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P E N T I C T O N  C A S E  S T U D Y - R E M T E C H 2 0 2 4

Speaker Qualifications

Jay Rao, M.A.Sc., P.Eng, CSAP

Director - Environmental Services, 
Western Canada 

2



EXP would like to acknowledge the following whose efforts have led to the project being 
successfully completed:

• Jeff Wills- Argo Road Maintenance, Kamloops

• Dr. Reidar Zapf-Gilje, Ph.D, P.Eng., CSAP (numerical and risk-based)- GeoEnviroPro, 
Vancouver, BC

• EXP staff- Jas Minhas, R.P.Bio., MET- Risk Assessor,  Keenan Yang, GIT and Navneet 
Banga, B.Sc.   

P E N T I C T O N  C A S E  S T U D Y - R E M T E C H 2 0 2 4

Acknowledgements

3



4 P E N T I C T O N  C A S E  S T U D Y - R E M T E C H 2 0 2 4

Presentation Outline

Presentation Overview
• Site History, Goals and Objectives
• Road deicing salts – Overview
• Areas of Potential Environmental Concern and 

Potential Contaminants of Concern
• Site Layout and Surrounding Land Use
• Archaeological Issues
• BC Contaminated Sites Regulation Process
• Phased Investigations and Findings
• BC Ministry of Environment & Climate Change 

Strategy -Pre-Approval to Not Delineate
• Plume Monitoring, Stability, Risk Assessment
• Onsite and offsite Instruments- Certificate of 

Compliance
• Summary
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Site History, Client Goals and Objectives

Site History
• The Site operated as a Highway 

Maintenance Yard beginning in the late 
1970s. 

• The operations (salt storage, vehicle and 
equipment maintenance, repair, 
sandblasting activities ceased in 2019. 

• The Site also had a fueling facility with 
underground storage tanks for diesel and 
gasoline, pumps. This area was remediated 
circa early 2000s. Aboveground tanks for 
fuel were later used.

• Client Goals and Objectives

• As Highway works yard operations ceased, 
client wanted a Certificate of Compliance 
from the BC Ministry of Environment and 
Climate Change Strategy for the Site and any 
affected offsite areas.
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Road Deicing Salts Overview- Water Use Standards

Road salt, or sodium chloride, works by lowering the freezing 
point of water, causing ice to melt even when the temperature is 
below water's normal freezing point of 32 degrees F (0 deg C). 
When salt is applied, it dissolves into separate sodium and 
chloride ions that disrupt the bonds between water molecules.

Solubility of sodium chloride (NaCl) in water at 25 deg C is 36 
g/100 ml of water or 360 g/L. 

Water Use Standards

Applicable Water Use Standards at the Site:

CSR Drinking Water Use
CSR Aquatic Life Water Use (Freshwater)

Irrigation and livestock water water uses do not apply.

Sodium ion (CAS# 17341-75-2)- DW – 200 mg/L, 
AWf- NS
Chloride ion (CAS# 16887-00-6) -DW- 250 mg/L, 
AWf -1500 mg/L 
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Road Deicing Salts – Overview-Contd.- Soil Standards

Ref: Contaminated Sites Approved Professional Society- Technical Document- Schedule 2 
Activities and Potential Contaminants of Concern, 2018

Soil Standards

Applied BC Contaminated Sites Regulation Standards-
Commercial Land Use – Onsite and Offsite
Soil
Sodium- Lowest standard – 1000 microgram/g (toxicity to 
soil invertebrates and plants)
Chloride – Lowest standard – 100 microgram/g 
(groundwater used for drinking water)
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Areas of Potential Environmental Concern and Potential Contaminants of Concern
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Site layout and Surrounding Land Use

9

FortisBC Substation

Okanagan Channel Close up

Highway 97 and Okanagan Channel

Home Hardware warehouse & 
storage yard

Former Salt shed area
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Archaeological Issues

1 0

• News article from 2015
• 30,000 Penticton First 

Nation Artifacts recovered
• 12,000 bone pieces, 6,000 

stone tools, projectile 
points and remnants

• Archaeological materials –
3,000-5,000 years old

• The ground under and 
around the FortisBC sub-
station was designated a 
provincial archaeological 
site following discovery of 
human remains in 2011.
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Site Investigation Process For Regulatory Compliance

1 1

Stage 1 
Preliminary Site 

Investigation

Any 
APECS/PCOCs

No

A Stage 2 Preliminary 
Site Investigation is not 

required

Yes

Stage 2 Preliminary Site 
Investigation AECs/COCs

No

Yes

A Detailed Site  
Investigation is not 

required

Detailed Site 
Investigation- delineate 

all impacts (soil, 
groundwater, soil-

vapour-horizontally 
and vertically

Is delineation 
complete?

