1 Raymond St., Suite 200

. Ge0fl rma Ottawa, Ontario KIR1A2

‘%o Tel: (613) 232-2525
. . EngineeringLtd ). (513)232-7149
February 22, 2011 Ref. No.: 09-202-11C

National Capital Commission

Central Region — Planning & Environmental Office
202-40 Elgin Street,

Ottawa, Ontario K1P 1C7

Attn: Ms. Allison Myatt

RE: Limited Groundwater and Soil Remediation Project, Richmond Landing, Ottawa,
Ontario, NCC Property Asset 96189.

Dear Ms. Myatt:

1 INTRODUCTION

Geofirma Engineering Ltd. (formerly INTERA Engineering Ltd.) was retained by the National Capital
Commission (NCC) to complete a limited soil and groundwater remediation, and well
decommissioning program for Richmond Landing located in Ottawa, Ontario. The work was
completed in accordance with the proposal dated May 17, 2010, as approved by the NCC.

1.1 Site Description

Richmond Landing (NCC Property Asset Number 96189) is located on the Ottawa River, south of
Victoria Island, and east of the Portage Bridge in Ottawa, Ontario. The site includes green space and
recreational pathways. The site was previously used as a bulk oil and fuel storage facility. Figure 1,
Attachment A provides a site layout, including location of groundwater monitoring wells.

1.2 Background and Previous Work

Intera Technologies Ltd. completed an Initial Site Characterization for the property, in a report dated
August 1989 (Intera Technologies Ltd., 1989). The report identified a bulk fuel storage facility and ralil
sidings as former land uses of concern on the site. Soil and groundwater analyses identified low
levels of hydrocarbon and metals contamination.

A Phase Il ESA was completed on the site by Trow Associates Inc. (Trow) during January to May of
2009 (Trow, 2009a). The work included drilling of 25 boreholes, with installation of 23 groundwater
monitoring wells. Soil and groundwater samples were collected and analyzed for metals, petroleum
hydrocarbons (PHCs), volatile organic compounds (VOCSs), polycyclic aromatic hydrocarbons (PAH)
and polychlorinated biphenyls (PCBs).
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Waste materials including brick, wood, glass, coal etc. were present in most of the 25 boreholes.
Shallow surface soil samples (defined by Trow as the upper 0.1 m of soil) met applicable federal
guidelines and provincial standards, however surface (0.1 - 0.6 metres below ground surface [BGS])
and subsurface (>0.6 mBGS) soils had exceedences of standards and/or guidelines for metals, PAH
and PHC parameters (Trow, 2009a).

Groundwater quality generally met Ontario Ministry of the Environment (MOE) non-potable
groundwater standards (Table 3), however there were several exceedences of MOE Table 1 and
CCME community water guidelines for BTEX and PAH parameters (and a few metals parameters). At
the time of investigations, MOE did not have numerical standards for petroleum hydrocarbons in
groundwater, however the presence of petroleum hydrocarbon contamination (sheen/odour), and high
concentrations of PHCs in groundwater were detected at several wells during the Phase 1l ESA.
Additional groundwater and surface water monitoring, as well as a preliminary quantitative risk
assessment for the site was recommended.

Additional surface water and groundwater investigations were completed by Trow, in a report dated
October 2009 (Trow, 2009b). These investigations identified PAH contamination exceeding MOE
Table 3 standards for non-potable groundwater in five monitoring wells, and visual and olfactory
evidence of petroleum hydrocarbon impact in six monitoring wells. Surface water results indicated no
detections of PHC, BTEX or metals parameters; however a few exceedences of Provincial Water
Quality Objectives (PWQOs) were noted for PAH parameters. Trow concluded PAH concentrations in
the Ottawa River may be partially attributed to groundwater discharging from the site. Semi-annual
surface water and groundwater sampling was recommended.

Geofirma Engineering Ltd. (as INTERA) completed a groundwater monitoring program and remedial
options assessment (INTERA, 2010) in the spring of 2010. This assessment was to further evaluate
groundwater conditions at the site, determine if a remediation program was required, and assess the
feasibility of implementing a remediation option prior to the construction of a Navy monument
scheduled for construction in July 2010 at Richmond Landing. The results of the groundwater
monitoring concluded that metals in groundwater were not a significant concern and PAH
concentrations were variable. Petroleum hydrocarbons were measured at variable concentrations
throughout the site, although field evidence (sheen, odour) were observed at 12 of the wells onsite.
An evaluation of natural attenuation was completed for the property (INTERA, 2010) as part of the
groundwater monitoring program. This evaluation concluded that although natural attenuation was
occurring, conditions did not appear adequate for the system to move to completion. Based on this, a
groundwater remediation program was recommended for the site. Four remediation options were
evaluated, and an in-situ chemical oxidation method was deemed to be the most effective and efficient
remediation method for the site, given time and logistical constraints.

