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Statement of Qualifications and Limitations

The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“AECOM”) for the benefit of the Client (“Client”) in
accordance with the agreement between AECOM and Client, including the scope of work detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

= s subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications
contained in the Report (the “Limitations”);

= represents AECOM's professional judgement in light of the Limitations and industry standards for the preparation of
similar reports;

®" may be based on information provided to AECOM which has not been independently verified;

®= has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and
circumstances in which it was collected, processed, made or issued;

" must be read as a whole and sections thereof should not be read out of such context;
= was prepared for the specific purposes described in the Report and the Agreement; and

= in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the
assumption that such conditions are uniform and not variable either geographically or over time.

AECOM shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no
obligation to update such information. AECOM accepts no responsibility for any events or circumstances that may have
occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or geotechnical
conditions, is not responsible for any variability in such conditions, geographically or over time.

AECOM agrees that the Report represents its professional judgement as described above and that the Information has been
prepared for the specific purpose and use described in the Report and the Agreement, but AECOM makes no other
representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the
Information or any part thereof.

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or
construction schedule provided by AECOM represent AECOM'’s professional judgement in light of its experience and the
knowledge and information available to it at the time of preparation. Since AECOM has no control over market or economic
conditions, prices for construction labour, equipment or materials or bidding procedures, AECOM, its directors, officers and
employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or
implied, with respect to such estimates or opinions, or their variance from actual construction costs or schedules, and accept no
responsibility for any loss or damage arising therefrom or in any way related thereto. Persons relying on such estimates or
opinions do so at their own risk.

Except (1) as agreed to in writing by AECOM and Client; (2) as required by-law; or (3) to the extent used by governmental
reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied
upon only by Client.

AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to the
Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or
decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those
parties have obtained the prior written consent of AECOM to use and rely upon the Report and the Information. Any injury, loss
or damages arising from improper use of the Report shall be borne by the party making such use.

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject
to the terms hereof.

AECOM: 2015-04-13
© 2009-2015 AECOM Canada Ltd. All Rights Reserved.
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Executive Summary

The City of Edmonton retained AECOM to conduct a Risk Assessment (RA) as part of the proposed “Touch the
Water” project. The Touch the Water projects includes recreational land use improvements along the northern
banks of the North Saskatchewan River (NSR) between the new Walterdale Bridge and the Rossdale Emergency
Response and Fire Station 21. These lands were part of an industrial power plant which served the City of
Edmonton. The focus of the RA is the contamination along the river bank, taking into consideration potential
contaminant migration from the EPCOR lands to the north. The intent of the RA is to evaluate the feasibility of in-
situ risk management for legacy contamination associated mainly with the historical power plant, rather than the
more disruptive physical remediation. The results of the RA will support the design and construction of the Touch
the Water Project and establish future monitoring requirements for the Risk Management Plan.

The broad scope of work for this Risk Assessment/ Risk Management Plan (RA /RMP) is captured in the following
bullets:

e Collection and consolidation of all relevant historical investigation data
o Complete a Tier 2 pathway-receptor analysis (Problem Formulation)

e Preliminary Conceptual Model and Tier 2 strategy

e Phase Il ESA Contaminant Distribution, Gap Analysis and Gap Closure
e Complete Exposure and Effects Assessment

The Rossdale Site has a long history of human occupation that dates back well before the 1800s when the local
First Nation used the area. In1908, the north portion of the area was developed for the Edmonton Industrial
Exhibition Grounds and the southwest corner was developed for the Electric Light and Waterworks. During the
early 1900s the power plant was fuelled with coal arriving by rail. By 1937 stockpiled coal was evident along the
north and west sides of the power plant. The eastern portion was the site was initially occupied by the John Walter
Saw Mill and then later in the mid 1950’s by the City of Edmonton as a fire training facility. In the early years
burning in open pits for fire training purposes occurred in the south portion of the fire training facility. Over the
years both the power plant and the waterworks continued to expand their respective building footprints and the Site
gained substations and various out buildings associated with power generation and/or water collection and
treatment. Areas on site, particularly along the bank of the NSR may have experienced significant filling either from
off-site or on-site sources.

In summary, the historical activities that have potential to impact the soil and groundwater quality are:

Burial of ash from coal fire power generation

Stockpiled raw coal

Creosote timbers and piles as part of early building foundations and possibly to stabilize the river bank
Deposition of suspect quality fill

Storage of bulk fuels in either above ground or underground tanks

Burning in open pits for fire training purposes

S o

This RA/ RMP will addresses what may be considered non-point sources listed above (1, 2, 3, and 4). Based on
prior assessment work (Nichol's 2015) point source impacts, inclusive of storage of fuels in above and below
ground tanks, do not require further remediation/ risk management. The contamination associated with the former
burn pits (6) will be deferred, rather than being addressed herein. This is because there is a recognition that further
characterization and physical remediation is required.

Rpt-2018-02-07 Rossdale Tier 2 Risk Assessment-Risk Mgmt - 60443747 |
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Based on the description of the land use, surrounding environment and hydrogeological setting, surface and
groundwater use, the following receptor-pathway combinations are deemed relevant and applicable to the
Rossdale Industrial lands and adjacent parkland.

e Domestic Use Aquifer (DUA)

¢ Direct soil human exposure: ingestion, dermal, dust inhalation
e Indoor vapour intrusion and inhalation

e Protection of groundwater for aquatic life

o Direct soil and groundwater exposure: plants and invertebrates

Relative to Human Health Protection, Contaminants of Concern in the Soil are:

e Arsenic and lead in the fill frequently exceed their respective direct human contact Tier 2 guidelines

e Benz[a]pyrene Total Potency Equivalents (B[a]P TPE) where the creosote pile was discovered (16-02) exceeds
its direct human contact Tier 2 guideline

e Benzklfluoranthene, benz[b&jlfluoranthene and commonly B[a]P Index of Additive Cancer Risk (IACR) exceed
their respective Tier 2 soil quality guidelines for protection of DUA

o Where the creosote pile was encountered several high molecular weight Polycyclic Aromatic Hydrocarbons
(PAHSs) are above their respective Tier 2 soil quality guidelines protective of DUA: B[a]P, benz[b&j]fluoranthene,
benz[k]fluoranthene, benz[g,h,i]perylene, chrysene and B[a]P IACR

Relative to Ecological Protection, Contaminants of Concern in the Soil are:

e Barium and boron are most commonly observed above their respective Tier 2 eco-contact guidelines

¢ Arsenic, beryllium, copper, cobalt, chromium, lead, molybdenum, nickel, selenium, tin and zinc are also
observed in one or more locations above their respective Tier 2 eco-contact guidelines

e Saturated paste boron is also present above its soil quality guideline protective of aquatic life

e Anthracene, benz[a]anthracene, benz[a]pyrene, fluoranthene, naphthalene, phenanthrene, pyrene are the most
common PAH present above their respective soil quality guidelines protective of aquatic life

¢ Where the creosote pile was encountered, the above list of PAHs are found with the addition of
acenaphthalene and fluorine and the magnitude of concentrations for anthracene and fluoranthene are such
that their eco-contact guidelines are exceeded

Relative to the drinking water protection guidelines (DUA pathway), contaminants of concern in groundwater are:

e Manganese and Total Dissolved Solids (TDS) are almost always observed
o Nitrate and chloride are the second most frequent contaminants

e Boron is observed at TH10-1

¢ In a total metals analysis, iron is common

Relative to the guidelines for the protection of the freshwater aquatic life pathway, contaminants of concern in the
groundwater are:

¢ Nitrate and chloride are the main anions observed

e Boron and selenium are the most frequent metalloids observed

e Much less frequent are aluminum, copper and mercury

¢ In a total metals analysis the list above expands to include: arsenic, cadmium, iron, lead, zinc and copper and
mercury are more frequent

e Anthracene, benz[a]anthracene, benz[a]pyrene, fluoranthene, pyrene

Rpt-2018-02-07 Rossdale Tier 2 Risk Assessment-Risk Mgmt - 60443747 l
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The exposure point concentration (EPC) for both direct soil contact pathways were assessed based on the upper
statistical bounds: the upper 95 % confidence limits on the mean and the 90" percentile. The rationale as follows:

e A mobile receptor has the ability to move around the site and, therefore, will experience an averaged direct
contact soil exposure

o A sessile receptor, such as plants and soil invertebrates, is protected at the population level, and setting the
acceptable EPC at the upper 90th percentile implies that less than 10 percent of the plant and soil invertebrate
population may be adversely affected

The ratio of exposure relative to the soil quality guideline (SQG) is the Hazard Quotient, calculated as follows:
Hazard Quotient = EPC/SQG

In all cases the SQG for eco-contact and direct human contact is the respective guideline concentrations listed in
Table A-3 of the Alberta Tier 1 Soil and Groundwater Guidelines. Based on the statistical upper bounds EPC, the
following is concluded:

e The upper bounds EPC for arsenic and lead are lower than both SQG ¢, and human fOr these substances;
therefore negligible ecological and human health risk is concluded

e The upper bounds EPC for B[a]P TPE is lower than SQG | man; therefore negligible human health risk is
concluded

e Barium and boron (saturated paste) upper bound EPCs are 2.2 and 2.7 times their respective SGG c,;
therefore, these substances are carried into the risk management plan.

