAG |R503213
Titanium (Ti)-Total 0.0440 0.0009 mg/L 15-MAR-07| 15-MAR-07 | DAG |R503213
Thallium (TI)-Total 0.0002 0.0001 mg/L 15-MAR-07| 15-MAR-07 | DAG. | R503213
Uranium (U)-Total 0.0031 0.0001 mg/L  |15-MAR-07| 15-MAR-07 | DAG | R503213
Vanadium (V)-Total .006 0.001 mg/L 15-MAR-07| 15-MAR-07 DAG |R503213
Tungsten (W)-Total <0.0002 0.0002 mg/l.  |15-MAR-07| 15-MAR-07| DAG | R503213
Zinc (Zn)-Total 0.03 0.01 mg/L 15-MAR-07| 15-MAR-07 | DAG | R503213
Zirconium {Zr)-Total 0.0017 0.0004 mg/L 15-MAR-07| 15-MAR-07 | DAG |R503213 ..
PAH .

1-Methyl Naphthalene <0.00005 0.00005| mg/l. [18-MAR-07 17-MAR-07 | JAP |R504136
2-Methyl Naphthalene <0.00005 0.00005] mg/L 15-MAR-07| 17-MAR-07 | JAP | R504136
Acenaphthene <0.00005 0.00005] mg/L 15-MAR-07| 17-MAR-07 | JAP |R504138
Acenaphthylene «<0.00005 0.00006] mg/L 15-MAR-07| 17-MAR-07| JAP |R504138
Anthracene ) . <0.00001 0.00001 mg/L. 15-MAR-07| 17-MAR-07 | JAP | R504138
Benzo(a)anthracene <0.00001 0.00001 mg/l.  |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)pyrene <0,00001 0.00001] mg/L |15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(b)fiuoranthene <0.00001 0.00001 mg/L 15-MAR-07] 17-MAR-07 | JAP R604136
Benzo(ghi)perylens - <0,00001 0.00001 mg/l |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(k)flucranthene <0.00001 p.00001 mglL |15-MAR-07| 17-MAR-07| JAP |R504138
Chrysene <0.00005 .00008] mg/L 15-MAR-07| 17-MAR-07 | JAP | R504136
Dibenzo(ah)anthracene <0.00001 0.00001| mgi, [15-MAR-07| 17-MAR-07| JAP |R504138
Fluoranthene <0.00001 0.00001] mglh |15-MAR-07| 17-MAR-07| JAP |R504138
Fluorene <0.00005 0.00005) mg/L 16-MAR-07| 17-MAR-07 | JAP R504136
Indeno(1,2,3 cd)pyrene <0.00001 0.00001] mgll [15-MAR-07| 17-MAR-07| JAP |R504136
Naphthalene -<0.00005 0.00005| mg/L 15-MAR-07| 17-MAR-07 | JAP | R504136
Phenanthrene <0.00001 .00001 mg/L 15-MAR-07| 17-MAR-07 | JAP | R504136
Pyrens <0.00001 .00001 mg/L- |[15-MAR-07| 17-MAR-07| JAP |R504136
Quinolirie <0.00005 00005 ma/L 15-MAR-07| 17-MAR-07 | JAP | R504136
Aczidine <0.00001 .00001] mgfl 15-MAR-07| 17-MAR-07 | JAP | R504136

Surr: 2-Fluoroblphenyl Surr 80 |25-175 % 15-MAR-07| 17-MAR-07| JAP |R504136

Sumr: Terphariyl Surr 84 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504138
Total Dissolved Solids 610 5 mofL 21-MAR-07| BJL | R505899
Total Suspended Sclids 32 5 mg/L 19-MAR-07| BJL |R504860

1.485862-7 UP1-wWiB

Sampled By: MR on 12-MAR-07

I Matrix: WATER

L BTEX.TVH and TEH
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L485862-7
Sampled By:
Matrix:

BTEX

PAH

UP1-wiB
MR on 12-MAR-07

WATER

'BTEX,TVH and TEH

Benzene .
Toluene
Ethylbenzene
m+p-Xylenes
o-Xylene
Xylenes

TVH ‘(05-010)

Total Volatiles

Tot. Extr. Hydrocarbons (C11-C30)

TEH (C11-C30)

Metal scan

Silver (Ag)-Total
Aluminum (Al)-Total
Arsenic (As)-Total
Boron (B)-Total

* Barium (Ba)-Total

Beryllium (Be)}-Total
Bismuth (Bi}-Total
Calcium (Ca)-Total
Cadmium (Cd)-Total
Cobalt (Co)-Total
Chromium {Cr)-Total -
Cesium (Cs)-Total
Copper (Cu)-Total
Iron {(Fe)-Total
Potassium (K)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total’
Sodium (Na)-Total
Nickel (Ni)-Total
Phosphorus (P)-Total
Lead (Pb)-Total
Rubidium (Rb)-Total
Antimony (Sb)-Total
Selenium (Se)-Total
Tin (Sn)-Total
Strontium (Sr)-Total
Tellurium (Te)-Total
Titanium (Ti}-Total
Thallium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
Zinc (Zn)-Tatal
Zirconium (2r)-Total

1-Methy! Naphthalene
2-Methyl Naphthalene
Acenaphthene .

<0.0005

<0.0005
<0.0005
.<0.0005
<0.0005
<0,0005

<0.1

<0.1

<0.001
241
0.0041
0.11
0.0998
<0.001
<0.0002
81.3
<0.0002
0.0008
0.002
0.0003
0.005
1.97
10.8
422
0.114
0.0026
53.8
0.005
0.31
0.0010
0.0065
<0.001
0.002
<0.0006
0.323
<0.001
0.0519
0.0002
0.0032
0.010
- <0.0002
0.02
0.0023

<(0.00005
<0.00005
<0.00005

RAMB

0.0006

0.0005
0.0005
0.0005
0.0005

0.1

0.1

0.001
0.02
0.0005
0.03
0.0003
0.001
0.0002
0.1
0.0002
0.0002
0.001
0.0001
0.001
0.05
0.1
0.01
0.0003
0.0002
0.03
0.002
0.05
0.0005
0.0002
0.001
0,001
0.0006
0.0001
0.001
0.0009
0.0001
0.0001
0.001
0.0002
0.01
0.0004

0.00005
0.00005

10.00005

0.0005 |

mg/L
mgfl.
mglL

mgil
mg/L
mg/L
mg/L
mg/L
mg/l
mg/L
mg/L

.mg/L

mgiL
mgil
mg/L.
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/l

mg/L
mg/L
mg/L

mg/L
mg/L
mgfL
mg/L
mg/L
mg/L

15-MAR-07]

15-MAR-~07|

15-MAR-07
15-MAR-07

15-MAR-07

15-MAR-07|
15-MAR-07|
15-MAR-07]
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07,
15-MAR-07]
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-07,
15-MAR-07]
15-MAR-07
15-MAR-07
16-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-07,
15-MAR-07]
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07

15-MAR-07]
15-MAR-07|

15-MAR-07
{

16-MAR-07| MDM |R504474
16-MAR-07 | MDM |R504474
16-MAR-07 | MDM | R504474
16-MAR-07.| MDM | R504474
16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474

16—MAR~07 MDM | R504474

19-MAR-07 | THT |R504135

15-MAR-07 | DAG |R§03213.

‘15-MAR-07| DAG |R503213

15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07| DAG |R503213 |
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213

-15-MAR-07 | DAG |R503213

15-MAR-07 | DAG |R503213 °
15-MAR-07| DAG |R503213
15-MAR-07 | DAG |R503213
15:MAR-07| DAG |R503213
15-MAR-07| DAG |R503213
15-MAR-07| DAG |R503213
15-MAR-07| DAG |R503213
15-MAR-07| DAG |R503213 -
15-MAR-07| DAG | R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07| DAG [R503213
15-MAR-07| DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07 | DAG |R503212
15-MAR-07| DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07| DAG | R503213
15-MAR-07| DAG |R503213
15-MAR-07 | DAG |R503213
15.MAR-07 | DAG | R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07 | DAG |R503213

17-MAR-07 | JAP |R504136
17-MAR-07| JAP |R504136
17-MAR-07| JAP |R504136
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L485862-7 uP1-w1B

Sampled By: MR on 12-MAR-07
Matrix: - WATER
PAH :
Acenaphthylene <0.00005 00005/ mgl [15MAR-07| 17-MAR-07 | JAP |R504138
Anthracene <0.00001 0.00001] mg/lL [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo{a)anthracene <0.00001 0.00001| mgil [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)pyrene <0.00001 0.00001| mg/l.  [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(b)fluoranthene <0.00001 0.00001 mgllL [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo{ghi)perylene <0.00001 0.00001| . mgll.  [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(k)fluoranthene <0.00001 " p.00001| ‘mg/l  |15-MAR-07| 17-MAR-07 | JAP |R504138
Chrysene <0.00005 0.00005| mg/l.  [15-MAR-07| 17-MAR-07 | JAP |R504136
Diberzo(ah)anthracene <0.00001 0.00001 mgll [15-MAR-D7| 17-MAR-07 | JAP |R504136
Fluoranthene - <0,00001 0.00001] mglL |15-MAR-07| 17-MAR-07 | JAP |R504136
Fluorens <0.00005 0.00005| mg  [15-MAR-07| 17-MAR-07 | JAP |R504136-
Indena(1,2,3 cd)pyrenie <0.00001 0.00001, mg/l [15-MAR-07| 17-MAR-07 | JAP |R504136
Naphthalene <0.00005 D.00005| mg/l. [15-MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene <0.00001 0.00001| mgl [15-MAR-07| 17-MAR-07| JAP |R504136
Pyrene <0.00001 0.00001] mg/L |15-MAR-07| 17-MAR-07 | -JAP |R504136:
Quinoline. <0.00005 ' 0.00005| mg/L [15-MAR-07.17-MAR-07| JAP |R504136
Acridine <0.00001 D.00001| mg/lL  |15-MAR-07| 17-MAR-07 | JAP. |R504136
Surr: 2-Fluorobiphenyl Surr 83 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504138
surr: Terpheny! Surr .~ 86 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Total Dissolved Solids 510 5 mg/L 21-MAR-07| BJL |R505899
Total Suspended Solids 35 5 mg/l. 19-MAR-07 | BJL |R504880
| 14858628  UP2WI1A :
Sampled By:* MRon 12-MAR-07
Matrix: © WATER
BTEX,TVH and TEH
BTEX : .
Benzene <0.0005 0.0005| mgl 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 00005 mglL 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 - 0.0005| mglL 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 [0.0005| mgll . 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0.0005| mgll 16-MAR-07 | MDM | R504474
TVH (C5-C10) _ 4
Total Volatiles <0.1 01 | mgll 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30) .
“TEH (C11-C30) <0.1 0.1 mg/L  [15-MAR-07| 18-MAR-07 | THT |R504135
Metal scan -
Siiver (Ag)-Total <0.001 0.001 | mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
Aluminum (Al)-Total 1.22 0.02 mg/l  [15-MAR-07| 15-MAR-07| DAG |R503213
Arsenic (As)-Total 0.0036 0.0005| mglL [15-MAR-07 15-MAR-07| DAG |R503213
Boron (B)-Total 0.11 0.03 mg/l  |[15-MAR-07| 15-MAR-07| DAG |R503213
Barium (Ba)-Total 0.0857 0.0003| mglL [15MAR-07| 15-MAR-07| DAG |R503213
Beryllium (Be)-Total <0.001 0.001 | mg/L. [15-MAR-07| 15-MAR-07| DAG |R503213
Bismuth (Bl)-Totel <0.0002 0.0002| mg/ll |15-MAR-07| 16-MAR-07 | DAG |R503213
_ Calcium (Ca)-Total 81.5 0.1 mg/l.  |15-MAR-07| 15-MAR-07 | DAG |R503213
Cadmium (Cd)-Total! <0.0002 0.0002| mg/ll |15-MAR-07| 15-MAR-07| DAG |R503213
Cobalt (Co)-Total - 0.0004 0.0002| mglL. |15-MAR-07| 15-MAR-07| DAG |R503213
Chramium (Cr)-Total <0.001 0.001 | mgl |15-MAR-07| 15-MAR-07 | DAG |R503213
Cesium (Cs)-Totai 0.0001 0.0001| mg/L [15-MAR-07| 15-MAR-07| DAG |R503213
l Copper (Cu)-Total 0.004 0.001 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R503213
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L485862-8 UP2-W1A
Sampled By: MRon 12-MAR-07
Matrix: WATER
Metal scan, _ 5
Iron (Fe)-Total 0.96 0.05 mg/l = |15-MAR-07|{ 15-MAR-07| DAG |R503213
Potassium (K)-Total 10.6 0.1 mg/.  [15-MAR-07| 15-MAR-07 | DAG | R503213
Magreésium (Mg)-Totat © 425 0.01 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Manganese (Mn)-Total 0.0588 00003| mgl |15-MAR-07| 15-MAR-07| DAG |R503213
Molybdenum (Mo)-Total 0.0027 0.0002| mglL -|15-MAR-07| 15-MAR-07 | DAG |R503213
Sodium (Na}-Total 55.0 0.03 “mg/l.  |15-MAR-07| 15-MAR-07| DAG | R503213
Nickel {Ni}-Total '0.004 _ 0.002 mg/L. [15-MAR-07| 15-MAR-07 | DAG |R503213
: Phosphorus (P)-Total 0.27 RAMB | 0.05 mgll  [15-MAR-07| 15-MAR-07 | DAG |R503213
‘Lead (Pb)-Total - 0.0005 0.0005| mg/lL [15-MAR-07| 15-MAR-07 | DAG |R503213
Rubidium (Rb)-Total 0.0046 0.0002| mgt [15-MAR-07| 15-MAR-07. DAG |R503213
Antimony {Sb)-Total <0.001 0.001 mg/l  |15-MAR-07| 15-MAR-07 | DAG |R503213
Selenium (Se)-Total 0.002 0.001 mgl.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Tin (Sn)-Total <0.0008 0.0008| mg/l |15-MAR-07| 15-MAR-07 | DAG R503213"
Strontlum (Sr)-Total 0.322 - 0.0001 mg/l.  |15-MAR-07| 15-MAR-07 | DAG |R503213
Tellurium (Te)-Total <0.001 0.001 mg/l  |15-MAR-07| 15-MAR-07 | DAG -|R503213
Titanium (Ti)-Total 0.0334 0.0008| mglL |15-MAR-07| 15-MAR-07 | DAG |R503213 .
Thallium (T1)-Total 0.0002 0.0001| mglL [|15-MAR-07| 15-MAR-07 | DAG |R503213
Uranium (U)-Total 0.0031 - 0.0001| mg/L |15-MAR-07| 15-MAR-07 | DAG |R503213 -
Vanadium (V)-Total 0.004 0.001 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Tungsten (W)-Total . <0.0002 0.0002| mgll |15-MAR-07| 15-MAR-07 | DAG | R503213
Zinc (Zn)-Total <0.01 0.01 mgll  |15-MAR07| 15-MAR-07 | DAG |R503213 .
Zirconium {Zr)-Total _ 0.0014 0.0004 | mo/l |15-MAR-07| 15-MAR-07 | DAG |R503213
PAH 1-Methy! Naphthalene <0.00005 0.00005] mg/l. |[15-MAR-07| 17-MAR-07| JAP |R504136
9-Methyl Naphthalene <0.00005 0.00005 mgiL |15-MAR-07| 17-MAR-07 | JAP |R504136
Acenaphthene <0.00005 0.00005| mg/llL [15-MAR-07| 17-MAR-07| JAP. | R504136
Acenaphthylene <0.00005 0.00005| mg/t [15-MAR-07| 17-MAR-07| JAP [R504136
Anthracene <0.00001 D.00001| mg/l |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)anthracene <0.00001 0.00001] mg/ [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(a)pyrene <0.00001 0.00001| mg/L |15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(b)fiuoranthene <0.00001 0.00001| mg/l |15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(ghi)perylene '<0.00001 0.00001 mgi [15-MAR-07| 17-MAR-07 | JAP | R504136
Benzo{k)fluoranthene <0,00001 0.00001 mg/l. [15-MAR-07| 17-MAR-07| JAP | R504136
Chrysene <0.00005 0.00005| mg/L |15-MAR-07| 17-MAR-07 | JAP |R504138
Dibenzo(ah)anthracene <0.00001 - 0.00001] mg/L [15-MAR-07| 17-MAR-07 | JAP ‘| R504136
Fiuoranthene ' <0.00001 0.00001| mg/L |16-MAR-07| 17-MAR-07| JAP |R504136
Fluorene <0.00005 0.00005 mg/L |15-MAR-07| 17-MAR-07| -JAP |R504136
Indeno(1,2,3 cd)pyrene <0.00001 0.00001] mall  [15-MARO7| 17-MAR-07| JAP |R504136
Naphthalene : <0.00005 0.00005| mglL |15-MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene <0.00001 000001 mglL |15-MAR-07| 17-MAR-07 | JAP |R504136
Pyrene <0.00001 0.00001 mg/l  [15-MAR-07| 17-MAR-07 | JAP |R504136
Quinoline <0.00005 0.00005| mg/t |15-MAR-07| 17-MAR-07 | JAP |R504136
Acridine <0.00001 0.00001 mg/L |15-MAR-07| 17-MAR-07 | JAP |R504136
Surr: 2-Fluorobiphenyl Surr 83 25175 %  [15-MARD7| 17-MAR-07| JAP |R504136
Surr:. Terphenyl Surr 84 25-175 % 15-MAR-07| 17-MAR-07| JAP |R504136
Total Dissolved Solids 620 5 mg/L 21-MAR-07| BJL |RS505898
Total Suspended Solids 29 5 mglL 19-MAR-07| BJL |R504860
L485862-9 UP2-W1B =
Sampled By: MR on 12-MAR-07
Matrix: WATER
| BTEX,TVH and TEH
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20
L485862-9  UP2-WIB |
Sampled By: MR on 12-MAR-07 .
Matri:. . WATER
BTEX,TVH and TEH
BTEX , .
Benzene - <0.0005 0.0005( mgl 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
Ethylbenzens <0.0005 0.0005 mglL 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 0.0005| mglt 16-MAR-07 | MDM |R504474
Xylenes <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
TVH (C5-C10) :
. Total Volatiles o <0.1 0.1 mg/L 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons {€11-C30) . _
TEH (C11-C30) - : <0.1 041 mgll.  |[15-MAR-07| 19-MAR-07 | THT |R504135
Metal scan N "
Silver (Ag)-Total <0.001 0.001 mgl.  |15-MAR-07| 15-MAR-07| DAG | R503213
Aluminum (Al)-Total 1.25 0.02 mgll  |15-MAR-07| 15-MAR-07 | DAG |R503213 -
Arsenic (As)-Total 0.0038 0.0005| mglL [15-MAR-07| 15-MAR-07 | DAG.|R503213
Boron (B)-Total 0.11 0.03 mgll  [15-MAR-07| 15-MAR-07 | DAG | R503213
Barium {Ba)-Total 0.0875 0.0003| wmglL [15MAR-07| 15-MAR-07 | DAG |R503213
Beryllium {Be)-Total <0.001 0.001 mg/l.  [15-MAR-07| 15-MAR-07 | DAG |R503213 -
Bismuth (Bi)-Total <0.0002 0.0002| mgl [15-MAR-07| 15-MAR-07 | DAG |R503213
Calcium (Ca)-Total 781 0.1 mg/l  [15-MAR-07| 15-MAR-07 | DAG |R503213
Cadmium (Cd)-Total <0.0002 0.0002/ mgll [15-MAR-07| 15-MAR-07 | DAG |R503213
Cobalt (Co)-Total 0.0008 0.0002| mglL [15-MAR-07| 15-MAR-07 | DAG |R503213
Chromium (Cr)-Total <0.001 -1 6.001 mg/l  [15-MAR-07| 15-MAR-07 | DAG |R503213 -
Cesium (Cs)-Total 0.0002 0.0001| mgl |15-MAR-07| 15-MAR-07| DAG-|R603213
Copper (Cu)-Teotal 0.004 0.001 mglL  [15-MAR-07| 15-MAR-07 | DAG |R503213
iron (Fe)-Total _ 1.16 0.05 mg/l.  |15-MAR-07| 15-MAR-07 | DAG | R503213
Potassium (K)-Total 10.1 0.1 mg/l  |15-MAR-07 15-MAR07 | DAG |R603213
Magnesium (Mg)-Total 42.4 0.01 mg/l.  [15-MAR-07| 15-MAR-07 | DAG | R503213
Manganese (Mn)-Total 0.0772 0.0003| mg/L |15-MAR-07| 15-MAR07| DAG |R503213
Molybdenum (Mo}-Total 0.0027 0.0002| mg/L |15-MAR-07 15-MAR-O7.| DAG |R503213
Sodium (Na)-Total 52.0 - 0,03 mg/l  [15-MAR-07| 15-MAR-07| DAG | R603213
Nickel (Ni}-Total 0.004 0.002 | mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Phosphorus (P)-Total 0.29 RAMB | 0,05 mg/l  [15-MAR-07) 15-MAR-07| DAG |R503213
Lead {Pb)-Total 0.0007 0.0005| mglL [15-MAR-07| 15-MAR-07| DAG | R503213
Rubidium (Rb)-Total 0.0048 0.0002| mg/l  15-MAR-07| 16MAR-07 | DAG |R503213
Antimony (Sb)-Total <0.001 0.001 mg/l.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Selenium (Se)-Total <0.001 0.001 mg/L  [15-MAR-07| 15-MAR-07 | DAG |R503213
Tin (Sn)-Tatal <0.0006 0.0006| mg/L [15-MAR-07| 15-MAR-07 | DAG | R503213
Strontium (Sr)-Totel 0.315 0.0001| wmgll |[15-MAR-07| 15-MAR-07 | DAG |R503213
Tellurium (Te)-Total <0.001 0.001 mg/L  |[15-MAR-07 15-MAR-07 | DAG |R503213
Titanium (T1)-Total 0.0330 0.0009| mg/L [15-MAR-07| 15-MAR-07| DAG [R503213
Thallium {T1)-Total 0.0003 0.0001| - mg/L |15-MAR-07|-15-MAR-07| DAG |R503213
Uranium (U)-Total 0.0029 0.0004| mglL |[15-MAR07 15-MAR-07| DAG | R503213
Vanadium (V)-Total 0.005 0.001 mg/L  |15-MAR-07| 15-MAR-07 | DAG | R503213
Tungsten (W)-Total <0.0002 0.0002| mg/L [15-MAR-07| 15-MAR-07 | DAG |R503213
Zinc (Zn)-Total <0.01 0.01 mgil  |15-MAR-07| 15-MAR-07| DAG |R503213
Zirconium {Zr)-Total 0.0014 0.0004| mg/L [15-MAR-07| 15-MAR-07| DAG |R503213
PaH 1-Methy! Naphthalene <0.00005 - 0.00005| mgi |15-MAR-07| 17-MAR-07| JAP |R504136
2-Methyl Naphthalene <0,00005 .00005| mg/l.  |15-MAR-07| 17-MAR-07| JAP |R504138
Acenaphthene <0.00005 'r.oooos mg/L  |15-MAR-07| 17-MAR-07| JAP |R504136
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L485862-9 UP2-w1B
Sampled By: MR on 12-MAR-07
Matrix: WATER
PAH . . .
Acenaphthylene <0.00005 00005| mglk [15-MAR-07| 17-MAR-07 | JAP |R504136
_Anthracene - <0.00001 0.00001] mg/L |15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(a)anthracene : . <0.00001 0.00001 mg/L 15-MAR-07| 17-MAR-07 | JAP | R504136
Benzo{a)pyrene : <0.00001 0.00001| mg/lL [15-MAR-07} 17-MAR-07| JAP |R504136
Benzo(b)fiuoranthene <0.00001 i 0.00001| mglL [|15-MAR-07 17-MAR-07 | JAP |R504136
Benzo{ghi)perylene <(0.00001 0.00001 mg/L 15-MAR-07| 17-MAR-07 | JAP |R504138
Benzo(k)flucranthene <0.00001 . 0.00001 mg/lL-  [15-MAR-07| 17-MAR-07 | JAP | R504136
i Chrysene <0.00005° ' 00005 mg/l [15-MAR-07) 17-MAR-07 | JAP |R504136
Dibenzo{ah)anthracene <0.00001. 0.00001 mg/L 15-MAR-07| 17-MAR-07 JAP R504136
Fluoranthene - . <0.00001 0.00001(. mg/L 15-MAR-07| 17-MAR-07/| JAP |R504136
Fluorene .o <0.00005 00005 mg/l 15-MAR-07| 17-MAR-07 | JAP | R504136
Indenb(1,2,3 cd)pyrene <0.00001 0.00001 ma/l 15-MAR-07| 17-MAR-07 | JAP | R504136
Naphthalens’ <0.00005 0.00005 mg/L  [15-MAR-07| 17-MAR-07 | JAP |R504136
Phenanthrene <0.00001 0.00001 mg/L [15-MAR-07| 17-MAR-07| JAP |R504138
Pyrene <0.00001 0.00001| mg/ll.  [15-MAR-07| 17-MAR-07 [ JAP -|R504136
. Quinoline <0.00005 000bs mg/L 15-MAR-07| 17-MAR-07| JAP [R504136 -
Acridine <0.00001 0.00001 mg/L 15-MAR-07| 17-MAR-07 | JAP |R504136
Sum: 2-Fluorobiphenyl Surr i 88. - 25-175 % 15-MAR-07| 17-MAR-07| JAP |R504136
Sur Terphenyl Sumr 88 ) 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Total Dissolved Solids 610 5. mg/L 21-MAR-07 | 'BJL |R505899
) . Total Suspended Solids 39 5 mg/L 19-MAR-07| BJL |R504860
1485862-10  T3-W1A ]
Sampled By: MR on 12-MAR-07
Matrix: WATER
BTEX,TVH and TEH
BTEX )
Benzene <0,0005 0.0005 mg/L ’ 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005 mg/L 16-MAR-07 | MDM | R504474 .
Ethylbenzene ' <0.0005 - 0.0005 mg/L. ’ 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005 mg/l. 16-MAR-07 | MDM | R504474
o-Xylene : <0.0005 0.0005 mg/L 16-MAR-07 | MDM | R504474
Xylenes <0.0005 - 0.0005 mglL 16-MAR—07 MDM | R504474
TVH (C5-C10) : ) . 4 )
Total Volatiles ) - <01 0.1 mg/L 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30) .
TEH (C11-C30) <0.1 ) 0.1 mg/l.  |15-MAR-07| 18-MAR-07 | .THT |RS504135
Metal scan - ’ c
Silver (Ag)-Total _ <0.001 0.001 mg/L 15-MAR-07| 15-MAR-07 DAG (R503213
Aluminum (Al)-Total ’ 0.93 ) 0.02 mg/L 15-MAR-07| 15-MAR-07 | DAG |R503213
Arsenic (As)-Total 0.0034 . 0.0005 mg/L 15-MAR-07| 15-MAR-07 | DAG | R503213
Boron {B)-Total - -0.11 - -0.03 mg/l.  [15-MAR-07| 15-MAR-07| DAG |R503213
Barium (Ba)-Total 0.0835 0.0003 mg/L 15-MAR-07| 15-MAR-07 | DAG R503213
Berylllum (Be)-Total . <0.001 0.001 | mg/L [15-MAR-07| 15-MAR07| DAG |R503213
Bismuth {Bi)-Total ~ <0.0002 0.0002 mg/ll.  [15-MAR-07] 15-MAR-07 | DAG . R503213
Calclum (Ca)-Total 784 0.1 mg/L. 15-MAR-07| 15-MAR-07 | DAG | R503213
Cadmium (Cd)-Total '<0.0002 0.0002 mg/L 15-MAR-07| 15-MAR-07 | DAG | R503213
Cobalt (Co)-Total - 0.0005 0.(_)002 mg/l.  |15-MAR-07| 15-MAR-07| DAG |R503213
Chromium (Cr)-Total . <0.001 0.001 mg/l.  |15-MAR-07| 15-MAR-07| DAG |R503213
Cesium (Cs)-Total 0.0001 0.0001 [ ~ -mgil.  [15-MAR-07| 15-MAR-07| DAG | R503213
Capper (Cu)-Total 0.004 - 0.001 mg/l.  |15-MAR-07| 15-MAR-07 | DAG |R503213
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L485862-10 T3-W1A '
Sampled By: MR on 12-MAR-07 .
Matrix: - WATER
Metai scan - :
Iron (Fe)-Total 0.73 0.05 mg/L 15-MAR-07| 15-MAR-07 | DAG |R503213
Potassium (K)-Total 10.6 0.1 mgll.  [15-MAR-07| 15-MAR-07 | DAG |R503213°
Magnesium (Mg)-Total 425 0.01 mg/l  |15-MAR-07| 16-MAR-07 | DAG |R503213
Manganese (Mn})-Total 0.0583 0.0003| mg/L |15-MAR-07| 15MAR-07| DAG |R503213
Molybdenum (Mo)-Total 0.0026 0.0002 mg/lL.  |[15-MAR-07 15-MAR-07 | DAG | R503213
Sodium {Na)-Total 57.1 .0.03 mg/lL 15-MAR-07| 15-MAR-07 | DAG | R503213
Nickel (Ni)—TcitaI 0.004 0.002 ‘mgiL 15-MAR-07| 15-MAR-07| DAG | R503213
Phosphorus (P)-Total 0.28 RAMB | 0.05 mg/L 15-MAR-07/ 15-MAR-07 | DAG | R503213
Lead (Pb)-Total 0.0005 0.0005 mg/L 15-MAR-07| 15MAR-07 | DAG | R503213
Rubidium (Rb)-Total 0.0040 0.0002 mg/L 15-MAR-07| 15-MAR-07 | DAG | R503213
Antimony (Sb)-Total <0.001 0.001 mg/L 15-MAR-07| 15-MAR-07 | DAG |R503213 |
Selenium (Se)-Total 1 0.001 0.001 - mg/L 15-MAR-07| 15-MAR-07 | DAG | R503213
Tin (Sn)-Total <0.0006 0.0006| mg/lk [15-MAR-07| 15-MAR-07| DAG |R503213
Strontium (Sr)-Total 0.308 0.0001 mgil. [15-MAR-07| 15-MAR-07| DAG | R503213
Tellurium (T e)-TotaI. <0.001 0.001 mg/L 15-MAR-07| 15-MAR-07 | DAG | R503213-
Titanium (Ti)-Total 0.0272 0.0008 mgiL 15-MAR-07| 15-MAR-07 | DAG |R503213
Thallium (T1)-Total 0.0004 0.0001 mg/L 16-MAR-07| 15-MAR-07 | DAG.| R503213
Uranium (U)-Total 0.0030 0.0001 mg/L 15-MAR-07| 15-MAR-07 | DAG | R503213
Vanadium (V)-Total 0.004 0.001 mg/L 15-MAR-07| 15-MAR.-07 DAG |R503213
Tungsten (W)-Total <0.0002 0.0002 mg/l  |15-MAR-07| 15-MAR-07 | DAG |R503213
Zine (Zri)-Total 0.02 0.01 mg/L 15-MAR-07| 15-MAR-07 | DAG |R503213
Zirconium (Zr)-Total 0.0011 10.0004 mg/il.  [15-MAR-07| 15-MAR-07 | DAG | R503213
PAH /
- 1-Msthyl Naphthalene <0.00005 0.00005] mg/l. [15-MAR-07| 17-MAR-07| JAP |R504136
2.Methyl Naphthalene <0.00005 00005 mg/l |[15-MAR-07| 17-MAR-07 | JAP |RS504136
" Acenaphthene <0.00005 0.00005 mg/l. 15-MAR-07| 17-MAR-07 | JAP | R504136
Acenaphthylene . <0.00005 0.00005] mg/L 15-MAR-07| 17-MAR-07 | JAP |R504136
Anthracene <0.00001 0.00001 mg/L - [15-MAR-07| 17-MAR-07| JAP |R504138
Benzo(a)anthracene 0.00006 0.00001 mg/l |15-MAR-07| 17-MAR-07| JAP |R504138
Benzo(a)pyrene 0.00002 0.00001 mg/ [15-MAR-07 17-MAR-07| JAP |R504136
Benzo(b)flucranthene 0.00006 0.00001 mg/L 15-MAR-07| 17-MAR-07| JAP |RS504136
Benzo{ghi)perylene 0.00004 0.00001 mg/l. 15-MAR-07| 17-MAR-07 | JAP | R504138
Benzo(k)fluoranthene 0.00006 0.00001 mg/L 15-MAR-07| 17-MAR-07 | JAP | R504136
"Chrysene _ 0.00008 0.00005| mg/l |15-MAR-07| 17-MAR-07| JAP |R504136
Dlpenzo(ah)anthraoene 0.00008 0.00001 mg/L 15-MAR-07] 17-MAR-07 | JAP |R504136
Fluoranthene 0.00013 . P.00001 mafl. 15-MAR-07| 17-MAR-07 | JAP |R504136
Fluorene <0.00005 0.00005 mg/L 15-MAR-07| 17-MAR-07 | JAP | R504135
Indeno(1,2.3 ed)pyrene 0.00005 0.00001 mg/l  [15-MAR-07| 17-MAR-07 | JAP |R504136
Naphthalene <0.00005 0.00005) mg/L |[15-MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene 0.00003 0.00001 mg/L 15-MAR-D7| 17-MAR-07 | JAP |R504136
Pyrene 0.00008 0.00001 mg/L- |15-MAR-07| 17-MAR-07| JAP |R504136
Quinoline «<0,00005 0000! mg/L 15-MAR-07| 17-MAR-07| JAP |R504138
Acridine <0.00001 0.00001 mg/L 15-MAR-07) 17-MAR-07| JAP |R504138
Surr: 2-Fluorobipheny! Surr” 81 25175 % 15-MAR-07| 17-MAR-07| JAP |RS504136
Sum: Terphenyl Surr 88 25175 % 15-MAR-07| 17-MAR-07| JAP |R504138
Total Dissolved Solids ' 660, 5 mg/L .19-MAR-07| BJL |R504860
Total Suspended Solids 50 15 mgiL 19-MAR-07| BJL |R504860
L485862-11 T3-W2A
Sampled By: * MR on 12-MAR-07
Matrix: WATER