1.3 Objectives and Scope of Work

The objectives of the work were to remediate PAH and PHC contamination, and decommission all
necessary wells, prior to breaking ground for a monument to be constructed on the site. The primary
objective of the remediation program was the elimination of evidence of hydrocarbon contamination,
such as sheen and odour, within the groundwater, and to bring concentrations of BTEX and PHC
parameters to below MOE guidelines for non-potable groundwater (Table 3). The secondary objective
was to breakdown the PAH and PHC parameters in saturated soil, and soil immediately adjacent to
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the monitoring well screens, through contact with the chemical oxidant. To meet these objectives, the
scope of work for this project consisted of:

Project Initiation;
. Implementation of an in-situ, chemical oxidation method to remediate soil and groundwater;

. Decommissioning of 20 of the 23 monitoring wells installed by Trow in 2009, on the Richmond
Landing site; and

° Reporting.

2 FIELD METHODOLOGY

Project field activities were supervised by Geofirma staff between June 7 and 22, 2010 and included
the injection of the chemical oxidant on June7,8,9 and 10, and the decommissioning of the monitoring
wells on June 22, 2010.

2.1 Project Initiation

This task included a detailed review of the documentation for the site including NCC and Geofirma
files, focusing on the available chemical groundwater data, the scheduling and coordination of
activities, communications, and a site start up meeting. The remediation contractor, VERTEX
Environmental Inc. (VERTEX) activated their mobile Certificate of Approval (C of A) from the Ontario
Ministry of the Environment (MOE) on May 21, 2010 for use at the site.

2.2 Chemical Oxidant Injection

VERTEX, of Cambridge, Ontario was retained by Geofirma to design and implement the oxidant
injection program for Richmond Landing.

Water level measurements were collected from 21 monitoring wells on June 7, 2010 using a Solinst®
electronic water level tape. The probe of the water level tape was decontaminated with methyl
hydrate and de-ionized water between monitoring wells to prevent cross-contamination. Groundwater
levels were taken to determine a base groundwater level prior to injection in 19 monitoring wells on
site.

On June 7, 2010 VERTEX commenced the injection of approximately 9,375 liters (L) of sodium
persulphate solution into the subsurface at the site, over four days. The solution was comprised of
sodium persulphate (oxidant) and hydrogen peroxide (activator) which was mixed with water obtained
from the Ottawa River adjacent to the site. Persulphate was selected as the primary chemical oxidant
as it is proven effective in oxidizing both PHC and PAH parameters by forcing the chemical
destruction of the hydrocarbon to carbon dioxide and water. Hydrogen peroxide was selected to both
“activate” the persulphate, and provide a source of oxygen to promote aerobic bioremediation after the
oxidant is spent (VERTEX, 2010a). Use of these liquid products under pressure promotes migration
within the subsurface.

The following wells were injected with the solution: MW09-02, MW09-03, MW09-04, MW09-06,
MW09-07, MW09-08, MW09-09, MW09-10, MW(09-11, MW09-12, MW09-13, MW09-18, MW(09-19,
MW09-20, MW09-21, MW09-22, MW09-23, MW09-24 and MW09-25. Monitoring wells MW5, MW14

February 22, 2011 3 <" - Geofirma

‘o0’ Engineering Ltd



Groundwater and Soil Remediation Project
Richmond Landing, Ottawa, ON Doc ID: 09-202-11C_Richmond Landing Remed_RO

and MW15 did not show significant impacts from PAH or PHC in groundwater, therefore oxidant
injection was not completed in these well intervals, as there would have been minimal benefit to these
areas. Oxidant volumes injected varied between wells, and was based on several factors including
level of contamination detected within each well, the proximity of other wells receiving injection, overall
mass of contaminant expected on site, and ultimately how much oxidant volume each well would
accommodate (screened interval, hydraulic conductivity etc.). Proposed volumes were calculated for
the site by VERTEX using equations for in-situ chemical oxidation, prior to commencement of the field
work. These volumes were amended, as required, based on site conditions at the time of injection.
For the total volume injected in each well see the VERTEX report in Attachment B.