The groundwater mediated pathway was assessed further through the application of a contaminant mass flux
loading estimate to the NSR. The flux assessment is intended as a broad order of magnitude check on the total
mass flux of groundwater mediated contaminant transport to the NSR. The flux analysis suggests that the key
groundwater contaminants most likely related to the Rossdale fill are:

e Boron and selenium
e Chloride and nitrate

Other contaminants are either not contributing a significant mass load (e.g. PAH) or are likely confounded by
naturally elevated concentrations or entrained sediment in samples (e.g. aluminum / iron). With reference to
Figures 10 through 13, the following points provide context to the mass flux estimates.

Chloride

e The pattern of the plume strongly suggests a source that may be related to road de-icing and/or stockpiling of
cleared snow

o The magnitude of concentrations are not excessive (125 -550 mg/L)

e Total annual loading (1500 kg) is insignificant when compared to the annual discharge base flow in the NSR (~
150 million m® during low flow) = 0.1 ug CI/L

Nitrate

e The pattern of the plume(s) potentially reflect historical (early 1900’s) use of the property as the Edmonton
Exhibition Grounds, which would have involved livestock and subsequent manure

e The magnitudes of concentrations are highest in the far west (TH10-1) and eastern extent of the former power
plant (TH15-4), but are still only reaching 2 times the drinking water guideline

e Total annual loading would be negligible considering the annual discharge in the NSR (~ 10°® mg NO3/L)
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Boron

e ltis recognized that boron in the fill is likely associated with scattered brick and coal; yet there is only one
location adjacent to the NSR where boron is elevated in the groundwater (BH16-06)

e The magnitude of the dissolved, and total boron in this location is only marginally above the aquatic life
guideline

e Total annual loading would be negligible considering the annual discharge in the NSR (~ 10" mg B/L)

Selenium

e The pattern suggests multiple isolated plumes that are coincident with a historical source that may be related to
the former hazardous waste storage (Area 4)

e The magnitude of the observed concentrations are all very minor, for example 1.3 to 9 ug/L above the aquatic
life guideline

e Total annual loading would be negligible considering the annual discharge in the NSR (~ 1070 mg Se/L)

There is no evidence of elevated metals or PAH in the sediment chemical analysis from below the Rossdale Site.

Further exposure and effects assessment of the groundwater pathway requires input from Alberta Environment and
Parks (AEP).

Rpt-2018-02-07 Rossdale Tier 2 Risk Assessment-Risk Mgmt - 60443747 v
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1. Introduction and Site Characterization

The City of Edmonton retained AECOM to conduct a Risk Assessment (RA) as part of the proposed “Touch the
Water” project. The Touch the Water project includes recreational land use improvements along the northern
banks of the North Saskatchewan River (NSR) between the new Walterdale Bridge and the Rossdale Emergency
Response and Fire Station 21. These lands were part of an industrial power plant which served the City of
Edmonton. The focus of the RA is the contamination along the river bank taking into consideration potential
contaminates migration from the EPCOR lands to the north. The intent of the RA is to evaluate the feasibility of in-
situ risk management for legacy contamination associated mainly with the historical power plant, rather than the
more disruptive physical remediation. The results of the RA will support the design and construction of the Touch
the Water Project and establish future monitoring requirements for the Risk Management Plan

1.1  Scope of Work

The scope of work for this risk assessment and risk management plan was conceived following a preliminary
review of background environmental assessment reports on the Rossdale Lands. The legal description of these
lands as follows: 9469 Rossdale Road and 10155-96 Avenue NW. Plan NB, Block OT.

The broad scope of work for this project is captured in the following bullets:

e Collection and consolidation of all relevant historical investigation data

e Complete a Tier 2 pathway-receptor analysis (Problem Formulation)

e Preliminary Conceptual Model and Tier 2 strategy

e Phase Il Environmental Site Assessment (ESA) Contaminant Distribution, Gap Analysis and Gap Closure
e Complete Exposure and Effects Assessment

1.2 Historical Document Review

The following two documents were reviewed in the preparation of this pathways analysis and risk management
plan:

e Thurber Engineering Ltd. April 2013. Phase | Environmental Site Assessment 9469 Rossdale Road NW and
10155 — 96 Avenue NW Edmonton (Block OT Plan NB, Block C Plan 3641CL and Block OT Plan 5543KS).
Submitted to City of Edmonton.

¢ Nichols Environmental (Canada) Ltd. February 2015. Phase Il Environmental Site Assessment Rossdale
Lands 9469 Rossdale Road NW & 10155-96 Avenue NW Block OT; Plan NB Edmonton, Alberta. Prepared for
The City of Edmonton.

Subsequent to these initial document reviews, the desire for a more comprehensive electronic database to enable a

thorough understanding of site conditions, necessitated the review and extraction of data from the following
historical reports:

RPT-2017-11-15-Rossdale Tier 2 Risk Assessment 1
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a. Thurber Engineering Ltd. August 31, 2011. Environmental Soil Sampling Walterdale Bridge Replacement, 105
Street and North Saskatchewan River, Edmonton, Alberta.

b. Thurber Engineering Ltd. September 25, 2012. Environmental Soil Sampling Bridge Abutment
Characterization Program: Walterdale Bridge Replacement Project, Edmonton, Alberta.

c. EBA, September 2001, Phase 2 Environmental Site Assessment Fire Hall — Rossdale Emergency Response
Site, 94 Avenue/101 Street, Edmonton, Alberta. With associated correspondence from EPCOR and Alberta
Environment.

d. EBA, January, 2002. Phase 3 Environmental Site Assessment Fire Hall — Rossdale Emergency Response
Site, 94 Avenue/101 Street, Edmonton, Alberta. With associated correspondence from EPCOR and Alberta
Environment.

e. EBA, May 2002. Additional Drilling, Sampling, and Testing Rossdale Emergency Response Department (ERD)
Site, 94 Avenue/101 Street, Edmonton, Alberta. Submitted to EPCOR.

f. EBA, December 8, 2003. Letter: RE: Spring 2003 Groundwater Monitoring Data, Rossdale Emergency
Response Department (ERD) Site.

g. EBA, January 20, 2005. Letter: RE: Groundwater Monitoring Summary — June 2005, Rossdale Emergency
Response Department (ERD) Site.

h. Thurber Engineering Ltd. March 2, 2010. Phase Il Environmental Site Assessment, Rossdale Power
Generating Station, 9469 Rossdale Road and 10155 — 96 Avenue, Edmonton, Alberta.

i. Thurber Engineering Ltd. November 22, 2013. Phase Ill Environmental Site Assessment Proposed EPCOR
Water Quality Assurance Laboratory and Office Building, 9469 Rossdale Road NW, Edmonton, Alberta.

j. Thurber Engineering Ltd. August 27, 1997. Soil Monitoring at Rossdale Power Generating Stations,
Edmonton, Alberta.

k. Thurber Environmental Consultants Ltd. September 30, 1999. Phase Ill Environmental Site Assessment
EPCOR, Rossdale Generating Station, Edmonton, Alberta.

I.  Thurber Environmental Consultants Ltd. February 01, 2001. Monitoring Well Installation, Rossdale Power
Plant, Edmonton, Alberta.

m. Thurber Environmental Consultants Ltd. March 30, 2004. 2003 Groundwater Monitoring at EPCOR, Rossdale
Generating Station, Edmonton, Alberta.

n. Thurber Engineering Ltd. August 03, 2012. Soil Investigation Proposed Sodium Hypochlorite Building, 10155-
96 Avenue, Edmonton, Alberta.

0. Thurber Environmental Consultants Ltd. November 26, 1992. Preliminary Environmental Investigation, RE:
Bottom Ash and Groundwater at the Rossdale Treatment Plant, Edmonton, Alberta.

p. Stantec Consulting Ltd. March 12, 2010. Geotechnical Site Investigation, Rossdale Water Treatment Plant
Dechlorination Project, 9469 Rossdale Road, Edmonton, Alberta.

g. Stantec Consulting Ltd. December 21, 2011. Limited Environmental Site Assessment Proposed WTP Sodium
Hypochlorite Building, Rossdale Water Treatment Plant, Edmonton, Alberta.

r.  Thurber March 2016. 2015 Groundwater Monitoring Report Former EPCOR Rossdale Power Generating
station, 9469 Rossdale Road, Edmonton, Alberta.

1.2.1 Historical Activities Summary

The Site has a history of human occupation that dates back well before the 1800s when the local First Nation used
the area. The earliest records (1883) show the lands were originally controlled/owned by the Hudson’s Bay
Company but development did not occur until 1908, when the north portion of the Site was developed as the
Edmonton Industrial Exhibition Grounds and the southwest corner was occupied by Electric Light and Waterworks.
During this era, the eastern portion (Fire Station #21) was the site of the John Walter Saw Mill.

The earliest aerial photograph available is 1924 and shows further development of the power plant and water

treatment plant. This included rail spurs developed along the western Site boundary and south of the power plant;
sewage treatment lagoons north of the water treatment plant; the John Walter Saw Mill appears to be shut down.

RPT-2017-11-15-Rossdale Tier 2 Risk Assessment
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Coal arriving by rail was used to generate electricity and fueled the water treatment plant. Stockpiled coal was
evident along the north and west sides of the power plant in the 1937 aerial photograph.

The 1954 aerial photograph shows the Emergency Response Station (Watermark Building) onsite and the
Rossdale Fire Station #21 east of the Site. There appears to be the fire training burn pit south of the buildings and
adjacent to the river. Over the years both the power plant and the water treatment plant continued to expand their
respective building footprints and the Site gained substations and various out buildings associated with power
generation and/or water collection and treatment. Significant filling either from off-site or on-site sources (ash from
coal fire power generation) is evident along the bank of the river and west of the high pressure treatment plant.