L BTEXTVH and TEH




0217 158 03

L485862 CONTD....
PAGE 17 of 27

ALS LABORATORY GROUP ANALYTICAL REPORT

PAH

Metal s

L485862-11  T3-W2A
Sampled By: MR on 12-MAR-07
Metrix: WATER
'BTEX,TVH and TEH
BTEX
Benzene -
.Toluene
Ethylbenzene
m+p-Xylenes
o-Xylene
Xylenes
TVH (C5-C10)
Total Volatiles

Tot. Extr. Hydrocarbons {C11-C30)

TEH (C11-C30)

can .
Silver (Ag)-Total
Aluminum {Al)-Total
Arsenic (As)-Total
Boron (B)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth {Bi)-Total
Calcium (Ca)-Total

Cadmium (Cd)-Total -

Cobait (Co)-Total
Chromium (Cr)-Tatal
Cesium (Cs)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Potassium (K)-Total

Magnesium (Mg)-Total
Manganese (Mn})-Total
Molybdenum {Mo)-Total

Sodium (Na)-Total
Nickel (Ni}-Total
Phesphorus (P)-Total
Lead (Pb)-Total
Rubidium (Rb)-Total
Antimony (Sb)-Total
Selenium (Se)-Total
Tin (Sn)-Total
Strontium (Sr)-Total
Tellurium (Te}-Total
Titanium (Ti)-Total
Thallium (T1)-Total
Uranlum (U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
Zinc (Zn}-Total
Zirconium (Zr)-Total

1-Methyl Naphthalene
2-Methyl Naphthalene
Acenaphthene-

<0.0005
<0.0005
.<0.0005
-<0.0005
<0.0005
<0,0005

<0.1

<0.1.

<0.001
155
0.0037
0.11
0.0864
<0.001
<0.0002
794
<0.0002
0.0007
<0.001
. 0.0002
0.004
147
10.6
423
0.0741
0.0027
51.9.
- 0.004
0.29
0.0006
0.0050
<0.001
<0.001
<0.0006
0.312
<0.001
0.0536
0.0003
0.0029
0.008
<0.0002
0.02
0.0021

<0.00005

 <0.00005
<0,00005

- RAMB

0.0005
0.0005
0,0005
0.0005
0.0005
0.0005

0.1

0.1

0.001
0.02
0.0005
0.03
0.0003
0.001
0.0002
0.1
0.0002
0.0002
0.001
0.0001
0.001

0.05 -
041
0.01
0.0003
0.0002
0.03
0.002
0.05
0.0005
0.0002

0.001
0.0006
0.0001

0.001
0.0009
0.0001
0.0001

0.001
0.0002

0.01
0.0004

00005

0.001 |

0.00005

0,00005

mg/L
mg/L
mg/L

mgll

mg/L

" mglL

mg/l

mg/L
mg/L
mg/L

malL °

mg/L
mg/L
mg/L
mg/L
mgil
mgiL
mg/L
mg/L
mg/L
mgiL
mg/L
mg/L
mg/L
mg/L

" mglL

mg/L
mg/L
mg/L
mg/L
mail.
mg/l.
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mgil

mg/L

mg/L

mg/L

15-MAR-07

15-MAR-07|

15-MAR-07|
15-MAR-07|

15-MAR-07
15-MAR-07
15-MAR-07

'|15-MAR-07|

15-MAR-07
15-MAR-07,
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07]
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07]
15-MAR-07|
15-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07,
15-MAR-07]
15-MAR-07|

15-MAR-07|
15-MAR-07|
15-MAR-07|

16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-0T.
16-MAR-07
16-MAR-07

16-MAR-07

18-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

15-MAR-07.

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

17-MAR-07
17-MAR-07
17-MAR-07

MDM
MDM
MDM
MDM
MDM
MDM

MDM

THT

DAG

DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG

DAG-

DAG

JAP
JAP’

'R504474

R504474
R504474
R504474
R504474
R504474

R504474

R504135

R503213-
R503213
R503213
R503213
R5§03213
R503213 |
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213 -
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213

R504136
R504138

‘R504136
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L485862-11  T3-W2A
Sampled By: MR on 12-MAR-07
Matrix: WATER
PAH
Acenaphthylene <0.00005 00005 mgll  |15-MAR-07| 17-MAR-07| JAP |R504136
Anthracene <0.00001 D.00001] mgll |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)anthracene <0.00001 0.00001] mg/ll |15-MAR-07| 17-MAR-07| JAP |R504138
Benzo(a)pyrene <0.06001 0.00001| mgll [15-MAR-07} 17-MAR-07 | ‘JAP [R504136
Benzo(b)fluoranthene <0.00001 D.00001| mg/l  [15-MAR-07 17-MAR-07 | JAP |R504136
Benzo(ghi)perylene <0.00001 0.00001| mgll [15-MAR-07| 17-MAR-07 | JAP |RS04136
Benzo(k)fuoranthene <0.00001 D.00001| mgll  |15-MAR-07| 17-MAR-07 | JAP |R504136
, Chrysene <0,00005 « P.00005| mglL  |15-MAR-07| 17-MAR-07| JAP [R504136
Dibenzo(ah)anthracene <0,00001 0.00001| . mgil.  [15-MAR-07| 17-MAR07| JAP |R504136
Fluoranthene <0.00001 D.00001| mglL |15-MAR-Q7| 17-MAR-07| JAP |R504136
Fluorene . <0.00005 0000 mg/l.  [15-MAR-07| 17-MAR-Q7 | JAP |R504136
Indena(1,2,3 cd)pyrene: <0.00001 0.00001 mg/il  [15-MAR-07| 17-MAR07| JAP |R504136
Naphthalene - <0.00005 D.00005| mgl [15-MAR-07| 17-MAR-07 | JAP |RS04136
Phenanthrene <0.00001 0.00001| ‘mg/l  |15-MAR-07| 17-MAR-07 | JAP |R504138
Pyrens <0.00001 0.00001 mg/lL |(15-MAR-07| 17-MAR-07| JAP {R504136
Quinoline <0.00005 0.00005| mg/l.  |15-MAR-07| 17-MAR-O7 | JAP |R504136
Acridine <0.00001 0.00001| mg/ll  [15-MAR-07| 17-MAR-07| JAP |R504136 -
Sum: 2-Fiuoroblpheny! Surr 78 . 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Sum Terphenyl Surr 87 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
: Total Dissolved Solids 650 5 mgfL 18-MAR-07 | BJL |R504860 -
Total Suspended Solids 41 5 mg/L. 19-MAR-07| BJL |R504880-
[485862-12 T3-W2B
Sampled By: MR on 12-MAR-07
Matrix: WATER
BTEX,TVH and TEH
BTEX.
Benzene <0.0005 0.0005| mgL 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005( mg/L 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 . 0.0005| mgl 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 .10.0006| mglL 16-MAR-07 | MDM | R504474
o-Xylene .<0.0005 0.0005| mgl 16-MAR-07| MDM | R504474
Xylenes <0.0005 0.0005 |- mgiL 16-MAR-07 | MDM | R504474
TVH {Cs-C10) - : .
Total Volatiles <0.1 0.1 mgiL 16-MAR-07 | MDM | R504474.
Tot. Extr. Hydrocarbons (C11-C30) .
TEM (C11-C30) <0.1 0.1 mglL  |15-MAR-07| 19-MAR-07| THT |R504135
Metal scan ) )
Silver (Ag)-Total <0.001 0.001 | mgl [15-MAR-97| 16-MAR-07| DAG |R503213
Aluminum (Al)-Total - 1.48 0.02 mg/L  |15-MAR-07| 15-MAR-07 | 'DAG |R503213
Arsenic (As)-Total 0.0037 0.0005| mg/lL |15-MAR-07| 15-MAR-07| DAG |R503213
Boron (B)-Total 0.1 0.03 mgl.  [15-MAR-07 15-MAR-07 | DAG |R503213
Barium (Ba)-Total 0.0876 0.0003| mg/lL |15-MAR-07| 15-MAR-07| DAG |R503213
Beryllium (Be)-Total <0.001 0001 | mg/i [15MAR-07| 15-MAR-0Z| DAG |RS503213
Bismuth (Bi)-Total <0.0002 0.0002{ mg/L |15-MAR-07| 15-MAR7 | DAG |R503213
Calcium (Ca)-Total 78.9 0.1 | mgl [15-MAR-07| 15-MARO7| DAG |R503213
Cadmium (Cd)-Total <0,0002 0.0002| mg/l [15-MAR-07| 15-MAR-07| DAG |R503213
Cobalt (Co)-Total 0.0006 10.0002| mglL [15-MAR-07] 15-MAR-07| DAG |RS03213°
Chromium (Cr)-Total 0.001 0.001 mg/.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Cesium (Cs)-Total 0.0002 0.0001| mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
Copper (Cu)-Total 0.004 0.001 | mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
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| L4BSB62-12  T3-W2B
Sampled By: MR'on 12-MAR-07
Matrix: WATER
Metal scan ’
Iron {Fe)-Total 1.17 005 | mglL [|15-MAR-07| 15-MAR-07 | DAG | R503213
Potassiumn (K)-Total 10.3 0.1 mg/l  [15-MAR-07, 15-MAR-07 | DAG |R503213
Magnesium (Mg)-Total 423 Co 0.01 mg/lL  [15-MAR-07| 15-MAR-07 | DAG |R503213
Manganese (Mn)-Total 0.0756 0.0003| mg/L [15-MAR-07| 15-MAR-07 | DAG |R503213
Molybdenum (Mo)-Total 0.0027 0.0002| mglL [15-MAR-07| 15-MAR:07 | DAG |R503213
Sodium (Na)-Total 52.6 003 |. mg/l |[15-MAR-07| 15-MAR-07| DAG |R503213
Nickel {Ni)-Total 0.004 0.002 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Phosphorus (P)-Total 0.29 RAMB | 0.05 mg/L  [15-MAR-07| 15-MAR-07 | DAG |R503213
Lead (Pb)-Total 0.0006 0.0005| mglL |15-MAR-07| 15-MAR-07 | DAG |RS03213 '
Rubldium (Rb)-Total ' 0.0050 : 0.0002| mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
Antimony (Sh)-Total ) <0.001 0.001 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |RS03213
Selenium (Se)-Total ~ <0.001 0.001 mg/l  [15-MAR-07| 15-MAR-07 | DAG |R503213
Tin (Sn)-Total <0.0006 0.0006| mg/L |[15-MAR-07] 15-MAR-07 | DAG |R503213
Strontium (Sr}-Total 0.320 0.0001| mg/L- [15-MAR-07| 15-MAR-07 | DAG | R503213
Tellurium {Te)-Total <0.001 0.001 mg/L |15-MAR-07| 15-MAR-07 | DAG |R503213
Titanium (Ti)-Total 0.0444 0.0009| mg/L [15-MAR-07| 15-MAR-07 | DAG |R503213
Thallium (Ti)-Tatal 0.0003 0.0001| mglL [15-MAR-07| 15-MAR-07| DAG. |R503213
Uranium (U)-Total . 0.0030 0.0001| mg/L [15-MAR-07| 15-MAR-07| DAG |R503213
Vanadium (V)-Total 0.006 0.001 mg/L  [15-MAR-07| 15-MAR-07 | DAG |R503213
Tungsten (W)-Total <0.0002 (0.0002| mglL [15-MAR-07| 15-MAR-07 | DAG |R503213
[ Zinc {Zn)-Total <0,01 0.01 mg/L  |15-MAR-07| 15-MAR-07 | DAG |R503213
' Zirconium {2r}-Total 0.0015 0.0004 | mg/L [15-MARO7| 15-MAR-07 | DAG |R503213
PAH " 1-Methyl Naphthalene <0.00005 0.00005/ mg/L [15-MAR-07| 17-MAR-07 | JAP |R504136
2-Methy! Naphthalene <0.00005 0.00005| mgll [15-MAR-07| 17-MAR-07| JAP |R504136
Acenaphthene - <0.00005 0.00005| mg/l |15-MAR-07| 17-MAR-07| JAP |R504136
Acenaphthylene <0.00005 0.00005| mg/l [15-MAR-07) 17-MAR-07| JAP |R504136
Anthiracene <0.00001 0.00001 mg/l [15-MAR-07 17-MAR-07| JAP |RS504136
Benzo(a)anthracene <0.00001 0.00001 mg/ll |15-MAR-07| 17-MAR-07| JAP |RS04136
Benzo{a)pyrene <0.00001 " - p.0o0001 mg/l  [15-MAR-07| 17-MAR-07 | JAP |RS504136
Benzo(b)fiuoranthene <0.00001 0.00001| mg/L [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(ghijperylene " <0.00001 0.00001 mg/l [15-MAR-07| 17-MAR-07| JAP |R504138
Benzo(k)fiucranthene <0.00601 0.00001| mgll [15-MAR-07| 17-MAR-07| JAP |R504136
Chrysene i <0.00005 00005 mg/lL |15-MAR-07| 17-MAR-07| JAP |RS504138
Dibenzo(ah)anthracene <0.00001 0.00004| mg/lL |15-MAR-07| 17-MAR-07 | JAP |R504136
Fiuoranthene : <0.00001 D.00003] mg/L |15-MAR-07| 17-MAR-07| JAP |R504136
Fluorene <0,00005 00005 mg/ll  |15-MAR-07| 17-MAR-07| JAP |R504136
Indeno(1,2,3 cd)pyrene <0,00001 0.00001 mg/L [15-MAR-07| 17-MAR-07| JAP |R504136
Naphthalene . <0.00005 : 0.00005 mg/l [15-MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene - <0.00001 0.00001] mg/L [15-MAR-07| 17-MAR-07 | JAP |R504136
Pyrene <0.00001 0.00001 mg/L [15-MAR-07| 17-MAR07| JAP [R504136
' Quinoline o <0.00005 0.00005] mg/lL [15-MAR-07| 17-MAR-07| JAP |R504136
Acridine <0.00001 0.00001 mg/ll |[15-MAR-07| 17-MAR-07| JAP |RS041386
surr: 2-Fluoroblpheny! Surr 67 25-175- % 15-MAR-07| 17-MAR-07| JAP | R504136
Sure; Terphenyl Surr 82 25-175 % 15-MAR-07| 17-MAR-07| JAP |R604136
Total Dissolved Solids . 650 5 . mg/L 19-MAR-07| BJL |R504860
Total Suspended Solids : 42 5 mgiL 19-MAR-07 | BJL |R5048860
L485662-13 T6-W1A
Sampled By: MR on 12-MAR-07
Matrix: WATER

— BTEX,TVH and TEH
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T6-W1A
Sampled By: MR on 12-MAR-07

WATER

‘BTEX,TVH and TEH -
BTEX

Benzene .
Toluene
Ethylbenzene
m+p-Xylenes
o-Xylene
Xylenes

TVH (C5-C10)

Total Volatlles

Tot. Exir. Hydrocarbons {C11-C30}

TEH (C11-C30)

Metal scan

Silver (Ag)-Total
Aluminum (Al)-Total
Arsenic (As)-Total
Boron (B)-Tatal
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi}-Total
Calcium (Ca)-Total
Cadmium (Cd)-Total
Cobalt (Co)-Total
Chromium (Cr)-Totat -
Cesium (Cs)-Tatal
Copper {Cu)-Total
Iron (Fe)-Total
Potassium (K)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Sodium (Na)-Total
Nicke! (Ni)-Total
Phosphorus (P)-Total
Lead (Pb)-Total
Rubidium (Rb)-Total
Antimony {Sb)-Total
Selenium (Se)-Total
Tin (Sn)-Total
Strontium (Sr)-Total
Tellurium (Te)-Total
Titanlum (Ti)}-Total
Thalfium (TI)-Total
Uranium (U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
2Zinc {Zn)-Total
Zirconium (Zr)-Total

1-Methyl Naphthalene
2-Methyl Naphthalene
Acenaphthene

<0.0005
<0.0005
<0.0005
<0.0005
<0.0005
<0.0005

<0.1 .

<0.1

<0.001
1.06
0.0036
011
0.0838
<0.001
<0.0002
79.4
<0.0002
0.0005
<0.001
0.0001
0.004
0.85
10.2
428
0.0685
0.0026
54.2
0.004
0.29
0.0608
0.0042
<0.001"
<0.001
'<0.,0006
0.308
<0.001
0.0300
0.0003
0.0029
0.004
<0.0002
<0.01
0.0010

<0.00005
'<0,00005
<0.00005

RAMB

0.0005

0.0005
0.0005
0.0005
0.0005

0.1

0.1

0.901
0.02
0.0005
0.03
0.0003
0.001
0.0002
0.1
0.0002
0.0002
0.001
0.0001
0.001
0.05
0.1
0.01
0.0003
0.0002
0.03
0.002
0.05
0.0005

.10.0002

0.001
0.001
0.0006
0.0001
0.001
0.0009
0.0001
0.0001
0.001

0.0002 |

0.01
0.0004

0.00005

0.00005

0.0005

0.00005|

mg/L

mg/L

- mgil

mg/L
gL
mg/L
mg/L
mg/L
mg/L
mgfl
mg/l
mg/L
mg/L
mglL
mg/L
mglL
mgfL
mafl.
mg/L
mg/L
mg/L.
mg/L
mgiL

.mg/L.

mg/l-
mgfl
mg/L
mg/L

" mall

mgfl
mg/L
mglL
mg/L
mg/L
mg/L
mglL
mg/l
mgiL
mg/L

15—MAR-Q7

15-MAR-07
15-MAR-07|

15-MAR-07)
16-MAR-07
15-MAR-07
15-MAR-07]
15-MAR-07,

18-MAR-07|
15-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07]
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07]
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07|
15-MAR-07|

15-MAR-07,
15-MAR-07]
15-MAR-07
15-MAR-07]

15-MAR-07
15-MAR-07|

15-MAR-07|"

15-MAR-07|.

15-MAR-07|

16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474
16-MAR-07 | MDM | R504474
16-MAR-07.| MDM |R504474
16-MAR-07 | MOM | R504474
16-MAR-07 | MDM | R504474

16-MAR-07 | MDM | R504474

19-MAR-07 | THT |R504135

15-MAR07 | DAG |R503213.

15-MAR-07.| DAG |R503213

15-MAR-07 | DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07 | DAG |R503213 =
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG |R503213
15:MAR-07 | DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07 | DAG |R503213
15-MAR-07| DAG |R503213
15-MAR-07 | DAG |R503213 .
15-MAR-07 | DAG |R503213

15-MAR7 | DAG |R503213

15-MAR-07| DAG | R503213
15-MAR-07 | DAG |RS503213
15-MAR-07 | DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07| DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07 | DAG |R503213
15-MAR-07 | -DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR07| DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07| DAG |R503213
15-MAR-07| DAG |R§03213
15-MAR-07| DAG |R503213
15-MAR-07 | DAG | R503213
15-MAR-07| DAG |R503213

17-MAR-07| JAP |R504136
17-MAR-07| JAP |R504138
17-MAR-07| JAP |R504135
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| L485862-13  TE-WIA .
Sampled By: MR on 12-MAR-07 .
Matrix: . WATER
PAH )
Acenaphthylene <0.00005 00005 mg/lL |15-MAR-07| 17-MAR-07 | JAP |R504136
Anthracene <0.00001 0.00001| mgt [|15-MAR-07| 17-MAR-07 | JAP |R504136
Benza{ajanthracene 0.00003 h.00001| mgit. |15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(a)pyrene <0.00001 0.00001] mgl.  |15-MARO7 17-MAR-07 | JAP |R504138
Benzo(b)fiuoranthene 0.00002 0.00009] mglh [15-MAR-07| 17-MAR-07 | JAP |RS504136
Benzo(ghi)perylena <0.00001 D.00001 - mg/ll  [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(k)fluoranthene 0.00002 0.00001| ‘mgll  [15-MAR-07| 17-MAR-07 | JAP |R504136
Chrysene <0.00005 0.00005| mglL [15-MAR-07| 17-MAR-07 | JAP |RS§04136
Dibenzo{ah)anthracene 0.00002 0.00001] mg/l. [15-MAR-07| 17-MAR-07 | JAP |R504136
Fluoranthene 0.00008 0.00001] wmg/ll |15-MAR-07| 17-MAR-07 | JAP |R504136
Fluorene : _ <0.00005 00005 mgll  |15-MAR-07| 17-MAR-07 | JAP |RS504136
Indeno(1,2,3 cd)pyrene 0.00001 0.00001] ~ mg/il.  [15-MAR-07| 17-MAR-07 | JAP |R504136
Naphthalene <0.00005 0.00005| mgl [15MAR-07| 17-MAR-07| JAP |R504136
Phenanthrene 0.00003 0.00001] mgll  [15-MAR-D7| 17-MAR-07 | JAP |RE504136
Pyrens 0.00004 0.00001 mg/L -[15-MAR-07| 17-MAR-07 | -JAP | R504136
Quinoline. <0.00005 " 0.00005| mg/L [15-MAR-07| 17-MAR-07 | JAP |RS504136
Acridine <0:00001 0.00001] mgL |15-MAR-07| 17-MAR-07 | JAP. | R504138
Surr: 2-Fluorobiphenyl Surr 72 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Surr: Terphenyl Sum - 87 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
' Total Dissolved Solids 650 5 mg/L 19-MAR-07 | BJL |R504860
, Total Suspended Solids 33 5 mg/L 19-MAR-07 | BJL |R504880
L485862-14 T6-W1B - = :
SampledBy: MR on 12-MAR-07
Matrix: " WATER
BTEX,TVH and TEH
BTEX i
Benzene <0.0005 0.0005| mg/lk 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 0.0005| ma/l 16-MAR-07 | MDM | R504474
‘m+p-Xylenes <0.0005 0.0005| mgllL 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
TVH (C5-C10) _
Total Volatiles <0.1 0.1 mg/L 16-MAR-07 | MDM | R604474
Tot. Extr. Hydrocarbons (C11-C30) _
TEH (C11-C30) <0.1 0.1 mg/t  [15-MAR-07| 19-MAR-07| THT |R504135-
Metal scan .
Siiver (Ag)-Total <0.001 0001 | mg/L |15-MAR-07| 15-MAR-07 | DAG |R503213
Aluminum (Al)-Total 1.51 0.02 mg/L  |15-MAR-07| 15-MAR-07 | DAG | R503213
Arsenic (As)-Total 0.0039 0.0005| mg/lL |15-MAR-07| 15-MAR-07| DAG | R503213
Boron (B)-Total 0.1 0.03 mg/L  |[15-MAR-07| 15-MAR-07 | DAG |RS§03213
Barium {Ba)-Total 0.0869 0.0003| mg/L |15-MAR-07| 15-MARO7| DAG |R503213
Beryllium (Be)-Total <0.001 0.001 mg/L-  |15-MAR-07| 15-MAR-07 | DAG | R§03213
Bismuth (BI)-Total <0.0002 0.0002| mg/l |15-MAR-07| 15-MAR-07 | DAG |R503213
Calcium (Ca)-Total 82.2 0.1 mg/L  |15-MAR-07| 15-MAR-07 | DAG |R503213
Cadmium (Cd)-Total <0.0002 0.0002] mgil |15-MAR-07| 15-MAR-07| DAG |RS03213
Cobalt (Co)-Total - 0.0006 0.0002| mgl [15-MAR-07| 15-MAR-07 | DAG |R503213
Chromium (Cr)-Total 0.001 0.001 mg/ll  |15-MAR-07| 15-MAR-C7 | DAG | R503213
Cesium (Cs)-Total 0.0002 0.0001| mg/L [15-MAR-07| 15-MAR-07| DAG | R503213
Copper (Cu)-Total 0.004 0001 | mg/L [15-MARO7| 15-MAR-07| DAG | R503213
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L485862-14 T6-W1B
Sampled By: MR on 12-MAR-07
Matrix; WATER .
Metal scan L -
Iron (Fe)-Total 1.20 0.05 mg/l.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Potassium (K)-Total 109 0.1 mg/l.  |15-MAR-07| 15-MAR-07| DAG |R503213
Magnesium (Mg}-Total 439 0.01 mg/l  |15-MAR-07| 15-MAR-07 | DAG |R503213
Manganese (Mn)-Total .0.0785 0.0003| mg/l [15-MAR-07| 15-MAR-07| DAG |R503213
Molybdenum (Mo)-Total 0.0027 0.0002| mgll |15-MAR-07| 15-MAR-07| DAG |R503213
Sadium (Na)-Total . 58.6 g 003 | mgllL |15-MAR-07| 15-MAR-07| DAG |R503213
Nickel (Ni)-Total ’ . 0.004 _ 0.002 | mg/. (15-MAR-07| 15-MAR-07 | .DAG |R503213
. Phosphorus (P)-Total 030 RAMB | 0.05 mg/l.  [15-MAR-07| 15-MAR-07| DAG |R503213
Lead {Pb)-Total - ‘ 0.0010 |0.0005| mglL |15-MAR-07| 15-MAR-07| DAG |R503213
Rubidium (Rb)-Total 0.0049 0.0002| mg/. |15-MAR-07| 15-MAR07| DAG |RS03213
Antimony (Sb)-Total [ . <0.001 0001 | mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
Selenium (Se)-Total <0.001 0.001 | mg/ll [15-MAR-07| 15-MAR-07| DAG |R503213
Tin (Sn)-Total ’ <0.0006 0.0006| mglt [15-MAR-07| 15-MAR-07| DAG |R503213
Strontium (Sr)-Total T 0.317 0.0001| mgh [15-MAR-07( 15-MAR-07| DAG |R503213
Teliurium (Te)-Total <0.001 0.001 | mg/l |15-MAR-07| 15-MAR-07 | DAG {R503213
Titantum (Ti)}-Total , 0.0415 0.0008| mg/L |15-MAR:07| 15-MAR-07 | DAG |R503213
Thallium (Tt)-Total 0.0003- 0.0001| mg/l [15-MAR-07| 15-MAR-07 | DAG |R503213
Uranium {U)-Total 0.0030- - - 10,0001 mgl [15-MAR-07| 15-MAR-07| DAG |R503213
Vanadium (V)-Total 0.008 0.001 | mg/l [15-MAR-07| 15-MAR-07 | DAG | R503213
Tungsten (W)-Total <0,0002 0.0002| mg/l. [15-MAR07| 15-MAR-07| DAG |R503213
Zinc {Zn)-Total S 0.01 0.01 mg/k  [15-MAR-07| 15-MAR-07| DAG |R503213.
Zirconium (Zr)-Total 0.0015 0.0004( mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
PAl ; : . =
? 1-Methyl Naphthalene <0.00005 00005 mglL  [15-MAR-07| 17-MAR07| JAP |RS504136.
2-Methyl Naphthalene - <0.00005 00005 mg/l.  [15-MAR-07| 17-MAR-07| JAP |RS504136
Acenaphthene <0.00005 .00005| mg/L  |15-MAR-07| 17-MAR-07| JAP.|R504138
Acenaphthylene <0,00005 00005 mg/L [15-MAR-D7| 17-MAR-07| JAP | R504138
Anthracene - <0,00001 00001 mg/ll  |15-MAR-07| 17-MAR-07| JAP | R504136
Benzo{a)anthracene . <0,00001 .00001] mgil.  [15-MAR-07| 17-MAR-07| JAP |R504135
Benzo(a)pyrene <0.00001 00001 mg/l. [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(b)fivoranthene <0.00001 .00001| mg/l  |16-MAR-07| 17-MAR-07 | JAP |R504136
Benzo{ghi)perylene <0.00001 .00001] mg/lL  [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(k)fiuoranthene <0.00001 00001 mg/ll  [15-MAR-07| 17-MAR-07| JAP.|R504138
Chrysene <0.00005 .00005) mgll  |15-MAR-07| 17-MAR-07| JAP | R504136
Dibenzo{ah)anthracene <0.00001 .00001] mg/l  [15-MAR-07| 17-MAR-07 | JAP |R504135
Fluoranthene <0.00001 00001 mglL  [15-MAR-07| 17-MAR-07| JAP' | R504136
Fluorene : <0.00005 0.00005f mgl  [15-MAR-07| 17-MAR-07| JAP |R504136
indeno(1,2,3 cd)pyrena <0.00001 . .00001) mgl.  |15-MAR-07| 17-MAR-07| JAP |R504136
Naphthalene <0.00005. 00005/ mg/L [15-MAR-07| 17-MAR-07| JAP |Rs504136
Phenanthrene <0.00001 _ 00001 mgll  [15-MAR-07| 17-MAR-07| JAP |R504135
Pyrene .<0.00001 .00001] mg/L  [15-MAR-07| 17-MAR-07| JAP |R504136
Quinoline <0.00005 00005 mg/L  |15-MAR-07| 17-MAR-07 | JAP |R504136
Acridine <0.00001 0.00001| mgL |15-MAR-07| 17-MAR-07| JAP |R504136
St 2-Fluorobipheny! Surr _ : 79 . : 25-175 % 15-MAR-07|-17-MAR-07| JAP |RS504136
- Sum Terphenyl Surr 84 ' 25175 % 15-MAR-07| 17-MAR-07 | JAP |R504138
670 5 mg/L 19-MAR-07| BJL |R504880

