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1 Phytoremediation: the
biological concepit...

“ul :/l\ I“. IR

| Biodegradation ._
by microorganisms it

Accumulation/degradation |

 Phytodegradation: Plants uptake,
store and biochemically degrade or
transform organic compounds
(“green liver model”)

 Rhizodegradation: Microbial
degradation occurs in the plant root
zone, the rhizosphere.

* Phytostabilization: Revegetation
to prevent erosion and pollutant
transport

* Phytotransformation: Volatile
compounds are taken up, modified

and transpired.
@ Stantec
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Soil
phytoremediation



Phytoremediation Design

Review Site Conditions and Local Vegetation Survey

Phytoremediation System Selection

¥

Suitable Vegetation

Hybrid Hybrid White Pine Tall Barley Sunflower Tall
Willow Poplar Fescue Wheatgrass
‘ J ) | |\ J
! | Y Y
Soil and Groundwater Soll Metals Salt

Image sources:
www.plants.usda.gov @ Sta I‘TtEC
and dutchgrowers.ca



2 Phytoremediation at Stantec
Port Stanley, ON

Hydraulic control

Phytoextraction + Rhizodegradation
+ Phytodegradation () stantec



Port Stanley, ON
Pump and Treat Phytoremediation

Year Seven Year Nine (O stantec



Performance Evaluation

0. Reg 153/04
Table9
Standard
(3,300 pg/L)

—
-
=
=]
=
—
c
2
=
©
[
e
c
]
Q
c
o
(&
)
c
o
=
>

Mar-99 Oct-99 Oct-03 Oct-05 Oct-07 Oct-09 Oct-11

Sampling Date
+ 0OW13-88 m WP1-96 ~  WP2-96 < WP3-96
———————— Linear (OW13-88) Linear (WP1-96) - (WP2-96) Linear (WP3-96)

 Benzene and Xylene (1999-2006) and F3 (1999-
2012) below regulatory standards
 F2 decreasing steadily

@ Stantec



3 The Site — Refinery Landfarm
BT /N ommmmw Oakville, ON

— Former landfarm
(1972-2006)

— Decommissioned
and functioning as
a terminal

— Four parcels with
varying PHC
concentrations

— Soll - metals, PHC

— Groundwater: F1,
F3, benzene, Na

@ Stantec




Site Soll Characterization

« Test pitting and soil monitoring program was conducted to
characterize the four parcels

» Site soil characterized on a 30 m grid, 84 test pits were advanced to
a maximum of 2.4 m below grade

Soil Type Loam Loam Silt loam Sandy loam
EC* [mS/cm] 0.15-0.93 0.4-1.3 0.17-0.98 0.28-1.9
SAR 0.5 0.1 0.3 0.3

Organic 3.7 11 7 13.3

matter [%]

pH 7.76 7.25 7.43 6.99

*Industrial, Commercial, Community Property Use: EC 1.4, SAR 12

@ Stantec



Groundwater . | /
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groundwater aquifers

Depth to bedrock
ranges from 0.6 — 2.4
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* Phytoremediat

b

Limited impact on curren y
Concurrent remediation of multiple media
Program developed as a part of landfarm
closure plan

Soil and groundwater conditions

Cost effective




Two-pronged Phytoremediation
Approach at the Oakville Terminal

Groundwater — deep planting of hybrid willows for
hydraulic control

Plant Growth Promoting Rhizobacteria (PGPR)
Enhanced Phytoremediation System (PEPS) on all four
Parts




Soll Remediation:
Greenhouse Treatabillity Study (2012)

Representative soils collected from each of the four parcels
Phytoremediation with a mixture of grasses using PEPS
— 60 day test

2.4 % PHC 20

DW soil

0.8% PHC
7 DW soil

1 2.1% PHC

0.4 % PHC
DW soil 21

DW soll



Greenhouse Treatabillity Study (2012)

Parcel 7 Parcel 13 Parcel 20 Parcel 21
PHC % DW Soill 0.8 % 2.1 % 2.4 % 0.4 %
20 %

T

Remedi_ation 10-20 % 20-30 % 20-60 %

oy 1 1" g "I 3 A X : -
SR ! '
T ‘l!{" .II':I‘I..I . ':“Ir-:

Day 38




4 soil Phytoremediation 2012

Performance monitoring

« 50-90% groundcover at the end of the season
 Toxicity symptoms minimal (e.g. stunted growth)
 Plant growth was satisfactory

The 2012 growing season - elevated temperatures
and lower than normal precipitation in some months

~ 20 to 60 mm less precipitation for these months
compared to the 30-year climate normals

@ Stantec



Phytoremediation Performance
Fall 2012
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% Remediation

F3 phytoremediation was observed in
the field (year 1) and greenhouse

50 -
45 -
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35 -
30 -
25 -
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15 -
10 -
5 -
0_

g Field

Greenhouse

Part 7 Part 13 Part 20 Part 21 Average

Year 1
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Remediation on Part 7 and Part 13

O.Reg.
Parameters with Units 153/04 Spring Fall %
Exceedances Table 7 Average Average |Remediation
SCS
Depth 0-02m 0-0.2m 0-02m
PHC F1 pg/g 65 <10 <10 0
PHC F2 Ho/g 250 102 23 ‘ 77
PHC F3 pa/g 2,500 2,010 1,068 ‘ 47
PHC F4 pa/g 6,600 1,100 595 ‘ 46
Parameters with O.Reg.
Exceedances Units 153/04 Spring Average | Fall Average |% Remediation
Table 7 SCS
Depth 0-0.2m 0-0.2m 0-0.2m
PHC F1 pa/g 65
PHC F2 pa/g 250
PHC F3 pa/g 2500
PHC F4 pg/g 6600




Phytoremediation in year 2

Overseeding was performed to maintain
and increase growth

Two fertilization events were carried out
to increase microbial activity in the soll

Optimal precipitation/temperatures

Expected comparable or enhanced
remediation rates due to increased plant
growth and optimal climatic conditions

@ Stantec



D  Groundwater
Phytoremediation

Hydraulic Control and Evapotranspiration
— mitigate/stop the flow of contaminated groundwater

— groves of phreatophyte trees placed perpendicular to
the flow direction of a contaminated groundwater

plume ‘ ’ \ ’

Stantec



GW impacts
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Phytoremediation of Ground
Water: Hydraulic Control and

Evapotranspiration
Total willows planted i
= 465
— Part 20: 266
— Part 21: 199

Average depth of
deep-planted trees:
60-/7/0cm

Q Stantec .



Phytoremediation of Ground Water:
Hydraulic Control and Evapotranspiration

W




Phytoremediation of Groundwater:
Hybrid Willow Performance in Year 2







Site closure process

= Site Characterization
e Phytoremediation System Design

e Implementation
e Performance Monitoring

e Site closure




Conclusions

Soll phytoremediation
o Optimal soll phytoremediation in year 1

 Monitored plant growth (e.g. ground cover)
showed improvement in year 2, improved
remediation rates expected

Groundwater Hydraulic Control

« Ecomonitoring of the hybrid willow
phytoremediation system revealed good growth
In 2011 and excellent growth in 2012 (% survival,
DBH, toxicity symptoms)

@ Stantec
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