In summary, the historical activities that have the potential to impact the soil and groundwater quality are:

e Burial of ash from coal fire power generation

e Stockpiled raw coal

e Creosote timbers and piles as part of early building foundations and possibly to stabilize the river bank
e Deposition of suspect quality fill

e Storage of bulk fuels in either above ground or underground tanks

e Burning in open pits for fire training purposes

1.3 Regulatory Framework

The current Alberta Environment and Parks (AEP) framework for the management of impacted sites provides for
three management options: Tier 1, Tier 2, and Exposure Control, which are described as follows:

o Tier 1 remediation guidelines are generic and designed to protect environmentally sensitive sites and can,
therefore, be used at most sites without modification. The Tier 1 approach is based on the assumption that all
exposure pathways and receptors relevant to a particular land use are actually present. At Tier 1, exposure
pathways that are part of the generic scenario for the applicable land use may not be screened out.

e The Tier 2 approach allows for the consideration of site-specific conditions through the modification of Tier 1
guidelines and / or removing exposure pathways that may not be applicable to the site. The Tier 2 approach
allows the proponent to screen out certain exposure pathways and / or modify the Tier 1 guidelines on the basis
of site conditions (i.e. calculation of site-specific Tier 2 guidelines).

e Exposure Control involves risk management through exposure barriers or administrative controls based on site-
specific risk assessment.

Within a given land use, a site will fall into a range of sensitivities due to differences in receptors and site
conditions.

The above guidelines are contained in the following documents:

e Alberta Tier 1 Soil and Groundwater Remediation Guidelines, February 2, 2016
e Alberta Tier 2 Soil and Groundwater Remediation Guidelines, February 2, 2016

1.4 Land Use, Physiographic Setting and Hydrogeology

The purpose of this section of the risk assessment is to identify, based on the physical setting the applicable
Alberta Environment and Parks (AEP) Tier | receptor-pathway combinations. The location of the plant in relation to
the City of Edmonton is depicted in Figure 1.0.
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1.4.1 Land Use On-Site and Off-Site

The Rossdale Lands are zoned for Public Utility (PU) and are essentially considered Industrial Lands. In addition,
the EPCOR controlled Lands are fenced to restrict general public access. As illustrated in Figure 1.0, the
surrounding land use is as follows:

East Rossdale Emergency Response and Fire Station21 (Commercial)
West Walterdale Bridge and Metropolitan Recreation Zone A
South NSR

North Rossdale Lands are zoned as Public Utilities (PU) and EPCOR holds an Industrial Permit

The lands that are of particular interest to the City of Edmonton are the parkland zone between the Rossdale Lands
and the NSR. This is the land targeted for the “Touch the Water’ development. Along the eastern boundary

101 Street transects the EPCOR property from the City owned Rossdale Emergency Response and Fire Station
21. North of the EPCOR controlled lands, but south of 96 Avenue, lies John Ducey Park. Although this falls within
the overall “Rossdale Lands”, it is zoned as Metropolitan Recreation Zone A.

Within the EPCOR Industrial Lands the property is divided between the former Power Plant (west), electrical
substation (north) and Water Plant (east). Industrial activities are described in the annual groundwater monitoring
report Thurber March 2016 and detailed Figures 2 through 7 identify these different areas.

Due to the fact that the southern, northern and to some extent eastern boundary of the EPCOR Industrial Lands
border on parkland land or residential use, a 30 metre (m) buffer is applied inside the EPCOR property along all of
these boundaries.

1.4.2 Topography, Drainage and Surface Water

The Rossdale Lands lie within the floodplain of the NSR, but the land is raised, partially through fill, above the NSR
by approximately 6 m. Surface drainage is generally directed to catch basins throughout the Industrial property,
which ultimately discharge through outfalls into the NSR. The NSR forms the south boundary of the Rossdale
Lands and is expected to be hydraulically connected to the saturated granular ‘basal’ deposits below the Site.

The NSR represents an important source of water and Thurber (March 2016) identified four surface water licences
within 5 kilometres (km) of the site:

e Royal Mayfair Golf Club (upstream)
e University of Alberta (upstream)

e EPCOR (on site)

e Highlands Golf Club (downstream)

On an annual basis, the largest water user is EPCOR with greater than 149 million cubic metres (m3) drawn and
greater than 106 million m?® returned. The University draws greater than 21 million m® and returns roughly

20 million m* To put this into perspective, mean annual discharge recorded between 2000 and 2014 at the
Environment Canada flow station below Rossdale Power Plant ranges from a low of ~150 million m’toa high of
~270 million m®.
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1.4.3 Geology

The objective of this regional hydrogeological description is to establish knowledge of the important aquifers in the
area. This section is developed from the review of Andriashek, L.D., 1988, Hydrogeological Consultants Ltd., 2001,
and Kathol, C.P. and McPherson, R.A., 1975.

The bedrock in the area consists of the Cretaceous-aged Horseshoe Canyon Formation. The Horseshoe Canyon
Formation consists of non-marine interbedded clayey sandstones, bentonitic mudstones and carbonaceous shale
with scattered coal and bentonite beds of variable thickness. Based on cross sectional data in Kathol &
McPherson, 1975, the bedrock may be encountered at some point between 10 to 15 m below grade in the location
of interest.

The Rossdale Power and Water Treatment Plant is located within the North Saskatchewan River flood plain.
Kathol & McPherson, 1975, mapped the entire area as a river terrace alluvial deposits consisting of sand and
gravel. All of the quaternary deposit, including pre-glacial channels, tills and Glacial Lake Edmonton Silts are not
present in this particular area of the river flood plain. The pre-glacial Stony Channel is mapped north of the
Rossdale site.

The alluvial deposits within the hyporheic zone surrounding the NSR are considered a reliable and productive
source of water. In fact, the EPCOR plant upstream draws domestic water from below the river within this
hyporheic zone.

1.4.3.1 Localized Geology

Based on the review and interpretation of the geological logs produced by Nichols and Thurber, the lithology
displays some complexity, yet can be simplified into the following:

e Sand and Gravel fill with occasional descriptions of coal, cinders, brick, wood and concrete

¢ Clay fill characterized as clay, silt and sand sized fractions to a depth range of 3.0 to 5.0 m with occasional
descriptions of coal, cinders, brick fragments, wood and concrete.

e Silt or sand (alluvium) to a depth range of 7.0 m t0 9.0 m

e Gravel (alluvium) to a depth range of 10.0 mto 11.0 m

o Siltstone (bedrock) encountered between depths of 10.0 m to 15.0 m

This site-specific lithological description is consistent with the regional picture.

Soil Matrix Parameters

Numerous grain size analysis have completed throughout the years of investigation in the Rossdale Lands. The
results are mixed, much as the site-specific geology. To generalize the clay fill would be best characterized as fine;
however, the basal sand/gravel is best characterized as coarse.

The selection of grain size for surface related exposure pathways (i.e. vapour intrusion) is not straightforward. The
shallow fill is sand and gravel in some areas, but clay dominated in other areas. Overall, a coarse grain selection is
appropriate, with an allowance for site-specific modifications. In the Record of Site Condition attached to the
Thurber report (March 2016), the coarse grained category is listed.

There are no records of organic carbon content that were identified in the listed background documents.
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1.4.3.2 Geological Cross Sections

Geological cross sections have been developed to help illustrate the lithology generalized above. The cross
sections also contain detailed information on the elevation of the groundwater table and depth locations where soil
contaminants have been observed. The cross section plan is presented in Figure 7 and the cross sections
themselves are found on Figure 8.

1.4.4 Hydrogeological Model

1.4.4.1 Water Table and Gradients

Thurber (March 2016) indicates the water table is generally restricted to the deeper sand, which is referred to
herein as the ‘basal’ sands. This is coincident with a depth of between 9 to 10 m below grade within the Rossdale
lands. The water level readings within the sentinel wells along the NSR (16-series), installed and monitored by City
of Edmonton, provides corroboration with water at 7.3 to 11.5 m below grade. This is also coincident with what is
considered the ‘basal’ alluvial sands. The water table contours for September 2016 are portrayed in Figure 9.

For the evaluation of mass flux (Appendix G), AECOM examined six pairs of horizontally off set wells to determine
an appropriate horizontal gradient. The average gradient (i) was 0.02 toward the south-southeast.

Considering that the lower basal sands / gravels are the primary saturated geological unit and atop clay shale
bedrock, there are no nested wells to evaluate vertical gradients. The predominant gradient governing risks to the
NSR is the horizontal gradient.