Total Dissolved Salids
Total Suspended Solids
1485862-15  T6-W2A
Sampled By: MR on 12-MAR-07
Matrix: WATER
 BTEXTVHand TEH

5 mg/L _ 19-MAR-07 | BJL |R504860
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L485862-15  T6-W2A
Sampled By: MRon 12-MAR-07

Matrix: . WATER

BTEX,TVH and TEH
BTEX

Benzene . -
~Tolueng
Ethylbenzene
m+p-Xylenes
o-Xylene
Xylenss

TVH{C5C10) -
. Total Volatiles

Tot. Extr. Hydrocarbons (C11-C30)
TEH (C11-C30) -

Metal scan
Silver (Ag)-Total

Aluminum (Al}-Total
Arsenic (As)-Total
Boron (B)-Total
Barium {Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Calcium (Ca)-Total
Cadmium (Cd)-Total
Cobalt {Co)-Total
Chromium (Cr}-Total
Cesium (Cs)-Total
Copper (Cu)-Total
Iron'(Fe)-Total
Potasslum (K)-Total -
Magnesium (Mg)-Total
Manganese {Mn)-Total -
Molybdenum (Mo)-Total
Sodium (Na)-Total
Nickel (Ni)-Total
Phosphorus (P)-Total
.Lead (Pb)-Total .
Rubidium (Rb}-Total
Antimony (Sb)-Total
Selenium (Se)-Total

. Tin (Sn)-Total
Strontium (Sr)-Total
Tellurium (Te)-Total
Titanium (Ti)-Total
Thalllum (T1)-Total
Uranium {U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
Zinc (Zn)-Total

' Zirconlum (Zr)-Total

PAH
1-Methyl Naphthalene

2-Methyl Naphthalene
Acenaphthene

<0,0005
<0.0005
<0.0005
<0.0005
<0,0005
<0,0005

<0.1

<0.1

<0.001
1.37
0.0036
011,
0.0860
<0.001
<0.0002
"78.1
<0.0002
0.0006
0.001
0.0001
0.004
1.06
10.3
423
0.0721
0.0026
51.9
0.004
0.31
0.0006
0.0048
<0.001
<0.001
<0.0006
0.309

" <0.001

0.0330
0.0002
0.0030
0.005
<0.0002
0.01
0.0015

<0.00005
<0.00005
<0.00005

RAMB

0.0005
0.0005
0.0005
0.0005

0.1

0.1

0.001
0.62
0.0005
0.03
0.0003
0.001
0.0002
0.1
0.0002
0.0002
0.001
0.0001
0.001
0.05
0.1
0.01
0.0003
0.0002
0.03

| 0.002

0.05
0.0005
0.0002

0.001
0.001

0.0001
0.001

' 10.0002

0.0001
0.0001
0.001
0.0002
0.01
0.0004

0.00005
0.00005
0.00005

0.0005 |

0.0005 | -

0.0008 |.

mgiL
mg/L

" mol

mg/L
ma/l

mg/L

mg/L

mgiL
mg/L

mg/L
mg/L
mg/L
mg/lL
mg/L
mg/L
mg/L
mgf.
mg/L
mg/L
mg/L
mgfL
mg/L
mg/l

mg/L.

mg/L
mg/L
mg/L
mg/L

mg/lL
mgiL

mg/L
mg/L

mg/L
mg/l

mglL
mg/L
mglL
mg/L

mg/L

mglL.
ma/L

115-MAR-07|

15-MAR-07|

15-MAR-07
15-MAR-07
15-MAR-07

15-MAR-07]
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07,
15-MAR-07]
15-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-0

15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-Q7
15-MAR-07,
15-MAR-07|
15-MAR-07,
15-MAR-07
15-MAR-07|
15-MAR-07|
15-MAR-07|
15-MAR-07]

15-MAR-07
15-MAR-07,
{15-MAR-07
|

16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-07

16-MAR-07

19-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

17-MAR-07
17-MAR-07
17-MAR-07

MDM
MDM
MDM
MDM
MDM
MDM

MDM

DAG
DAG
DAG
DAG
DAG

DAG’

DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG

DAG

DAG
DAG
DAG

DAG.

DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG

JAP
JAP
JAP

R504474
R504474
R504474
R504474
R504474
R504474

R504474

R504135

R503213
R503213 |
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213 -
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213

R504136
R504136
R504136
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148586215  T6-W2A
Sampled By: MR on 12-MAR-07
Matrix; WATER
‘PAH -
Acenaphthylene <0.00005 00005/ mg/l  [15-MAR-07| 17-MAR-07 | JAP |R504136
Anthracene <0.00001 0000%] mg/L  [15-MAR-07| 17-MAR07 | JAP |R504136
Benzofa)anthracene <0.00001 .00001] mg/L  [15-MAR-07| 17-MAR-07 | JAP |R504138
Benzo(a)pyrene <0.00001 0.00001| mgl [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(b)fluoranthena <0.00001 0.00001 mg/llL [15-MAR-07| 17-MAR-07| JAP |R504138
Benzo(ghi)perylene <0.00001 0.00001] “~mg/l [15-MAR-07| 17-MAR-07| JAP | R504138
Benzo{k)fluoranthene <0.00001 0.00001] mg/L. |15-MAR-07| 17-MAR-07 |. JAP |R504138
; Chrysene <0.00005 0.00005| mgl |15-MAR-07| 17-MAR-07| JAP |R504136
Dibenzo(ah)anthracens <0.00001 0.00001| mg/k [15-MAR-07| 17-MAR-07 | JAP |R504138
Fluoranthene <0.00001 E.ooom mg/ll  |15-MAR-07| 17-MAR07 | JAP |RS504136
Fluorene <0.00005 .00005| mg/l [15-MAR-07/ 17-MAR-07 | JAP |R504136
Indeno(1,2,3 cd)pyrene <0.00001 0.00001 mg/L [15-MAR-07| 17-MAR-07 [ JAP |RS04138
Naphthalene - <0.00005 00005/ mg/L 15-MAR-OT_17-MAR-07‘ JAP R504136°
Phenanthrene <0.00001 0.00001 mg/L 15-MAR-07{_ 17-MAR-07 | JAP |R504136
Pyrene <0.00001 0.00001 mg/lL [15-MAR-07| 17-MAR-07| JAP -|R504136
Quinaline <0.00005 00005 mg/l  [15-MAR-07| 17-MAR-07 | JAP |R504136
Acridine <0.00001 0.00001] mg/L |15-MAR-07| 17-MAR-07 | JAP |R504136 -
Sum: 2-Fiuorobipheny! Stirr 76. 25175 % 15-MAR-07| 17-MAR-07 | JAP |R504136 -
Surr: Terphenyl Surr 82 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Total Dissolved Solids 630 -5 mg/L 19-MAR-07 | BJL |R504860
Total Suspended Sollds 39 5 mg/L 19-MAR-07| BJL |R504860
L485862-16  T6-W28
Sampled By: MR an 12-MAR-07
Matrix: WATER
BTEX,TVH and TEH
BTEX
Benzene <0.0005 0.0005| mg/lL 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mg/L 16-MAR-07| MDM | R504474
Ethylbenzene <0.0005 - 0.0005| mg/L 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 .10.0005 | " mg/L 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 0.0005 | mglL 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
TVH (C5-C10) )
Total Volatiles <0.1 0.1 my/L. 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30) .
TEH (C11-C30) ) <0.1 0.1 mg/lL  |15-MAR-07| 19-MAR-07| THT |R504135
Metal scan -
Silver (Ag)-Total . -<0.001 0.001 mgll  |15-MAR-07| 15-MAR-07| DAG | R503213
Aluminum (Al}-Total 1.20 0.02 mg/l  |15-MAR-07] 15-MAR-07 | ' DAG | R503213
Arsenic {As)-Total 0.0035 0.0005| mgll |15-MAR-07| 15-MAR-07| DAG |R503213
Boron (B)-Total 0.1 0.03 mg/lL  |15-MAR-07| 15MAR-07| DAG |R503213
Barium (Ba)-Total 0.0850 0.0003| mg/L |15-MAR-07| 15-MAR-07| DAG | R503213
Beryliium (Be)-Total <0.001 0.001 mg/l  |15-MAR-07| 15-MAR-07| DAG |RS03213
Bismuth (BI)-Tatal <0.0002 |0.0002] wmgl. [15-MAR-07| 15-MAR-07| DAG |R503213
{ Calclum (Ca)-Total 767 0.1 mg/L  |15-MAR-07] 16-MAR-07| DAG | R503213
Cadmium {Cd)-Total <0.0002 0.0002| mgll |15MAR-07| 15-MAR-07| DAG'|R503213
Cobalt (Co)-Total 0.0006 0.0002| mglL [15-MAR-07| 15-MAR-07| DAG | R503213
Chromium (Cr)-Total <0.001 0.001 | mg/ [15-MAR-07| 15-MAR-07| DAG |R503213
Ceslum {Cs)-Total 0.0002 0.0001| mg/lL [15-MAR-07| 15-MAR-07| DAG |R503213
Copper (Cu)-Total 0.004 0.001 mg/l.  |15-MAR-07| 15-MAR-07| DAG | R503213
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| L485BE2-16  TE-W2B .
Sampled By: MR an 12-MAR-07 ‘
Matrix: - WATER
Metal scan ) ]
Iron (Fe)-Total 1.09 0.05 mgll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Potasslum (K)-Total 9.9 0.1 mgll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Magnesium (Mg)-Total 419 0.01 mglL  [15-MAR-07| 15-MAR-07 | DAG |R503213
Manganese (Mn)-Total 0.0753 0.0003| mg/L [15-MAR-07| 16-MAR-7 | DAG |R503213
Molybdenum (Mo)-Total 0.0026 0.0002| mgh |15-MAR-07| 15-MAR-07 | DAG |R503213
Sodium (Na)-Total . 50.8 .0.03 mgll  [15-MAR-07| 15-MAR-07 | DAG |R503213
Nickel (Ni)-Total 0.004 0002 | ‘mgL [|15MAR-07| 15-MAR-07 | DAG |R503213
Phosphorus.(P)-Total 0.29 RAMB | 0.05 mg/ll.  |15-MAR-07| 15-MAR-07 | DAG |R503213
Lead (Pb)-Total 0.0006 0.0005| mgiL |15-MAR-07| 15-MAR-07 | DAG [RS503213
Rubldium (Rb)-Total 0.0046 0.0002| mglL |15-MAR-D7| 15-MAR-07 | DAG |R503213
Antimony (Sb)-Total <0.001 . 0001 | mgn [15-MAR-07| 15-MAR-07 | DAG | R503213-
* Selenium (Se)-Total <0.001 0001 | mglL [15-MAR-07| 15-MAR-07| DAG | R603213
Tin (Sn)-Total <0.0006 0.0006| mgl [15-MAR-07| 15-MAR-07 | DAG |R503213
Strontium (Sr)-Total 0.302 0.0001| mglL- [15-MAR-07| 15-MAR-O7| DAG |R503213
Tellurium (Te)-Total <0.001 0001 | mglL |15-MAR-07| 15-MAR-07 | DAG |R503213
Titanium (Ti)-Total 0.0304 0.0008| mglL |15-MAR-07| 15-MAR-07 | DAG |R503213
Thallium (TI)-Total 0.0003 0.0001| mglL [|15-MAR-07| 15-MAR-07 | DAG |R503213
Uranium (U)-Total 0.0029 0.0001| maL [15-MAR-07| 15-MAR-07 | DAG |R503213
Vanadium (V)-Total 0.005 0001 | mglL |15-MAR-07| 15-MAR-07| DAG |R503213
Tungsten (W)-Total <0.0002 0.0002| . mgl  [15-MAR-07| 15-MAR-07 | DAG |R503213
Zinc (Zn)-Total 0.02 0.01 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Zirconium (Zr)-Total 0.0014 0.0004| mglL |15-MAR-07| 15-MAR-07 | DAG R503213
PAH
1-Methy! Naphthalene <0.00005 0.00005| mgl [15-MAR-07| 17-MAR-07| JAP |R504136
" 2-Methyl Naphthalene <0.00005 0.00005 mglL |15-MAR-07| 17-MAR-07 | JAP |R504136
Acenaphthene <0,00005 0.00005| mg/lL |15-MAR-07| 17-MAR-07 | JAP |RS§04136
Acenaphthylene <0.00005 0.00005| mg/L |15-MAR-07| 17-MAR-07| JAP |RS504138,
Anthracene <0.00001 0.00001] mg [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo{a)anthracene <0.00001 0.00001 mg/l.  |15-MAR-Q7| 17-MAR-07 | JAP |R504136
Benzo(a)pyrene <0.00001 000001 mg/l.  |15-MAR-07| 17-MAR-07 | JAP |R50413¢
Benzo(b)fluoranthens <0.00001 0.00001] molL  |15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo{ghi)peryiene <0.00001 000001 mg/L [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(k)flucranthene <0.00001 0.00001 mg/L {15-MAR-07| 17-MAR-07| JAP_|R604136
Chrysene <0.00005 0.00005(. .. mg/L  [15-MAR-07| 17-MAR-07| JAP |R504136
Dibenzo{ah)anthracene <0.00001 00001 mg/l. [15-MAR-07| 17-MAR-07 | JAP |R504136
Flugranthene <0.00001 00001 mglL |16-MAR-07| 17-MAR07| JAP |R504136
Fluorene <0:00005 00005| mgll  [15-MAR-07| 17-MAR07 | JAP |R504136
Indeno(1,2,3 cd)pyrene <0.00001 00001 mg/L  [15-MAR-07| 17-MAR-07| JAP |R504136
*Naphthalene <0.00005 00005| mglL |15-MAR:07| 17-MAR07| JAP |R504136
Phenanthrene <0.00001 00001 mg/L  [15-MAR-07| 17-MAR-07| JAP | R504136
Pyrene <0.00001 00001 mgl:  [15-MAR-07| 17-MAR-07| JAP |R504136
Quinoline <0.00005 000005 mgl |15-MAR-07| 17-MAR07| JAP |R50413 .
Acridine <0.00001 0.00001 mg/L [15-MAR-07| 17-MAR-07| JAP |R504136
Sum 2-Fluorobiphenyl Sure 70 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Surr: Terphenyl Surr 84 25475| %  [15MAR-07| 17-MAR07| JAP |RS04136
Total Dissolved Sollds 620 ] mg/L 19-MAR-07 | BJL |R504860
Total Suspended Solids 46 5§ | mglL 19-MAR-07 | BJL |R504860
* Refer to Referenced Information for Qualifiers (if any) and Methodology.
E |
|
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Reference Information

Qualifiers for Individual Samples Listed:
Sample Numbe! Client ID Qualifier Description : .
L485862-1 T2-W1A LPM Laboratory Presarved for Metals. Total metals sample was preserved at the laboratory
) in accordance with EPA 200.8
L485862-10 T3-W1A LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
in accordance with EPA 200.8 o
L485862-11 T3-W2A LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
.o - . in accordance with EPA 200.8 L o
1.485862-12 T3-w2B LPM Laboratary Preserved for Metals. Total metals sample was preserved at the laboratory
. in accordance with EPA 200.8 , '
L485862-13 T6-W1A . LPM Laboratory Preserved far Metals. Total metals sample was preserved at the laboratory
C In accordance with EPA 200.8 . : .
L485862-14 T8-W18 ) LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
: ' in accordance with EPA 200.8 o )
L485862-15 T6-W2A LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
in accordarice with EPA 200.8
L485862-16 T6-W2B LPM. Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
. in accordante with EPA 200.8 ' -
L485862-2 T2-W1B - LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
) in accordance with EPA 200.8 .
L485862-3 T2-W2A LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
: . in accordance with EPA 200.8
L485862-4 - T2-wz2B LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
. In accordance with EPA 200.8 i S
L485862-5 - - T2-W3A LPM Laboratory Preservad for Metals. Total metals sample was preserved at the laboratory
in accordance with EPA 200.8 ) ' ' -
L485862-6 UP1-W1A LPM . Laboratory Preserved for Metals. Total mefals sample was presérved at the Iaboratory
: ’ ’ .in accardance with EPA 200.8 | ’
L485862-7 UP1-W1B . LPM . Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
: In"accordance with EPA 200.8 )
14858628 - -UP2-Wi1A LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
. in accordance with EPA 200.8 .
1485862-9 UP2-w1B LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory.
in accordance with EPA 200.8 . '
Sample Parameter Qualifier key listed:
Qualifier ~  Description
RAMB Result Adjusted For Method Blank
Methods Listed (if applicable); :
ALS Test Code ‘Matrix Test Description Preparation Method Reference(Based On) Analytical Method Reference{Based On) -
BTX-WP Water BTEX EPA 8W848,5030,8015

Volatile erganic compounds are extracted (purged) by bubbling nitrogen through a Water sample. The purged sample componénts are trapped in a tube
containing a sorbent material, When purging is complete, the tube is heated and back flushed with hefium to desorb the trapped compounds orito a gas
chromatographic column. The gas chromatograph is temperature programmed to separate the method analytes which are then detected with a -

photolonization detector (PiD) foliowed by a fiame ionization detector (FID). :
MET-SCAN-TOT-LOW-WP Water Metal scan EPA 200.8 Rey 5.4 May 1994

EPA SWB46 82708 Sep 1994,35108

Samples are stored in the dark at 4 degress C until extraction. Samples aré partitioned at basic and acidic pH wslﬁin d]gagmmemane, concentrated and
esterified (If run in conjunction with pentachlorophenal), . B .
Extracts are analyzed by Gas Chromatography / Mass Spectrometry In the selected ian monitoring mode. .

.SOLIDS-TDS-WP Water Total Dissaived Solids . APHA 2540

glass microfibre filter and drying at 180

The residue remaining In a prepared casserole after paséing the sample through a 1.2 um Whatman GF/C
. degrees C. Samples may be dried at 105 degrees C if the client specifically requests this drying temperature, .

SOLIDS-TOTSUS-WP Water Total Suspended Solids APHA 2540

The residue retainéd by a prepared 1.5 um Whatman 934-AH glass mlcroﬁbre filter dried at 105 degrees C. _
EPA SW846 3510,8000 .

TEH-WP - Water Tot. Extr. Hydrocarbons (C11- ‘ _
This Is the semi-quantitative detennina(f‘igg)of total extractable hydrocarbons (TEH) C11-C30 in water, soil and sediment samples. A water sample
one haur on a wrist action shaker, then sonicated for 5 minutes. A

volume of 240 mLs in a 250 mL. glass amber bottle is shaken with 2-4 mL hexane for
with 10 mLs hexane/acetone for one hour on a wrist action shaker,

soil/sediment sample of 25 grams is weighed out with sodium sulphate and extracted.
the solvent layer is drawn off and analysed agalnst a calibrated diesel standard on a gas chromatograph

then sonicated for 5 minutes. After extraction,
equipped with a flame ionization detector. Al results are reporied on a dry weight basis. By special request, the result can be calculated on C10-C24 to
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meet specific regulations.
TVHWP * Water TVH (C5-C10) EPA SW846,5030,8015

Volalile. organié_compounds are extracted (purged) by bubbling nitra

gen through a water sample. The purged sample components are trapped in a tube
contalning a sorbent material. When purging Is complete, the tube is heated and back flushed with helium to desorb the trapped compounds onto a gas
chromatographic column. The gas chromatograph is temperature programmed to separate the method analytes which are then detected with a
photoionization detector (PID) followed by a flame ionizatian detector {FID). o ’

** | aboratory Methods employed follow in-house procedures, which are
generally based on.nationally or intemationally accepted methodologies.

Chain of Custody numbers:
The last two lelters of the above test code(s) indicate the iaboratory that performed analytical gnalysls for that test. Refer fo the list below:

Laboratory Definition Code Laboratory Locaticn Laboratory Definition Code Laboratory-Location

Cowp " ALSLABORATORY GROUP -
WINNIPEG, MANITOBA, CANADA

GLOSSARY OF REPORT TERMS .

Surr - A surrogate is an organic cormpound that is similar to the target analyte(s) in chemical composition and behavior but not normally.
detected in environmental samples. Prior fo sample processing, samples are fortified with one or more surrogate compounds.

The reported surrogate recovery value provides a measure of method efficiency. The Laboratory control limits are determined under
column heading D.L. . . - :

mg/kg (units) - unit of concentration based on mass, parts per million.

mg/L (units} - unit of concentration based on volume, parls per mifiion.

< - Less than.

D.L. - The reporting limit. - ,
N/A - Result not availabie. Refer to qualifier code and dsfinition for explanation.

Test resuits reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION,

UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS. ' .
Although test resuits are generated under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered.prefiminary. -

ALS Laboratory Group has an extensive QA/QC program where all analytical data reported is analyzed using approved referenced
procedures followed by checks and reviews by senior managers and quality assurance personnel. However, since the resulfs.are
ahtained from chemical measurements and thus cannot be guaranteed, ALS Laboratory Group assumes no fiability for the use or .

interpretation of the resulls.
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PAH

1.485962-1 T7-W2A . .
Sampled By: M. RODDY on 13-MAR-07
Matrix: . WATER
BTEX,TVH and TEH
BTEX
Benzene .
Toluense
Ethylbenzene
m+p-Xylenes
o-Xylene
Xylenes
TVH (C5-C10) © -
. Total Volatiles

Tot. Extr. Hydrocarbons (C11-G30)

TEH {C11-C30)

Metal scan

Silver (Ag)-Total
Aluminum (Al)-Total
Arsenic (As)-Total
Boron {B)-Total
Barlum (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi}-Total
Calclum (Ca)-Total
Cadmium (Cd)-Total
Cobalt {Co)-Total
Chromium {Cr)-Total
Ceslum (Cs)-Total
Copper (Cu)-Total

Iron {Fe)-Total '
Potassium (K)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Totai .
Molybdenum (Mo)-Tatal
‘Sodium {Na)-Total
Nickel {Ni)-Total
Phosphorus (P)-Total

_ Lead (Pb)-Total

Rubidium (Rb)-Total
Antimony (Sb)-Total
Selenium (Se}-Total
Tin (Sn)-Total
Strontium (Sr)-Total
Tellurium (Te)-Total
Titanium (Ti)-Total
Thalfium (T})-Total
Uranlum (U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
Zine (Zn)-Total
Zircontum (Zr)-Total

1-Methyl Naphthalene

.2-Methyi Naphthalene

Acenaphthene

<0.0005
<0.0005
<0.0005
<0.0005
<0.0005
<0.0005

<0.1

<0.1

<0.001
1.10
0.0035
0.11.
0.0824
<0.001

<0.0002.

“79.0
<0.0002
0.0005
<0.001
0.0001
0.004
0.85
10.6
418
0.0858
0.0027
63.8
0.004
0.27
0.0007
0.0043
<0,001
<0.001
0.0008
0.316
<0.001
0.0280
'0.0003
0.0030
0.004
<0,0002

.0.01
0.0012

<0.00005
<0.00005
<0.00005

RAMB

0.00056
0.0005
0.0005
0.0005
0.0005

0.1

0.1

0.001
0.02
0.0005
0.03
0.0003
0.001"
0.0002
0.1
0.0002
0.0002
0.001
0.0001
0.001
0.05
0.1
0.01

0.0002
0.03
0.002
0.05
0.0005
0.0002
0.001
0.001
0.0008
0.0001
0.001
0.0009
0.0001
0.0001
0.001
0.0002
0.01
0.0004

.~ 0.00005|

0.00005
0.00005

0.0005 | .

0.0003 |

mg/L

mglL
mg/L
mg/L
mg/L

mg/L
mg/L

mg/L
mg/L

mg/L’

mg/L.
ma/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L.
mg/L
mgiL
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

- mg/L

mg/L
me/L

mg/L.

mall .

mgll.
mg/L

15-MAR-07|

15-MAR-07]
15-MAR-07|
15-MAR-07
15-MAR-07|
15-MAR-07]
15-MAR-07
15-MAR-07]
15-MAR-07
15-MAR-07,
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07]
15-MAR-07]
15-MAR-07
15-MAR-07
15-MAR-07,
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-D7|
15-MAR-07]
15-MAR-07,
15-MAR-07|

15-MAR-07]
15-MAR-07|
15-MAR-07

16-MAR-07
16-MAR-07
16-MAR-07
16:MAR-07
16-MAR-07
16-MAR-07

16-MAR-07

18-MAR-07

15-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

15-MAR-07 |

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

"15-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

17-MAR-07
17-MAR-07
17-MAR-07

MDM

MDM
MDM
MDM
MDM
MDM

MDM
THT
DAG
DAG

DAG.
DAG

DAG

DAG
DAG
DAG
DAG
DAG
DAG

DAG-

DAG
DAG

DAG-

DAG

DAG .

DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG

JAP
JAP
JAP

R504474
R504474
R504474
R504474
R504474
R604474

R504474

R504135

R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213

‘R503213

R503213
R603213
RS503213
R503213
R503213
R503213
R503213
RS03213
R603213

R504136
R504136
R504136
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Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER

P .
AR Acenaphthylene <0.00005 15-MAR-07| 17-MAR-07 | JAP |R504138
Anthracene <0.00001 17-MAR-07| JAP |R504136
Benzelelanthracenc <0,00001 17-MAR-07 | JAP |R504138
Benzo{a)pyrene <0.00001 17-MARO7 | 'JAP |RS504136
Benzo(b)fluoranthene <0.00001 17-MAR-07 | 'JAP |R504136
Benzo{ghi)perylene <0.00001 17-MARO7 | JAP |R504136
Benzo(k)fluoranthene <0.00001 17-MAR-07 | JAP |R504138
, Chrysene <0.00005 ) 17-MAR-07 | JAP |R504136
Dibenzofah)anthracens <0.00001 .00001 | 17-MAR-07| JAP |R504136
Fluoranthene <0.00001 .00001| 07| 17-MAR07 | JAP |R504136
Fluorene <0,00005 .00005 17-MAR-07| JAP |R504136
Indeno(1,2,3 cd)pyrene: <0.00001 .00001 17-MAR07| JAP |R504136
Naphthalene - . <0.00005 .00005, A7-MAR07 [ JAP |R504136"
Phenanthrene <0.00001 00001 | 17-MAR-07| JAP |R504136
Pyrene <0.00001 .00001 17-MAR07 | JAP |R504136
. Quinoline <0.00005 .00005 17-MAR-07| JAP |R504136
Acriding <0.00001 .00001 17-MAR-07 | JAP |R504136
Sure 2-Fluorobipheny! Surr 70, 25-175 17-MAR-07 | JAF |R504138 -
Sur: Terpheny! Surr 77 25-175 15-MAR-07| 17-MAR-07 | JAP |R5041386
Total Dissolved Solids ; | 21-MAR-07| BJL |RS05898
. Total Suspended Solids | 19-MAR-07| BJL |R504860
1.485992-2 T7-W2B '
Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER
BTEX,TVH and TEH
BTEX
Bénzene <0.0005 0.0005| mgiL 16-MAR-07 | MDM | R504474
Taluene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 .|0.0005 mg/L 16-MAR-07 | MDM R504474
Xylenes <0.0005 -~ |0.0005| mglL 16-MAR-07 | MDM | R504474
TVH (C5-C10) , .
Total Volatites <0.1 0.1 mglL. 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30)
TEH (C11-C30) i <0,1. 0.1 mgl . |15-MAR-07| 19-MAR07 | THT |R504135
Metal scan - -
Siiver (Ag)-Total <0.001 0.001 f mg/lL |15-MAR-07| 15-MAR-07| DAG |R503213
Aluminum (Al)-Total 1.38 0.02 mg/L  |15-MAR-07/ 15-MAR-07 | DAG |R503213
Arsenic (As)-Total . 0.0038 0.0005| mg/L [15-MAR-07 15-MAR-07 DAG |R503213
Boron (B)-Total 0.11 0.03 mg/l. |15-MAR-07| 15-MAR-07 | DAG |R503213
Barium (Ba)-Total 0.0864 0.0003] wmg/L [15MAR-07| 15-MAR-07| DAG R§03213
Beryllium (Be)-Total <0.001 0.001 [ mg/l ' [15-MAR-07| 15-MAR-07| DAG R503213
Bismuth (Bi)-Total <0,0002 0.0002| mg/l M5-MAR-07| 15-MAR-07| DAG |Rs503213
Calcium (Ca)-Total 80.2 0.1 mg/l  |15-MAR-07| 15-MAR-07| DAG |R503213
Cadmium (Cd)-Total <0,0002 0.0002| mgl |15-MAR-07| 15-MAR-07| DAG |R503213
Cobalt (Co)-Total 0.0005 0.0002| mg/l (15-MAR-07| 15-MAR-07| DAG |R503213
Chromium (Cr)-Total '<0.001 0.001 mg/l.  |15-MAR-07| 15-MAR-07 | DAG |R503213
Cesium (Cs)-Total 0.0001 0.0001| mg/L |15-MAR-07| 15-MAR-07| DAG R503213
Copper (Cu)-Total 0.004 0.001 mgil 157MAR-0?| 15-MAR07 | DAG | R503213
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Sampled By: ~ M. RODDY on 13-MAR-07
Matrix: WATER

L485082-:2  T/-W2B _
Sampled By: M. RODDY on 13-MAR-07 .
Matrix:  WATER
Metal scan -
iron (Fe)-Total 1.04 0.05 mgll  |15-MAR-07| 15-MAR-07 | DAG R503213
Potassium (K)-Total 10.6 0.1 mgll  |15-MAR-07| 15-MAR-07 | DAG R503213
Magnesium {Mg)-Total 44:4 0.01 mg/L  |15-MAR-07| 15-MAR-07 | DAG R503213
Manganese (Mn)-Total 0.0701 0.0003 | mglL 15-MAR-07 15-MAR-07 | DAG |R503213
Molybdenum (Mo)-Total 0.0027 0.0002| mgll -15-MAR-.07‘ 15-MAR-07 | DAG |R503213
Sadium (Na)-Total 64.3 0.03 mglL  |15-MAR-07| 15-MAR-07 | DAG R503213
Nickel (NI)-Total 0.005 0002 | mgL |15-MAROY 15-MAR-07 | DAG |R503213
Phosphorus (P)-Total 0.30 RAMB | 0.05 mgll  |[15-MAR-07] 15-MAR-07 | DAG R503213
Lead (Pb)-Total ~ 0.0007 00005| mglL |[16-MAR-D 15-MAR-07| DAG |R503213
Rubidium (Rb)-Total 0.0046 0.0002| mglL [15-MAR-07| 16MAR-07| DAG R503213
Antimony (Sb)-Total <0.001 0.001 mgll  |15-MAR-07 15-MAR-07 | DAG |R503213
Selenium (Se)-Total '<0.001 0.001 mg/ll.  |15-MAR-07] 15-MAR-07 | DAG |R503213
Tin (Sn)-Total <0.0008 0.0006| moll [15-MAR-07| 15-MAR-07| DAG R503213
Strontium (Sr)-Total 0.310 00001 mgl  [15-MAR-07| 15-MAR-O7 DAG |R503213
Tellurium (Te)-Total <0.001 0.001 mg/L  [15-MAR-07| 15-MAR-07 = DAG R503213
Titanium (T)-Total 0.0431 0.0008| mgiL [15-MAR-7 15-MAR-07 | DAG |R503213
Thallium (T1)-Total 0.0003 0.0001| mglL [15-MAR-07 15:MAR-07 | DAG. |R503213
Uranium (U)-Total - 0.0030 0.0001| mglL [15-MAR-07| 15-MAR-O7| DAG R503213
Vanadium (V)-Total 0.005 0.001 mgll  |15-MAR-07| 16-MAR-07 | DAG R503213
Tungsten (W)-Total <0.0002 0.0002| mgll [15-MAR-07| 16-MAR-07 DAG |R503213
 ZInc (2n)-Total 0.02 0.01 mgl.  |15-MAR-07| 15-MAR-07 | DAG R503213
Zirconium {Zr)-Total 0.0014 0.0004| mglL |15-MAR-07) 15-MAR-O7 DAG |R503213 .
PAH 1-Methyl Naphthalene <0.00005 0.00005| mgll |15-MAR-07| 17-MAR-07| JAP R504136
2-Methyl Naphthalene <0,00005 0.00005| mg/lL |15-MAR:07| 17-MAR-07 JAP | R504136
Acenaphthene <0.00005 500005 mgll  |15-MAR-07| 17-MAR-07| JAP R504136
Acenaphthylene <0.00005 b.00005| mg/ll  |15-MAR-07| 17-MAR-07| JAP R504136
Anthracene <0.00001 0.00001] mglL - [15-MAR-07 17-MAR-07| JAP |R504138
Benzo(a)anthracene <0.00001 0.00001| mglL |15-MAR-07] 17-MAR-07| JAP |R504136
Benzo(a)pyrene <0.00001 p.00001 mg/ll  [15-MAR-07| 17-MAR-07| JAP 'R504136
Benzo{b)fluoranthene <0.00001 0.00001| mall 15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(ghi)perylene - <0.00001 00001] mg/  |15-MAR-07| 17-MAR-O7| JAP R504136
Benzo(k)fluoranthene <0,00001 00001 mgll  |[15-MAR-07| 17-MAR-07| JAP | R504136
“Chrysene <0.00005 .00005| mglL 15-MAR-07| 17-MAR-07 [ JAP |RG604136
Dibenzo{ah)anthracene <0.00001 00001 mgl [15-MAR-07 17-MAR-07 | JAP |R504136
Fluoranthene <0.00001 00001 mg |15-MAR-07| 17-MAR-07| JAP R604136 .
Fluorene <0.00005 00005 mg/L |15-MAR-07| 17-MAR-07| JAP R504136
Indena{1,2,3 cd)pyrene <0.00001 00001 mglt 15-MAR-07| 17-MAR-07 | JAP R504136
Naphthalene -<0,00005 00005 mgll |15-MAR-07| 17-MAR-07 JAP | R504136
Phenanthrene <0.00001 00001 mg/l 15-MAR-07| 17-MAR-07 | JAP |R504136
Pyrene . <0.00001 00001] mg/L. |15-MAR-07] 17-MAR-07 | JAP |R504136
Quinofine <0.00005 00005| mg/L” |15-MAR-07| 17-MAR-07| JAP R504136
Acridine <0.00001 00001 mglL |15-MAR-07| 17-MAR-07| JAP R504136
sure: 2-Fluorcbiphenyl Sur 76 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
surr: Terphenyt Surr 86 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
- Total Dissoived Sollds 640 §- mg/L 21-MAR-07| BJL |R505898
Total Suspended Solids 33 5 mglL 16-MAR-07| BJL |R504860
1486092-3- TI-WIA
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14859923  T7-W1A _
Sampled By: M. RODDY on 13-MAR-07

Matrix: WATER
BTEX,TVH and TEH _
BTEX ‘ ;
Benzene - <0.0005 0.0005 mg/L ’ 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 0.0005 mglL '| 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005 mgil . 16-MAR-07. MDM | R504474
o-Xylene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Xylenes <0.0005 . 0.0005 | mgft. 16-MAR-07 | MDM | R504474
TVH (C5-C10) : . _ )
. Total Volatiles , <01 | T o1 | mgiL 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30) . . '
TEH (C11-C30) ] <0.1, 0.1 mg/l  |15-MAR-07| 19-MAR-07| THT |R504135
Metal scan - L : ' , . o
: Silver (Ag)-Total S <0.001 0001 | mglL |15-MAR-07| 15-MAR-07| DAG |R503213.
Aluminum (Al)-Total ) 1.19 " 1002 | mglL [15-MAR-07|15-MAR-07. DAG | R503213
Arsenic (As)-Total 0.0035 0.0005| mg/L 15-MAR-07/ 15-MAR-07 | DAG |R503213
Boron (B)-Total 0.10 . 0.03, mg/l  |15-MAR-07| 15MAR-07| DAG | R503213
Barium (Ba)-Total 0.0810 0.0003| mg/L |15-MAR-07 15-MAR-07| DAG R§03213
Beryllium (Be)-Total _ <0.001 0.001 | mg/l [15-MAR-07| 15-MAR07 | DAG |R503213
Bismuth (Bi)-Total <0.0002" 0.0002| mgll [15-MAR-07| 15-MAR-07| DAG R503213
Calciuni (Ca)-Total 78.0 l 0.1 mgll  [15-MAR-07| 15-MAR-07| DAG |R503213
Cadmium (Cd)-Total " <0.0002 0.0002| mg/L  [15-MAR-07| 15-MAR07 | DAG |R503213
Cabalt (Co)-Total 1. 0.0006 0.0002 mg/l [15-MAR-07| 15-MAR-07| DAG |R503213
Chromium (Cr)-Total -~ <0.001 0.001 mg/l.  |15-MAR-07| 15-MAR-07| DAG | R503213
Ceslum (Cs)-Total o 0.0001 0.0001| mglL [15-MAR-07| 15-MAR-07| DAG R503213
Copper (Cu)-Total . 0.004 | 0.001 mg/l  [15-MAR-07| 15-MAR-07| DAG R503213
Iron (Fe)-Total 0.89 : 0.05 mg/L  |15-MAR-07| 15-MAR-07| DAG |R503213
Potassium (K)-Total 10.6 0.1 mglL  |15-MAR-07| 15-MAR-07| DAG R503213
Magnesium (Mg)-Total 427 0.01 mg/l  |15-MAR-07| 15-MAR-07| DAG | R503213
Manganese (Mn)-Total 0.0652 0.0003| mg/l |15-MAR-07| 15-MAR-07 | DAG |R503213 .
Molybdenum (Mo)-Total © 00028 00002 mg/l |15-MAR-07 15-MAR-07| DAG | R503213
Sodlum (Na)-Total 62,0 0.03 mgil. |15-MAR-07| 15-MAR-07| DAG | R503213
Nicke! (Ni)-Total 0.004 . 10002 | mgl  [15-MAR-07| 15-MAR-07| DAG | R503213
Phosphorus (P)-Total 0.26 | RAMB | 005 | mg/l [15-MAR-07 15-MAR-07 | DAG | R503213
Lead (Pb)-Total : 0.0007 0.0005| mg/ 15-MAR-07| 15-MAR-07| DAG |R503213
Rubidium (Rb)-Total 0.0045 0.0002 mg/L 15-MAR-07/ 15-MAR-07| DAG |R503213
Antimony (Sb)-Total - . <0.001 4 0.001 | mgl |15-MAR-07, 15—MAR-07; DAG |R503213
Selenium (Se)-Total <0.001 0.001 mgfl  |15-MAR-07| 15-MAR-07| DAG |R503213
Tin (Sn)-Total . <0.0008 0.0006| mgl |15-MAR-07| 15-MAR-07| DAG |R503213
Strantium (Sr}-Total 0.308 0.0001| mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Tellurium (Te)-Total : <0.001 0.001 mg/l. |15-MAR-07| 15-MAR-07| DAG |R503213
Titanium (Ti)-Total 0.0428 0.0008| mg/lL [15-MAR-07| 15-MAR-07| DAG |R503213
Thallium (Ti)-Total _ 0.0003 0.0001| mg/ll [15-MAR-07| 15-MAR-07| DAG (R503213
Uranium (U)-Total 0.0030 0.0001| mg/ll [15-MAR-07| 15-MAR-07 | DAG |R503213
Vanadium (V)-Total 0.005 0.001 mg/ll.  |15-MAR-07| 15-MAR-07| DAG |R503213 ’
Tungsten (W)-Total ' <0.0002 0.0002| mg/l |15-MAR-07| 15-MAR-07| DAG |R503213 | -
Zinc (Zn)-Total 0.01 0.01 mg/l  |15-MAR-07| 15-MAR-07| DAG | R503213 ’
Zirconium (Zr)-Total ' 0.0013 |0.0004| mg/L  |15-MAR-07| 15-MAR-07| DAG |R503213
PAR 1-Methyl Naphthalene <0.00005 00005 mg/L  [15-MAR-07| 17-MAR-07| JAP |RS04138
<0.00005 . 00005 mg/l  |15-MAR-07| 17-MAR-07| JAP |R504136

2-Methyl Naphthalene

Acenaphthene - <0,00005 .00005| mglL  |15-MAR-07| 17-MAR-07| JAP" JR'so‘ms
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1.485992-3 T7-W1A
Sampled By: M. RODDY on 13-MAR-07

Matrix: . WATER
PAH . N &
Acenaphthylene <0.00005 0.00005| mglL |15-MAR-07 17-MAR-07 | JAP |R504136
Anthracene <0.00001 E.ooom mg/i.  [15-MAR-07 17-MAR-07| JAP |R504136
Benzo(a)anthracene 0.00001 00001| mgL [15-MAR-07| 17-MAR-07 | JAP |R504136
Benzo(a)pyrene <0.00001 0.00001] wmg/l |15-MAR-07 17-MAR-07 | JAP |R504138
Benzo(b)fluoranthene <0.00001 0.00001] mg/L |15-MAR-07| 17-MAR-07 | JAP R5041368
Benzo{ghl)perylene <0.00001 0.00001] - mg/l  [15-MAR-07| 17-MAR-07| JAP R504138
Benzo(k)luoranthene <0.00001 0.00001] mglL |15-MAR-07| 17-MAR07 | JAP |R504136
Chrysene <0.00005 0.00005| mgl  [15-MAR-07| 17-MAR-07| JAP R504136
Dibenzo{ah)anthracene <0.00001 b.00001| mgl |15-MAR-07) 17-MAR-07 JAP | R504136
Fluoranthene 0.00003 0.00001 mgl [15-MAR-07| 17-MARO7 | JAP R504136
Fluorene <0.00005 booo0s| mgll  [13-MAR-07| 17-MAR07| JAP |R504138
Indeno(1,2,3 cd)pyrene <0.00001 b.00001| mgil  [15-MAR-07| 17-MAR-07| JAP:| R504136
Naphthalene <0.00005 0.00005| mglL |15-MAR-07| 17-MAR-07 JAP | R504138
Phenanthrene 0.00002 0.00001| mgiL - |15-MAR-07| 17-MAR-07 | JAP R504136
© Pyrene 0.00002 0.00001] mgll  |15-MAR-07| 17-MAR-07 |- JAP R504136
Quinoline <0.00005 0.00008| mg/l 15-MAR-07| 17-MAR-07 [ JAP R504136
Acridine <0.00001 0.00001 mglL [15-MAR-07| 17-MAR-07 | JAP R504136
Sum: 2-Fluorobiphenyl Surr 76 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
" sum Terphenyl Surr .84 25-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Total Dissolved Solids 650 5 mg/L. 21-MAR-07| BJL |R505899
. Total Suspended Solids 26 5 mg/L 19-MAR-07 | BJL [R504860
14850024  T7-WiB
Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER
"BTEX,TVH and TEH
BTEX ' ..
Benzene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005 | - mglL 16-MAR-07 | MDM |.R504474
Ethylbenzene <0.0005 lo.0005| mglL. 16-MAR-07 | MDM | RE04474
. m+p-Xylenes <0,0005 0.0005| mplL 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 0.0005 mg/L 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0.0005 | mglL 16-MAR-07 | MDM | R504474
TVH (C5-C10) ’
Total Volatiles . <0.1 0.1 mgiL 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30 .
TEH (C11-C30) <0.1 0.1 mg/L 15-MAR-07| 19-MAR-07| THT |R504135
Metal scan
' Sitver (Ag)-Total <0.001 0.001 mgll  |15-MAR-Q7) 15-MAR-07 | DAG |R603213
Aluminum (Al)-Total 1.21 0.02 mg/l.  |15-MAR-07| 15-MAR-07 | DAG |R503213 '
Arsanic (As)-Total 0.0038 lo.000s| moL [15-MAR-07| 15-MAR-07 DAG | R503213
" Baron (B)-Total 0.10 003 | ‘mgL |15-MAR-07| 15-MAR-07| DAG |R503213
Barium (Ba)-Total 0.0822 00003| mgll |15-MARO7| 15-MAR-07| DAG |R503213
Serylllum (Be)-Total <0.001 0.001 mgl  |15-MAR-07| 15-MAR-07| DAG R503213
Bismuth (BI}-Total <0.0002 00002| mg |15-MAR-07| 15-MAR-07| DAG R503213
Calcium (Ca)-Total 78.7 0.1. mgll  [15-MAR-07 15-MAR-07| DAG |R503213
Cadmium (Cd)-Total <0.0002 0.0002| mglL [|15-MAR-07| 15MAR-07| DAG R503213
Cobalt (Ca)-Total 0.0006 0.0002| mgl |15-MAR-07| 15-MAR-07| DAG R503213
Chromium (Cr)-Total ~ <0.001 "1 0.001 mgll  [15-MAR-07| 15-MAR-07| DAG | R503213
Cesium {Cs)-Total 0.0001 0.0001| mgi |15-MAR-07| 15-MAR-07| DAG R503213
L _ Copper (Cu)-Total 0.004 0001 | mgl |15-MAR-07| 15-MAR-07| DAG |R503213
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Matrix: WATER
Metal scan_ ]

lron (Fe}-Tatal 0.67 15-MAR-07| 15-MAR-07 ‘R503213

Potassium (K)-Total 10.3 15-MAR-07| 15-MAR-07 R503213

Magnesium (Mg)-Total . 430, R503213

Manganese (Mn)-Total - 0.0662 R503213

Molybdenum (Mo)-Total 0.0028 0.0002| mgt R503213

Sodium (Na)-Total 61.8 0.03 mg/L DAG |R503213

Nickel (Ni)-Total 0.004 , 0.002 | mgi- -DAG |R503213

; Phosphorus (P)-Total 0.30 RAMB | 005 | mgi DAG |R503213

‘Lead (Pb)-Total 0.0007 DAG |R503213

Rubidium {Rb)-Total 0.0045 DAG |R503213

Antimony (Sh)-Total <0.001. . DAG |R503213

' Selenium (Se)-Total 0.001 DAG |R503213

Tin {Sn)-Total <0.0006 DAG |R503213

Strontium (Sr)-Total 0.302 - DAG |R503213

Tellurium (Te)-Total <0.001 DAG ‘| R503213

. Titanum (TT)-Total 0.0403 DAG |R503213

Thallfum (T1)-Total 0.0003 15-MAR-07| 15-MAR-07 | DAG |R503213 -

Uranium (U)-Total - 0.0030 15-MAR-07| 16-MAR-07 | DAG |R503213

Vanadium {(V)-Total 0.005 15-MAR-07| 15-MAR-07 | DAG |R503213

Tungsten (W)-Total <0.0002 15-MAR-07| 15-MAR-07 | DAG |R503213

Zing (Zn)-Total 0.01 15-MAR-07| 15-MAR-07 | DAG |R503213

Zirconium (Zr)-Total 0.0013 15-MAR-07| 15-MAR-07 | DAG | R503213"

PAH 1-Methyl Naphthalene *<0.00005 16-MAR-07 17-MAR-07| JAP |RS04136.

2-Methyl Naphthalene <0.00005 15-MAR-07| 17-MAR-07| JAP |R504138

Acenaphthene <0.00005 15-MAR-07| 17-MAR07| JAP. |R504138

Acenaphthylene <0,00005 15-MAR-07| 17-MAR-07| JAP |R504138

Anthracene <0.00001 15-MAR-07| 17-MAR-07| JAP |R504138

Benzo(a)anthracens <0.00001 15-MAR-07| 17-MAR-07 JAP | R504136

Benzo(a)pyrene <0.00001 15-MAR-07/ 17-MAR-07 | JAP |R504138

Benzo(b)fluoranthens <0.00001 15-MAR-07| 17-MAR-07| JAP |R504136

Benzo(ghi)perylene <0.00001 | 15-MAR-07| 17-MAR-07 | JAP |R504138

Benzo(k)fluoranthene <0.00001 15-MAR-07| 17-MAR-07| JAP. | R504136

Chrysene <0.00005 15-MAR-07 17-MAR-07| JAP |R504136

Dibenzofah)anthracena’ <0.00001 15-MAR-07| 17-MAR-07| JAP |RS04136

Fiuoranthene ' <0.00001 15-MAR-07| 17-MAR-07 | JAP |RS04136

Fluorene <0.00005 15-MAR-07| 17-MAR07 | -JAP |R504136

Indeno(1,2,3 cd)pyrene <0.00001 18-MAR07) 17-MAR-07| JAP |R504138

Naphithalene <0.00005 15-MAR-07| 17-MAR-07| JAP |R504136 °

Phenanthrene <0.00001 15-MAR-07| 17-MAR-07| JAP |R504136

Pyrene -<0.00001 15-MAR-07| 17-MAR-07 | JAP |R504136

Quinoline <0.00005 15-MAR-07! 17-MAR-07| JAP |R504136

. Acridine , <0.00001 15-MAR07| 17-MAR-07| JAP |R504136

i Sum 2-'F1uorobiphenyl Surr 69 15-MAR-07|- 17-MAR-07| JApP R504136

l_ Sum: Terpheny! Surr a3 .|15-MAR-07| 17-MAR-07 | JAP |R504138

| Total Dissolved Solids 630 21-MAR-07| BUL |Rs505899

i Total Suspended Solids 31 5 mg/L 19-MAR-07| BJL |R504860
JL485992-5 T8-W1A

Sampled By: M. RODDY on 13-MAR-07

Matrix:

WATER
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ALS LABORATORY GROUP ANALYTICAL REPORT

L485992-5 T8-W1A
Sampled By: M. RODDY on 13-MAR-07

Matix. ~ ~ WATER
BTEX,TVH and TEH

BTEX
Benzene -

Toluene
Ethylbenzene
m+p-Xylenes

o-Xylene

. Xylenes

TVH {C5-C10) '
. Total Volatiles

Tot. Extr. Hydrocarbons {¢11-C30)
TEH (C11-C30) '

Motal scan
Siiver (Ag)-Total

Aluminum (Al)-Total
Arsenic (As)-Total
Boron (B)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Calcium {Ca)-Total
Cadmium (Cd)-Total
Cobalt (Co)-Total
Chromium {Cr)-Total
- Ceslum (Cs)-Total
Copper (Cu)-Total
. Iron (Fe)-Total .
Potassium {K)-Total:
Magnesium {Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Sadium (Na)-Total
Nickel (Ni)-Total .
Phosphorus (P)-Total
Lead (Pb)-Total
Rubidium (Rb)-Total
Antimony {Sb)-Total
Selenium (Se)-Total
Tin (Sn)-Totat
Strontium (Sr)-Total
Tellurium (Te)-Total
Titanium (Ti)-Total
Thallium (Th-Total
Uranium (U)-Total
Vanadium (V)-Total
Tungsten (W)-Total
Zline (Zn)-Total
.Zrconium (Zr)-Total
PAH ;
1-Methyl Naphthalene -
2-Methyl Naphthalene
Acenaphthene

<0.0005
<0,0005
<0.0005
<0.0005
<0.0005
<0.0005

<0.1

<0.1

<(.001
1.28
0.0036
0.10
0.0850
<0.001
<0.0002
79.2
<0.0002
0.0006
<0.001
0.0001
0.004
0.96
10.3
434
0.0667
0.0028
61.8
0.004
0.29
0.0007
0.0046
<0.001
<0.001
<0.0006
0.310
<0.001
0.0357
0.0002
0.0030
0.005
<0.0002
-0.01
0.0013

<0.00005
<0,00005
<0.00005

RAMB

0.0005
0.0005
0.0005
0.0005
0.0005

- |0.0005

0.1

0.1

0.001
0.02
0.0005
0.03
0.0003
0.001
0.0002
0.1

0.0002
0.0002
0.001
0.0001
0.001
0.05
0.1
0.01
0.0003
0.0002
0.03

.| 0.002

0.05
0.0005
0.0002:

-1 0.001

0.001
0.0006
0.0001

0.001
0.0009
0.0001
0.0001

0.001
0.0002

0.01
0.0004

0.00005
0.00005

0.00005

mglL
mg/L
mg/L

mg/L
mglL

mglL
mglL

mg/L

mg/L )

mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mgil.
mg/L
mgfl.
mg/L
mgiL
mg/L
mg/L
mg/L
mg/L
mg/L.
mofL
mg/L
mg/L
mgiL
mg/L
mg/L.
mg/L

mglt
mg/l
mg/L.

‘mg/L

mgil.
mgiL

mg/L .

mgiL
mg/L
mg/L

15-MAR-07

15-MAR-07
16:MAR-07
15-MAR-07

|15-MAR07|

15-MAR-07|

15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07,
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07

15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07|
15-MAR-07
15-MAR-07
15-MAR-07|
15-MAR-07!
15-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07

15-MAR-07|.

15-MAR-07).