The injection fixture was outfitted with a pressure gage and fittings for hoses as shown in picture one,
Attachment A. The fixture was placed over top of the riser at each well location while the hoses led to
a trailer where the solution was mixed and then pressurized into the well. The solution was injected at
a rate of 10 to 15 Liters per minute (L/min) and at a pressure of less than 20 pounds per square inch

(psi).

Water levels were continually measured in adjacent wells while the persulphate solution was injected.
This was to detect any change in the groundwater level which would suggest the migration of the
oxidant throughout the subsurface. To monitor the movement of the solution, oxidant sampling was
conducted in the river and adjacent wells using a CHEMetrics persulfate visual test kit. While injecting
MWO09-6, persulphate was detected in the casing of adjacent well MW09-20 at a concentration of 29
milligrams per liter (mg/L). Oxidant sampling at other monitoring well locations did not indicate the
presence of persulphate. Both visual monitoring and the CHEMetrics kit were used in the Ottawa
River, and sewers/utilities on the property to regularly monitor potential release of solution throughout
the injection. No oxidant was detected in the Ottawa River, or the storm sewer locations on site
(VERTEX 2010b).

While injecting MW09-18 on June 9, 2010 some oxidant came to surface through the exterior of the
flushmount casing. Upon observation of the solution at surface, the injection into MW09-18 ceased
immediately and absorbent socks were placed to contain the oxidant, which was diluted with water
and neutralized with application of sodium thiosulphate (a reductant), as shown in picture two,
Attachment A. MW09-18 was monitored for a period of 4 hours to ensure that no further oxidant came
to surface. MWO09-18 finished injection at O psi (gravity feed) on June 10, 2010. Injection into
MWO09-3 showed signs of the oxidant coming to surface around the casing also, thus VERTEX ceased
the injection and on June 10, 2010 finished by gravity feeding the oxidant into the well. As a
precaution, MW09-19 and MWO09-2 were also gravity fed as they were similar in construction to
MWO09-18 and MWO09-3. Further details are provided in the VERTEX Memorandum, Attachment B
(VERTEX, 2010Db).

2.3 Well Decommissioning

All wells that would be impacted by the monument construction and re-landscaping were removed
from site. Refer to Attachment A for well locations and site layout. Well decommissioning activities
were completed by Strata Soil Sampling Inc. (Strata) of Richmond Hill, Ontario, an MOE-licensed well
driller, on June 22, 2010 under the supervision of Geofirma personnel. The following monitoring wells
were decommissioned: MW09-02, MW09-03, MWO09-04, MW09-06, MW09-07, MW(09-08, MW(09-09,
MW09-10, MW09-11, MW09-12, MW09-13, MW09-14, MW(09-18, MW09-20, MW09-21, MW09-22,
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MWO09-23, MW09-24 and MW09-25. Wells were decommissioned in accordance with the Ontario
Water Resources Act (O. Reg. 903). A copy of the MOE well decommissioning record is included in
Attachment C. The following steps were undertaken to decommission each well:

. Removal of the aluminum flushmount casing, and removal of the PVC riser to a minimum of
2 mBGS.

° Remaining PVC riser and upper 2 metres of well annulus were filled with bentonite grout to
completely seal the well.

. Borehole was then finished to near grade with silica sand and/or native soil.

° Capped with cement for locations on the pathway, or topsoil and grass for locations in the
grassed areas.

During the decommissioning of wells on June 22, 2010, two historical wells were identified on site.
Historical monitoring well RL-2, appeared to have been previously decommissioned. There was no
casing for the well, and concrete had been poured into the riser and capped with asphalt at surface.
The PVC riser was sticking up in the pathway creating an uneven and potentially hazardous surface.
Strata removed the RL-2 riser several inches below ground surface, filled with a bentonite seal, then
capped with concrete flush to ground surface.

A well directly beside MW09-14 (named MWOQ09-14A by Strata on-site as there was no identifier on the
well) appeared to have been partially decommissioned as well, although the flush-mount casing was
still in place. The well casing was removed and all evidence of the PVC riser was removed (approx.
0.45m). The well was filled with bentonite grout and sealed at surface with cement.

As part of the cluster, MW09-1 was scheduled for decommissioning, however, it could not be located
on site. .

On August 4 and 5, 2010 the concrete decommissioning caps on wells located in asphalt pathways
were replaced by Strata and Geofirma with asphalt patch due to cracking of the concrete.