1.4.4.2 Hydraulic Conductivity

Thurber (March 2016) lists three hydraulic conductivity values, as follows:

e MW99-2 in silt over sand lithology (proximal to MW16-05) 2.7 x 10® metres per second (m/sec)
e MW99-3 in sand lithology 7.0 x 10° m/sec

e TH10-7 in sand lithology (proximal to MW 14-17) 1.4 x 10° m/sec

Hydraulic conductivity testing was completed by City of Edmonton staff on key sentinel wells. Results are
summarized in Table A below and details are provided in Appendix E.
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Table A: Summary of Hydraulic Conductivity for Sentinal Monitoring Locations

wot | smenaumonsy | MY Songy | Wt Sty ()
14-15 Sand + Bedrock 64E06 1.9E-05

14-17 Sand and Gravel + Bedrock 2-5E-06 7.5E-05

16-02 Gravel 1.5E-06 -

16-08 Sand and Gravel 1.1E-06 -

16-05 Sand and Gravel + Clay Shale 9.5E-07 -

16-07 Sand and Gravel 3.8E-07 -

16-06 Sand and Gravel + Clay Shale 3.3E-08 -

Note: Original estimates gathered June 29, 2017 using manual drawdown and manual recording of rising head. Data quality was sufficient for all but the
rapidly recovering wells14-15 and 14-17. The October 2017 estimates were gathered using a slug to displace the water and transducer to record
changing head pressure over time. The October estimates for 14-15 and 14-17 supersede the prior estimates shown with strikeout.

We note that south of the Low Pressure (LP) Plant between Thurber’s (TH10-7) hydraulic conductivity estimate and
the City’s estimates at 14-15 and 14-17 are very close. Throughout other areas along the northern banks of the
NSR, the hydraulic conductivity ranges between 10® and 10°® m/sec; consistent with the Thurber data.

1.4.4.3 Groundwater Users

Thurber (March 2016) provided a thorough analysis of the number and types of groundwater supply wells within a
5 km radius of the Site. The results returned 88 historical groundwater wells including domestic use, investigation
use, irrigation use, stock use, industrial use and several with no use listed.

These wells are focused along the NSR valley and also through the Beverly and Stony buried valleys. It has not
been verified if any of these wells currently exist.

1.5 Characteristics of Contamination

1.5.1 Preliminary Interpretation

The historical activity which led to the general, non-point source contamination is believed to be associated
primarily with the burning of coal and subsequent deposition of ash in the early 1900s. The random distribution of
bricks and other debris attributed to poor quality industrial fill is another non-point source of soil contamination.
Based on field observations and review of borehole logs, thicker areas of suspect fill are found west of the former
high pressure (HP) Plant and along the NSR. East of the LP Plant the suspect fill is roughly 3 m thick. There are
also clear point source contamination areas, such as various underground fuel storage tanks, fire training burn
pit(s) south of the Watermark Building. Creosote treated timber may also be a source, particularly west of the HP
Plant.

The Nichols Phase Il ESA (February 2015) provided an initial assessment and clarified the status of many of the

point source areas. For consistency, AECOM will adopt Nichols Areas of Potential Concerns, or APECs, as
summarized below in Table B.
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APEC Description Remedial Actions or Current Condition | Resolution Recommendation

Area 1 Mercury spillage from | This area was remediated by NUL and Nichols 2015 follow-up No further work
instruments occurred | Komex International Ltd. had conducted a | investigation did not find required. Not
at the former post-remedial investigation. Certain any anomalous mercury in | included in the
Northwestern Utility discrete samples contained sufficient total | the soil and no further current scope for
Ltd. (NUL) natural mercury to trigger an exceedance of recommendations were risk assessment
gas metering station current Tier 1 guidelines. provided. (RA).
on the Rossdale
plant.

Area 2 The decommissioned | Residual groundwater detection of Considering the There may be one
reactivator plant had dibenzofuran and dioxin continue to concentrations were additional
been built on persist as of the latest Nichols 2015 compliant with Tier 1 groundwater
creosote treated groundwater testing guidelines and no future monitoring event
timber piles that have land disturbance is required in the
remained in-situ post planned for this area, future, but
decommissioning. Nichols did not make any | otherwise no

recommendation for further work
further work. required.

Area 3 This area refers to the | The shallower zone, which is present The City is planning to Recognizing that
two separate fire directly south of the Watermark building, physically remove this additional
training burn pits that | was delineated further by Nichols 2015. accessible shallow characterization will
are present south of The deeper burn pit has had some further | impacted soil and will be required, a
the Watermark assessment work directed through characterize and risk decision was made
building. AECOM in 2014, but full characterization/ | manage the deeper burn to delay the RA for

delineation cannot be claimed pit as per Fire Station 21 this area.
report.

Area 4 Former machine Thurber March 2010 and November 2013 | Although this Due to the potential
shop, stores and investigation, conducted in advance of the | contaminated fill is linkage to the
hazardous materials construction of the new water quality EPCOR's responsibility, it | groundwater
area of the plant assurance laboratory, encountered fill is characteristic of the condition and

typical of the Rossdale Plant with several | typical Rossdale fill and representativeness
PAHs and metals above Tier 1. Thurber may contribute to of the fill, this area
(March 2016) indicates that soil (~6000 groundwater is included in the
m3) within the footprint of the laboratory contamination migrating RA, but under Area
was excavated and transferred to a Class | toward NSR. 5 (see below).

Il Landfill.

Area 5 Fill characteristic of Predominantly fine, but some coarse Nichols 2015 identified the | Included in RA.
the Rossdale Plant grained fill with observation of debris, fact that the fill was more
overall. broken bricks, coal etc. Typically contains | prevalent in southern

PAHs and metals above Tier 1. portion of Rossdale lands

Area 6 Fill between Pump Fill with similar characteristics as Area 5, No resolution — subject of | Included in RA.
House #2 and #1. but visual evidence of ash (i.e. bottom RA

ash).

Area 7 Former diesel UST Nichols 2015 investigated this area and Area is clean No further work
along east side of found no evidence of residual petroleum required.

Watermark Building.

hydrocarbons in soil or groundwater.

(1) TCE above Tier 1(soil) was discovered at 20 cm depth in TH10-10. Other test pits completed in 2013 did not repeat the TCE observation. EPCOR is
risk managing this uncertainty by including TCE is the annual groundwater monitoring program. Thurber (March 2016) tested for TCE in the
groundwater and it has never been detected. AECOM is not including TCE as contaminant of concern.
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In summary, this RA will address Areas 4, 5 and 6. The principle objective is to assess the human and ecological
risk associated with the poor quality fill generally understood to be present around the former HP Plant and
decommissioned LP Plant. It is understood that filling of the Rossdale river bank occurred as far downstream as
Area 3 immediately south of the Watermark Building, including ash deposits along the infilled banks of the NSR.

1.5.2 Gap Closure Program

The geographical extent of the upland field gap closure program was limited to the areas immediately west and
south of the former HP Plant, LP Plant and extending downstream just beyond the former Hazardous Waste Area
4. Due to the construction of the Walterdale Bridge, there were constraints on where borings and monitoring wells
could be located west of the former HP Plant. This area is occupied as a construction laydown yard. A sediment
sampling program was also executed which covered a wide geographical extent, from upstream at Terwillegar Park
to downstream at the Riverdale community.

The objective of the upland program was to: (i) extend the investigation for the suspect bottom ash both upstream
of Pump House #2 and downstream of Pump House #1; and (ii) establish a groundwater monitoring network to
allow for a more definite conclusion regarding contaminant discharge to the NSR. The sediment sampling program
was intended to evaluate whether the typical contaminants of concern in the Rossdale fill would be found in the
sediments immediately below the Plant.

City of Edmonton staff executed both field programs, but the design of the programs was a collaborative effort
among the City and AECOM technical staff. The overall program was accomplished over several site visits, and is
sequentially summarized below.

On June 23, 2016 City of Edmonton completed a groundwater sampling program on select groundwater monitoring
wells located east, west and south of the HP and LP Plants. Specifically Thurber TH10-7; TH12-7; TH15-4 and
Nichol's 14-15 and 14-17. The following procedures occurred:

e Recorded water level readings on all the available wells, purging each with dedicated bailer, noting the rate of
water recovery

e Groundwater quality testing was completed after the wells had ‘settled’ at least 30 to 40 minutes

o Water was transferred to a common bucket prior to being transferred into laboratory bottles with preservative,
as required

o Field filtration occurred for dissolved metals prior to acidifying the water sample

e Common equipment was washed and rinsed with de-ionized water between samples

e Testing parameters included:
o Routine, major ions, nutrients
o Dissolved metals
o Polycyclic Aromatic Hydrocarbons (PAHS)

The field sampling sheet recording the static water levels for the June 23 2016 sampling event is attached in
Appendix B.

On July 12/13, 2016 the City of Edmonton completed a drilling program to install the sentinel monitoring wells 16-04

through 16-08. Several days later on July 21, 2016 the City of Edmonton completed the remaining installations

within the Walterdale Bridge construction laydown area: monitoring wells 16-01 through 16-03. For both drilling

events the following procedures were followed:

e Staff used a subcontracted solid stem power auger to advance borings to between 10.5 and 13.5 metres below
ground surface (MBGS).

e Lithologic logs were produced and detailed notes made of suspect debris or ash
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o Soil samples were taken from representative lithologies throughout the boring and select samples at a
minimum of three depth intervals were submitted for chemical testing, as follows:
o Grain size, total metals and PAHs

These borehole logs are attached in Appendix A.

On July 14, 2016 the City of Edmonton completed the initial purging and development of the new monitoring wells
16-04 through 16-08. For monitoring wells 16-01 through 16-03, the purging event occurred on the same day as
the installation. Development of these new wells, involved purging a minimum of three well volumes. No level
reading or water samples were collected on these dates.