16-MAR-07
16-MAR-07
16-MAR-07
16-MAR-Q7
16-MAR-07
16-MAR-07

16-MAR-07

19-MAR-07

15-MAR-07
15-MAR-07

15-MAR-07 |

15-MAR-07

‘415-MAR-07

15-MAR-0T
15-MAR-07
15-MAR-07
15-MAR-07
16-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

15-MAR-07-

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

15-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07

15-MAR-07

15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-07
15-MAR-O7

17-MAR-07
17-MAR-07
17-MAR-07

MDM

‘MDM

MDM
MDM
MDM
MDM

MDM

THT

DAG
DAG
DAG
DAG
DAG

DAG’

DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG

DAG’

DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG
DAG

JAP
JAP

R504474
R504474
R504474
R504474
R504474
R504474

R504474

R504135

R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213

R503213

R503213
R503213
R503213
R503213
R503213
R503213
R503213
R503213
R603213
R503213
R503213
R503213
R503213
R503213
R503213

R504136
R504136
R504136
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T8-W1A

L485992-5

Sampled By: M. RODDY on 13-MAR-07

Matrix: - WATER
PAH ' .
Acenaphthylene <0.00005 00005 mg/lL  |15-MAR-07| 17-MAR-07 R504136
Anthracene <0.00001 00001/ mg/L  |15-MAR-07| 17-MAR-07 R504138
Benzo{a)anthracene <0.00001 17-MAR-07 R504136
Benzo(a)pyrene <0,00001 17-MAR-07 R504136
Benzo(b)fluoranthene <0.0000% 17-MAR-07 RS504136
Benzo(ghi)perylene <0.00001 00001 mgll  [15-MAR-07| 17-MAR-07 R504136
Benza(k)fluoranthene <0,00001 E.ooom mgll  [15-MAR-07| 17-MAR-07 RS504136
Chrysene <0.00005 D.00005/ mg/L |15-MAR-Q7! 17-MAR-07 R504138
Dibenzo(ah)anthracene <0.00001 .00001 mg/l.  [15-MAR-07| 17-MAR-07 R504136
Fluoranthene <0.00001 .00001| mglL  [15-MAR-07/ 17-MAR-07 R504136
Fiucrene - . <0.00005 .00005| mg/ll.  |15-MAR-07| 17-MAR-07 R504138- |
Indena(1,2,3 cd)pyrené: <0.00001 00003 -~ mg/L  [15-MAR-07| 17-MAR-07 - |R504136
Naphthalene . <0.00005 p.0000S5| mgl  [15-MAR-07| 17-MAR-07 R504136
Phenanthrene <0.00001 00001 mg/lL  [15-MAR-07| 17-MAR-07 R504138
Pyrene <0.00001 E.ooom mg/L  [15-MAR-07| 17-MAR-07 R504136
Quinoline - <0,00005 | 0.00005] mgll  [15-MAR-07| 17-MAR-07 R504136
Acridine <0.00001 00001 mg/L  [15-MAR-07| 17-MAR-07 .|R504136
Sur: 2-Fluerobiphenyl Surr 72 25-17§ % 15-MAR-07| 17-MAR-07 R504136
Sure: Terphenyl Sur . 82 25175 %. 15-MAR-07| 17-MAR-07 RS04136
Total Dissalved Solids 850 § ma/L 21-MAR-07 R505899
, Total Suspended Solids 25 5 | mgl 19-MAR-07 R504860
. L4B5992-6 T8-W1B |
Sampled By: M. RODDY on 13-MAR-07 .
Matrix: WATER
BTEX,TVH and TEH
BTEX .
Benzene <0.0005 0.0005 mg/L | 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 0.0005| mg/L 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005 mgiL 16-MAR-07 | MDM | R504474
o-Xylene <0.0005 ©]0.0005| mglL 16-MAR-07 | MDM | R504474
Xylenes <0.0005 0.0005| malL 16-MAR-07 | MDM | R504474
TVH (C5-C10)
Total Volatlles <0.1 0.1 mg/L 16-MAR-07| MDM | R504474
Tot. Extr, Hydrocarbons (C11-C30) .
TEH (C11-C30) <0.1 0.1 mg/l  |15-MAR-07| 18-MAR-07| THT |RS04135
. Metal scan
: Silver (Ag)-Total <0.001 0.001 mg/l  |15-MAR-07| 15-MAR-07| DAG |R503213
Aluminum {Al)-Total 1.37 0.02 mg/l  |15-MAR-07| 15-MAR-07| DAG |R503213
Arsenic (As)-Total 0.0037 0.0005| mg/ll. [15-MAR-07 15-MAR-07| DAG |R503213
Boron (B)-Total - 0.10 003 | mgiL [15-MAR-07| 15-MAR-07| DAG R503213
Barium (Ba)-Total 0.0864 0.0003| mg/l.  [15-MAR-07| 15-MAR-07| DAG |R503213
Beryllium (Be)-Total <0.001 0.001 mg/L - |15-MAR-07| 15-MAR-07| DAG |R503213
_ Bismuth (Bi)-Total <0.0002 0.0002) mglL  [15-MAR-07| 15-MAR-07 | DAG |R503213
[ . Calcfum (Ca)-Total 80.9 0.1. mg/l.  |15-MAR-07| 15-MAR-07| DAG R503213
Cadmium (Cd)-Total <0.0002 0.0002| mg/l |15-MAR-07| 15-MAR-07 | DAG | R503213
Cabalt (Co)-Total - 0.0006 0.0002| mg/l. |15-MAR-07| 15-MAR-07| DAG |R503213
Chromium (Cr)-Total 0.001 0.001 mg/l. |15-MAR-07| 15-MAR-07| DAG | R503213
Cesium (Cs)-Total 0.0001 0.0001| mgll [15-MAR-07 15-MAR-07| DAG | R503213
| Copper (Cu)-Total 0.004 0.001 mg/L J15-MAR-O 15-MAR-07 | DAG | R503213
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| BTEX.TVH and TEH

L485092-6  T8-W1B
Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER
Metal scan . .
iron (Fe)-Total 1.10 0.05 mg/l  |15-MAR-07| 15-MAR-07 | DAG | R503213
Potassium (K)-Total 10.6 0.1 mgiL  |15-MAR-07| 15-MAR-07 | DAG R503213
Magnesium (Mg)-Total 442 0.04 mg/L  |15-MAR-07| 15-MAR-07 | DAG |R503213
Manganese {Mn)-Total 0.0763 0.0003 mglt. 15-MAR-07 15-MAR-07 | DAG |R503213
Molybdenum (Mo)-Total 0.0027 00002| mglL [15-MAR-07| 16-MAR-07| DAG |R503213
Sodium (Na)-Total 62.0 0.03 mgll.  |15-MAR-07| 16-MAR-07 | DAG |R503213
Nicke! (Ni)-Total 0.004 0.002 | mglL [15-MAR-7| 15-MAR-07 | DAG |RS503213
! Phosphorus (P)-Total 0.28 RAMB | 0.05 mgll  |16-MAR-07| 15-MAR-07 | DAG |R503213
Lead (Pb)-Total 0.0008 0.0005| mgl [15-MAR-7| 15-MAR-07| DAG |R503213.
Rubidium (Rb)-Total 0.0046 0.0002| mgiL |15-MAR-07| 15-MAR-07| DAG |R503213
Antimony (Sb)-Total <0.001 ' 0.001. | mglL |15-MAR-07| 15-MAR-07| DAG RS503213
Selenium (Se)-Total <0001 0.001 mg/ll.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Tin (Sn)-Total <0,0006 0.0006| mgiL |15-MAR-07| 15-MAR-07| DAG |R503213
Strontium (Sr)-Totel 0.315 - 0.0001| mgiL (15-MAR-07 15-MAR-07 | DAG |RS503213
Tellurium (Te)-Total <0.001 0001 | mglL [15-MAR07| 15-MAR-07 | DAG | R503213
Titanlum (Ti)-Total 0.0394 0.0009| mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Thallium (TI)-Total 0.0002 0.0001| mgL [15-MAR-07| 15-MAR-07| DAG |R503213
Uranium (U)-Total 0.0031. - 0.0001| mgL [15-MAR-07| 15-MAR-07 | DAG < R503213
Vanadium (V)-Total 0.605 0.001 mg/lL  [15-MAR-07| 16-MAR-07 | DAG |RS03213
Tungsten {W)-Tatal <0.0002 0.0002| mglL [15-MAR-07| 15-MAR-07 | DAG |R503213
Zing {Zn)-Total 0.01 0.01 mg/L  |15-MAR-07| 15-MAR-07 | DAG |R503213.
Zirconium (Zr)-Total - 0.0014 0.0004| mglL [15MAR-07 15-MAR-07| DAG R503213 :
PAH {1-Methy! Naphthalene <0.00005 0.00005, mg/L |15-MAR-07| 17-MAR-07| JAP | R504136
2-Methyl Naphthalene <0.00005 00005| mg/l  |15-MAR-07| 17-MAR-07 JAP |R504136
Acenaphthene <0.00005 0.00005| mglL |15-MAR-07| 17-MAR-07| JAP |R504136
Acenaphthylene <0.00005 0.00005 mg/lL |15-MAR-07| 17-MAR-07| JAP |R504136
Anthracene <0.00001 00001| mgiL [15-MAR-07| 17-MAR-07| JAP |R604136
Benzo(a)anthracene <0.00001 0.00001 mg [15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)pyrene <0.00001 0.00001] mgll’ |15-MAR-07| 17-MAR-07| JAP R504136
Benzo(b)fluoranthene <0,00001 0.00001] mg/L 15-MAR-07| 17-MAR-07 | JAP |R504136
Banzo{ghijperylene <0.00001 0.00001 mg/L |15-MAR-07| 17-MARD7| JAP |R504136
Benzo(k)flucranthene <0.00001 0.00001 mgll. |15-MAR-07| 17-MAR-07| JAP .| R504136
Chrysene <0.00005 0.00005| mgfL [15-MAR-07| 17-MAR-07| JAP |R504136
Dibenzo{ah)anthracene <0.00001 0.00001] mg/. |15-MAR-07| 17-MAR-07 | JAP R504136
Fluoranthene - <0.00001 0.00001| mgll  |15-MAR-07) 17-MAR-07| JAP |R504136
Fluorene’ <0.00005 0.00005{ mg/L |15-MAR-07| 17-MAR-07| JAP R504136
Indeno(1,2,3 cd)pyrene <0.00001 0.00001| mglL [15-MAR-07| 17-MAR-07 | JAP R504136
Naphthalene <0.00005. 00005 mg/L  |15-MAR-07| 17-MAR-07| JAP | R504136
Phenanthrene <0.00001 0.00001| mg/l [15-MAR-07 47-MAR-07 | JAP |R504138
Pyrene <0.00001 0.00001] mglL 15-MAR-07| 17-MAR-07| JAP |R504136
Quinoline <0.00005 0.00005| mg/l. [15-MAR-7| 17-MAR-07| JAP | R504136 |
Acridine <0.00001 0.00001 mg/L [15-MAR-07| 17-MAR-07| JAP | R504136
Sum: 2-Fluorobiphenyl Surr 70 25-175 %  |15-MAR-07| 17-MAR-07| JAP |R504136
Surr. Terphenyl Surr 89 25175 % 15-MAR-07| 17-MAR-07 | JAP R504136
Total Dissolved Solids 640 5 mg/L 21-MAR-07| BJL |R505892
Total Suspended Solids 35 5 mglL. 16-MAR-07| BJL |R504860
L4B5002-7  TB8-W2A
Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER
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L485992-7  T8-W2A
Sampled.By: M. RODDY on 13-MAR-07
Matrix: - WATER
BTEX,TVH and TEH
BTEX
Benzene <0.0005 0.0005 A . 16-MAR-07 | MDM |R504474
_Tolueng <0.0008 0.0005| mgiL 16-MAR-07 | MDM |R504474
Ethylbenzene <0.0005 0.0005| mglL 16-MAR-07 | MDM | R504474
m+p-Xylenes : <0.0005 0.0005 | - mg/. : 16-MAR-07 | MDM | R504474 \
o-Xylene <0.0005 0.0005| mgil . | 16-MAR-G7 | MDM | R504474
] Xylenes <0.0005 0.0005 | - mg/L 16-MAR-07 | MDM |R504474
TVH (C5-C10) - ) .
- Total Volatiles <0.1 0.4 mg/L 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons (C11-C30) . , : .
TEH (C11-C30) - ’ [ <04 0.1 mg/l  [15-MAR-07| 18-MAR-07| THT |R504135
Metal scan . ' . . ] ¥
Silver {Ag)-Total <0.001 0.001 mgll.  15-MAR-07| 15-MAR-07| DAG |R503213
Aluminum (Al)-Total 1.10 0.02 mg/ll  [15-MAR-07 15-MAR-07 | DAG |R503213
Arsenic (As)-Total 0.0028 0.0005| mg/lk [15-MAR-07| 15-MAR-07| DAG |R503213
Boron (B)-Total - , 0.11. | 0.03 mg/l  |15-MAR-07| 15-MAR-07| DAG |R503213
Barlum {Ba)-Total : 0.0850 0.0003| mo/l |15-MAR-07| 15-MAR-07 | DAG |R503213
Beryilium (Be)-Total o <0.001 0.001 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R503213
Bismuth (Bi)-Total <0.0002 0.0002] mglL |15-MAR-07 15-MAR-07 | DAG |R503213
Calcium (Ca)-Totel 81.0 0.1 mg/ll.  [15-MAR-07| 15-MAR-07 | DAG |R503213
Cadniium (Cd)-Total " <0.0002 0.0002| mglL [15-MAR-07| 15-MAR-07 | DAG | R503213
Cobalt (Co)-Total 0.0008 ' 0.0002| mgl |15-MAR-07| 15-MAR-07 | DAG |R503213
Chromium {(Cr)-Total ' <0.001 0.001 mg/l  [15-MAR-07| 15-MAR-07 | DAG | R503213
Cesfum (Cs)-Total 0.0002 0.0001! mgfL |15-MAR-07| 15-MAR-07| DAG ‘| R503213
- Copper (Cu)-Total 0.004 0.001 mg/L  |15-MAR-07| 15-MAR-07| DAG |R503213
fron (Fe)-Totai ] 1.00 0.05 mg/l.  [18-MAR-07 15-MAR-07 | DAG | R503213
Potassium (K)-Total ) ‘ 10.5 0.1 mg/ll  |15-MAR-07| 15-MAR-07| DAG |R503213
Magnesium (Mg)-Total 43.2 0.01 mg/L  [15-MAR-07| 15-MAR-07| DAG | R503213
Manganese (Mn)-Total 0.0740 (0.0003; mg/ll |15-MAR-07| 15-MAR-07| DAG | R503213 I
Molybdenum (Mo)-Total 0.0029 . |0.0002( mg/l |15-MAR-07 15-MAR-07| DAG | R603213
Sodlum (Na)-Total B 63.1 0.03 mgll  [15-MAR-07| 15-MAR-07| DAG | R503213
Nickel (Ni)-Total 0.003 0.002 | mg/l |15-MAR-07| 15-MAR-07| DAG |R503213
Phosphorus (P)-Total 0.25 RAMB | 0.05 mg/L  |15-MAR-07| 15-MAR-07| DAG |R503213
‘Lead {Pb)-Total 0.0008 0.0005| mg/ll |15-MAR-07| 15-MAR-07 | DAG | R503213
Rubidium (Rb})-Total ' 0.0053 0.0002| mgl |15-MAR-07| 15-MAR-07| DAG | R503213
Antimony (Sb)-Total _ <0.001 0.001 mgll."  |15-MAR-07| 15-MAR-07| DAG | R503213
Selenium (Se)-Total <0.001 " | 0.001 mg/l  [15-MAR-07| 15-MAR-07| DAG |R503213
-Tin (Sn)-Total <0.0006 0.0006 | mg/llL |15-MAR-07| 15-MAR-07| DAG |R503213
Strontium (Sr)-Total 0.348 0.0001| mg/lL [15-MAR-07| 15-MAR-07 | DAG | R503213
Tellurium (Te)-Total <0.001 0.001 | mglL |15-MAR-07| 15MAR07| DAG | R503213
Titanium (Ti)-Total 0.0383 0.0008| mglL |15-MAR-07| 15-MAR07| DAG |R503213
Thallium (Ti)-Total 0.0003 0.0001| mg/l |15-MAR-07 15-MAR-07| DAG |R503213
Uranium (U)-Total 0.0036 0.0001| mg/ll |15-MAR-07 15-MAR-07 | DAG |R503213
Vanadium (V)}-Total 0.005 0.001 | mglL [15-MAR-07| 15-MAR-07| DAG |R503213
Tungsten (W)-Total <0.0002 0.0002| mglL [15-MAR-07| 15-MAR-07 | DAG | R503213
Zinc (Zn)-Total 0.01 0.01 mg/L  |15-MAR-07| 15-MAR-07| DAG | R503213
Zirconium (Zr)-Total 0.0015 . 0.0004| mg/l = [15-MAR-07| 15-MAR-07| DAG |R503213
PAH 1-Methyl Naphthalene <0.00005 00005 mg/l  [15-MAR-07| 17-MAR-07| JAP |R504136
2-Methyl Naphthalene <0.00005 .00005] mg/l.  [15-MAR-07| 17-MAR-07 | JAP |R504136

Acenaphthene <0.00005 .000051 .mgfL ‘15-MAR-07 17-MAR-07| JAP | R504136
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14850927  TB-W2A
Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER ‘
PAH : . : .
Acenaphthylene <0.00005 b.00005| mgl  |15-MAR-07| 17-MAR-07| JAP R504136
Anthracene <0.00001 0.00001] mglL |15-MAR-07 17-MAR-07| JAP |RS504136
Benzo{ajanthracens <0.00001 000001 mglL |15-MAR-07| 17-MAR-07| JAP R504136
Benzo{a)pyrene <0.00001 0.00001| mglt [15-MAR-07) 17-MAR-07 | JAP | R504138
Benzo(b)fluoranthen® <0.00001 h.00001| mgt  [15-MAR-O7 17-MAR-07 | "JAP |R504136
Benzo(ghi)perylene <0.00001 h.00001| mgll  [15-MAR-07| 17-MAR-07| JAP R504136
Benzo(k)fluoranthene «<0.00001 0.00001| mgll  [15-MAR-07| 17-MAR-07| JAP R504138
i Chrysene <0.00005 " b00005| mgiL [15-MAR-07| 17-MAR-07 | JAP R604136
‘Dibenzo{ah)anthracene <0.00001. bo0001| mglL  [15-MAR-07| 17-MAR-07| JAP R504136
Fluoranthene <0.00001 boooo1| mgl  [15-MAR-07) 17-MAR-07 | JAP R504138
Fluorene <0.00005 0.00005 mgll [15-MAR-07 17-MAR-07| JAP |R504138
Indeno(1,2,3 cd)pyrene <0.00001 0.00001 mg/l.  |15-MAR-07| 17-MAR-O7| JAP R504136
Naphthalene <D.00005 0.00005| mgll  [15-MAR-07| 17-MAR-07| JAP R504136
Phenanthrene <0.00001 - p.oooo1| mgll  |15-MAR-07 17-MAR-07 | JAP |R504136
Pyrene <0.00001 h00001| mgll  [15-MAR-07| 17-MAR-O7 | JAP - R504136
Quinoline <0.00005 0.00008| mgi.  [15-MAR-07| 17-MAR-07 JAP |R504136
Acridine <0.00001 b.00001| mgll  [15-MAR-07| 17-MAR-07 JAP |R504136 -
sum 2-Fluorobiphenyl Surr 70. 26-175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
sum: Tarphenyl Surr 80 25-175 % 15-MAR-07| 17-MAR07 | JAP |R504138
Total Dissolved Solids 640 5 mg/L - | 2¢-MAR07 | BJL |R505899°
. ) Total Suspended Solids 33 5 mg/L 19-MAR-07| BJL |R604860
14859928  T9-W1A
Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER
BTEX,TVH and TEH
BTEX .
Benzene <0.0005 0.0005 | = mgll 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005| mgl 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 - 0.0005| mg/lL 16-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005| mafl .| 16-MAR-07| MDM | R504474
o-Xylene <0.0006 0.0005 | moll 16-MAR-07 | MDM | R504474
Xylenes <0.0005 . 0.0005 | mgll 16-MAR-07 | MDM | R604474
TVH (C5-C10) . 4 i
Total Volatiles <0.1 0.1 mg/L 16-MAR-07 | MDM | R504474
Tot. Extr. Hydrocarbons {C11-C30) ) . .
TEH (C11-C30) <0.1 - 0.1 mg/l  |15-MAR-07| 18-MAR-07| THT | R504135
Metal scan : . o
Silver (Ag)-Total - <0.001 0.001 mg/L  [15-MAR:07| 15-MAR-07| DAG |R503213
Aluminum (Al)-Total 1.03 0.02 mgll  |15-MAR-07| 15-MAR-07 | DAG | R503213
Arsenic (As)-Total 0.0026 00005 mgl |15-MAR.07 15-MAR-O7| DAG R503213
Boron (B)-Tatal -0.10 0.03 mgll  |15-MAR-07| 16-MAR-07 | DAG R503213
Barium (Ba)-Total 0.0817 0.0003| mglL [15-MAR-G7| 15-MAR-07| DAG R503213
Beryllium (Be)-Total <0.001. 0001 | mgl |15-MAR-07| 15-MAR-07 DAG |R503213
Bismuth (Bi)-Total <0.0002 0.0002| mglL |15-MAR-07| 15-MAR-07 DAG | R503213
Calcium (Ca)-Total 759 0.1 mgll _|15-MAR-07| 15-MAR-07 | DAG'|R503213
Cadmium (Cd)-Total "<0.0002 0.0002| mglL [15-MAR-07| 15-MAR-O7| DAG R503213
Cobalt {Go)-Total 0.0005 -|0.0002| mgll 15-MAR-07| 15-MAR-07 | DAG | R503213
Chromium (Cr)-Total <0.001 0001 | mgL  |15-MAR-07| 15-MAR:07| DAG R503213
Cesium {Cs)-Total 0.0001 0.0001| -mgl. |15-MAR-07| 15-MAR-07| DAG R503213
Copper (Cu)-Total 0.003 10.001 mg/L 15¥MAR—OZ‘l5-MAR-O7 DAG |R603213
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L485992-8  To-W1A
Sampled By: M. RODDY on 13-MAR-07
Matrix: _ WATER
Metal scan - : )
Iron (Fe)-Total 0.84 0.05 mg/ll  |15-MAR-07| 15-MAR-07| DAG | R503213
' Potassium (K)-Total 9.8 -1 01 | mgl |15MAR-07 15-MAR-07| DAG | R503213
Magnesium (Mg)-Total 40:8 - | 0.01 mg/l  [15-MAR-07| 15-MAR-07 | DAG | R503213
Manganese (Mn)-Total 0.0632 0.0003| mgll |15-MAR-07| 15-MAR-07 | DAG | R503213
Molybdenum (Mo)-Total 0.0028 0.0002| mgt [15-MAR-D7| 15-MAR-07| DAG | R503213
Sodlum (Na)-Total 58,9 003 | . mgl [15-MAR-07| 15-MAR-07| DAG |R503213
Nicke! (Ni)-Total 0.003 0.002 | ‘mgl [15-MAR-07 15-MAR-07| DAG |R503213
Phosphorus (P)-Total ’ 0.22 RAMB | 0.05 mg/l  [15-MAR-07| 15-MAR-07 | DAG | R503213
Lead (Pb)-Total o © 0.0008 0.0005 mg/l |15-MAR-07| 15-MAR-07 | DAG |R503213
Rubidium (Rb)-Total 0.0049 : 00002 mglL |15-MAR-07| 15-MAR-07 | DAG | R503213
Antimony (Sb)-Total , <0001 0.001 mg/.  [15-MAR-07| 15-MAR-07 | DAG | R503213-
Selenium (Se)-Total <0.001 0.001 mgll.  |15-MAR-07| 15-MAR-07 | DAG |R503213
Tin (Sn)-Total <0,0008 0.0006| mg/. [15-MAR-07| 15-MAR-07| DAG |R503213
Strontium (Sr)-Total 0.332 - 0.0001| mgl - |15-MAR-07| 15-MAR-07| DAG | R503213
Tellurium (Te)-Total <0.001 0.001 mg/l.  [15-MAR-07| 15-MAR-07 | DAG | R503213-
Titanium (Ti)-Total _ 0.0281 00009| mg/l. [15-MAR-D7| 15-MAR-07| DAG |R503213
Thallium (T1)-Total , 0.0002 0.0001| mg/lL |15-MAR-07| 15-MAR-07. DAG.|R503213
Uranium (U)-Total .0.0034 0.0001 | wmg/llL |15-MAR-07| 15-MAR-07| DAG | R503213
Vanadium (V)-Total 0.004 0.601 mg/l.  |15-MAR-07| 15-MAR-07| DAG | R503213
Tungsten (W)-Total . <0.0002 0.0002| mglL |15-MAR-07| 15-MAR-07| DAG |R503213
Zinc (Zri)-Total ) 0.01 0.01 mg/l  [15-MAR-07| 15-MAR-07| DAG |R503213
Zirconium (Zr)-Total 0.0013 00004 mglL [15-MAR-07| 15-MAR-07| DAG | R503213
PAH
AH " 1-Methy! Naphthalene <0.00005 0.00005| mg/L |15-MAR-07| 17-MAR-07| JAP |R504138
2-Methyl Naphthalene <0.00005 00005 mg/lL [15-MAR-07| 17-MAR07| JAP |R504138
Acenaphthene <0.00005 ) 00005 mg/L [15-MAR-07| 17-MAR-07| JAP |R504136
Acenaphthylene <0.00005 00005 mgll [15-MAR-07| 17-MAR-07| JAP |R504138
Anthracene ' <0.00001 0.00001) = mg/L - |15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(a)anthracene <0,00001 0.00001] mg/l [15-MAR-07| 17-MAR-07| JAP | R504138
Benzofa)pyrene <0.00001 ' 0.00001/ mg/l  15-MAR-07| 17-MAR-07| JAP |R504136
Benzo(b)uoranthene <0.00001 0.00001 mg/L |[15-MAR-07| 17-MAR-07| JAP |RS04136
Benzo(ghi)peryiene - <0.00001 0.00001 mgl. [15-MAR-07| 17-MAR-07| JAP |Rsp2138
Benzo(k)lucranthene . <0.00001 0.00001] mg/ll  |15-MAR-07| 17-MAR-07| JAP |R504136
Chrysene _ . <0.00005 00005/ mg/l  |15-MAR-07| 17-MAR-07| JAP | R504136
Dibenzo(ah)anthracene <0.00001 00001 mg/ll  [15-MAR-07| 17-MAR-07| JAP | RS04136
Fluoranthene <0.00001 00001 mg/ll |15-MAR-07 17-MAR-07| JAP |R504138
Fluorene <0.00005 0.00005| mg/llL |15-MAR-07| 17-MAR-07| JAP | R504138
Indeno(1,2,3 cd)pyrene <0.00001 0.00001] mg/llL [15-MAR-07| 17-MAR-07| JAP |R504138
Naphthalene <0.00005 . 0.00005 mg/l [15-MAR-07| 17-MAR-07| JAP | R504136
Phenanthrene <0.00001 0.00001 mg/l [15-MAR-07| 17-MAR-07| JAP |R504136
Pyrene. : <0.00001 0.00001] mgl- |15-MAR-07| 17-MAR-07| JAP |R504136
Quinoline <0.00005 .00005| mgll  |15-MAR-07| 17-MAR-07| JAP |R504138
Acridine <0.00001 00001 mg/lL  [15-MAR-07| 17-MAR-07| JAP | R504136
Surr: 2-Fluorobiphenyl Surr 69 25.17§ % 15-MAR-07| 17-MAR-07| JAP |R504138
Swr: - Terphenyl Sur 85 25175 % 15-MAR-07| 17-MAR-07| JAP |R504136
Total Dissolved Solids . 620 5 mg/L 21-MAR-07| BJL |R505809
Total Suspended Solids 28 5 mgiL 19-MAR-07| BJL | R504860
1485902-0  TO-WI1B ’ ; ]
Sampled By: M. RODDY on 13-MAR-07 : |
R | |
d TEH - : !




1217-158-03 . L485982 CONTD....
: : PAGE 14 of 17

ALS LABORATORY GROUP ANALYTICAL REPORT

L4850929  T9-W1B
Sampled By: M. RODDY on 13-MAR-07
Matrix: WATER
BTEX,TVH and TEH .
BTEX _ ] . . _
Benzene <0.0005 0.0005| mglL. | - 16-MAR-07 | MDM | R504474
Toluene <0.0005 0.0005 mgll 16-MAR-07 | MDM | R504474
Ethylbenzene <0.0005 0.0005| mgl /| 18-MAR-07 | MDM | R504474
m+p-Xylenes <0.0005 0.0005| mglL . 16-MAR-07 | MDM | R504474
o-Xylene _ <0.0005 00005, mgL | - 16-MAR-07 | MDM | R504474
Xylenes - <0.0005 0.0005| ‘mgll 16-MAR-07 | MDM | R504474
TVH (C5-C10) : _ .
Total Volatiles <01 . v 0.1 mg/t 16-MAR-07 | MDM | R504474
- Tot. Extr. Hydrocarbons {c11-C30)
TEH (C11-C30) <01 0.1 mgll [15-MAR-07| 19-MAR-07| THT |R504135
Metal scan . , )
Silver (Ag)-Total © <0001 0001 | mgl [15MAR-07| 15-MAR-07 | DAG R503213 -
Aluminum (Al)-Total - 1.45 002 | .mglL [15-MAR-07| 15-MAR-07 | DAG R503213
Arsenic (As)-Total . 0.0029 00005 mgl |15-MAR-07| 15-MAR-07 | DAG |R603213
Boron (B)-Total 0.10 003, | mglL |15-MAR-07| 15-MAR-07 DAG |R503213
Barium (Ba)-Total 0.0869 0.0003| mgL [15-MAR-07| 15-MAR-07| DAG R503213
Beryllium (Be)-Total, <0.001 0001 | mglL [15-MAR-07| 15-MAR-07 | DAG |R503213
Bismuth (Bi)-Total <0.0002 00002| mglL [15-MAR-07| 15-MAR-07 | DAG |R503213
Calcium (Ca)-Total ‘81.8 0.1 mglL  |15-MAR-07| 15-MAR-07 | DAG |R503213
Cadmium (Cd)-Total <0.0002 0.0002| mglL |15-MAR-07.16-MAR-07 DAG |R503213
Cobalt {Co)-Total 0.0005 0.0002| mghL |15-MAR-07| 15-MAR-07 | DAG |R503213"
Chromium {Cr)-Total <0.001 0.001 mg/l  |[15-MAR-07| 15-MAR-07 | DAG | R503213
Cesium (Cs)-Total - 0.0002 0.0001 mglL  |15-MAR-07| 15-MAR-07 DAG |R503213
Copper (Cu)-Total 0.004 0.001 mg/L  [15-MAR-07| 15-MAR-07 DAG | R503213
Iron (Fe)-Total 1.09 0.05 mgll.  [15-MAR-07/ 15-MAR-07 DAG | R503213
Potassium (K)-Total 10.6 0.1 mg/l  [15-MAR-07| 15-MAR-07 | DAG |R503213
Magnesium (Mg)-Total 427 0.01 mglL  |i5-MAR-07| 15-MAR-07 | DAG |R503213
Manganese (Mn)-Totzl 0.0744 00003| mglL |15-MAR-07| 15-MAR-07| DAG |R503213
Molybdenum (Mo)-Total 0.0027 00002| mglL [15-MAR-07| 15-MAR-07| DAG |R603213
Sodium (Na)-Total 64.2 . 0.03 mgll |15-MAR-07| 15-MAR-07 | DAG |R503213
Nickel {Ni)-Total 0.004 0002 | mgL [|15MAR-07| 15-MAR-07| DAG | R503213
Phosphorus (P)-Total 0.25 .| RAMB | 0.05 mglt  |15-MAR-07| 15-MAR-07 | DAG |R503213
Lead (Pb)-Total _ 0.0008 0.0005| mglL 15-MAR-0';'.‘ 15-MAR-07 | DAG |R503213
Rubidium (Rb)-Total _ 0.0055 0.0002| mgl [15-MAR-07| 15-MAR-07| DAG |R503213
Antimony (Sb)-Total <0.001 0001 | mgl |15-MAR-07 15-MAR-07 | DAG. | R503213
Selenium (Se)-Total <0.001 0.001 mgi  |[15-MAR-07| 15-MAR-07 | DAG |R503213
Tin (Sn)-Total 1. <0.0006 00006 mgt |15-MAR-07| 15-MAR-07| DAG |R503213
Strontium (Sr)-Total ' 0.339 00001| mgil [15-MAR-Q7| 15-MAR-07| DAG |R503213
Teliurium (Te)-Total : <0.001 0.001 mglL  |15-MAR-07| 15-MAR-07 | DAG | R603213
Titanium {Ti)-Total 0.0337 . loooos| mgL |15-MAR-07| 15-MAR-07| DAG |R503213
Thallium (T1)-Total 0.0003 00001 mglL |15-MAR-07| 15-MAR-07 | DAG R503213
Uranium (U)-Total 0.0035 0.0001| mglL |15-MAR-07| 15-MAR-07 | DAG |R§03213
Vanadium (V)-Total 0.008 _ 0.001 mg/L [15-MAR-07| 15-MAR-07| DAG R503213
Tungsten (W)-Total '<0.0002 00002 mg/L |15-MAR-07| 15-MAR-07 | DAG | R503213
Zinc (Zn)-Total 0.05 0.01 mg/ll  |15-MAR-07| 15-MAR-07 | DAG |R603213
Zirconium (Zr)-Total 0.0015 0.0004 mgll.  [15-MAR-07] 15-MAR-07| DAG |R503213
PA
H 1-Methyt Naphthalene <0,00005 0.00005| mg/L [15-MAR-07| 17-MAR-07 | JAP |R504136
2-Methyl Naphthsiene ’ <0.00005 0.00005| molL (15-MAR-07| 17-MAR-07 | JAP | R504136
Acenaphthene <0.00005 0.00005| ~mal  |15-MAR-07 1'7-MAR-07-|. JAP |R5041386
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Sampled By: M. RODDY on 13-MAR-07

Matrix: - WATER

PAH i _

Acenaphthylens <0.00005 0.00005) mg/L [16-MAR-07| 17-MAR-07| JAP |R504138
Anthracene <0.00001 D.00001| mgL  |15:MAR-07) 17-MAR-O7| JAP |R504138°
Benzo(a)anthracene <0.00001 D.00001) mglL  |15-MAR-07| 17-MAR-OT| JAP |R504138
Benzo(a)pyrene <0.00001 0.00001 mg/l.  |15MAR-07| 17-MAR-07| JAP |R504136
Benzo{b)fluoranthene <0,00001 D.00001] mg/l  [15-MAR-07| 17-MAR-07 | Jap R504136
Benzo{(ghi)perylene <0.00001 0.00001) - mg/l.  |15-MAR-07 17-MAR-07 | JAP |R504136
Benzo(k)fluoranthene <0.00001 0.00001] mgil  |15-MAR-07| 17-MAR-07| JAP |RS04138
Chrysene <0.00005 0.00005| mg/l [15-MAR-07| 17-MARO7| JAP |R504436
Dibenza(ah)anthracene <0.00001 0.00001 mg/l.  |15-MAR-07| 17-MAR-07| JAP |R504136
Fluoranthene <0.00001 0.00001 mgl. [|15-MAR-07| 17-MAR-07| JAP R504138
Fluorene <0.00005 '0.00005| mg/l.  [15-MAR-07| 17-MAR-O7 | JAP |R504138. |
Indeno(t,2,3 ed)pyrene <0,00001 .00001] - mg/l  (15-MAR-07| 17-MAR-07 | JAP | R504136
Naphthalene <0,00005 00005 mg/l  [15-MAR-07| 17-MAR-O7| JAP |R504136
Phenanthrene <0.00001 .00001| mo/L - |15-MAR-07| 17-MAR-07| JAP |R504138
Pyrene <0.00001 D.00001| mg/L  [15-MAR-07 17-MAR-07| JAP |R504138
Quinoline <0.00005 00005 mg/ll  [15-MAR-07]-17-MAR-07| JAP |RS504136
Acridine <0.00001 000011 mgll  |15-MAR-07| 17-MAR07 | JAP. | R504138

_ Sure: 2-Fluorobiphenyl Surr 87 25175 % 15-MAR-07| 17-MAR-D7 | JAP |R504136

surm: Terphenyl Surr 77 25175 % 15-MAR-07| 17-MAR-07 | JAP |R504136
Total Digsolved Solids - 630 | 5 mgi. : 21-MAR-07 | BJL |R505899
Total Suspended Solids / 33 | & mg/L 19-MAR-07| BJL |R504860
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* Refer to Referenced Information for QLaliﬁers (if any) and Jeihodo
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Reference Information

Quallfiers for individual Samples Listed:

Sample Numbe! Client ID Qualifier Description .