3 CONCULSIONS AND RECOMMENDATIONS

Based on the in-situ chemical oxidation limited remediation program, and well decommissioning
completed at Richmond Landing, Ottawa, Ontario, the following conclusions are offered:

. Using 19 pre-existing monitoring wells, approximately 9,375 L of a sodium persulphate solution
was injected in to the subsurface to improve the quality of the groundwater and soil through
chemical destruction of petroleum and polycyclic aromatic hydrocarbon contamination.

. The oxidant solution reacts quickly to oxidize hydrocarbons to inert materials, namely carbon
dioxide and water. The majority of the reaction occurs within the first 14 days following injection
and continues to remain active, to a lesser extent, for a period of up to 8 weeks.

. Monitoring Wells MW09-02, MW09-03, MW(09-04, MW09-06, MW09-07, MW09-08, MW09-09,
MWO09-10, MWO09-11, MWO09-12, MWO09-13, MWO09-14, MWO09-18, MW09-20, MWO09-21,
MWO09-22, MW09-23, MW09-24, MWO09-25 and historic wells RL-2 and a well identified on site
as MWO09-14A, were decommissioned in accordance with the Ontario Water Resources Act (O.
Reg. 903).

. Monitoring wells MWO09-5, MW09-15 and MW09-19 remain on site.
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Based on the above conclusions, following the monument construction and re-landscaping at the
Richmond Landing site, a limited number of well intervals (approximately 7) should be installed into
bedrock to monitor the effectiveness of the remediation and continued natural attenuation on site.
Annual groundwater monitoring should continue on the site for a minimum of 5 years, to evaluate
remediation. An estimated cost for the initial well installation and sampling is $35,000-$40,000, with
annual monitoring costs of approximately $12,000-$15,000 per year.
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NCC Property Asset No. 96189. Final Report prepared for the National Capital Commission, August.
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Trow 2009b. Surface Water and Groundwater Monitoring Program — Richmond Landing, NCC
Property Asset No. 96189, Ottawa, Ontario. Final Report prepared for the National Capital
Commission, October.
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Should you have any questions or require additional information, please do not hesitate to contact the
undersigned.

Respectfully submitted,
Geofirma Engineering Ltd.

S B AT —

Siobhan M. Quinlan, Krista B. Trounce, P.Eng.
Environmental Technologist Senior Project Manager
Doc. ID: 09-202-11C_Richmond Landing Remed_RO
Revision Number: | RO \ Date: February 22, 2011
Prepared By: Siobhan M. Quinlan, Krista B. Trounce
Reviewed By: Krista B. Trounce
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Picture 1: Attachment injection fixture at monitoring wells

Picture 2: Post cleanup at MW09-18
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VERTEX

Environmental Inc.

239 Montrose Street North, Cambridge, ON, Canada N3H 2J3
Tel: (519) 653-8444 Fax: (519) 653-8494 E-mail: info@vertexenvironmental.ca

MEMORANDUM
To: Krista B. Trounce
Company: INTERA Engineering Ltd.
From: Bruce Tunnicliffe
Subject: Summary of Oxidant Injection
Richmond Landing, Ottawa ON
Date: July 28, 2010

Vertex Environmental Inc. (Vertex) has produced this memorandum summarizing the
injection completed at Richmond Landing, Ottawa ON (the site).
Timeline

e C of A: On May 21, 2010 Vertex submitted a Notice of Intended Location to the
Ontario Ministry of the Environment (MOE) Ottawa District Office to “activate”
Vertex’s mobile persulfate Certificate of Approval (C of A) for the Site. The
comment period passed without any questions or concerns being raised by the MOE.

e Injection #1: On June 7, 2010, Vertex personnel mobilized to the Site to complete an
injection into existing wells.

Results

Injection #1

e Injection Dates: June 7- June 10, 2010.

e Reagent: Sodium Persulphate.

e Solution: Sodium Persulphate (oxidant) and hydrogen peroxide (activator) mixed
with water obtained from the adjacent Ottawa River.

e Injection Locations: Nineteen (19) existing wells as shown on Trow Figure 2.
e Injection Mass: Approximately 1,875 kg of persulphate, as provided on Table 1.