On July 22, 2016 the City of Edmonton completed groundwater sampling program on select groundwater
monitoring wells located east of the LP Plant and downstream from Pump House #1: Specifically 16-04 through
16-08. The specific procedures described for the June 23, 2016 event were followed. The chemical testing
program included:

¢ Routine, major ions, nutrients
e Dissolved & total metals
e PAHs

On July 26, 2016 the City of Edmonton completed groundwater sampling program on select groundwater
monitoring wells located within the Walterdale Bridge construction laydown and upstream from Pump House #1:
Specifically 16-01 through 16-03. The specific procedures described for the June 23, 2016 event were followed.
The chemical testing program included:

e Routine, major ions, nutrients
o Dissolved metals
e PAHs

On September 13, 2016 the City of Edmonton completed groundwater sampling program on all sentinel
groundwater monitoring wells, including Nichol’s 14-15, 14-17 and all City installed 16-01 through 16-08 wells.
Procedures used were as follows:

e Recorded water level readings on all the available wells, purging each with dedicated bailer

e Groundwater quality testing was completed after the wells had ‘settled’ at least 45 minutes

o Undisturbed water from a single bailer dip was transferred direct into laboratory supplied 1L amber glass bottle
o Testing parameters were limited to PAHs

All groundwater sampling field records from July and September 2016, complete with water level readings, are
attached in Appendix B.

On November 15, 2016 the City staff completed a sediment sampling program throughout the NSR valley. The
details on the methods, including photographs of the sediment sampling locations are provided in Appendix C.
Very briefly, the following methods capture the essence of the methods:

e Sandy, silty clayey sediments from the upper 10 cm depth were collected, often in shallow (10 — 15 cm) water

e Sample locations from upstream at Terwillegar Park to downstream at the Riverdale community, and included
two location immediately below the Rossdale area

e Common equipment used, a scoop and composite mixing bowl, were stainless steel and cleaned with Alconox
and rinsed with deionized water between sample locations

e Sediment was composited and transferred into glass jars supplied by the laboratory

RPT-2017-11-15-Rossdale Tier 2 Risk Assessment 10



A=COM City of Edmonton — Engineering Services
Rossdale Power & Water Treatment Plant
Tier Il Risk Assessment & Risk Management Plan

e Sediment samples were submitted for analysis of total metals and PAHs

Between June 27 and July 05, 2017 the City of Edmonton completed groundwater sampling program on all sentinel
groundwater monitoring wells. The specific procedures are as follows:

o Recorded water level readings on all the available wells, purging each with dedicated bailer
e Groundwater quality testing was completed after the wells had ‘settled’ at least 45 minutes
o Undisturbed water from a single bailer dip was transferred direct into laboratory supplied bottles
e Wells were allowed to ‘settle’ again before additional laboratory bottles were filled
¢ Field filtration and acidification occurred for dissolved and total metal analysis
e Testing parameters were:
o Routine, major ions, nutrients
o Dissolved & total metals
o PAHs

1.5.3 Post Gap Closure Contaminant Characterization and
Distribution

The interpretation is organized according to the contaminant categories: metals first and then Petroleum
Hydrocarbons (PHCs) and PAHs. The interpretation refers to the following figures, which are attached to this
report.

Figure 2: Soil Metal Distribution

Figure 3: Soil PAHs and BTEX, CCME F1 to F4 Distribution
Figure 4: Dissolved Metals, TDS and Nitrate

Figure 5: Groundwater PAHs Distribution

Figure 6: Groundwater BTEX, CCME F1, F2 and F3 Distribution

1.5.3.1 Metals in Soil

Table 1 presents a summary of the metal analytical results in soil from the site, including the applicable Tier 2
guidelines and pathways. Below is the general interpretation of the inorganics with hypothesis regarding their
possible historical source. The detailed listing of inorganic contaminant s exceeding various Tier 2 pathways will be
presented in Section 2.3.

Bottom Ash (Area 6) and Former Hazardous Waste Storage (Area 4)

Areas around the LP Plant, including bottom ash (Area 6), and former hazardous waste storage (Area 4), are most
commonly characterized with elevated barium. The human health Tier 2 exceedances (shown in red on Figure 2)
are attributed to arsenic. AECOM suspects that this metal pattern is attributed to the typical handling or deliberate
deposition of ash and/or coal from the early coal powered era. Coal is commonly noted in the test pit logs from the
Thurber TP13 series. The metal characterization at Area 4 is different: along with the elevated barium and arsenic,
beryllium, molybdenum and selenium are also present above Tier 1. Boron (hot water soluble) is present above 10
milligrams per kilogram (mg/kg). Hot water soluble concentration at, or above this magnitude, have been
interpreted as exceedances of the new Tier 1 saturated paste boron guidelines. This is based on existing data from
other sites within the river valley where both hot water and saturated paste analysis methods have been completed.
Elevated boron (>10 but < 30 mg/kg) is associated with the elevated barium and may ultimately be traced back to
the coal ash or bricks noted in the test pit and borehole logs. Soil analysis from the installation of sentinel wells
installed upstream and downstream of the Pump Houses (16-01 through 16-08) confirms that saturated paste
boron is present at concentrations that exceed Tier 2 pathways for aquatic life and direct soil contact.
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Burn Pits (Area 3)

Area 3 is shown to have periodic soil samples with elevated lead alone, or in some cases lead with barium. The
lead is triggering the red human health Tier 2 exceedances in Figure 2 and exceedances are found as shallow as
0.5 min this area. This elevated lead is not exclusively coincident with the elevated extractable PHC, but this is
difficult to evaluate because both parameters were not always tested in the same samples and same depth interval.
Evidence in other locations east of the LP Plant and between the Pump Houses suggest that elevated lead is also
likely to be present in the general Rossdale fill.

1.5.3.2 Metals, Anions, TDS and Nutrients in Groundwater

Bottom Ash (Area 6) and Former Hazardous Waste Storage (Area 4)

Routine parameters at Area 4 and Area 6 exceeding the drinking water and freshwater aquatic life guidelines in the
groundwater are manganese, Total Dissolved Solids (TDS) and nitrate (Figure 4). In Area 4 the only dissolved
trace metal in the groundwater above its Tier 1 guideline is selenium at TH12-7, TH15-3 and TH15-1. In terms of
trace metals, groundwater quality west of the LP Plant differs. Toward the Walterdale Bridge, trace dissolved
arsenic is observed above Tier 1 (TH12-2) and trace mercury (2 ppb above Tier 1) at TH12-6.

Recent 2016 and 2017 sampling in Area 6 (MW 14-15/ 14-17) confirmed the general lack of elevated trace metals
in the dissolved form. However, using a total acid digest procedure earth elements (iron/ aluminum) plus trace
elements (arsenic, copper, lead and zinc) are present above their respective aquatic life or drinking water
standards. Manganese concentrations are less affected by the total acid digest procedure. Recent 2016 / 2017
samples at Area 6 identified elevated chloride at MW 14-15 and upstream at MW 16-01/ -02. Evidence of a chloride
source in the former HP Plant area also turns up in TH10-4 and TH12-6. No other areas on the Rossdale Plant
show elevated chloride. This may reflect undocumented storage of salt, or stockpiling of cleared snow in this area.

Downstream from Pump House #1, MW16-05 and 16-06 show evidence of dissolved selenium and boron,
respectively. The selenium is consistent with groundwater findings from Area 4, and the dissolved boron is
consistent with the saturated paste soil analysis described above. At the furthest downstream well (MW16-08)
trace metals appear to clean up in the dissolved form and the anions and nutrient concentrations are compliant with
Tier 1. Paired dissolved and total metal analysis downstream of Pump House #1 shows elevated earth elements
(iron/ aluminum) plus trace elements (cadmium, copper, mercury) present above their respective aquatic life
standards. Manganese, boron and selenium concentrations are less affected by the total acid digest procedure.

Burn Pits (Area 3)

In 2005, the groundwater associated with Area 3 was characterized with iron and manganese above both aquatic
life and drinking water guidelines. More recent data is suggesting that, at least in the dissolved form, only TDS and
manganese persist above their drinking water guidelines. Nichols 14-09 is an exception, where dissolved zinc and
chloride are exceeding aquatic life guidelines.

Table 3 presents a summary of the metal analytical results in groundwater from the site, including the applicable
guidelines and pathways.

1.5.3.3 PAHs and PHCs in Soil

Table 2 presents a summary of the PAH and PHC analytical results in soil from the site, including the applicable
guidelines and pathways. Below is the general interpretation of the organics with hypothesis regarding their
possible historical source. The detailed listing of organic contaminant s exceeding various Tier 2 pathways will be
presented in Section 2.3.
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Bottom Ash (Area 6)

There is no indication that Area 6 has PHC impacts. The delineation and risk management issues identified in this
area are related to the PAHs. AECOM has attempted to distinguish between the patterns and distribution of PAHs
and relate this back to the historical activities/sources. The bottom ash is characterized with a higher number of
overall PAHs and a higher frequency of the heavy molecular weight pyrogenic varieties that tend to trigger human
health concerns. Elevated barium, boron, arsenic and lead appear as co-contaminants in the ash. The most
recent drilling upstream and downstream from Nichol’s Area 6 turned up a consistent pattern of PAH impacts and
the field observations suggest that thin pockets of the bottom ash had likely been deposited all along the banks of
the NSR. There is one exception to the PAH pattern: 16-02, in which an abandoned creosote pile was
encountered. This is not considered representative of the general Rossdale fill.