L485992-1 T7-W2A LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
in accordance with EPA 200.8 : : :

L485992-2 T7-W2B LPM Laboratary Preserved for Metals. Total metals sample was preserved at the laboratory

: in accordance with EPA 2008 ‘
L485992-3 T7-W1A LPM Laboratory Preserved for Metals, Total metals sample was preserved at the laboratory
: in accordance with EPA 200.8 - T ' o

1485992-4 T7-W1B LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
in accordance with EPA 200.8 " )

L485992-5 T8-W1A LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory

' ) . in accordance with EPA 200.8 : R
L485992-8 T8-W1B LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
. ’ in accordence with EPA 200.8 S : :

L485982-7 T8-W2A - LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
in accordance with EPA 200.8 '

L485992-8 TO-W1A LPM. Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory
in accordance with EPA200.8 - '

L485992-9 T9-W1B ©LPM Laboratory Preserved for Metals. Total metals sample was preserved at the laboratory

. ) . in accordance with EPA 200.8 -

Sample Parameter Qualifier key listed:

Qualifier -Description A
RAMB Result Adjusted For Method Blank
Methods Listed (if applicable): ' . :
ALS Test Code Matrix Test Descriptjon Preparation Method Reference(Based On) Analytical Method Reference(Based On)
. BTX-WP ‘ Water BTEX ' EPA SW846,5030,8015

bbling hitrdgen through a water sample. The purged sainple components are trapped in a tube
ated and back flushed with helium to desorb the trapped compounds onto a gas

Volatile organic compounds are extracted {purged) by bu
tytes which are then detscted with a

containing a sorbent material. When purging is complete, the tube is he:
chromatagraphic column, The gas chromatograph is temperature programmed to separate the method ana

photoionization detector (PID) followed by a fiame jonization detector (FID).
MET-SCAN-TOT-LOW-WP Water 'Metal scan EPA 200.8 Rev 5.4 May 1994
PAH,PANH-WP Water PAH EPA SW846 8270B Sep 1994,3510B
Samples' are stored in the dark at 4 degrees C until extraction. Samples are partitioned at basic and acidic pH vﬁg‘f‘ d]gh%romemane, concentrated and

esterified (if run In conjunction with pentachlorophenol). -
Extracts are analyzed by Gas Chromatography / Mass Spectrometry In the selected ion monitoring mode.

SOLIDS-TDS-WP <Water Total Dissolved Sofids APHA 254G
The residue remaining in & prepared casserole after passing the sample through a 1.2 um Whatman GF/C glass microfibre filter and drying at 180
degrees C. Samples may be dried at 105 degrees G if the client speciiically requests this drying temperature. ) ’ ’

SOLIDS-TOTSUS-WP  Water Total Suspended Sofids APHA 2540
The residue retained by a prepared 1.5 um Whatman 934—AH glass microfibre filter dried at 105 degrees C. .
" TEHWP Water  Tot. Extr. Hydrocarbons {(C11- : EPA SW846 3510, 8000

This is the semi-quantitative detennina%gg)oi tota! extractable hydrocarbons (TEH) C14-C30 in water, soil and sediment sampleé. A water sample
~ volume of 240 mLs in a 250 mL glass amber bottle is shaken with 2-4 mL hexane for ane hour on a wrist action shaker, then sonicated for § minutes. A
sail/sediment sample of 25 grams is weighed out with sodium suiphate and exiracted with 10 mLs hexane/acetone for one hour on a wrist action shaker,

then sonicated for § minutes. After extraction, the solvent layer is drawn off and analysed against a calibrated diese! standard on a gas chromatograph
equipped with a flame jonization detector. All results are reported on a dry weight basis. By special request, the result can be calculated en C10-C24 to

meet specific regulations.
: : EPA SW846,5030,8015

TVH-WP ) Water TVH (C5-C10) )
rged) by bubbling nitrogen through a water sample. The purged samiple components are trapped in a tube

conlaining a sorbent material. When purging is complete, the tube ' is healed and back flushed with hellum to desorb the trapped compounds onto a gas
chromatographic column. The gas chromatograph 'is temperature programmed to separate the method analytes which are then detected with a

photolonization detactor (PID) followed by a flame lonization detector (FID).

Volatile organic compounds are extracted (pu

** |_aboratory Methods employed follow in-house procedures, which are
generslly based on nationally or internationally accepted methadologies.

Chain of Custody numbers:
The last two letters of the above test code(s) indicate the laboratory

that performed analytical analysis for that test. Refer fo the fist below: -
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Reference Information .

.Laboratory Definition Code Laboratory Location Laboratory Definition Code Laboratory Location
WP ALS LABORATORY GROUP - ,
WINNIPEG, MANITOBA, CANADA ,

GLOSSARY OF REPORT TERMS -
Surr - A surrogate Is an organic compound that Is similar to the targst ana!yte(s) in chemical composition and behavior but not normally

detected in environmental samples. Prior to sample processing, samples are fortified with one or more. surrogate compounds.
The reported surrogate recavary valus provides a measure of method efficiency. The Laboratory control limits are determined under

. column heading D.L.
mg/kg (units) - unit of concentration based on mass, parls per million.

mg/L (units) - unit of concentration based on volume, parls per million,

< -lLess than.

D.L. - The reporting limit. .
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only lo the samples as recelved by the faboralory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.

UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS.
Although test resuits are generated under strict QA/QC protocols, any unsigned test repons, faxes, or emails are considered prel:mmaly

ALS Laboratory Group has an extensive QA/QC program where all analytical dala reparted Is analyzed using approved referanced
procedures followed by checks and reviews by senior managers and quality assurance personnel. However, since the results are
obtained from chemical measurements and thus cannot be guaranteed, ALS Lahoratory Group assumes no lability for the use or-

interpretation of the results.
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APPENDIX C:

Water Quality Sampling Program (CH2M Hill, 1995)
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APPENDIX D:
Three Dimensional Representation of Coal Tar Contaminated Sediment Plume,
Red River (Based on Data from UMA, 2003)



PAHI6 at Transect 3: Contours at 66 & 285 ppm Z=10X
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PAH16 at Transect 9: Contours at 66 & 285 ppm Z=25X
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PAHI6 at sediment surface
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APPENDIX E:
Assessment of PAH Bioavailability and Toxicity in Sediments,
Manitoba Hydro — Sutherland Avenue Site
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1001 W. Seneca Street, Suite 204

Ithaca, NY 14850
T 607-277-5716 F 607-277-9057 www.ensr.aecom.com

October 1, 2007

Edwin Yee

UMA Engineering Ltd.

1479 Buffalo Place,
Winnipeg, Manitoba R3T 1L7

Subject: Preliminary Assessment of PAH Bioavailability and Toxicity in Sediments,
Manitoba Hydro — Sutherland Avenue Site

Dear Mr. Yee,

The following Technical Memorandum provides a preliminary assessment of polycyclic aromatic
hydrocarbon (PAH) bioavailability in surface sediments located adjacent to the former manufactured gas
plant (MGP) facility at Sutherland Avenue in Winnipeg, Manitoba. The following memorandum is
designed to be incorporated into your final report for Manitoba Hydro.

1. PAH bioavailability and toxicity assessment

Previous investigations of benthic macroinvertebrate community structure and toxicity testing have
indicated that there is apparently little or no impact to benthic aquatic life from sediments having PAH
concentrations exceeding typical sediment quality guideline (SQG) screening values at the Sutheriand
Avenue Site. To confirm the apparent lack of bioavailability and toxicity of PAHs, the dissolved
concentration of PAHs in porewater extracted from sediment samples was determined using recently
published ASTM standard methods and guidance prepared by the U.S. Environmental Protection
Agency for predicting the toxicity of PAH mixtures (ASTM, 2007; US EPA 2003).

Twenty surface sediment grab samples were collected from stations with previously observed elevated
PAH concentrations and for which previous data existed on macroinvertebrate community structure.
These samples were screened for the concentration of PAHs in the bulk sediment. Based on these
screening data, 10 samples having a range in PAH concentrations were then selected for detailed
analysis of dissolved PAHSs in extracted porewater. The concentration of dissolved PAHs was used to
estimate the potential toxicity of each sediment sample. For the duration of this report, when bulk
sediment PAH concentrations are discussed, the term PAH;g mg/kg will be used which refers to the sum
of 16 PAHs present in the bulk sediment expressed on a dry weight basis. The concentration of PAH,g
in sediment is the PAH concentration that many regulatory screening values are based upon. When
referring to the concentration of dissolved PAHs or bioavailable PAHs present in sediment porewater,
the term PAH3, is used which is expressed in units of umol/g lipid. The bioavailability PAH3,
concentration expressed as pmol/g lipid represents the predicted internal concentration or body burden
of PAHs that is expected in benthic aquatic organisms if they are exposed to the sediment. The
measurement of PAHa, is the sum of 18 parent PAH compounds and 16 groups of alkylated PAH
compounds, which represents thousands of individual PAHs. The exposure and internal body burden of
sediment-dwelling invertebrates is predicted using equilibrium portioning theory, and the analysis of
PAH3, is conducted to provide a better estimate of the potential toxicity resulting from complex mixtures
of PAHs. This approach is based upon recently published guidance prepared by the U.S. EPA for
characterizing the toxicity of PAH mixtures to benthic macroinvertebrates (U.S. EPA 2003).
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The goal of this assessment was to provide an initial evaluation of the PAH bioavailability and to
determine whether the toxicity of PAH impacted sediments adjacent to the Sutherland Avenue MGP site
is likely to be lower than currently assumed by the bulk sediment screening criteria typically used to
assess risk of PAHs to aquatic life. This assessment was designed to build upon the information and
database that have been developed by the Sediment Contaminant Bioavailability Alliance (SCBA). The
SCBA is a multi-industry group that has developed a new standard method for the site-specific
characterization of PAH bioavailability and toxicity in sediments (ASTM 2007, see www.scbaweb.com).
The data collected from the Sutherland Avenue site have been compared to the SCBA amphipod
toxicity database to enhance the interpretation of the sediment quality data collected from the Red
River.

1.1 Sample location

UMA collected 20 surface sediment grab samples (MHO01 through MH20) on August 28-29, using a petit
ponar, which were then prepared for shipment to the testing laboratories with support from ENSR.
Samples were located in the field with a global positioning system (GPS) receiver and their latitude and
longitude were determined to within sub-meter accuracy. At each station, approximately two liters of
surface sediment (0 to 10 cm) was collected and a physical description of the sample and water depth
was recorded (Table 1, Fig.1).

1.2 Station water quality assessment

Baseline measurements of water quality were measured with a YSI 556 MPS in the field prior to
collection of sediment samples (Table 2). The water quality parameters measured in the field included
temperature, dissolved oxygen, pH, and conductivity. Two measurements were collected from each
location, one measurement was taken near the water surface (approx. % meter below the water
surface) and a second measurement was taken near the bottom of the water column (approx. ¥z meter
above the sediment surface).

1.3 Sample handling procedures

Sediment samples were homogenized in the field which included screening (sieved through a #5 mesh
[4 mm] screen) to remove twigs, shells, leaves, stones, pieces of wood, and vegetation so as to improve
homogeneity of subsamples sent to the laboratory. Each sample was then placed into glass jars having
Teflon-lined-lids for submittal to the laboratory and labeled with the name of the study site, the station
location designation, the time of collection, the date of collection, and name of collector. Jars were kept
at 4 °C during shipment and chain-of-custody (COC) procedures were followed.

1.4 Sample screening and selection

Twenty surface sediment samples (MHO1 through MH20) were submitted to the Energy and
Environmental Research Center (EERC) located at the University of North Dakota in Grand Forks, ND
for chemical characterization. EERC conducted an initial screening for the concentration of 34 PAHs
specified by the U.S. National Oceanographic and Atmospheric Administration (NOAA), which includes
18 parent and 16 groups of alkylated PAHs. It is important to note that the 16 groups of alkylated PAHs
actually represent thousands of individual PAH homologues. The 16 U.S. EPA-priority pollutant PAHs
(PAH4¢) are a subset of the 18 parent PAHs specified by NOAA.

The screening concentration of PAHyg in the 20 sediments ranged from 0.2 to 2,700 mg/kg (wet weight
basis) (Table 3). The ratio of parent to parent + alkyl PAHs (PAH;¢/PAH,4) ranged from 0.40 to 0.82,
indicating that parent PAHs represented a significant proportion of the aromatic hydrocarbons in the
sediment samples which is typical for PAH mixtures observed at MGP sites. Based on this screening
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analysis, the ten samples having a bulk sediment concentration greater than 1.6 mg/kg (wet wt) PAH;¢
were selected for detailed analysis of PAHs dissolved in sediment porewater. The samples selected for
detailed chemical characterization included MH02, MHO3, MH04, MH10, MH11, MH14, MH16, MH18,
MH19, and MH20 (Table 3).

1.5 Sample analysis

1.5.1 Sediment PAH analysis

Samples selected for detailed chemical characterization were anaiyzed'for PAH34 concentrations in bulk
sediment using Soxhlet extraction and GC/MS analysis (Hawthorne et. al., 2006).

The mean concentration of total PAH¢ (determined on a dry wt. basis) for the selected samples ranged
from 9.18 to 17900 mg/kg (Table 4, Fig 1). The ratio of PAH.¢/PAH3, was consistent, ranging from 0.41
to 0.63, indicating that both alkyl and parent PAHs are represented in the PAH mixture present in the
sediment samples. The standard U.S. EPA method 8270 for determination of semi-volatile analytes
does not include measurements of alkylated PAHs. Therefore, the typical standard method for
determination of PAHs in sediment would not accurately characterize sediment toxicity because it does
not include measurement of alkylated PAHs.

Several samples (MH10, MH14 and MH16) were found to have large differences (> 50 relative percent
difference) between duplicate PAH analysis. These samples were also found to have relatively high
concentrations of low molecular weight PAHs suggesting that blebs of coal tar NAPL may be present in
these samples contributing to sample heterogeneity. The analytical lab, EERC, chose to analyze MH14
four times (2 sets of duplicate analyses) for quality control purposes due to the observed variation
between the initial duplicate tests. The mean, standard deviation, and number of replicates are
presented for this sample in the data table (Table 4).

1.5.2 Porewater PAH analysis

The concentration of dissolved PAHSs in sediment porewater using solid phase micro-extraction (SPME)
in combination with GC/MS analysis of PAH3, was determined using ASTM method D7363-07 for the
detailed chemical characterization of PAH bioavailability in the 10 selected samples (ASTM 2007,
Hawthome et al, 2005).

Mean concentrations of dissolved PAH;, measured in extracted porewater ranged from 0.42 to 4,630
Hg/L. When expressed in terms of potential exposure to benthic life, the concentrations of dissolved
PAHs in porewater ranged from 0.05 to 128 umol/g lipid (Table 5). In contrast to the variability observed
in bulk sediment PAHs4 concentrations, there were much smaller differences between the replicate
analyses of dissolved PAHs, in sediment porewater. Sample MH10 was analyzed twice more for quality
control purposes because of the lack of variation seen in its porewater concentrations between
duplicates. High variability was observed between duplicate analyses of bulk sediment PAH
concentrations in this sample. The mean, standard deviation, and number of replicates are presented in
the data table (Table 5).

1.5.3 Total organic carbon (TOC), soot carbon (SOC), and dissolved organic carbon (DOC)
The concentration of TOC, SOC, and DOC were determined using the methods of Hawthorne 2001,
Gustafsson et al. 1997, and APHA, 1998 SM 5310C respectively. SOC, or heat stabile carbon, is
determined by heating the sediment sample to 375°C for 24 hours in the presence of excess oxygen
prior to determining TOC. The TOC content of the sediment samples ranged from 1.2 to 17%. The
ratio of SOC/TOC ranged from 0.10 to 0.20 (Table 4). These data indicate that 10% to 20% of the
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organic carbon in the sediment is heat stable and likely to be anthropogenic in origin consisting of soot,
coke, etc. This is significant since soot and these other forms of anthropogenic carbon bind PAHs
more tightly than natural organic matter. The dissolved organic carbon present in extracted porewater
ranged from 6.0 to 24 mg/L. DOC data are collected to show whether unusually large amounts of
dissolved carbon are present in porewater, which may modify the interpretation of the bioavailability of
high molecular weight PAHs

1.5.4 PAH organic carbon - water partitioning (Koc) values

Using the measured concentrations of dissolved PAHs in sediment porewater, the concentrations of
PAHs in bulk sediment, and the TOC measured in bulk sediment, the apparent organic carbon-water
partitioning coefficient (Koc value) for each PAH was calculated for each sediment sample. These Koc
values provide an estimate of the PAH bioavailability to benthic aquatic life. The mean and range of
the measured log Koc values is shown for the parent PAHs in Figure 2. In all cases the measured Koc
value exceeded the literature based values based on natural organic matter and used by risk
assessment models [U.S. EPA, 2003]. Higher Koc values indicate lower PAH bioavailability; therefore,
the PAHs in these surface sediments are less bioavailable than would be assumed by the current risk

. assessment models. In some sediment samples the log Koc values exceeded the literature derived Koc
values by more than two log units (100 times).

In Figure 3, the measured Koc values for naphthalene and phenanthrene are shown for each sediment
sample and plotted against the concentration of naphthalene and phenanthrene measured in the bulk
sediment. With the exception of sample MH03, the measured log Koc value for naphthalene increases
as the concentration of naphthalene increases in the bulk sediment. These data indicate that
naphthalene is sorbed more strongly to the sediment organic carbon as the concentration of
naphthalene in the bulk sediment increases. These data suggest that the relative bioavailability of
naphthalene apparently decreases as the concentration of naphthalene increases in the bulk sediment.
However, this trend is not present for the larger molecular weight PAH compound phenanthrene.

To estimate the bioavailability for a mixture of PAHs present in sediment, the concentration of PAH3,
measured in sediment porewater is compared to the predicted concentration of PAH34 using the default
literature derived sediment organic carbon-water partitioning coefficients (Koc). This analysis is
provided in Figure 4, where PAH bioavailability is expressed as a percent of the predicted value using
the formula

PAH ;, measured porewater

PAH Bioavailability (%)= -
PAH ;, predicted porewater

x 100

where the PAH3, concentration is expressed as umol/g lipid. As can be seen from Figure 4, the
expected bioavailability of PAHs in sediment samples is expected to be less than 10% for five samples
(MH02, MH03, MH10, MH14 and MH18). Higher PAH bioavailability (10-100%) is expected in the other
five samples tested (MH04, MH11, MH16, MH19 and MH20).

1.5.5 Bioavailability assessment and predictions of sediment toxicity

The concentration of bioavailable PAHs generated for the Red River sediment samples were compared
to the SCBA sediment database of previously collected PAH bioavailability and Hyalella azteca (H.
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azteca) laboratory toxicity data (133 freshwater sediments were collected from 7 MGP and 2 aluminum
smelter sites across North America). Aluminum smelters are included in the data set because of their
use of coal tar pitch as a binding agent for their electrodes. H. azteca was selected as the test
organism for assessing sediment toxicity in the SCBA database because it is considered to be highly
sensitive to hydrocarbon contaminants and it's survival and growth test endpoints have good precision
(U.S. EPA 2000, 2003). Data developed from freshwater sediment samples indicate that porewater
samples having less than 15 umol/g lipid PAH3, are not anticipated to resuit in significantly reduced
survival of H. azteca (i.e., H. azteca survival should be >85%) and samples having more than 75 umol/g
lipid PAH34 are expected to have near 100% mortality (i.e., H. azteca survival should be <15%)
[Hawthome et al., 2007]. The concentrations of dissolved PAH;,4 in sediment porewater from the 10
selected samples were evaluated against this database (Fig 5). Based on these comparisons, the
sediment samples MH02, MHO3, and MH10 are not predicted to be toxic to aquatic invertebrates such
as H. azteca. Samples MH02, MHO3 and MH10 were determined to have 0.12, 0.78, and 0.06 pmol/g
lipid PAH34 (9.18, 20.4 and 66 mg/kg PAH,¢) respectively. Sample MH11 was determined to have a
dissolved PAH,, concentration of 19.9 umol/g lipid (sediment concentration 247 mg/kg PAH;g) and
toxicity cannot be predicted at the 95% confidence level. The dissolved concentration of PAHs in
porewater extracted from samples MH04, MH14, MH16, MH18, MH19, and MH20 exceeded 75 umol/g
lipid PAH3, and are expected to be toxic to H. azteca (Fig 2). These samples ranged in sediment PAH;¢
concentration from 285 to 17900 mg/kg.

Though samples MH04, MH10, and MH11 came from the same vicinity, they ranged in bioavailable
PAH concentrations from less than 1 umol/g lipid to more than 90 umol/g lipid indicating that the
chemistry of sediments in this area appears to be very heterogeneous (Fig 1). The bulk sediment
concentration of PAHs among duplicate analyses of sample MH10 illustrates the point (66 and 2660
mg/kg PAH4g). The other sediment samples exhibiting high concentrations of bioavailable PAHs were
also found to be geographically centered in the area located just north of the bridge crossing the study
area. Surface sediment samples collected downgradient (north) of sample MHO4 and upgradient
(south) of sample MH16 were found to have very low concentrations of total PAHs in the screening
analysis and are also not expected to exhibit toxicity to benthic macroinvertebrates.

Summary

Twenty surface sediment samples collected adjacent to the Sutherland Avenue MGP site contained a
wide range of PAH concentrations. Ten of the 20 sediment samples collected were determined to have
very low PAH concentrations in screening level analyses for PAHs, such that additional characterization
of PAH bioavailability was not conducted for these samples. Ten sediment samples having a wide
range in total PAH concentrations were selected for characterization of PAH bioavailability and potential
toxicity to sensitive benthic invertebrates such as the fresh water amphipod H. azteca. The samples
tested ranged in PAH,¢ from 9.2 to 17,900 mg/kg. Characterization of bioavailable PAHs determined by
measuring the dissolved concentrations of 34 PAHSs in porewater extracted from the sediment indicated
that samples having PAH4¢ concentrations exceeding 285 mg/kg PAH,¢ are likely to be toxic to benthic
aquatic organisms in laboratory toxicity tests. One sample, MH11, was determined to have a dissolved
PAH concentration in an intermediate range for which a prediction of toxicity is uncertain. This sample
was observed to have a sediment PAH, concentration of 247 mg/kg. Three sediment samples, all
having less than 66 mg/kg PAH,¢, were predicted to be nontoxic to H. azteca. Sediment samples
exhibiting high concentrations of bioavailable PAHs and expected to be toxic were geographically
centered in the area located just north of the bridge crossing the study area. Sediment samples further
downgradient (approx 500 feet north of the bridge) were highly variable in PAH concentrations, having a
wide range when measured in both the bulk sediment and extracted sediment porewater.
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if you have any questions regarding the information presented in this report, please do not hesitate to
contact me at (607) 277-5716. _ _ .

Helon s

Helen Jone:
Geochemist
HJones@ensr.aecom.com

Attachments: Tables 1, 2, 3, 4, and 5. Figures 1, 2, 3,4, and 5.
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Figure 2: Measured organic carbon-water partitioning coefficients (Koc) for Red
River sediment samples compared to default values generally used for
estimating risk to benthic macroinvertebrates. Bars represent the minimum to
maximum measured Koc values for each PAH.
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Note: MH10 was not included in the calculation of Koc values due to sample
heterogeneity.



