Remediation and Management of Deep Petroleum Hydrocarbon
Impacts using PersulfOx” at a Former Agricultural Site
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Project Timeline

Detalled Site
gestigations
b and

PHC plume delineation and remediation required to support the future proposed urban development.

Monitoring arns
Delineation

CHALLENGE 1: Unable to rule out DUA= strictest

DUA Pathway Elimination Investigation

T1 standards apply

June — Sept. 2013

Additional Delineation
Subsurface Investigations
in Bedrock

Remediation Plan
Development

December 2013

Site Excavation / Product Removal

CHALLENGE 2:

Free product and bedrock contamination= CHALLENGE 3:

rezoning

December 2013-February 2014

Final Excavation/ Confirmatory Sampling within
Excavation

PHCs still above vapor inhalation guidelines ~‘"

February 2014

Post-Remediation
Groundwater
Monitoring in open
excavation

June, July, August
2014

Excavation Backfilling

November 2014

Post-Remediation
Monitoring
December 2014
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Background

Historical site use:
- Farming Facility since ~1962

- Three ASTs containing diesel and gasoline
(removed ~2010) without secondary
containment

- Two former pump islands without catch trays

- - Stressed vegetation at the fuel dispensing
A, arca

. number of drums and smaller containers of
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Conceptual Site Model

« Groundwater
» Seasonal depth between
3 and 10 mbgs (10-33 ft)
» Direction: SE (prior to
Excavation); NW and NE
(after remediation)

- High conductivity in sandstone
> Domestic Use Aquifer
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Soil - Conceptual Site Model ..,
Benzene = 8.1 mg/kg

Toluene = 67.2 mg/kg
Ethylbenzene = 27.4 mg/kg
Xylenes = 107 mg/kg

F1 =887 mg/kg

F2 =673 mg/kg
Naphthalene = 1.74 mg/kg
Arsenic = 17.6 mg/kg

— SUBIECT PROPERTY

[]
I:l - IVESTIGATION AREA (STTE)
4
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#
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= SHALLOW GROUNMDWATER MONITORING WELL
{instcied obowe bedrock)

b __ Indwater:

— DEEP GROUNDWATER MOMTORING WELL
(instolled in bedrock)

— DESTROYED GROUNDWATER MONITORING WELL

— DECOMMISEIOMED WATER WELL

_— — PROPOSED APPROXIMATE EXTENT OF SO IMPACT

e = IDENTIFIEDN APPROKIMATE EXTENT OF SODIL IMPACT

—_— — APPROXIMATE EXTENT OF GROUNDWATER IWPACT
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Why the need for a large excavation?

= Site land use (initially from agricultural to residential, then
rezoned to commercial)

* No Risk Management Plan is allowed for new single residential
homes
= PHC concentrations still above vapour inhalation pathway
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REMEDIAL EXCAVATION ...«

Final Excavation Extent: 95 m x 40 m with depths ranging 6 to 7 mbgs

Clean soil excavated, « 18,160 tonnes of
tested and used for PHC impacted
backfilling: material excavated

« 1,462 m? of topsoil
* 7,468 m?3 of
overburden clay
material

and disposed off-site.
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Soil and Groundwater Results
Post -Remedial Excavation
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* Soil concentrations at all final excavation walls met the Commercial
AB Tier 1 Guidelines (AT1)

» Soil and groundwater concentration at the base of the excavatlon
were above the Commercial AT1 and vapour inhalation guidelines

* Maximum Concentrations of PHCs:
» Soil [Benzene] ranged 1.53 mg/kg (AT1: 0.046 mg/kg),_
> Groundwater [Benzene] 0.4 mg/L (A‘T‘l: 0.005 mg
» Groundwater [F1-F2] 2.7 and 1.7 mg/L
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Technology —- Why Active Treatment???

= Site sub-surface conditions (fractured bedrock and depth of impacts) — remedial
excavation was no longer feasible

= Presence of contaminants still in groundwater and soil beneath the water table at
the site indicated that in-situ treatment should be considered

. Overall goal was to close the site to allow for redevelopment to occur as qwckly
pOSSIb|e

= treatment timeframe available (impending site redeve opmen
nown contaminant concentrations in bedrock L
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Challenges

» Large extent of remaining post-excavation onsite contamination above the vapour
Inhalation pathway

Limited time available to remediate

Limited budget available to remediate

= | ow groundwater temperatures

The objective was
to aggressively s
reduce contaminant
mass through .....
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Why catalyzed persulfate?