Former Hazardous Waste Storage (Area 4)

The historical activities in this area are described as ‘hazardous waste storage’. PAHSs in shallow soils are a
common occurrence in this area. The number of differing PAHSs, plus the frequency and magnitude of the higher
molecular weight pyrogenic variety suggest the source may be related to coal. Corroborating this hypothesis is the
predominance of elevated arsenic and barium, along with several other metals. The Thurber test pit logs from the
TP13 series often identify coal in the fill, but no ash. Overall, testholes within Area 4 display a very similar pattern
and presence of metals compared to Area 6, but no bottom ash had been noted in the borehole logs from Area 4.
There is one location (TH13-04) where PHC F3 was detected above 400 mg/kg and one other location (TH10-1)
west of former HP plant where PHC F3 was also observed above 400 mg/kg.

Burn Pits (Area 3)

Significant gaps for PAH and PHC delineation are apparent in Figure 3. The original hypothesis is that there are
two distinctly different burn area sources: one shallow source immediately south of the Watermark Building and one
deeper source further south, along the river's edge. This hypothesis has some weaknesses in light of the more
recent Nichols data. Perhaps they were once a single area, but after filling along the banks of the river, the sources
appear to be separated.

1.5.3.4 PAHs and PHCs in Groundwater

Bottom Ash (Area 6) and Former Hazardous Waste Storage (Area 4)
PHCs have been tested by Thurber in and around LP Plant and former HP Plant and in all cases, concentrations
are either non-detectable, or compliant with Tier 1 guidelines.

In the area surrounding the LP Plant and former HP Plant, the groundwater contains trace amounts of anthracene,
fluoranthene, pyrene, benz[alanthracene and benz[a]pyrene above their Tier 1 guidelines. These Tier 1
exceedances are not consistently recorded year over year. For example, in monitoring wells east of the LP Plant
the PAH parameters listed above were all detected at the same magnitude in August 2013. In 2015, all monitoring
locations that had previously shown Tier 1 exceedances were less than method detection limits. Monitoring results
west of the LP Plant display a similar pattern, although not as significant and not in the same years. AECOM
suspects the amount of entrained suspended sediment in the sample influences the outcomes of the annual
monitoring programs completed mainly by Thurber. The subsequent gap closure groundwater sampling completed
by the City of Edmonton allowed much more time between purging and sampling to minimize the entrainment of
suspended sediment.

Results from subsequent PAH testing in 2016 and 2017 confirmed this suspicion. There was a higher frequency of
non-detections where previously PAH detection above Tier 1 had been observed. For example, in Nichol's
MW14-17, two events in 2016 and one in 2017 have recorded less than method detection or less than Tier 1
guidelines. With reference to the series of sentinel monitoring wells positioned along the northern banks of the
NSR upstream of Pump House # 1, MW16-02 and MW14-15 are still showing trace amount of PAHSs related
specifically to the creosote pile encountered and presence of bottom ash, respectively.
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Burn Pits (Area 3)

In Area 3 the groundwater shows non-detections for both PAHs and PHCs. This is likely due to a combination of
shallow finer grained unsaturated fill hosting some of the PHC and the fact that the deeper sand aquifer is in
hydraulic connection with the river; consequently, it experiences a high flow.

Table 4 presents a summary of the PAH and PHC analytical results in groundwater including the applicable
guideline and pathway.

1.5.3.5 Sediment Results

The sediment chemistry results are tabulated and compared against the Canadian Council of Ministers of the
Environment (CCME) sediment quality guidelines, both Interim Sediment Quality Guidelines (ISQG) and probable
effects levels (PEL). This table is added to the technical memo forming Appendix C of this report. Very briefly the
findings indicate:

e There was no significant variation in the level of metals or PAHs among the six different sediment sampling
locations.
o All metal concentrations were below CCME 1ISQGs
o 2-methylnaphthalene in all locations exceeded the CCME I1SQG
o No other PAHs exceeded CCME ISQG

The conclusion from this sediment programs is that the sediment along the NSR is relatively homogeneous with

respect to the metal and PAH content. Furthermore, there is no indication that these contaminant groups are
enriched in the sediment below the Rossdale lands.
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2. Problem Formulation

2.1 Selection of Applicable Pathway-Receptor
Combinations

As per the AEPs Tier 1 Soil and Groundwater Remediation Guidelines, Residential/Parkland Land Use includes
campground areas and urban parks where the primary activity is residential or recreational activity.

The guidelines in Alberta are established using a scientifically defensible, risk-based approach. Numerical
standards are established for various land use specific, generic pathway-receptor combinations. The pathway-
receptor combination which is the most sensitive to that particular contaminant drives the generic Tier 1 numerical
criteria.

The following pathway receptors are relevant and applicable under the generic Industrial/Parkland Tier 1
guidelines:

Human Pathways

e Protection of groundwater for Domestic Use Aquifers (DUA)
e Direct soil exposure: ingestion, dermal, dust inhalation
e Indoor vapour intrusion and inhalation

Ecological Pathway

e Protection of groundwater for aquatic life where water bodies lie within a 300 m radius
e Direct soil and groundwater exposure: plants and invertebrates

211 Rossdale Lands Pathway — Receptor Combination

Based on the description of the land use, surrounding environment and hydrogeological setting, surface and
groundwater use, the following receptor-pathway combinations are deemed relevant and applicable to the
Rossdale Industrial lands and adjacent parkland.

Human Pathways

e DUA?
o Direct soil exposure: ingestion, dermal, dust inhalation
e Indoor vapour intrusion and inhalation

@ Consistent with Record of Site Condition in Thurber March 2016

Ecological Pathway

e Protection of groundwater for aquatic life
e Direct soil and groundwater exposure: plants and invertebrates
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In summary, the primary receptor-pathways that drive the Tier 1 guidelines are considered operable on this site.
Nevertheless, the data will be interpreted relative to the specific Tier 2 pathways to better understand the perceived
human health or environmental risk.

2.2 Contaminants of Concern

2.21 Soil

The tabulated data (Tables 1 and 2) displays the soil quality relative to the various human health and ecological
Tier 2 numerical guidelines. The data are compared to the individual Tier 2 pathway numerical guidelines to help
define the risk assessment objectives, and / or risk management strategy. This listing of contaminants excludes the
extractable hydrocarbons at the former burn pits (Area 3). The following bullets capture the essential findings from
the tabulated soil quality data:

Relative to Human Health Protection, Contaminants in the Soil are:

e Arsenic and lead in the fill frequently exceed their respective direct human contact Tier 2 guidelines

o Benz[a]pyrene Total Potency Equivalents (B[a]P TPE) where the creosote pile was discovered (16-02) exceeds
its direct human contact Tier 2 guideline

e Benzklfluoranthene, benz[b&jlfluoranthene and commonly B[a]P Index of Additive Cancer Risk (IACR) exceed
their respective Tier 2 soil quality guidelines for protection of DUA

o Where the creosote pile was encountered several high molecular weight PAHs are above their respective Tier
2 soil quality guidelines protective of DUA: B[a]P, benz[b&jlfluoranthene, benz[k]fluoranthene, benz[g,h,i]
perylene, chrysene and B[a]P IACR

Relative to Ecological Protection, Contaminants in the Soil are:

e Barium and boron are most commonly observed above their respective Tier 2 eco-contact guidelines

e Arsenic, beryllium, copper, cobalt, chromium, lead, molybdenum, nickel, selenium, tin and zinc are also
observed in one or more locations above their respective Tier 2 eco-contact guidelines

e Saturated paste boron is also present above its soil quality guideline protective of aquatic life

e Anthracene, benz[a]anthracene, benz[a]pyrene, fluoranthene, naphthalene, phenanthrene, pyrene are the most
common PAH present above their respective soil quality guidelines protective of aquatic life

¢ Where the creosote pile was encountered, the above list of PAHs are found with the addition of
acenaphthalene and fluorine and the magnitude of concentrations for anthracene and fluoranthene are such
that their eco-contact guidelines are exceeded

2.2.2 Groundwater

Relative to the drinking water protection guidelines (DUA pathway), contaminants of concern are:

e Manganese and TDS are almost always observed

¢ Nitrate and chloride are the second most frequent contaminants
e Boron is observed at TH10-1

¢ In atotal metals analysis, iron is common
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Relative to the guidelines for the protection of the freshwater aquatic life pathway, contaminants of concern are:

* Nitrate and chloride are the main anions observed

e Boron and selenium are the most frequent metalloids observed

*  Much less frequent are aluminum, copper and mercury

* |n a total metals analysis the list above expands to include: arsenic, cadmium, iron, lead, zinc and copper and
mercury are more frequent

* Anthracene, benz[a]anthracene, benz[a]pyrene, fluoranthene, pyrene

2.3 Tier 2 Risk Assessment / Risk Management Plan
(RA / RMP) Approaches

Table C summarizes where parameters exceed the Tier 2 guidelines distinguishing between guideline pathways
designed to protect human and ecological receptors. The risk assessment and risk management approaches
indicated are discussed in more detail in following sections.