No

Any BC MOECCS 
Pre-approvals 

required? (for ex. 
Approval to Not 
Delineate, Local 

Background 
Determination

Yes

Proceed with Independent 
Remediation/Risk 

Assessment/Remediation 
Plan, Notification of likely 
or actual offsite migration 
required along with site 

risk classification report – if 
applicable 

No Is Site high risk 
or non high 

risk?

Non-High 
Risk

APECs: Areas of Potential Environmental Concern
PCOCs: Potential Contaminants of Concern
AECs: Areas of Environmental Concern
COCs: Contaminants of Concern
High Risk: Concentrations>Protocol 11 Upper cap 
concentrations and operable pathways

High 
Risk

Apply and obtain Pre-
Approval

Yes

Certificate of 
Compliance –

Numerical or Risk-
Based

Approval in Principle –
Numerical or Risk-

Based
(Also, may directly 

apply for COC if 
Independent 

Remediation is used)

Approved Professional 
Review- Numerical or 

Risk Based

BC Ministry of 
Environment & Climate 

Change Strategy 
Review
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Phased Investigations and Findings -Soil Results

1 2

DSI -2020

Stage 2 PSI-2019 DSI -2019

Summary of Soil Contamination

• Range of Sodium Concentrations Most 
Affected area –1,000 -6,320 µg/g (CL std. 
1000 µg/g)

• Highest Chloride Concentrations –6,000-8,990 
µg/g (CL std. 100 µg/g)

• Deepest Depth of Identified Soil Impacts – 14 
m – Chloride (259 µg/g), vertically delineated 
at 20-BH10 (18 m <CL for chloride and 
sodium.

• Impacts across site, however highest around 
salt shed and former brine tanks- Surface to 
approx. 3.5 m below grade 

• Impacts within the Home Hardware Property

• Impacts on Huth Avenue

Extent of Soil Impacts (onsite-hatched portion)– Na+, Cl-
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Phased Investigations and Findings -Groundwater Results

1 3

Extent of Groundwater Impacts- Sodium and Chloride

• Onsite
• Highest Sodium Concentration – near 

salt shed- 9,210 mg/L (>250 mg/L –
DW)

• Highest Chloride Concentration -
15,900 mg/L near salt shed (>200 
mg/L-DW, >1500 mg/L- AWf)

• Offsite 
• Highest Sodium Concentration –

4,210 mg/L

• Highest Chloride Concentration -
2,560 mg/L

• BC MOECCS Protocol 11 Upper Cap 
for Chloride –AW – 15,000 mg/L

• Impacts within Home Hardware 
Property, Huth Ave

• Depth of Wells
• 6 m to maximum depth of 12 m 

below grade
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Findings -Cross-Sections- Stratigraphy, Hydrogeology

1 4

Cross-Section A-A’

• Stratigraphy
• Sand: Fine to Medium Grained, some silt, 

trace gravel. Silty Sand down to 14 m below 
grade.

• Groundwater: 3-4 m below grade

• Bulk Hydraulic Conductivity
• Four onsite wells tested- eight hydraulic 

response tests

• K – 2.6 x 10^-4 m/s

• Average Linear Velocity: 357 – 714 m/year
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Findings -Cross-Sections- Contd.

1 5

Stratigraphy
• Sand – Medium to fine grained

• Sand- Medium to coarse 
grained below 10 mbg

Cross-Section B-B’

Groundwater Salt Impacts: 3.5 
mbg – 12 mbg (<DW, AWf)- vertically 
delineated.
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Pre-Approval to Not Delineate

1 6

• Pre-Approval to Not 
Delineate the Entire 
Extent of the Plume

• Scenario 1: Denial of Access to the Affected 
Parcel

• Scenario 3: Merging Contaminant Plumes

• Scenario 6: Beneficial Use (Protocol 13-
sodium and chloride – road salting – 3 m from 
the edge of a pavement)

• Pre-Approval Process – Letter to Ministry, 
Review, Pre-Approval – 0ne year

• Result- No further delineation required 
beyond what was completed

• Notification of likely or Actual Offsite 
Migration of Contaminants required, along 
with Site Risk Classification reports

Home 
Hardware

FortisBC 
Sub-Station
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Plume Monitoring, Stability, Risk Assessment

1 7

• Is salty groundwater 
discharging into the 
Okanagan Channel? 

• Does salty groundwater 
originating at the Site 
have the potential to 
discharge into the 
Okanagan Channel at 
concentrations exceeding 
BC Approved Surface 
Water Quality Guidelines?

• USEPA Bioscreen
Modelling using highest 
Sodium and Chloride 
concentrations at source. 
Predict steady state 
concentrations at 
receptor- Okanagan 
Channel.