Figure 3: Measured organic carbon-water partitioning coefficients (Koc) for
napht?alene and phenanthrene compared to default U.S. EPA values (U.S. EPA,
2003) .
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Figure 4. Expected % bioavailability compared to Total sediment PAH1¢

concentrations.
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Figure 5: Bioavailable PAH (umol/g lipid) concentrations for Red River sediment
samples compared to H. azteca survival (28-day) and bioavailable PAH (umol/g
lipid) concentrations for 133 sediment samples from the SCBA database.
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Table 1

Sediment Sample Locations

Manitoba Hydro
Sutherland Avenue MGP Site
Selected
Database |for Detalied Water
Sample ID Latitude’” | Longitude™ |Depth Field Description
ID Chemical (m)
Analysis
SED-0807-T2.2-A | MHO1 4954 28.41120| -07 7 14.86820| 4.6 I:h"’ee“"n' -grey fine SILT and gravel, no odor, no
SED-0807-34-A | MHO2 v  |495430.75767| 977 17.78561| 62 OGd’:ry'bm‘”" SILT, trace gravel, trace sheen, no
SED-0807-5.2-A MH03 v 49 54 33.48867 | -97 7 24.44876| 5.4 |Grey-brown SILT, trace gravel, no sheen, no odor
Grey-brown SILT and CLAY, black staining, heavy
SED-0807-6.2-A MHO04 v 49 54 34.65707| -97 7 26.60970| 6.2 |4 7 n, strong hydrocarbon-ike odor
g § Grey-brown SILT and clay, black staining, no
SED-0807-7.2-A MHO05 4954 38.49220| -977 3147530) 6.8 | 2" "
SED-0807-NSC1-A| MHO06 49 54 34.02907 | -97 7 23.82607| 6.1 |Grey-brown SILT, trace gravel, no sheen, no odor
Brown-grey SILT, , clay, some black staining, no
SED-0807-NSC2-A MHO07 49 54 36.13608| -97 7 27.95633| 6.6 |sheen, no odor, sheens on water surface at
location in river
SED-0807-UP1.1-A| MHo8 4954 19.35880| 07 6 53.86106| 6.4 Edor'““" fine grained SAND with sitt, no sheen, no
SED-0807-NSC3-A| MHo9 4954 44.34741| -97 7 35.10048| 7.7 fd’:ry CLAY with sit, trace gravel, no sheen, no
Brown fine grained SAND with silt, gravel, cobbles,
SED-0807-6.2B-A [ MH10 v 49 54 35.28562 | -97 7 25.43202| 5.3 Jtrace sheen and hydrocarbon-like odor, green
chironomids present
Grey SILT and CLAY, trace fine grain sand, trace
SED-0807-6.2C-A MH11 v 49 54 33.99765| -97 7 25.88315| 5.9 |gravel, black staining, heavy sheen, strong
hydrocarbon-like odor
Grey, brown, black SILT and CLAY, trace gravel,
SED-0807-6.2D-A | MH12 4954 32.96520| -97 7 24.11808{ 5.0 |~ " organic matter, no sheen. no odor
SED-0807-6.2E-A | MH13 4954 34.73053| .97 7 25.703¢3| 5.3 [Brown SILT, trace gravel, trace black staining, no
sheen, no odor
g . Grey SILT, clay, trace gravel, suspected coal tar,
SED-0807-2.2B-A | MH14 v 49 54 30.56350| -97 7 17.79315| 5.5 |heavy sheen, strong hydrocarbon-like odor
¥ Grey-black SILT and CLAY, moderate gravel, trace|
SED-0807-2.3B-A | MH15 4954 31.27366 | -7 7 15.65060| 6.6 [ oen, o odor
g Grey SILT, trace gravel, suspected coal tar, heavy
SED-0807-2.2C-A | MH16 v 4954 29.76161| -97 7 16.26992| 5.9 sheen, strong hydrocarbonlike odor
SED-0807-1.4-A | MH17 4954 27.47335( -07 7 12.04005 | 5.7 |CreY SILT and CLAY. coarse gravel, no sheen, no
SILT, trace fine to coarse grained gravel,
SED-0807-2.2E-A { MH18 v 49 54 20.63948| -97 7 16.72593| 4.9 |suspected coal tar, heavy sheen, strong
hydrocarbon-like odor
g g y SILT, trace clay, suspected coal tar, heavy sheen,
SED-0807-2.2F-A | MH19 v 4954 30.47292| -97 7 18.19780] 5 strong hydrocarbonlike odor
Grey SILT, trace clay, trace gravel, suspected coal
SED-0807-2.2G-A | MH20 v 4954 31.11218| -97 7 19.67723| 4.3 tar, some black staining, heavy sheen, strong

|hydrocarbon-like odor

GPs latitude and longitude are in NAD 1983 degrees, minutes, seconds
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Table 2

Field Water Quality Measurements

Manitoba Hydro
Sutherland Avenue MGP Site
Sample Station | Water Column Dissolved Conductiv|

De:Ignation Position Temperature (*C) Oxygen (mg/L) (uSIcm)lty PH
MHO1 near surface 18.9 114 752 84
near bottom 18.8 103 752 84

MHO02 near surface 18.8 11.0 752 8.4
near bottom 18.8 10.5 751 8.5

MH03 near surface 18.9 113 752 8.5
near bottom 18.8 104 752 8.5

MH04 near surface 19.0 113 753 85
near bottom 18.8 10.2 751 84

MHO5 near surface 18.9 10.8 752 84
near bottom 18.8 10.1 751 8.4

MHO6 near surface 19.0 10.9 762 8.3
near bottom 19.8 10.1 751 8.2

MHO7 near surface 19.2 11.6 754 8.4
near bottom 18.8 10.2 752 8.2

MHO8 near surface 18.7. 9.9 746 8.1
near bottom 18.7 9.8 746 8.2

MH09 near surface 18.8 103 747 8.4
near bottom 18.8 10.1 747 8.4

MH10 near surface 18.8 10.2 747 8.6
near bottom 18.7 9.9 747 8.6

MH11 near surface 18.9 10.5 747 8.5
near bottom 18.7 9.9 747 8.5

MH12 near surface 18.9 105 748 8.5
near bottom 18.7 10.3 747 84

MH13 near surface 19.2 12.2 750 8.0
near bottom 18.8 10.9 745 7.7

MH14 near surface 19.3 11.7 754 8.5
near bottom 19.0 116 750 8.4

MH15 near surface 189 104 750 8.6
near bottom 18.8 10.8 748 8.5

MH16 near surface 19.2 107 754 8.7
near bottom 18.9 11.6 751 8.6

MH17 near surface 19.1 113 752 8.7
near bottom 18.8 10.8 749 8.6

MH18 near surface 19.0 1.5 753 8.7
near bottom 18.8 10.9 749 8.6

MH19 near surface 19.1 117 752 8.7
near bottom 19.0 13 751 8.7

MH20 near surface 19.1 119 752 87
near bottom 19.0 11.6 752 8.7
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Table 3

PAH Screening Data
Manitoba Hydro
Sutherland Avenue MGP Site
Selected Total
: (1)
Sample ID  |Database ID F‘c’:'l":;t::::di T°:;:,:‘:';‘)‘ PAH,® | o AHT:,',':,’\H“
Analysis (NOAA 34)
mg/kg Wet mg/kg Wet
Weight Weight
SED-0807-T2.2-A MHO1 0.69 1.7 0.40
SED-0807-3.4-A MH02 v 1.6 1.9 0.82
SED-0807-5.2-A MHO03 v 6.5 8.6 0.76
SED-0807-6.2-A MH04 v 110 190 0.58
SED-0807-7.2-A MH05 0.72 1.0 0.70
SED-0807-NSC1-A|  MH06 ' 1.1 1.3 0.80
SED-0807-NSC2-A MHO07 0.62 0.86 0.72
SED-0807-UP1.1-A MHO08 0.15 0.30 0.51
SED-0807-NSC3-A MHO09 0.26 0.44 0.59
SED-0807-6.2B-A MH10 v 1.5 2.0 0.74
SED-0807-6.2C-A MH11 v. 13 i. 17 0.74
SED-0807-6.2D-A MH12 0.35 0.57 0.62
SED-0807-6.2E-A MH13 0.80 1.0 0.77
SED-0807-2.2B-A MH14 v 490 700 0.70
SED-0807-2.3B-A MH15 0.46 0.62 0.73
SED-0807-2.2C-A MH16 v 2700 4400 0.61
SED-0807-1.4-A MH17 0.75 1.0 0.75
SED-0807-2.2E-A MH18 v 1300 2000 0.65
SED-0807-2.2F-A MH19 v 247 343 0.72
SED-0807-2.2G-A MH20 v 1600 2400 0.67

MSum of 16 EPA priority pollutant PAHs noted below with an asterisk.

@sum of 34 PAHSs includes 18 parent and 16 groups of alkylated PAHs: naphthalene*, C1
naphthalenes, C2 naphthalenes, C3 naphthalenes, C4 naphthalenes, acenaphthylene*,
acenaphthene®, fluorene*, C1 fluorenes,C2 fluorenes, C3 fluorenes, phenanthrene*, anthracene*,
C1 phenanthrenes/anthracenes, C2 phenanthrenes/anthracenes, C3
phenanthrenes/anthracenes, C4 phenanthrenes/anthracenes, fluoranthene*, pyrene*, C1
fluoranthenes/pyrenes, benz[a]anthracene®, chrysene*, C1 chrysenes, C2 chrysenes, C3
chrysenes, C4 chrysenes, benzolb]fluoranthene*, benzo[k]fluoranthene*, benzo[e]pyrene,
benzo[a]pyrene*, perylene, indeno[1,2,3-cd]pyrene*, dibenz[ah]anthracene*, benzo[ghi]perylene*.

*Note that these screening-level measurements were made using sonication to provide a rapid
evaluation of PAH concentrations used to sub-select samples for detailed characterization. The
results are not considered final concentrations values and should not be used to provide site
characterization or interpretations of PAH bioavailability.
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Bulk Sediment Total PAH Concentrations

Table 4

Manitoba Hydro
Sutherland Avenue MGP Site
~MH02 MH03 — MHO04 MH10 MH11
Sediment PAH's ‘mglkg) Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean
naphthalene 2.16 2.06 2.11 5.50 5.98 5.74 41.3 43.5 424 143 3.58 73.2 35.7 35.1 35.4
2-methyinaphthalene 0.524 0.489 0.506 0.431 0.517 0.474 18.2 19.4 18.8 114 2.36 58.1 7.59 9.46 8.52
1-methylnaphthalene 0.304 0.280 0.292 0.549 0.653 0.601 16.4 16.9 16.6 62.6 1.26 32.0 6.47 7.31 6.89
C2 naphthalenes 1.99 1.52 1.75 2.66 2.91 2.79 40.2 40.6 40.4 195 4.87 100 15.2 19.6 17.4
C3 naphthalenes 1.03 0.910 0.968 2.64 2.70 2.67 16.0 15.7 15.8 84.5 3.83 44.2 7.57 9.49 8.53
C4 naphthalenes ND ND ND ND ND ND 11.4 10.8 11.1 52.0 4.26 28.1 7.52 8.43 7.98
acenaphthylene 0.963 0.911 0.937 0.688 0.875 0.781 4.28 3.91 4.10 127 3.35 65.1 2.24 3.52 2.88
acenaphthene 0.289 0.258 0.273 0.983 1.38 1.18 36.0 35.7 35.8 52.2 1.22 26.7 17.4 21.5 19.5
fluorene 0.445 0.420 0.433 0.561 0.841 0.701 10.7 10.9 10.8 121 2.81 62.0 8.49 11.4 10.0
C1 fluorenes 1.39 1.39 1.39 1.38 1.56 1.47 12.8 13.0 12.9 95.1 2.58 48.8 6.77 9.35 8.06
C2 fluorenes 1.66 1.68 1.67 1.70 1.89 1.79 12.3 11.3 11.8 121 3.37 62.3 8.51 11.6 10.0
C3 fluorenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
phenanthrene 1.61 1.91 1.76 2.01 3.74 2.88 50.5 48.5 49.5 407 12.7 12.7 33.3 48.9 41.1
anthracene 0.485 0.569 0.527 0.979 1.84 1.41 23.6 22.8 23.2 361 9.12 185 18.1 26.3 22.2
C1 phenanthrenes/anthracenes 1.46 1.52 1.49 1.48 2.36 1.92 32.6 31.0 31.8 251 5.61 128 14.9 22.8 18.9
C2 phenanthrenes/anthracenes 2.81 2.94 2.87 2.96 4.51 3.74 50.1 48.7 49.4 439 9.68 224 26.4 39.6 33.0
C3 phenanthrenes/anthracenes 1.15 1.17 1.16 ND ND ND 16.6 . 15.4 16.0 133 2.78 67.8 8.09 11.8 9.9
C4 phenanthrenes/anthracenes ND ND ND ND ND ND ND ND ND 26.1 ND 26.1 ND ND ND
fluoranthene 0.786 0.879 0.833 1.15 2.63 1.89 244 22.8 23.6 232 7.77 120 22.5 33.5 28.0
pyrene 0.602 0.667 0.635 0.933 2.16 1.54 32.3 30.1 31.2 252 6.38 129 19.5 29.0 24.2
C1 fluoranthenes/pyrenes 0.555 0.557 0.556 0.762 1.90 1.33 26.6 25.7 26.1 318 5.69 162 17.0 26.2 21.6
benz[a]anthracene 0.308 0.296 0.302 0.412 1.12 0.767 11.6 10.5 11.1 140 3.19 71.8 9.03 13.9 11.5
chrysene 0.266 0.255 0.260 - 0.446 0.944 0.695 10.8 10.2 10.5 205 4.34 105 7.59 11.7 9.7
C1 chrysenes 0.491 0.447 0.469 0.659 1.55 1.10 18.1 16.4 17.2 210 4.19 107 14.0 19.8 16.9
C2 chrysenes ND ND ND ND ND ND 10.5 . 9.48 9.97 108 2.34 55.0 6.68 9.80 8.24
C3 chrysenes ND ND ND ND ND ND ND ND ND 49.6 ND 49.6 ND ND ND
C4 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[b+k]fluoranthene 0.339 0.312 0.326 0.476 1.22 0.846 11.3 10.1 10.7 167 3.35 85.3 9.27 15.1 12.2
benzole]pyrene 0.113 0.107 0.110 0.163 0.402 0.283 5.50 4.79 5.15 57.4 1.09 29.2 3.08 5.19 4.13
benzo[a]pyrene 0.292 0.280 0.286 0.409 1.07 0.739 13.3 12.2 12.8 149 3.02 76.0 8.68 14.1 11.4
perylene 0.173 0.172 0.172 0.195 0.389 0.292 2.69 2.51 2.60 38.5 0.83 19.7 2.35 3.65 3.00
indeno[1,2,3-cd]pyrene 0.306 0.291 0.299 0.422 1.08 0.749 114 10.8 11.1 181 2.93 92.1 9.02 14.1 11.5
dibenz[ah]anthracene 0.055 0.059 0.057 0.071 0.184 0.128 1.57 1.47 1.52 43.5 0.53 22.0 1.62 2.23 1.92
benzo[ghi]perylene 0.145 0.136 0.141 0.203 0.512 0.357 6.97 6.20 6.59 79.0 1.34 40.2 4.16 6.56 5.36
Total PAH6 (mg/kg) 9.05 9.30 9.18 15.3 25.6 20.4 290 280 285 2660 66 1360 206 287 247
Total PAH;4 (mg/kg) 227 22.5 22.6 30.8 46.9 389 580 561 570 5020 120 2570 359 501 430
Ratio PAH,g/PAH,, 0.40 0.41 0.41 0.49 0.55 0.53 0.50 0.50 0.50 0.53 0.55 0.53 0.58 0.57 0.57
%Total Organic Carbon (TOC) 1.46 NA NA 1.29 NA NA 1.59 NA NA 1.16 NA NA 1.51 NA NA
%Soot Carbon (SOC) 0.17 NA NA 0.18 NA NA 0.24 NA NA 0.12 NA NA 0.15 NA NA
Ratio SOC/TOC 0.11 NA NA 0.14 NA NA 0.15 NA NA 0.10 NA NA 0.10 NA NA

ND - Non detected
NA - Not Applicable
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Table 4

Bulk Sediment Total PAH Concentrations

Manitoba Hydro
Sutherland Avenue MGP Site
MH14 MH16 “MH18 MH19 MH20

Sediment PAH's (mg/kg) Mean Std Dev. N Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean
naphthalene 1260 1040 4 4890 4500 4690 2420 1050 1730 574 606 590 1880 1930 1900
2-methylnaphthalene 378 334 4 1320 1220 1270 686 246 466 150 147 149 488 519 504
1-methyinaphthaltene . 207 183 4 707 644 676 360 128 244 77.4 75.6 76.5 251 267 259

C2 naphthalenes 409 364 4 1420 1300 1360 - 721 247 484 150 145 147 489 533 511

C3 naphthalenes 162 136 4 535 499 517 267 92.4 179 56.7 54.4 55.6 178 106 187

C4 naphthalenes 87.9 78.6 4 312 296 304 154 54.5 104 32.9 31.4 32.1 99.5 113 106
acenaphthylene 377 341 4 1460 1280 1370 754 272 513 154 148 151 439 429 434
acenaphthene 105 77.9 4 291 273 282 226 76.5 151 41.2 38.1 39.7 270 296 283
fluorene 272 243 4 836 734 785 495 181 338 115 107 111 345 371 358

C1 fluorenes 157 145 4 488 441 464 274 95.6 185 58.2 54.1 56.1 177 198 188

C2 fluorenes 216 203 4 653 580 616 376 130 253 81.0 74.4 77.7 237 279 258

C3 fluorenes ND ND 4 ND ND ND ND ND ND ND ND ND ND ND ND
phenanthrene 859 698 4 3230 2760 2990 1880 745 1310 422 394 408 1373 1457 1415
anthracene 441 384 4 1880 1620 1750 920 366 643 185 177 181 737 956 847

C1 phenanthrenes/anthracenes 451 407 4 1500 1310 1410 . 810 274 542 175 161 168 537 610 574
C2 phenanthrenes/anthracenes 730 687 4 2430 2150 2290 1310 396 852 241 227 234 836 950 893
C3 phenanthrenes/anthracenes 216 202 4 776 701 739 422 140 281 72.3 67.5 69.9 264 301 283
C4 phenanthrenes/anthracenes 82.7 16.2 2 157 153 155 90 38.7 64 ND ND ND 64.2 71.8 68.0
fiuoranthene 450 347 4 1060 888 975 981 403 692 257 245 251 600 580 590

pyrene 481 403 4 907 874 891 981 380 681 221 212 216 690 593 642

C1 fluoranthenes/pyrenes 523 489 4 961 951 956 955 316 636 183 174 179 616 560 588
benz[a]anthracene 236 201 4 620 608 614 416 169 293 106 103 104 310 332 321
chrysene 209 188 4 688 645 667 375 139 257 82.4 77.1 79.7 270 317 294

C1 chrysenes 348 309 4 916 920 918 598 224 411 135 133 134 422 465 443

C2 chrysenes 159 141 4 435 441 438 285 110 198 59.2 57.3 58.3 198 219 209

C3 chrysenes 148 42.3 4 267 436 351 180 56.4 118 ND ND ND 128 201 164

C4 chrysenes ND ND 4 ND ND ND ND ND ND ND ND ND ND ND ND
benzo[b+k]fluoranthene 291 267 4 777 658 718 537 191 364 111 116 113 412 398 405
benzo[e]pyrene 96.4 88.0 4 259 220 240 . 179 63.8 121 37.2 39.0 38.1 138 137 137
benzo[a]pyrene 261 238 4 740 627 684 518 184 351 98.1 103 101 397 385 391
perylene 57.1 49.3 4 212 202 207 102 394 70.7 25.8 27.6 26.7 84.2 87.7 86.0
indeno[1,2,3-cd]pyrene 294 262 4 926 802 864 492 175 333 130 122 126 322 379 351
dibenz[ahlanthracene 51.5 46.1 4 202 176 189 116 39.5 77.8 21.0 16.4 - 18.7 74.0 87.4 80.7
benzo[ghi]perylene 129 120 4 432 371 401 228 82.2 155 51.6 48.6 50.1 151 176 164
Total PAH:g (Mg/kg) 11400 4340 4 18900 16800 17900 11300 4450 7890 2570 2510 2540 8270 8680 8480
Total PAH,, (mg/kg) 20000 8000 4 32300 29300 30800 19100 7100 13100 4100 3980 4040 13500 14400 13900
Ratio PAH¢/PAH;, 0.57 0.01 4 0.59 0.57 058 0.59 0.63 0.60 0.63 0.63 0.63 0.61 0.60 0.61
%Total Organic Carbon (TOC) 6.44 NA NA 16.58 NA NA 412 NA NA 3.23 NA NA 6.31 NA NA
%Soot Carbon (SOC) 1.24 NA NA 3.39 NA NA 0.76 NA NA 0.65 NA NA 1.15 NA NA
Ratio SOC/TOC 0.19 NA NA 0.20 NA NA 0.18 NA NA 0.20 NA NA 0.18 NA NA

ND - Non detected
NA - Not Applicable
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Table 5
Bioavailable PAH Concentrations

Manitoba Hydro
Sutherland Avenue MGP Site
MHO02 MHO3 ~ MH04 MH10 MH11
Sediment SPME Pore Water PAHs (ug/L) Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Mean Std Dev N Rep 1 Rep 2 Mean
naphthalene ND ND ND 214 20.9 21.1 1350 1200 1280 ND ND 4 854 838 846
2-methyinaphthalene ND ND ND 0.732 0.732 0.732 162 171 166 ND ND 4 35.6 34.1 34.9
1-methyinaphthalene ND ND ND 2.27 2.24 2.26 217 231 224 0.098 0.006 4 47.7 46.3 47.0
C2 naphthalenes ND ND ND 1.25 1.29 1.27 168 176 172 0.461 0.028 4 23.8 24.1 24.0
C3 naphthalenes ND ND ND 0.237 0.284 0.260 50.5 54.0 52.2 ND ND 4 4.92 5.01 4.96
C4 naphthalenes ND ND ND ND ND ND 11.8 12.7 12.3 ND ND 4 0.646 0.790 0.718
acenaphthylene ND ND ND 0.589 0.619 0.604 0.241 0.304 0.272 0.014 ND 4 10.0 11.7 10.9
acenaphthene 0.014 0.020 0.017 2.84 2.82 2.83 228 241 234 0.152 0.004 4 57.3 55.8 56.6
fluorene 0.025 0.022 0.023 0.571 0.597 0.584 3.27 3.60 3.44 0.038 0.027 4 0.446 0.497 0.471
C1 fluorenes ND ND ND 0.182 0.196 0.189 13.1 13.7 13.4 0.132 0.025 4 1.93 1.84 1.89
C2 fluorenes ND ND ND ND ND ND 3.84 3.89 3.87 ND ND 4 0.242 0.283 0.263
C3 fluorenes ND ND ND ND ND ND ND ND ND ND ND 4 ND ND ND
phenanthrene 0.085 0.084 0.085 0.408 0.463 0.435 45.3 47.8 46.5 0.068 0.020 4 9.19 8.96 9.07
anthracene 0.020 0.013 0.017 0.070 0.073 0.072 8.31 8.66 8.49 ND ND 4 1.22 1.23 1.23
C1 phenanthrenes/anthracenes 0.152 0.092 0.122 0.106 0.127 0.117 13.2 13.8 13.5 ND ND 4 1.12 0.980 1.05
C2 phenanthrenes/anthracenes ND ND ND ND ND ND 4.28 4.79 4.53 ND ND 4 ND ND ND
C3 phenanthrenes/anthracenes ND ND ND ND ND ND 1.16 1.09 1.13 ND ND 4 ND ND ND
C4 phenanthrenes/anthracenes ND ND ND ND ND ND ND ND ND ND ND 4 ND ND ND
fluoranthene 0.091 ND 0.091 0.060 0.070 0.065 4.94 5.38 5.16 ND ND 4 0.680 0.629 0.655
pyrene 0.082 0.016 0.049 0.043 0.048 0.046 6.10 6.63 6.37 0.022 0.009 4 0.523 0.492 0.507
C1 fluoranthenes/pyrenes 0.053 0.032 0.042 ND ND ND 2.46 2.81 2.64 ND ND 4 0.138 0.134 0.136
benz[a]anthracene 0.012 0.011 0.012 ND ND ND 0.297 0.394 0.345 ND ND 4 0.024 0.024 0.024
chrysene 0.009 0.008 0.008 ND ND ND 0.338 0.426 0.382 ND ND 4 0.021 0.021 0.021
C1 chrysenes ND ND ND ND ND ND 0.053 0.074 0.064 ND ND 4 ND ND ND
C2 chrysenes ND ND ND ND ND ND ND ND ND ND ND 4 ND ND ND
C3 chrysenes ND ND ND ND ND ND ND ND ND ND ND 4 ND ND ND
C4 chrysenes ND ND ND ND ND ND ND ND ND ND ND 4 ND ND ND
benzo[b+kifluoranthene ND ND ND ND ND ~ ND 0.073 0.117 0.095 ND ND 4 ND ND ND
benzo[e]pyrene ND " ND ND ND ND ND 0.065 0.090 0.078 ND ND 4 ND ND ND
benzo[a]pyrene ND ND ND ND ND ND 0.091 0.135 0.113 ND ND 4 ND ND ND
perylene ND ND ND ND ND ND 0.018 0.027 0.023 ND ND 4 ND ND ND
indeno[1,2,3-cd]pyrene ND ND ND ND ND ND 0.012 0.018 0.015 ND ND 4 ND ND ND
dibenz[ah]anthracene ND ND ND ND ND ND ND ND ND ND ND 4 ND ND ND
benzo[ghi]perylene ND ND ND ND ND ND 0.020 0.026 0.023 ND ND 4 ND ND ND
SPME PAH3; (ug/L) 0.544 0.299 0.421 30.7 30.5 30.6 2290 2200 2250 0.608 0.462 4 1050 1030 1040
SPME Predicted Biota (umol/g lipid) 0.152 0.079 0.115 0.762 0.789 0.775 88.7 91.9 90.3 0.055 0.029 4 20.0 19.7 19.9
Dissolved Organic Carbon (mg/L) 6.0 NA NA 6.3 NA NA 79 NA NA 7.1 NA NA 6.4 NA NA

ND - Non detected
NA - Not Applicable

Table 5
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Table 5
Bioavailable PAH Concentrations
Manitoba Hydro
Sutherland Avenue MGP Site

MH14 MH16 "MH18 MH19 MH20
Sediment SPME Pore Water PAHs (ug/L) Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean
naphthalene 3000 3050 3020 1240 1350 "~ 1290 1880 1430 1650 3360 2080 2720 1850 2030 1940
2-methyinaphthalene 512 509 511 452 452 452 430 391 411 504 469 486 505 535 520
1-methyinaphthalene 343 343 343 361 344 352 300 291 296 325 337 331 386 398 392
C2 naphthalenes 120 123 122 79.5 80.3 79.9 115 95.0 105 160 116 138 122 128 125
C3 naphthalenes 33.0 33.6 33.3 23.2 24.5 23.8 34.3 27.7 31.0 45.9 30.7 38.3 35.5 36.9 36.2
C4 naphthalenes 4.95 4.95 4,95 4.1 4.56 4.33 5.88 4.55 5.21 7.05 4.29 5.67 6.15 6.09 6.12
acenaphthylene 407 405 406 390 378 384 322 314 318 360 372 366 314 322 318
acenaphthene 64.3 64.1 64.2 58.5 56.1 57.3 67.5 65.6 66.6 64.2 65.2 64.7 189 197 193
fluorene 4.39 4.48 4.44 5.31 5.25 5.28 4.40 4.52 4.46 4.00 442 4.21 5.82 5.99 5.90
C1 fluorenes 16.0 16.0 16.0 19.3 19.0 19.2 16.0 15.7 15.8 15.9 14.9 15.4 21.1 21.6 21.3
C2 fluorenes 1.62 1.74 1.68 3.01 3.00 3.00 2.27 2.11 2.19 1.98 1.55 1.77 3.00 3.06 3.03
C3 fluorenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
phenanthrene 72.5 72.7 72.6 102 99.54 101 81.1 81.4 81.2 71.0 71.3 71.2 122 127 124
anthracene 11.3 11.5 11.4 16.4 16.0 16.2 13.3 13.2 13.2 11.2 10.8 11.0 19.0 19.8 19.4
C1 phenanthrenes/anthracenes 10.4 10.3 10.3 20.0 20.0 20.0 13.6 13.3 13.4 10.3 9.45 9.87 21.5 22.3 21.9
C2 phenanthrenes/anthracenes 1.75 1.80 1.78 4.69 5.40 5.05 2.90 2.90 2.90 1.90 1.52 1.71 5.32 5.51 5.42
C3 phenanthrenes/anthracenes ND ND ND 1.00 1.17 1.09 0.501 0.415 0.458 ND ND ND 0.984 1.04 1.01
C4 phenanthrenes/anthracenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
fluoranthene 6.18 6.21 6.19 15.2 15.4 15.3 9.97 9.87. 9.92 6.00 5.89 5.94 19.1 19.7 19.4
. pyrene 4.34 4.38 4.36 121 . 124 12.3 7.71 7.62 7.67 4,29 4.13 4.21 15.0 15.6 16.3
C1 fluoranthenes/pyrenes 1.05 1.05 1.05 3.60 4.01 3.81 1.86 1.88 1.87 0.960 0.842 0.901 4.27 4.57 4.42
benz[alanthracene 0.138 0.140 0.139 0.644 0.825 0.735 0.309 0.315 0.312 0.119 0.122 0.120 1.10 1.18 1.14
chrysene 0.087 0.094 0.090 0.421 0.554 0.488 0.200 0.210 0.205 0.093 0.086 0.090 0.757 0.793 0.775
C1 chrysenes ND ND ND 0.083 0.117 0.100 0.027 0.028 0.028 ND ND ND 0.126 0.137 0.132
C2 chrysenes ND ND ND ND ND ND ND. ND ND ND ND ND ND ND ND
C3 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C4 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[b+k]fluoranthene ND ND ND 0.137 0.168 0.153 0.050 0.055 0.053 ND ND ND 0.301 0.331 0.316
benzo[e]pyrene ND ND ND 0.067 0.109 0.088 0.038 0.043 0.040 ND ND ND 0.180 0.176 0.178
benzo[a]pyrene ND ND ND 0.131 0.167 0.149 0.054 0.072 0.063 ND ND ND 0.285 0.345 0.315
perylene ND ND ND 0.026 0.036 0.031 0.018 0.018 0.018 ND ND ND 0.059 0.077 0.068
indeno[1,2,3-cd]pyrene ND ND ND 0.012 0.015 0.014 ND ND ND ND ND ND 0.061 0.074 0.067
dibenz[ah]anthracene. ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[ghi]perylene ND ND ND 0.018 0.027 | 0.022 ND ND ND ND ND ND 0.063 0.077 0.070
SPME PAH3, (ug/L) 4610 4660 4630 2810 2890 2850 3310 2770 3040 4960 3600 4280 3650 3900 3780
SPME Predicted Biota (umol/g lipid) 103 104 103 95.3 98.0 96.7 93.6 83.0 88.3 112 88.4 100 125 131 128
Dissolved Organic Carbon (mg/L) 225 NA NA 6.9 NA NA 24.3 NA NA 19.7 NA NA 19.0 NA NA

ND - Non detected
NA - Not Applicable

Table 5
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Appendix F. Human Health Risks Associated with
Sediment Contact

1. RISK ASSESSMENT

Risks to human health associated with presence of coal tar beneath the building and parking lot at the
Sutherland site have been evaluated previously, and the results are reported elsewhere. Herein, we
address possible risks to human health associated with PAH contamination of the sediments in the Red
River adjacent to the Site. In particular, a quantitative evaluation was completed for scenarios involving
dermal (skin) contact with the contaminated sediments.

It cannot be absolutely precluded that humans could come in contact with contaminated sediment. In
particular, there is some remote possibility that a person could come in contact with the sediment when
walking or playing along the waters edge beneath the Site during low water periods. Contact might also
occur as a result of the handling of anchors, fishing lures, or other objects that have come into contact
with the contaminated sediment, and to which sediment adheres.

Such human exposure events are considered highly improbable, but not impossible. Given the low
probability of occurrence, frequency or duration of such exposures would be very low; i.e., once to nor
more than ten times in a person’s lifetime. If a person were to get PAH contaminated sediment on their
skin, the potential for dermal uptake would remain until such time as the sediment were washed off, or
until the PAH concentration in the adhering sediment is depleted in the microzone adjacent to the skin.

1.1.  Quantifying PAH Exposure Potential

In general, there is a possibility for humans to be potentially exposed to contaminants via the one or more
of six major pathways:

* Uptake in drinking water: This pathway is precluded as a potentially viable exposure route,
since (i) the population is served through a treated, distributed potable water source; (i) the
river water at or immediately downstream from the Site is not a recognized drinking water
source, and (iii) PAHs are strongly hydrophobic, suggesting very limited partitioning from
sediment into river water (the available river water data confirms this).

* Uptake from food substances: This pathway is also precluded as a potentially viable
exposure route, since (i) humans do not rely on or otherwise ingest aquatic biota at or near
the site to any appreciable degree, and (ii) PAHs generally do not bioconcentrate or
biomagnify in higher trophic level animals, since they are metabolized to readily excreted
compounds.

e Inhalation of volatile (gaseous-phase) substances: Pulmonary (deeper respiratory)
uptake of PAHs from sediments is highly unlikely since coal-tar contaminated sediment
resides beneath the water column, and water-air partitioning is strongly limited by the prior
necessary sediment-water partitioning. In addition, the small amount of sediments disturbed
and brought to the surface (on hands or other objects) would not be expected to result in
airborne concentrations of volatile coal tar constituents of sufficient magnitude to appreciably
contribute to the overall potential exposure.

* Inhalation of suspended fine particulates (PM,s, PM;,, >PM;o): Airborne sediment
particulates would not be expected, since the wet nature of the sediment would preclude
transfer to air as dust particles. This calculation does not address potential for exposures to
dusts from coal-tar contaminated sediment that is transferred to the land and then allowed to
dry. No such situation is known to occur; nor is it expected in the future. The sediments along
the river bank, that might be exposed during low flow conditions, contain much lower
concentrations of PAHs than farther out in the river bed.