Table C: Ecological and Human Health Pathway Receptor Tier 2 / Risk Management Approaches

Applicable
Pathway-Receptor

Non-compliant
Contaminants in Soil

Non-compliant Contaminants in
Groundwater

Tier 2 RA/ RMP Approach

contact

beryllium, copper, cobalt,
chromium, lead,
molybdenum, nickel,
selenium, tin and zinc

Direct human soil Arsenic, Lead " NA Evaluate upper bound soil exposure
contact using statistical analysis
Direct eco- soil Barium, boron, arsenic, NA Evaluate upper bound soil exposure

using statistical analysis

Qualitative risk management
through park maintenance and
general landscaping

Protection of
Groundwater for
Aquatic Life

Anthracene,
benz[a]anthracene,
benz[a]pyrene,
fluoranthene, naphthalene,
phenanthrene, pyrene ?
Boron

Anthracene, benz[a]anthracene,
benz[a]pyrene, fluoranthene, pyrene
()]

Nitrate and chloride

Boron, selenium (common) and
aluminum, copper, mercury (rare)

Mass flux estimate/ Monitoring

Protection of
Groundwater for
Future Domestic
Use

Benz[Kk]fluoranthene,
benz[b&j]fluoranthene and
B[a]P IACR @

B[a]P TPE @
Manganese and TDS
Nitrate and chloride
Boron

Mass flux estimate/ Monitoring

(1)

Point source creosote pile includes anthracene and fluoranthene above eco-contact and B[a]P TPE above human direct contact

(2) Point source creosote pile includes acenaphthalene and fluorine above aquatic life; and, benz[a]pyrene, benz[g,h,ijperylene and chrysene above

DUA
3

repeated in subsequent groundwater testing

RPT-2017-11-15-Rossdale Tier 2 Risk Assessment
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24 Conceptual Exposure Model

The pathway-receptors considered in this Tier 2 risk assessment are diagrammatically shown in lllustration 1. The
pathways are reflective of those that are summarized in Table C above and each of the detailed soil and water
quality Tables appended to this report.
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lllustration 1: Conceptual Exposure Model, Rossdale Lands
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3. Exposure and Hazard Assessment

3.1 Direct Soil Contact Pathway

Rather than assessing exposure based upon maximum measured concentrations, AECOM will evaluate exposure
to a mobile receptor, such as a human, based on the 95" upper confidence limits on the mean (95UCLM). For
sessile ecological receptors, the upper 90" rank percentile is the appropriately conservative exposure point
concentration (EPC). The rationale for these upper bound EPCs as follows:

* A mobile receptor has the ability to move around the site and, therefore, will experience an averaged direct
contact soil exposure

* A sessile receptor, such as plants and soil invertebrates, is protected at the population level, and setting the
acceptable EPC at the upper 90th percentile implies that less than 10 percent of the plant and soil invertebrate
population may be adversely affected

3.1.1 Statistical Evaluation

The detailed methodologies and results from the statistical analysis of the database are attached in Appendix F. As
discussed in Table B, point source petroleum hydrocarbon contamination related to the burn pits in Area 3 are not
included in this RA. Consequently, an initial step in the database analysis was to determine a defensible means to
identify which samples, and at which depths are indicative of the burn pits and remove them from the database.
Appendix F, Table 2 list all the individual data points that have been removed and why. Briefly, analytoical data
was removed if it displayed any of the following three characteristics:

e Elevated PHC with elevated lead
o Elevated PHC without the benefit of metal analysis
* Elevated lead without the benefit of PHC analysis (BH3 only)

The outcome was the removal of 18 data points all from Area 3. Data from the single creosote treated timber (16-
02) was retained in the database.

The following Table D is summary of the human direct contact contaminant statistical analysis:

Table D: Summary Statistics for Direct Human Contact

x SQG uy Maximum Mean Standard 90" %ile 95UCLM
Contaminant n % non-detect L.
(mg/kg) (mg/kg) (mg/kg) | Deviation (mg/kg) (mg/kg)
Arsenic 21 110 0% 65 8.2 7.67 9.8 9.8
Lead 140 125 2% 398 27.5 47.5 451 35.9
B[a]P TPE 5.3 104 0% 24.83 0.44 2.46 0.347 1.26

Despite the fact that the maximum observed concentrations exceed the direct human contact Tier 2 guidelines
(SQG yn), the upper limit statistical estimates are both much less than the SQG .
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The following Table E is summary of the ecological direct contact contaminant statistical analysis:

Table E: Summary Statistics for Direct Ecological Contact

o SQG gco " % non- Maximum Mean Sta|.1da.ard 90" %ile 95UCLM
(mg/kg) detect (mg/kg) (mg/kg) Deviation (mg/kg) (mg/kg)

Arsenic 17 110 0% 65 82 767 98 98
Barium 500 125 0% 6620 596.8 1019 1122 802.6
Beryllium 5 125 10% 8.1 1.1 1.27 1.46 1.30
Chromium 64 125 0% 104 18.7 124 246 21:1
Cobalt 20 125 1% 21.2 8.75 293 105 92
Copper 63 125 0% 239 256 27.8 344 310
Lead 300 125 2% 398 275 475 451 359
Molybdenum 4 125 46% 94 1.64 1:53 24 19
Nickel 45 125 0% 68 26.5 8.3 346 28.0
Selenium 1 110 30% 1.3 0.45 0.21 0.70 0.48
Tin 5 124 32% 10.9 187 1.34 50 21
Zinc 200 125 0% 739 752 879 949 95.7
Boron (sat paste) 3.3 24 0% 225 412 498 9.01 6.26
Boron (HWS) - 60 0% 375 10.42 9.388 276 12.34
Bla]P TPE 53 104 0% 24.83 0.44 246 0.347 1.26
CCME F3 300 40 475 487 163.1 111 211.8 138.6

Despite the fact that the maximum observed concentrations exceed the eco- contact Tier 2 guidelines (SQG gco),
the upper limit statistical estimates for all substances but barium and boron are less than the SQG gco.

The hot water soluble analysis of boron supports the contention that the average concentration of this substance is
elevated within the fill surrounding the Rossdale Site.

3.1.2 Risk Characterization

Tables D and E provides a summary of the Rossdale fill upper bound exposure (EPC) relative to the SQG yy and
SQG gco, respectively  The ratio of exposure relative to the SQG is the Hazard Quotient, calculated as follows:

Hazard Quotient = EPC/SQG

When the Hazard Quotient exceeds 1, this implies that receptor exposure to concentrations greater than the SQG
may occur. This does not imply that an adverse effect to the receptor will occur. A quotient less than 1 implies that
receptor exposure to concentrations greater than the SQG is unlikely to occur, therefore possible adverse effects
are considered negligible. In all cases the SQG g.onh is the respective AEP guidelines for that pathway. To err on
the side of caution, and to allow for human exposure from other routes not accessed, a soil allocation of 50% will be
applied. Essentially, this means that a negligible exposure can only be assumed when the HQ is 0.5 or less. Risk
characterization for the direct soil contact pathways are summarized in Table F.
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Table F: Risk Characterization Summary: Direct Soil Contact

Upper Statistical Hazard SQG Eco Hazard :
Subst Comments / Concl
MIHAneR Bound EPC or SQGuy in mg/kg | Quotient oNnenewahclsens
: 21 (SQG uH) 0.46 HH |Both receptors are predicted to experience low enough
Arsenic 9.8 mg/k
99 17 (SQG eco) | 0.58 ECO |exposure to conclude a negligible risk
Exceeding 1, but roughly 2 times and elevated
concentrations are sporadically distributed vertically
Barium 1122 mg/kg 500 (SQG eco) 22 and laterally, therefore, wide-spread adverse effects
on vegetation or soil invertebrates are unlikely to be
observed
Lead 35.9 mg/kg 140 (SQG HH) 0.25 HH |Both receptors are predicted to experience low enough
45.1 mg/kg 300 (SQG eco) 0.15 ECO |exposure to conclude a negligible risk
Boron 9.01 mg/kg 3.3 (SQG £co) 97 Exceedin.g 1 and also determined to be contaminant
(sat paste) for aquatic life pathway.
Human receptors are predicted to experience low
BaP TPE|  1.26 mgikg 5.3 (SQG 1) 0.24 o8 i il
enough exposure to conclude a negligible risk

In conclusion, barium and boron will be carried into the risk management plan. Boron upper limits are not only in
excess of the eco-contact guidelines, but also those protective of aquatic life. The aquatic life pathway is discussed
below.

3.1.3 Uncertainty

To address uncertainty with the variability of area-wide fill, risk practitioners commonly apply a statistical upper
bound analysis. This is a very robust method of estimating the ‘average’ exposure point concentration, especially
given the large dataset consolidated for the Rossdale site.

The application of the Tier 1 soil quality guidelines as the soil benchmark, or denominator in the hazard quotient
ratio is conservative. These guidelines are designed to be protective for a wide range of terrestrial settings, and in
fact are more appropriate for agricultural settings, rather than industrial settings.

The fact that the ratio of the upper bound exposure concentrations exceeds the soil quality benchmark does not
automatically translate to certainty around the presence or degree of ecological impairment. However, when the
upper bound exposure point concentration is less than the soil quality guideline, we can confidently state that the
likelihood of ecological impairment will be very low. In other words, the ecological terrestrial risk would be
negligible.

3.2 Groundwater Pathways

3.2.1 Mass Flux Methods

The following paragraphs describe the methods applied to arrive at a mass flux estimate for contaminants of
potential concern to the NSR. The flux assessment is limited to relevant hydrogeological information along the A-A’
cross section line depicted in Figure 7, and is intended as a broad order of magnitude check on the total mass flux
of groundwater mediated contaminant transport to the NSR.
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Horizontal gradients were calculated for paired monitoring well data, where monitoring wells were oriented along
the general groundwater flow pathway. Well pairs were only selected if groundwater elevations were determined
on the same date. Horizontal gradient () was calculated using the equation below, and are presented in Table G.

