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BACKGROUND: SITE LOCATION



Wood Preservation Activities

ÅCreosote
DNAPL and dissolved phase 
constituents (PAHs)

ÅCopper-chromium-arsenate (CCA) 
Dissolved arsenic

ÅPentachlorophenol (PCP)

BACKGROUND: SITE HISTORY
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CONCEPTUAL SITE MODEL
SITE GEOLOGY



Source:  APEGBC

Innovation Magazine

Remedial works completed in 2004:

ÅDredging  

ÅInstallation of cap and sheet pile 
walls

ÅConstruction of new industrial 
wharf

ÅBackfilling and construction of a 
new marsh

CONCEPTUAL SITE MODEL
PREVIOUS REMEDIATION WORKS



CONCEPTUAL SITE MODEL
PREVIOUS REMEDIATION WORKS

Low permeability 
cap



Source:  APEGBC

Innovation Magazine

CONCEPTUAL SITE MODEL
PREVIOUS REMEDIATION WORKS

Post-remediation
Groundwater Flow Direction



CONCEPTUAL SITE MODEL
PREVIOUS REMEDIATION WORKS



REGULATORY ENVIRONMENT

Performance Monitoring Plan (PMP)

ÅDefines ongoing sampling, monitoring, and 
inspections

ÅUsed BC CSR framework as basis to establish 
site-specific toxicity reference values (TRVs) 

Å Establishes trigger criteria to increase or reduce 
frequency of sampling

Å Initiates further actions if thresholds are exceeded



DISSOLVED ARSENIC



SITE CONDITIONS

ÅWarehouse occupies more 
than 90% of the upland 
footprint.

ÅSpur line runs between 
warehouse and river.

ÅActive warehouse 
operations 24/7.



SITE GEOCHEMISTRY

ÅThe site fluvial sediments at the site contain organics 
which contribute to reducing conditions at the site 

ÅPAH contamination and active anaerobes consuming 
electron acceptors at the site influences the site 
geochemistry to have strong reducing conditions



ARSENIC GEOCHEMISTRY

ÅArsenicmobility is greatly affected by its 
speciation.

Å In groundwater, inorganic Arsenic 
predominantly exists as As(V) arsenate, and As 
(III) arsenite.

ÅArsenic in groundwater is predominantly in the 
form of arseniteat the site due to the reducing 
conditions present

ÅArseniteis more mobile than arsenate, and 
typically remediation of arsenic in groundwater 
focusses on oxidizing arsenic to arsenate.



DISSOLVED ARSENIC EXCEEDANCES

Sample ID RDL TRV CSR

Date Sampled 02-Jun-09 25-May-10 24-May-11 24-May-12 04-Dec-12 11-Jun-13 02-Jun-14 (AWFW)

Arsenic 0.1 3.3 10 12.4 21.9 93 104 88.5 55 50

MW04-10

Dissolved As concentration 

increasing over time

Target [ ]

As Source Warehouse



Pre-Treatment Dissolved Arsenic Concentrations 2008-2015
OW-3 (near the source) and MW04-10 (near the discharge zone)

1

10

100

1000

27-May-08 27-May-09 27-May-10 27-May-11 26-May-12 26-May-13 26-May-14

D
is

s
o

lv
e

d
 A

rs
e

n
ic

 C
o

n
c
e

n
tr

a
ti
o

n
 (

µ
g

/L
)

5 Times TRV = 275 µg/L

MW05 -12

MW04 -10

TRV = 55 µg/L

CSR AW = 50 µg/L

OW-3

Source

Compliance
Point



ÅInvestigate the rate of arsenic immobilization, the 
injection radius of influence, and the effects, benefits and 
limitations of different injection methods on the site 
geochemistry

ÅReduce dissolved arsenic concentrations in groundwater 
below applicable standards (CSR and TRV)

ÅReach stable / decreasing concentrations

INJECTION PROGRAM OBJECTIVES



ARSENIC REMEDIAL STRATEGY

NET GROUNDWATER FLOW DIRECTION

IMPORTANT WELL (FOR FOLLOWING DISCUSSION)



CHEMICAL INJECTION AREA

Pilot Program Area

Warehouse



Arsenic reacts with iron and sulphide from reduced 
sulphate to form arsenopyrite(FeAsS) precipitate

ÅOrganic amendment

ÅZero-valent iron

ÅSulphate source

PILOT CHEMICAL INJECTION PROGRAM
CHEMICAL SELECTION



FORMATION OF STABLE ARSENIC PRECIPITATE

2 Fe0 + O2 + 2H2O = 2 Fe2+ + 4 OH-

CH4 + SO4
2- = HCO3

- + HS- + H2O

2Fe(OH)3 + 2HS- +  2H3AsO3 =  2FeAsS + 4OH- + 3O2+ 5H2O 



PILOT CHEMICAL INJECTION PROGRAM

April 2015

1st Round of 

Injection



ÅDirect push injection selected  

ÅTargeted slurry mixture of 25%-35% solids content

ÅDelivered chemical through soil fracture to 3 m radius, 
at depth from 10 mbgto 5 mbg

ÅDelivered half of the calculated chemical through this 
method

ÅProblem = short-circuiting from soil fracture into 
adjacent MW

FIRST ROUND OF CHEMICAL INJECTION



FIRST ROUND OF CHEMICAL INJECTION