¢ Incidental ingestion of sediment, and
¢ dermal contact with sediments.

Human exposures were estimated for only the last two of these six exposure routes, for reasons provided
above.

The concentration of PAHs in the sediment provides a basis for estimation of dermal exposure. Two
different estimates of the concentration of PAHs in sediment were considered:

1) The maximum observed concentration of unsubstituted PAHs in the most recent analysis (2007)
of surface sediments collected by petite ponar grab;

2) An upper estimate (90™ %ile) concentration of PAHs in any sediment sample with coal tar
contamination. The data assessed was from core samples collected in 2002. The highest
concentrations of PAHs occur near the surface of the riverbed, but underlie a cover of minimally
contaminated recent sediments. The highest observed concentrations were found in sediments
with visual and olfactory evidence of free-phase coal tar.

The 90th %ile of sediment concentration for PAH16 and individual unsubstituted PAHs was generally
approximately two orders of magnitude lower than the maximum observed concentration (Figure F-1).
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Figure F-1: PAH16 Statistical Distrution in Red River Sediment Samples (All Core Depths) from
Adjacent to the Sutherland Site.



The upper-bound estimates from observed concentration of PAHs under these two scenarios is
documented in Table F.1

Table F-1: Upper Concentration Estimates for Bulk Sediment PAHs'
Upper bound concentration in sediment
(mg/kg dw)
Upper 90" %ile Maximum observed
UMA (2002) coring
study - all sediment = UMA (2007) grab samples — top 5
depths to 10 cm only
(sample)

Naphthalene 23.4 2.4 T3-3
Acenaphthylene 8.4 0.62 T3-2
Acenaphthene 6.2 0.68 T3-2
Fluorene 5.8 1.1 T3-2
Phenanthrene 11 6.2 T3-2
Anthracene 6.8 1.9 T3-2
Fluoranthene 24 6.2 T3-2
Pyrene 8.0 5.1 T3-2
Benzo(a)anthracene 13 23 T3-2
Chrysene 13 2.2 T3-2
Benzo(b)fluoranthene 4.5 2.0 T3-2
Benzo(k)fluoranthene 4.2 0.74 T3-2
Benzo(a)pyrene 4.8 1.8 T3-2
Indeno(1,2,3-cd)pyrene 1.8 1.6 T3-2
Dibenzo(a,h)anthracene 4.4 0.24 T3-2
Benzo(g,h,l)perylene 2.7 1.0 T3-2
PAH16 124

Notes: 1) non-detected PAHs were assumed to occur at one half their detection limit value.

Exposure potential also varies as a function of how humans interact with the contaminated media, and
particulars of physiological attributes such as body size, ingestion rates and skin surface area that might
be exposed. Assumed characteristics of potentially exposed humans (“receptors”) were based on data
specific to the Canadian population. Values used in the risk assessment were primarily based on
recommendations provided by Health Canada (2004). Other sources such as CCME (2000), CCME
(1996), Richardson (1997) and other published scientific literature were also considered. The
standardized assumptions used herein are also the same or similar to estimates used by the USEPA for
the purpose of risk assessment guidance at Superfund sites.

The various receptor characteristics used in the risk assessment are discussed below and summarized in
Table F-2.



TABLE F-2: Assumed Characteristics for Human Receptors

Variable Toddler (0.5-4 yrs old) Adult (> 18 yrs old)
Body weight 16.5 kg 70.7 kg
Time spent at intertidal areas | 5 days per week; 50 weeks per | 5 days per week; 50 weeks per year;

year; entire life stage entire life
Sediment adherence factor 10 g/m®/day (hands) 10 g/m?/day (hands)

1 g/m®/day (rest of body) 1 g/m°/day (rest of body)
Surface area available for 0.043 m? (hands) 0.089 m? (hands)
exposures to sediments
0.26 m° (rest of exposed body) 0.82 m° (rest of exposed body)

Sediment ingestion rate 80 mg/day 20 mg/day

1.1.1. Body Weight

For body weight, Health Canada (2004), Richardson (1997) and CCME (2000) recommended values
were considered for assessment of the child and adult receptors. The following values were selected as
receptor characteristics in the current assessment:

Younger Child (ages 0.5-4 yrs): 16.5 kg (Health Canada, 2004)

Adult Receptor: 70.7 kg (Health Canada, 2004)

1.1.2. Sediment Ingestion Rate

With respect to sediment ingestion, it was assumed that a person would have a similar ingestion rate as
described for soils. Soil ingestion is most likely to occur through incidental (non-intentional) transfer to the
mouth of soil (or sediment) adhering to the hands. Health Canada (2004) and CCME (2000)
recommended soil ingestion rates for the various human receptor types. The following values were
selected as receptor characteristics in the current assessment:

Younger Child (ages 0.5-4 yrs): 80 mg/day (Health Canada, 2004)
Adult Receptor: 20 mg/day (Health Canada, 2004)

Sediments may adhere to hands more than soil samples; however, the recommended soil ingestion rates
are generally recognized to be highly conservative estimates of soil ingestion potential, except perhaps in
toddlers that exhibit pica behaviour. It is noted that in the calculation of exposures, all sediment ingestion
was assumed to occur from the site (i.e., it was not amortized for the less than continuous time spent at
the site).



1.1.3. Skin Surface Area
In the case of skin surface area available for contact with sediment, Health Canada (2004) and CCME
(2000) used values recommended by Richardson (1997) for the adult and toddler receptors for soil which
subsequently adopted for sediment dermal contact. The following values were selected as receptor
characteristics in the current assessment:

Younger Child (ages 0.5-4 yrs): 0.043 m? (hands) (Health Canada, 2004)

0.26 m® (rest of exposed body, i.e., arms and legs)
(Health Canada, 2004)

Adult Receptor: 0.089 m? (hands) (Health Canada, 2004)

0.82 m® (rest of exposed body, i.e., arms and legs)
(Health Canada, 2004)

1.1.4. Sediment to Skin Adherence Factor

With respect to soil to skin adherence factor, Health Canada (2004) and CCME (2000) used the following
values for both the child and adult receptors:

Hands: 1 g/m*/day (Health Canada, 2004)

Other body parts: 0.1 g/m%day (Health Canada, 2004)
In the case of adherence factors for sediment, the moist nature of such sediments resulted in use of a
factors that may be up to 10-times greater than those cited above based on information provided in the
US EPA (2002). As a result, the Health Canada recommended soil adherence factors were multiplied by
a factor of 10 for use in estimation of dermal exposures from sediment. .
The mathematical formulae used to quantify exposures from these pathways are discussed below.

1.1.5. Estimation of Exposure from Ingestion of Sediment

Using 95% UCLM and maximum concentrations of surface subtidal sediments, the following equation
was applied to estimate exposure from sediment ingestion:

En = SC x SR x BAIG x NDSY x LAF
BW x NDY
where:
Eing = exposure from the sediment ingestion pathway (ug/kg body weight/day)
SC = sediment chemical concentration (mg/kg = ug/g)
SR = sediment ingestion rate of person (g/day)
BAIG = bioavailability fraction via the ingestion route (chemical -specific)
NDSY = number of days at site per year (days) — assumed to be 2 days
LAF = lifetime amortization factor (assumed to be 1 non-carcinogens and 0.36

for carcinogens [based on an assumed exposure of 25 yrs/70 yrs])



BW

body weight of person (kg)

NDY number of days in a year (365 days)

1.1.6. Estimation of Exposure from Dermal Contact with Sediment

It was also possible that recreational receptors may have direct dermal exposure to intertidal sediments.
Using 95% UCLM and maximum concentrations of surface subtidal sediments, dermal exposure was
estimated according to the following equation:

Ep = SC x (SAFH x ASH + SAFR x ASR) x BAID x NDSY x LAF

BW x NDY
where:
Ep = exposure from the dermal pathway (ug/kg body weight/day)
SC = sediment chemical concentration (ug/g)
SAFH = sediment adherence factor for hands (g/m?)
ASH = area of skin exposed on hands (m?)
SAFR = soil adherence factor for rest of body (g/m?
ASR = area of skin exposed on rest of body (m?)
BAID = bioavailability fraction via the dermal route (chemical-specific)
NDSY = number of days at site per week (days) — assumed to be 2 days
LAF = lifetime amortization factor (assumed to be 1 for non-carcinogens and
0.36 for carcinogens [i.e., 25 of 70 yrs])
BW = body weight of receptor (kg)
NDY = number of days in a year (365 days)

1.1.7. Bioavailability Assessment

As shown in calculations provided above, the assumed percent bioavailability of the PAH via either
dermal contact or incidental soil ingestion is an important influence on overall internalized dose (or
exposure). Bioavailability adjustments can be controversial, since bioavailability to humans via various
exposure routes is very difficult if not impossible to measure on a site-specific basis, and the true
bioavailability may vary significantly from documented bioavailability factors from the literature, based on
in vivo or in vitro studies. In particular, bioavailability estimates at a Site may depart significantly from
published values as a result of important differences in the chemical and physical characteristics of the
exposure media, based on differences in how an animal (or human) is exposed, and important inter-
specific and inter-individual differences.

In light of the above, a highly conservative assumption made in some site-specific risk assessments is
that the entire bulk contaminant concentration in the exposure media is available for uptake and
internalization in systemic circulation (i.e., the chemical of concern is 100% bioavailable). For especially



dermal contact, and for PAHs — for which bioavailability tends to be strongly influenced by sorption to or
occlusion in the exposure medium — an assumption of 100% bioavailability is unreasonably high. Rather,
dermal bioavailability estimates for PAHs from the literature have never been documented to approach
100%.

It is common practice when conducting human health risk assessments to extrapolate bioavailability
adjustments from the available information, with an accompanying recognition of the high degree of
uncertainty associated with doing so. Bioavailability values were selected for the HHRA following a
review of the available summary estimates, as provided in Table F-3 and discussed in greater detail
below.

Oral Bioavailability of Chemicals — The oral bioavailability of chemicals in food and sediment was
assumed to be equal to the bioavailability of these chemicals in food or water. In the case of chemicals in
sediments, this is considered to be a conservative assumption since it is quite possible that chemicals
found in sediment would have reduced oral bioavailability for a variety of reasons, including (i) occlusion
within sediment particles and/or a very high affinity for soot carbon, or (i) reduced solubility in the
gastrointestinal tract. Nevertheless, the scientific literature did not provide specific recommendations for
estimating the reduction in bioavailability from sediment and, therefore, the oral bicavailability of
chemicals in sediment was assumed to be similar to that in food or water for all chemicals.

Dermal Bioavailability of Chemicals in Sediment — To estimate the dermal bioavailability of chemicals in
soil, the scientific literature was reviewed. Estimated bioavailability values were available from a variety
of sources including ORNL (2004), US EPA Region 3 (1995) and others. These values were used for
people who may be exposed to chemicals via dermal contact with soils. Much of the literature used to
estimate dermal bioavailability was from laboratory studies of topical application of chemical solutions
(likely to maximize absorption) rather than direct assessment of dermal bioavailability from soils. It is
likely that chemicals found in soil would have less dermal bioavailability.



TABLE F-3: Bioavailability values used in the human health risk assessment
Chemical Dermal Ingestion
Possible Values Selected Value Possible Selected Value

Values

Acenaphthene 0.01 (A) ) 0.31 (A)
0.1 (B)
0.06 (C)
Acenaphthylene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Anthracene 0.01 (A) 0.15 0.76 (A) 0.76
0.1 (B)
0.15 (C)
Benz[a]anthracene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Benzo[a]pyrene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Benzo[b]-fluoranthene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Benzo[g,h,i]perylene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Benzo[k]fluoranthene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Chrysene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Dibenz[a,h]anthracene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Fluoranthene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Fluorene 0.01 (A) 0.10 0.50 (A) 0.50
0.1 (B)
0.10 (C)
Indeno[1,2,3-cd]pyrene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Naphthalene 0.01 (A) 0.06 0.80 (A) 0.80
0.1 (B)
0.06 (C)
Phenanthrene 0.01 (A) 0.06 0.73 (A) 0.73
0.1 (B)
0.06 (C)
Pyrene 0.01 (A) 0.06 0.31 (A) 0.31
0.1 (B)
0.06 (C)
Notes: (A) Value recommended by ORNL (2005); (B) Value recommended by US EPA Region 3 (1995); (C) Value

based on relative dermal absorption factor by Health Canada (2004) (i.e., RAFpema x oral bioavailability =
absolute dermal absorption)




1.2. Effects Assessment - Toxicity Reference Values

Toxicity Reference Values are levels of exposure judged to be acceptable (or “safe”) by regulatory
agencies. The selected values used in the current risk assessment were compiled using federal and
international regulatory agencies. Data were evaluated using a hierarchical approach where
Toxicity Reference Values recommended by Canadian sources were given priority and first consideration.
If toxicity estimates were not available from Health Canada, international regulatory agencies were
reviewed. Literature reviewed included:

Health Canada (2002a). Toxicological Reference Doses for Trace Elements and Organic
Contaminants;

Health Canada (2004): Federal Contaminated Site Risk Assessment. Part II: Health Canada
Toxicological Reference Values (TRVs);

WHO (1998a): Polynuclear Aromatic Hydrocarbons in Drinking-water;

WHO (1998b): Assessment of the Health Risk of Dioxins: Re-evaluation of the Tolerable
Daily Intake (TDI);

US EPA (2005): On-line IRIS database;
US EPA (2004): Region 9 Preliminary Remediation Goals (PRGs) Table; and

US FDA as reported in Law et al. (2002).

Toxicological Reference Values used in the HHRA for evaluation of potential chemicals of concern are
summarized in Table F-4.



TABLE F-4: Toxicological Reference Values for Chemicals of Potential Concern

DISTAdDIC . d Refere - DPE . U Refere
Acenaphthene 60 1 NA NA
Acenaphthene 60 1 NA NA
Anthracene 300 1 NA NA
Benz[a]anthracene 40 2 2.3x10" 4
Benzo[a]pyrene 40 2 2.3x10° 3
Benzo[b]fluoranthene 40 2 2.3x10" 4
Benzo[g,h,i]perylene 40 2 6.9x 107 5
Benzo[k]fluoranthene 40 2 2.3x10" 4
Chrysene 40 2 3.0x10” 5
Dibenz[a,h]anthracene 40 2 2.3x10° 4
Fluoranthene 40 1 NA NA
Fluorene 40 1 NA NA
Indeno[1,2,3-cd]pyrene 40 2 2.3x10" 4
Naphthalene 16 1 NA NA
Phenanthrene 40 2 1.5x10° 2
Pyrene 30 1 NA NA
Sources:

1) Health Canada (2002a)

2) OME (1997)

3) Health Canada (2004)

4) WHO (1998a)

5) Law et al. (2002)

1.3.  Risk Characterization

1.3.1. Methodology

Using the results of the exposure and toxicity assessments, risk characterization involves quantification of
human health risks for the various land uses considered in the risk assessment. The following section

provides a description of the methods used to estimate human health risks from consumption of aquatic
species in the Lower Basin of the Harbour.

1.3.1.1. Estimation of Non-Carcinogenic Risks

For non-carcinogens, the risk assessment involved estimation of risks by comparing the estimated
receptor exposure to the exposure rates in the literature considered to be “safe”. Non-cancer risks were
estimated as HQ values according to the following formula:

Risk Quotient (RQ) = Estimated Exposure (ug/kg body weight/day)

Tolerable Daily Intake (ug/kg body weight/day) x Study Bioavailability

In the above equation, both exposure and the TDI were adjusted for bioavailability. In all cases for the
risk calculations, the toxicological study used to derive the TDI was based on orally administered
chemicals, such that the study bioavailability was for the oral route.

A risk quotient value that is less than 1 is normally considered to be acceptable. A RQ value that is
greater than 1 generally indicates a form of risk reduction/management may be required; however, in all
cases, interpretation of RQ values requires consideration of the overall risk assessment process,
assumptions and uncertainties.



1.3.1.2. Estimation of Cancer Risks

In the case of the carcinogenic metals and PAHs, risks were estimated as incremental lifetime cancer risk
(ILCR) estimates according to the following formula:

ILCR = Estimated Lifetime Daily Exposure (ua/kg/day) x Cancer Potency Factor (ug/kg/day)"

Study Bioavailability

It is noted that in the above equation, both exposure and the Cancer Potency Factor were adjusted for
bioavailability (see Worked Example for more information). In all cases for the risk calculations, the
toxicological study used to derive the Cancer Potency Factor was based on orally administered chemicals
such that the study bioavailability was for the oral route.

An ILCR estimate that is less than 1 x 10° (less than 1 expected additional case in a population of
100,000) is normally considered to be acceptable. An ILCR estimate greater than this value generally
indicates that clean-up or some other form of risk reduction/management may be required; however, in all
cases, interpretation of ILCR estimates requires consideration of the overall risk assessment process and
assumptions.

1.3.2. Resulis

The calculated risk quotients and incremental lifetime cancer risks associated with exposure to sediment
are tabulated below. Consistent with the recommendations of Health Canada (2004), the toddler receptor
was used to evaluate non-cancer risks while the adult was used to evaluate cancer risks. The evaluation
of exposure to recreational users also considered that all of the sediment ingestion occurred from the site
(i.e., the 80 mg of soil that a typical child ingests on a daily basis was considered to be 100% from the site
even though children would spend only a fraction of their time in such settings according to the
assumptions used in the HHRA). In addition, it is noted that it was assumed that the sediment had a 10-
fold greater soil adherence factor than typical soil (due to the moist nature of sediment as compared to
soil). These are considered to be quite conservative factors that may tend to overestimate actual
exposures and risks.

1.3.2.1. Non-Cancer Risks

A young child (Toddler: 0.5 to ~ 4 years of age) is a potentially maximally exposed individual, since
sediment ingestion rates via hand ot mouth contact are generally higher for this age group relative to
other age groups and the expected body weight is lower than for older age groups. Infants less than six
months of age are generally less exposed, since they are more closely supervised by their parents and
are not as mobile.

Table F-5 provides calculated risk quotients for non-cancer type effects, assuming an average of 2 days
exposure per year, and based on the maximum observed surface versus subsurface PAH concentration
in sediment, as discussed above.



Table F-5.: Risk Quotients for Non-Cancer type Effects
Based 90" %.ile of Based on Max. Observed
Subsurface Conc. Surface Conc.

TDI
(ng/kg d) RQynq RQp RQrot RQjnq RQp RQyrot

Naphthalene 16 1.4E-05 1.2E-07 1.4E-05 | 4.0E-06 3.4E-08 4.0E-06
Acenaphthylene 60 2.7E-06 2.4E-08 2.8E-06 | 2.7E-07 2.4E-09 2.8E-07
Acenaphthene 60 2.6E-06 2.2E-08 2.6E-06 | 3.0E-07 2.6E-09 3.0E-07
Fluorene 40 7.5E-06 6.5E-08 7.6E-06 | 7.3E-07 6.3E-09 7.4E-07
Phenanthrene 40 4.5E-06 3.9E-08 4.5E-06 | 4.1E-06 3.6E-08 4.2E-06
Anthracene 300 22E-06 1.9E-08 2.2E-06 | 1.7E-07 1.5E-09 1.7E-07
Fluoranthene 40 53E-06 4.6E-08 5.3E-06 | 4.1E-06 3.6E-08 4.2E-06
Pyrene 30 1.2E-05 1.0E-07 1.2E-05 | 4.5E-06 3.9E-08 4.6E-06
Benzo(a)anthracene 40 8.8E-06 7.6E-08 8.9E-06 | 1.5E-06 1.3E-08 1.5E-06
Chrysene 40 3.0E-06 2.6E-08 3.0E-06 | 1.5E-06 1.3E-08 1.5E-06
Benzo(b)fluoranthene 40 2.8E-06 2.4E-08 2.8E-06 | 1.3E-06 1.1E-08 1.3E-06
Benzo(k)fluoranthene 40 3.2E-06 2.7E-08 3.2E-06 | 4.9E-07 4.2E-09 5.0E-07
Benzo(a)pyrene 40 1.2E-06 1.0E-08 1.2E-06 | 1.2E-06 1.0E-08 1.2E-06
Indeno(1,2,3-cd)pyrene 40 2.9E-06 2.5E-08 2.9E-06 | 1.1E-06 9.2E-09 1.1E-06
Dibenzo(a,h)anthracene 40 1.8E-06 1.5E-08 1.8E-06 | 1.6E-07 1.4E-09 1.6E-07
Benzo(g,h,l)perylene 40 3.3E-07 2.8E-09 3.3E-07 | 6.6E-07 5.7E-09 6.7E-07

All risk quotients were substantially lower than 1.0 (i.e., by ~5 orders of magnitude or more); therefore, it
is concluded that non-cancer risks of exposures to sediments are acceptably low.

1.3.2.2. Cancer Risks

Table F-6 shows the calculated incremental lifetime cancer risks for an adult exposed to either surface or
subsurface coal-tar contaminated sediment. The estimates are based on a 70.7 kg adult who is exposed
for up to 2 days per year, over 25 years of a 70 year lifespan.

Table F-6: Calculated Incremental Lifetime Cancer Risks

Naphthalene

Acenaphthylene n/a

Acenaphthene n/a

Fluorene n/a

Phenanthrene 1.5E-06 2.0E-11 1.7E-09 1.8E-09 | 5.1E-12 4.4E-10 4.5E-10

Anthracene n/a

Fluoranthene n/a

Pyrene n/a

Benzo(a)anthracene 2.3E-03 5.8E-09 4.9E-07 5.0E-07 | 2.9E-09 2.5E-07 2.5E-07

Chrysene 3.0E-05 7.0E-11  6.0E-09 6.1E-09 | 3.7E-11 3.1E-09 3.2E-09

Benzo(b)fluoranthene 2.3E-04 6.1E-10 5.2E-08 5.3E-08 | 2.5E-10 2.2E-08 2.2E-08

Benzo(k)fluoranthene 2.3E-04 23E-10 1.9E-08 2.0E-08 | 9.4E-11 8.1E-09 8.2E-09

Benzo(a)pyrene 2.3E-03 56E-09 4.7E-07 4.8E-07 | 2.3E-09 2.0E-07 2.0E-07

Indeno(1,2,3-cd)pyrene 2.3E-04 3.4E-10 2.9E-08 3.0E-08 | 2.0E-10 1.7E-08 1.8E-08

Dibenzo(a,h)anthracene 2.3E-04 6.3E-11 5.4E-09 5.4E-09 | 3.1E-11 2.6E-09 2.6E-09

Benzo(g,h,l)perylene 6.9E-05 9.7E-11 8.3E-09 8.4E-09 | 3.8E-11 3.3E-09 3.3E-09
ILCR for all potentially carcinogenic unsubst. PAH 1.1E-06 5.1E-07




An ILCR of less than 1 in 100,000 (<1.0 x 10°) is considered to be de minimus, or acceptable. As shown
in Table F-6, cancer-related exposure risks are acceptably low for possible human exposures to surface
sediment, based on current riverbed conditions adjacent to the Sutherland site.

1.4. Uncertainty Analysis and Conclusions

While the human health risks have been evaluated using the best available information, it is recognized
that there is always some uncertainty about various critical and non-critical elements. Some of the major
forms of uncertainty in the risk assessment that might affect conclusions about acceptability about risks
include the following:

* Actual concentration of PAHs in sediment to which a person might be exposed;

» Potential for exposures based on human behaviours, including severity or frequency of
contact with contaminated sediments;

» Toxicity reference values for PAHs (tolerable daily intake estimates; cancer slope factor
estimates).

The expected true concentration of PAHs in bulk sediment to which a person might be exposed is
bracketed by the two sets of estimates discussed herein; i.e., the true exposure concentration is likely to
be between the 90™ percentile of the observed concentrations in subsurface sediments and the average
concentration in surface sediments.

The larger dataset provides insights into the likelihood of coming into contact with such highly
contaminated sediments within the area of documented coal tar contamination. Laboratory analytical data
were available for PAHs of 55 individual sediment samples collected from cores, as part of the UMA
(2002) study. While the samples were not selected randomly to provide an unbiased statistical picture of
PAHs within a pre-defined area, they nonetheless capture the general range of PAH concentrations in the
riverbed area influenced by coal tar deposition and re-distribution. Figure F-1 shows the distribution of
samples based on PAH16 concentration.

Ancther area of uncertainty is the extent to which humans might actually be exposed to coal tar
contaminated sediments. As discussed above, any such exposure is deemed to be highly unlikely. The
assumption that an adult or toddler are exposed on average 2 days per year is conservation (i.e., biased
towards over-protection as opposed to under-protection). Similarly, as assumption that sediment
adherence to skin would be 10-fold greater than established soil adherence factors is likely to be
conservative.

In light of the risk characterization, and accounting for various types of uncertainty, it is concluded that
risks to humans from exposures to coal tar contaminated sediments are unlikely.



APPENDIX G:
Remediation Examples - Photographs
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Photo 1

Dredging equipment includes a debris grapple and an environmental bucket. Reproduced from EPA
website:http://yosemite.epa.gov/r10/cleanup.nsf/9f3c21896330b4898825687b007a0f33/f916a0e7e0aa8
d67882569c3005¢c3798?0OpenDocument

Photo
Close-up of environmental dredge bucket. Reproduced from EPA

website:http://yosemite.epa.gov/r10/cleanup.nsf/9f3c21896330b4898825687b007a0f33/f916a0e7e0aa8
d67882569¢c3005¢3798?0OpenDocument
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Photo 3

Environmental dredge bucket being lowered into the water. Reproduced from EPA
website:http://yosemite.epa.gov/r10/cleanup.nsf/9f3c21896330b4898825687b007a0f33/f916a0e7e0aa8
d67882569¢c3005¢3798?0OpenDocument

Photo 4
Environmental dredge bucket containing sediments is being removed from water. Reproduced from EPA
website:http://yosemite.epa.gov/r10/cleanup.nsf/9f3c21896330b4898825687b007a0f33/f916a0e7e0aa8
d67882569¢c3005¢3798?0OpenDocument
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Photo 5

Close-up of environmental dredge bucket after removal. Debris will cause bucket to leak. Reproduced
from EPA website:
http://lyosemite.epa.gov/r10/cleanup.nsf/9f3c21896330b4898825687b007a0f33/f916a0e7e0aa8d678825
69c3005¢3798?0penDocument

Hoto 6
A water-tight barge is used to transport the sediment. Reproduced from EPA website:
http://yosemite.epa.gov/r10/cleanup.nsf/9f3c21896330b4898825687b007a0f33/f916a0e7e0aa8d678825
69c3005¢37987?0penDocument
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Photo 7
A swinging ladder cutterhead hydraulic dredge was used on the Fox River in Wisconsin. This dredge

digs into sediment and has a suction pump that pumps the sediment and water to an on-shore facility
where the water is treated and the solid material is collected for off-site disposal. Photo reproduced from
Little Lake Cleanup Team website: http://www littlelakecleanup.com/

Photo 8
This is one of two dredges operating around the clock six days a week on the Fox River in Wisconsin.

Photo reproduced from Little Lake Cleanup Team website: http://www littlelakecleanup.com/
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A conceptual drawing of the on-shore sediment treatment area used for Fox River, Wisconsin dredging.
Photo reproduced from Little Lake Cleanup Team website: http://www littlelakecleanup.com/

Photo 10

Geotubes are used to separate the sediment from the water. Photo reproduced from Little Lake Cleanup
Team website: http://www littlelakecleanup.com/
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Photo 11

Sediment is dewatering in geometric tubes located in the staging area on the Fox River, Wisconsin
Photo reproduced from Little Lake Cleanup Team website: http://www._littlelakecleanup.com/

B L =

Photo 12

After the sediment is dewatered in geotubes, it is trucked to a landfill. Photo reproduced from Little Lake
Cleanup Team website: http://www littlelakecleanup.com/
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Photo 13

Dewatered sediment is loaded into lined trucks for transport to a licensed landfill. Photo reproduced from
Little Lake Cleanup Team website: http://www.littlelakecleanup.com/
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Photo 14

The water treatment plant removes contaminants before returning clean water to the Fox River. Photo
reproduced from Little Lake Cleanup Team website: http://www littlelakecleanup.com/
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Photo 15
A filtration tank is delivered to the water treatment plant- Fox River, Wisconsin. Photo reproduced from
Little Lake Cleanup Team website: http://www littlelakecleanup.com/
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Photo 16

Crews install filter tanks for a water treatment plant- Fox River, Wisconsin. Photo reproduced from Little
Lake Cleanup Team website: http://www littlelakecleanup.com/
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Photo 17

Inside the water treatment facility- Fox River, Wisconsin. Photo reproduced from Little Lake Cleanup

Team website: http://www littlelakecleanup.com/ . :
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Photo 18

A bucket is used to grab capping sand from a barge. KPC Site in Ward Cove, Alaska
http://yosemite.epa.qgov/r10/cleanup.nsf/1a16218b78d8c4d58825674500015b42/f916a0e7e0aa8d678
82569c3005¢3798!0OpenDocument
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Photo 19
The bucket released sand at or near the surface of the water in deep areas, and near the bottom in shallower areas.

Photo 20

View of sediment capping operation.
http://yosemite.epa.gov/ri10/cleanup.nsf/1a16218b78d8c4d58825674500015b42/f916a0e7e0aa8d678
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Photo
Diffuser barge used to hydraulically cap fine-grained sediment at the St. Paul Waterway, Tacoma,

Washington. Photo from the US Army Corps of Engineers, reproduced from White Paper 6B — In-Situ
Capping as a Remedv Component for the Lower Fox River.

&

Photo 22

Close-up of diffuser barge at the St. Paul Waterway, Tacoma, Washington. Photo from the US Army
Corps of Engineers, reproduced from White Paper 6B — In-Situ Capping as a Remedy Component for
the Lower Fox River.
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Photo 23
Hydraulic cap placement in the Netherlands. Photo courtesy of Bean Environmental LLC.

Reproduced from White Paper 6B — In-Situ Capping as a Remedy Component for the Lower Fox
River.
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