Ah
D

Where

i = horizontal gradient (m/m)

Ah = absolute dif ference in groundwater elevation between paired monitoring wells (m)
D = horizontal distance between paired monitoring wells (m)

Table G: Calculation of Horizontal Gradient

Paired Wells Ah (m) D (m) i
BH16-01 —BH16-02 ? 616.55m-615.52m = 1.03 26.603 0.0387
BH16-03 —A6:14-15 2 616.13m-615.83m = 0.3 32.656 0.0092
TH12-3—->MW99-2 ° 616.23m-615.43m = 0.8 73.267 0.0109
TH15-1->TH15-4 ° 615.43m-615.16m = 0.27 35.868 0.0075
BH16-04—BH16-05 ® 616.21m-614.88m = 1.33 21.682 0.0613
BH16-03 —»A6:14-17 2 616.13m-616.06m = 0.07 37.171 0.0019

Average 0.0216
Maximum 0.0613

Notes: Groundwater elevation data sourced from; (a) City of Edmonton groundwater
monitoring program (Sept 13, 2016) and (b) Thurber March 2016.

The geology of the Rossdale Lands consists of well-defined and ordered geologic units, which extend across the
site in a relatively uniform manner. Site stratigraphy consists of fill, underlain by sand/silt, then a gravel layer, and
finally carbonaceous clay shale bedrock. Observations of groundwater elevation indicate that groundwater is
typically held within the gravel layer. For the purposes of calculating a specific discharge, AECOM have assumed
that at any time during the year it is possible that the full thickness of the gravel layer may become saturated. The
cross-sectional area of the gravel layer surrounding individual monitoring wells along the A-A’ transect was
measured using CADD software from the cross sections shown in Figure 7. The assessment was limited to include
only the area between BH16-02 at the northwest extent, to BH16-08 at the southeast extent. Cross sectional areas
were based on the midpoints between monitoring wells.

The flux model applied the average horizontal gradient (Table F) and well-specific estimated hydraulic conductivity
(Table A) to calculate the Darcy velocity of groundwater moving through the saturated gravel unit as follows:

v=KXi
Where:
v = Darcy velocity (m/day)
K = well — specific hydraulic conductivity (m/day)
i = average horizontal gradient (m/m)
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Specific discharge is calculated as:
qo = v (m/day) x A(m?)

Where:

q = Specific Discharge (m3/day)

v = Darcy velocity (m/day)

A = Cross — sectional area of saturated gravel unit (m?)

The mass flux of contaminants to the NSR via groundwater mediated transport is; therefore, calculated for each
monitoring well as:

Ji = Cf (mg/m?) x q;(m?/day)

Where:

Ji = Mass Flux of contamiant x at monitoring well i (mg/day)

C; = Concentration of contaminant x at monitoring well i (mg/m?)
q; = Specific discharge attributed to monitoring well i (m3/day)

The total mass flux for each contaminant of potential concern is calculated as the sum of the flux derived from
individual monitoring wells, and the percent contribution of each well to the total was also calculated. This provides

site managers with a useful tool for focusing remedial planning and efforts to areas where the most potential for
improvement lies.

3.2.2 Mass Flux Results

The results from the mass flus calculations are summarized in Table H. The detailed calculation spreadsheet table
is attached as Appendix G.
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Table H Aquatic Life/ Drinking Water Exposure and Mass Flux Loading

Tier 2 Aquatic Maximum :
Life / DW Concentration Cumsatiye
Substance Guideline from Transect Mass Flux Additional Interpretive Details
(kgl/year)
(mgIL) (mgIL)
PAHs
Anthracene 0.000012 |0.000148 @ 16-02 20x10* Maximum concentrations used have
Benzo[a]anthracene | 0.000018 | 0.00006 @ 14-15 | 3.2x10* | beenshown to be biased by entrained
Benzo[a]pyrene 0.000015 |0.000072 @ 14-15| 4.7x10* |Sediment. Loading governed by rapid
Fluoranthene 0.00004 | 0.00023 @ 16-02 | 6.7 x 10° m;:‘:')c conductivity at 14-15/14-17
Naphthalene 0.001 0.0023 @ 16-02 1.9x 107 '
Phenanthrene 0.0004 0.0006 @ 16-02 1.5x 10-3 Annual loadings generally around 1 mg/
Pyrene 0.000025 0.0001 @ 16-02 8.0x10* year, which is negligent.
B[a]P TPE 0.00001 0.00008 @ 14-15 50x10*
Metals
Generally non-detect in dissolved form.
Aluminum 0.05 pHdependant | 0.21 @ 16-06 6.8 x 1072 Not significant loading. Natural
occurrence.
Only area of non-compliance at 16-06
and coincident with known elevated soil
Eeiey 53 4@ 1608 B source (Figure 12). Annual loading is
negligible.
In dissolved form, a single Tier 1
2 exceedance in BH1 (Stantec) at Water
Soppar D017 D006 @ 1007 2 xd Treatment Plant. Less than Tier 1 in all
other wells (in dissolved form).
Manganese 0.05 2.86 @ 16-02 15.4 Wide spread source, but could be
natural.
Generally non-detect in dissolved form.
Iron 0.3 0.24 @ 16-06 0.17 Not significant loading. Natural
occurrence.
Mercury 0.000005 non-detected -
Identified detections generally east of LP
Solankin 0.001 0.0011 @ 16- 44x10° Plant (Figure 13) and magnitude of
05/06 exceedance are very low. Annual
loading of 4.4 mg is negligible.
Anions
Source focused east of LP Plant (Figure
10) and the magnitude of exceedances
Chloride 120 422 @ 16-02 1501 is relatively low. In context of annual
discharge of NSR this loading is not
significant.
Appears to be wide-spread source
— . 104 @ 16-07 - (Figure 11). In context of annual
itrate h - :

discharge of NSR this loading is
negligible.
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In decreasing order of magnitude, chloride, nitrate, manganese and boron are the contaminants that are predicted
to be contributing annual mass loadings measured in the 10 to1000 kilogram range. In Appendix G the calculation
table indicates MW14-15 and 14-17 are contributing the bulk of the loading. However, this does not lead to the
conclusion that this is the worst area in terms of source concentrations. In fact, source areas for these higher
loading contaminants are distributed both west and east of the HP and LP power plants. The inferred extent of the
groundwater plumes for chloride, nitrate, boron and selenium are depicted in Figures 10, 11, 12 and 13. The
explanation for the higher relative contribution from Area 6 lies in the rapid hydraulic conductivity measured at these
wells and the well just upgradient (TH10-7).

The flux analysis suggests that the key groundwater contaminants most likely related to the Rossdale fill are:

e Boron and selenium
e Chloride and nitrate

Other contaminants are either not contributing a significant mass load (e.g. PAH) or are likely confounded by
naturally elevated concentrations or entrained sediment in samples (e.g. aluminum / iron). With reference to
Figures 10 through 13, the following points provide context to the mass flux estimates.

Chloride

e The pattern of the plume strongly suggests a source that may be related to road de-icing and/or stockpiling of
cleared snow

e The magnitude of concentrations are not excessive (125 -550 mg/L)

e Total annual loading (1500 kg) is insignificant when compared to the annual discharge base flow in the NSR (~
150 million m® during low flow) = 0.1 ug CI/L

Nitrate

e The pattern of the plume(s) potentially reflect historical (early 1900’s) use of the property as the Edmonton
Exhibition Grounds, which would have involved livestock and subsequent manure

e The magnitudes of concentrations are highest in the far west (TH10-1) and eastern extent of the former power
plant (TH15-4), but are still only reaching 2 times the drinking water guideline

¢ Total annual loading would be negligible considering the annual discharge in the NSR (~ 10 mg NO3/L)

Boron

e |tis recognized that boron in the fill is likely associated with scattered brick and coal; yet there is only one
location adjacent to the NSR where boron is elevated in the groundwater (BH16-06)

e The magnitude of the dissolved, and total boron in this location is only marginally above the aquatic life
guideline

e Total annual loading would be negligible considering the annual discharge in the NSR (~ 107 mg B/L)

Selenium

e The pattern suggests multiple isolated plumes that are coincident with a historical source that may be related to
the former hazardous waste storage (Area 4)

e The magnitude of the observed concentrations are all very minor, for example 1.3 to 9 ug/L above the aquatic
life guideline

e Total annual loading would be negligible considering the annual discharge in the NSR (~ 1070 mg Se/L)
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3.2.2.1 Uncertainty Analysis

Total inorganic groundwater concentrations reflect the highest concentrations of metals due to entrapped
suspended sediment. This measure of total metals is not believed to be representative of actual sub-surface
transport and breakout concentrations; nevertheless, these maximum total metal concentrations have been
considered under this uncertainty analysis.

The total analysis results are available from all sentinel monitoring wells along this transect. When the total
analysis is substituted into the mass flux calculation, the following differences are highlighted:

e Aluminum and iron mass flux increase three and two orders of magnitude, respectively,
o Aluminum mass flux of 0.068 kg/year, increases to the 18.1 kg/year
o lIron mass flux increases from 0.17 kg/year to 53 kg/year
e All other metals mass flux estimates were within the same order of magnitude as the dissolved estimate, with
the exception of manganese, who'’s total mass flux actually decrease the order of magnitude
e The following added trace metals are captured when a total analysis is run:
o Arsenic show a mass flux of 9.3 x 10 kg/ year
Cadmium show a mass flux of 4.6 x 10™ kg/ year
Lead shows a ma