Home 
Hardware

FortisBC 
Sub-Station

Okanagan Channel Water Sampling
Huth Ave- Groundwater Sampling-
Bladder Pump

Siberian Elm on the eastern bank-
Okanagan Channel

Spawning Kokanee- 300 m downstream of the site.
Okanagan River Channel (mostly rocks and cobbles) bottom 
habitat 

Redeveloped Site with a Public Storage 
Facility

Former 
salt 
shed 
area
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Plume Monitoring, Stability, Risk Assessment

1 8

• Is salty groundwater discharging 
into the Okanagan Channel? No

• Does salty groundwater originating 
at the Site have the potential to 
discharge into the Okanagan 
Channel at concentrations 
exceeding BC Approved Surface 
Water Quality Guidelines? Yes

• USEPA Bioscreen Modelling using 
highest Sodium and Chloride 
concentrations at source. Predict 
steady state concentrations at 
receptor- Okanagan Channel.-
Chloride at steady state exceeds BC 
Approved Water Quality Guidelines 

Home 
Hardware

Public Storage Facility- Site Plan

Former 
salt 
shed 
area

BC Approved Water Quality Guidelines

Chloride: 

Short Term Acute- 600 mg/L

Long Term Chronic – 150 mg/L

Sodium: No guideline for Freshwater Aquatic Life

No surface water exceedances above the BC Approved Water Quality Guidelines for chloride over 
three sampling events in 2020, 2021,  2023.

Public Storage Facility Built 2022.

• Salt Shed Removed

• Salt impacted areas under building cover or pavement cover cutting off direct infiltration of 
stormwater.

• Offsite concentrations of Sodium and Chloride in groundwater are decreasing after 2022.  

Sampling Surface Water with Peristaltic Pump

Well Year Na (mg/L) Cl (mg/L)

19-MW16 2020 1620 2560

2021 705 1330

2023 1140 (30% lower 
from 2020)

1970 (23% lower 
from 2020)

19-MW15 2020 4210 6650

2021 696 1330

2023 525 (87.5% lower 
from 2020)

683 (89.7% lower 
from 2020)
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Risk Assessment

1 9

Key Considerations
• Paved and Unpaved Areas

• Any soil impacts within the top 1 m of 
soil within unpaved areas? No

• Groundwater plume stable and 
decreasing? Yes

• Is contaminated groundwater 
discharging into a surface water 
receptor at concentrations exceeding 
applicable BC Approved Water Quality 
Guidelines? No

• Groundwater beneath the Site and at 
offsite affected areas must not be 
used for drinking.

• No future requirements for offsite 
plume monitoring as offsite 
concentrations of sodium and chloride 
in groundwater shown reducing and 
the Site has been redeveloped with a 
Public Storage Building (Grounds 
covered by buildings and paved 
surfaces within and around the most 
affected lot- former brine tanks and 
salt shed area.

FortisBC 
Sub-Station

Former 
salt 
shed 
area
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Certificate of Compliance – Applications (1 of 2)

2 0

Site & Management Areas (MA-1- Home Hardware, MA-2- Part of Huth Ave)

FortisBC 
Sub-Station

Former 
salt 
shed 
area

Na+ and Cl- remediated to 
risk-based standards –
Commercial land use  (soil)

CSR Drinking Water Use 
and Aquatic Life 
(freshwater) Use standards 
in groundwater

Groundwater beneath the 
Site and in Management 
Areas 1, 2 must not be 
used for Drinking.
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Certificate of Compliance – Applications (2 of 2)

2 1

Separate COC -FortisBC owned Sub-Station Parcel

FortisBC 
Sub-Station

Former 
salt 
shed 
area

Na+ and Cl- remediated to 
risk-based standards –
Commercial land use  (soil)

CSR Drinking Water Use 
and Aquatic Life 
(freshwater) Use standards 
in groundwater

Groundwater beneath the 
Site (i.e., FortisBC parcel) 
must not be used for 
Drinking.
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Summary

2 2

FortisBC 
Sub-Station

Former 
salt 
shed 
area

Timeline and Milestones
• Investigation Timeframe – 2019-2024 (five years)
• Pre-Approval (Not to Delineate Entire Extent of Contamination) Application 

submitted to BC MOECCS – June 2021
• Pre-Approval Received – August 2022
• Site Redeveloped with Public Storage Building -2022
• Offsite Plume Monitoring – 2020-2023
• COC application submitted – May 2024
• COC sign- off anticipated – end Oct 2024

Compliance
• Na+ and Cl- remediated to risk-based standards – Commercial land use  (soil) – Only 

qualitative risk assessment, no quantitative calculations required. 
• Soil Salt Impacts -Deepest Depth of Identified Soil Impacts – 14 m – Chloride (259 

µg/g), vertically delineated at 20-BH10 (18 m <CL for chloride and sodium.
• Groundwater Salt Impacts: 3.5 metres below grade (mbg) – 12 mbg (<DW, AWf)-

vertically delineated.
• Site classified as “Non-High Risk”
• Aquatic receptor not impacted by Chloride in groundwater originating at the Site
• Groundwater both onsite and offsite remediated to CSR Drinking Water Use and 

Aquatic Life (freshwater) Use standards
• Groundwater beneath the Site and offsite must not be used for Drinking
• No digging of salty soil required for risk-based compliance
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