During Injection #1, approximately 9,375 L of oxidant solution was injected into the
subsurface. The solution was generally injected at less than 20 psi and at a rate of
approximately 10-15 L/minute. During oxidant injection at MW09-6, persulphate was
detected at a concentration of 29 mg/L at adjacent well MW9-20 suggesting oxidant
migration through the subsurface between these two locations. Oxidant sampling at other

Vertex Environmental Inc.
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monitoring well locations did not report the presence of persulphate. Monitoring of
nearby possible discharge locations (i.e. sewers, rivers, and utilities) was regularly
completed on and near the Site during the injection work. No oxidant was detected at
these discharge locations.

On June 9, 2010 after injecting 70 L into MW09-18, some oxidant solution short
circuited to ground surface (“day lighted”) from the exterior of the flush mount casing.
Upon observation of the solution, injection at MW09-18 immediately ceased, the oxidant
was neutralized and MW09-18 was monitored for a period of 4 hours to ensure no
additional oxidant day lighted. To avoid oxidant at ground surface at MW09-18
continued injection at MWO09-18 was completed at O psi pressure (gravity feeding). No
day lighting was observed at any other injection location.

Limitations

The information, results and discussions presented in this memorandum are based on
information recorded by Vertex Environmental Inc. at selected injection and observation
locations at Richmond Landing, Ottawa, Ontario. Conditions observed on the property or
noted in documents regarding the property may differ from time to time and may become
apparent during future investigations or on-site work. Observations are made for select
injection points only, conditions between and beyond these sampling points may be
different. As a result, some conditions may not have been detected or anticipated at the
time of this work and as such Vertex Environmental Inc. cannot be held responsible for
environmental conditions at the Site.

The scope of this report is limited to the matters expressly covered. This report is
prepared for the sole benefit of INTERA Engineering Ltd., and may not be relied upon by
any other person or entity without the written authorization of Vertex Environmental Inc.
Any use or reuse of this document (or the opinions, findings, or conclusions represented
herein), by parties other than those listed above is at the sole risk of those parties.

Vertex Environmental Inc.
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Table 1

Injection Summary - Injection #1

Richmond Landing, Ottawa, Ontario

Injection Injection Oxidant Activator Solution Well Total
Well Date (persulphate) (50% H202) Volume Persulphate Activator Solution
(kg) (kg) L) (kg) (L) Volume (L)
MW09-02 10-Jun-10 20.0 24.0 100.0 20.0 24.0 100.0
MW09.03 09-Jun-10 50.0 60.0 250.0 2.0 244 310.0
10-Jun-10 12.0 14.4 60.0
MWO09-04 09-Jun-10 68.0 81.6 340.0 221.0 265.2 1105.0
10-Jun-10 153.0 183.6 765.0
MW09-06 08-Jun-10 125.0 150.0 625.0 200.0 240.0 1000.0
10-Jun-10 75.0 90.0 375.0
MW09-07 10-Jun-10 50.0 60.0 250.0 50.0 60.0 250.0
MW09-08 08-Jun-10 50.0 60.0 250.0 50.0 60.0 250.0
MW09-09 08-Jun-10 50.0 60.0 250.0 50.0 60.0 250.0
MW09.10 07-Jun-10 125.0 150.0 625.0 1750 10,0 8750
10-Jun-10 50.0 60.0 250.0
MWO09-11 08-Jun-10 125.0 150.0 625.0 125.0 150.0 625.0
MWO09-12 07-Jun-10 50.0 60.0 250.0 50.0 60.0 250.0
MW09-13 08-Jun-10 50.0 60.0 250.0 50.0 60.0 250.0
MWO09-18 09-Jun-10 14.0 168 /0.0 24.0 28.8 120.0
10-Jun-10 10.0 12.0 50.0
MW09-19 09-Jun-10 11.0 13.2 25.0 23.0 27.6 115.0
10-Jun-10 12.0 14.4 60.0
MW09-20 08-Jun-10 125.0 150.0 625.0 200.0 240.0 1000.0
10-Jun-10 75.0 90.0 375.0
MW0921 07-Jun-10 125.0 150.0 625.0 1750 10,0 875 0
10-Jun-10 50.0 60.0 250.0
MW09.22 07-Jun-10 125.0 150.0 625.0 1750 10,0 875 0
10-Jun-10 50.0 60.0 250.0
MW09-23 08-Jun-10 50.0 60.0 250.0 50.0 60.0 250.0
MWO09-24 08-Jun-10 50.0 60.0 250.0 50.0 60.0 250.0
MW09-25 08-Jun-10 125.0 150.0 625.0 125.0 150.0 625.0
Grand Total: 1,875.0 2,250.0 9,375.0

Vertex Environmental Inc.
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Well Decommissioning Record
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