« All-in-one product. Easily mixes with water and PERSULF @
IS applied using subsurface injection or soll
mixing tools

« 90% sodium persulfate and 10% blended
silica/silicate catalyst

« Can be safely mixed without the risks and
potential hazards associated with other
~__ persulfate activation methods
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The catalyst in action

12 [
‘ iCrgg\ﬂe’rely soluble Easy to Zone of Alkaline
- Wide distribution 11 AGIYI]
Initial pH activation 10 === -p=Nc-mmmmme oo
pH
g —| Catalyst
Catalyst forms as pH| Formation/ <
~ Solid remains in place 2 | Activation
Oxidation is catalyzed
fj"-«tglys‘r regenerates |

O hrs 24 hrs 48 hrs 96 hrs
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Chemical Application to Groundwater in
Open Excavation

PersulfOx® application —

« 5,000 m3 of groundwater
within excavation treated with
18,700 kg PersulfOx®

 PersulfOx® mixed with warm
water (between 13 and 25°C)

* The mixed solution was spray
evenly over the groundwate
the excavation with the high

pressure hoses (over 3 da
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2014 Soil and Groundwater Results
Post-PersulfOx® Application

* All soil and Groundwater concentration below
vapour inhalation guidelines

B —— p— : :
— g e * Soil and groundwater PHC concentrations

D 2013-2014 REMEDIATION INVESTIGATION

et above the Commercial AT1 BUT below vapour

Mitrate (37.7 L) = - L ot
S (57 L) Nt inhalation g uidelines
:qullcfli'glsw‘rjllnf'llm.‘_l 4"' DEEP GROUMDWATER MONITORING WELL

DESTROYED GROUNDWATER MONITORING » Soil [Benzene] 0.047 - 0.172 mg/kg = 97%
<~ DECOMBMISEIONED GROUNDWATER reduction

’ MONITORING WELL

GROUNDWATER SAMPLE MEETS PHC TIER 1 > (AT]. 0.046 mg/kg, VI: 1.2 mg/kg )

GUIDELINES

GROUNDWATER SAMPLE EXCEEDS PHC TIER > G rou ndwater

1 GUIDELIMNES

SPOUNDUIATER saPLE iczess souTine * [Benzene] 0.038 - 0.282 mg/L = 91% reduction
CONCENTRATIONS EXCEED TIER 1 e (ATl 0.005 mg/L VI: 1.8 mg/kg ) &

GUIDELINES SUBSEQUENT TO CHEMICAL

APPLICATION [COMMERCIAL LAND USE) [Fl F2] <O 1 O 3 mg/L 89% reductlon ~--

i * (below AT1 of 2.2/1.1mg/L and below RD <Of
Sodiom (134 mg/L) mg/L) B <Ak

Wirste {118 maiL)

Chioride (148 mgil)
Mtrate (P64 mgiL)

 [Sulfate] 5,290- 3,160 mg/,
(AT 500 mglL) &

Crlloride (231 mgiL)
Merate (195 mail)
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2016 Groundwater Results

Monitoring completed by others
(publicly available information):

 Groundwater PHC concentrations
below the Commercial AT1 (still
below vapor inhalation guidelines)

» Sulfate decreased within the
excavation since 2014 but increased
down-gradient of the former
excavation
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Sulfate Concentrations in Remedial Footprint

| * BART used in 7 wells In
2016

» Indicated active Sulfate
am] reducing bacteria
. S population
\/\. e e e Sulfate In wells exceeds
i - guidelines however,

> R concentrations are

420 é / e A|berta Tier 1 Guideline (Feb. 2016) Stab I e O r d e C re aS i n g

 Background well v
below gwdelle h

-

26-Nov-14 -Nov- 16-Dec-14 -Dec- 26-May-16
Sampling Date
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Conclusions

1. All post-treatment soil and groundwater PHC concentrations were below the
vapour inhalation pathway guidelines for commercial use.

2. Introduction of PersulfOx resulted in the absence or reduction of PHC impacts

within the fractured bedrock in an open excavation, within a short period of time
and under the low groundwater temperatures.

3. High Sulfate concentrations were identified as a result of this chemical application
which over the long term would assist in the natural attenuation of any residual.

- The high Sulfate concentrations are expected to attenuate to background
. concentratlons with time as Sulfate is an electron acceptor in the natural
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Questions

Ashley Cedzo, M Ed. Daria Klimenko, B.Sc. (Hons.), P.Ag., EP, CESA
~ Northwest District Technical Manager Project SC|ent|st

i 'Vacedzo@ReqeneSis.com Daria.Klimenko@wspgroup.com

| “\
| T+1 (425) 419-8266

egenesis.com
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