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Topics Coverea

« Contaminated Sites Policy Framework
 Tier 2 guideline development tool

« Pathway elimination

 Guideline calculations

* Literature values for biodegradation rates

 Calculated guideline for an underlying domestic use aquifer (DUA)



/ Rationale for Development

 Soil and groundwater are limited resources

 Tier 1 guidelines sometimes not
appropriate

* Need for a standardized guideline
development tool

« Functionality beyond what is permitted in
current policy




/ Contaminated Sites Policy Framework

« Framework for the management of contaminated sites in Alberta

« EPEA states remedial measures must be implemented with potential to cause an adverse
effect
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Contaminated Sites Policy Framework

» Three options exist to manage contaminated sites

Ab—?/l’bﬁ\j Government

‘Atb—?/l’bﬁ\l Government

Alberta Tier 1 Soil and Groundwater
Remediation Guidelines

January 10, 2019

Alberta Tier 2 Soil and Groundwater
Remediation Guidelines

January 10, 2019
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Alberta Exposure Control Guide

May 3, 2016






Tier 1 Guidelines

Table 1. Alberta Tier 1 Soil Remediation Guidelines

Soil Type Fine

L.and Use Natural Area Agricultural R;:ird]f]l;;izu Commercial Industrial

Unit (unless otherwise indicated) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
'ydrocarbons

IBenzc—:—ne 0.046 0.046 0.046 0.046 0.046







Tier 2 Guidelines: Pathway Exclusion

Table A-3. Surface Soil Remediation Guideline Values for Residential/Parkland Land Use - All Exposure Pathways

This table must not be used for Tier 1 assessment and remediation, unless directed by Section 2.4.3 or 5.1.2. Tier 1 soil guidelines are found in Tables 1, 3 and 4.
This table is provided to assist Tier 2 guideline development, using the procedures outlined in the companion Tier 2 document (ESRD 2007 as amended) .

Receptor Overall Guideline Human Ecological Other
Nutrient/
Protection of | Direct | Energy | Protection of
Direct Soil Vapour |Domestic Use| Soil | Cycling Freshwater Management
Contact Inhalation Aquifer Contact| Check Aquatic Life Limit
Hydrocarbons
Benzene /8 1.7]11.6 P 2@k 60 - 7.9 -







Tier 2 Guidelines: Pathway Exclusion

Table A-3. Surface Soil Remediation Guideline Values for Residential/Parkland Land Use - All Exposure Pathways

This table must not be used for Tier 1 assessment and remediation, unless directed by Section 2.4.3 or 5.1.2. Tier 1 soil guidelines are found in Tables 1, 3 and 4.
This table is provided to assist Tier 2 guideline development, using the procedures outlined in the companion Tier 2 document (ESRD 2007 as amended) .

Receptor Overall Guideline Human Ecological Other
Nutrient/
Protection of | Direct | Energy | Protection of
Direct Soil Vapour |Domestic Use| Soil | Cycling Freshwater Management
Contact Inhalation Aquifer Contact| Check Aquatic Life Limit
Hydrocarbons
Benzene /8 1.7]1.6 [EHEE 60 - m -




/TierZ Guideline Tool E

— Land use
— @Grain size

— Input parameters by
dilution factor

— Literature
biodegradation rates

— Underlying domestic
use aquifer

— Pathway exclusion

— Building
characteristics

— Body type
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Source Unsaturated Soil/GW
Description Zone (DF1) Zone (DF2) Interface (DF3) Aquifer (DF4)
Water fillted porosity Bw Bw
Bulk density pb pb pb
Fraction of organic carbon foc foc
Hydraulic gradient [ i
Hydraulic conductivity K K
Darcy velocity Vv Vv
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. |Tier 2 Guideline Calculation: Summary of Input Parameters e
25 Project No.:
3
Land Use (Select drop down for Tier 1 default values) =

5 |Texture (Select drop down for Tier 1 default values)
Half Life - Use default guideline values (Default) or
6 |most conservative of literature values (Literature)?

i Notes:

o Receptor/Pathway Exclusion m *If pathways are deemed as "inactive", the site moves to Exposure Contral and is 1

9 |Direct Soil Contact

10 |Vapour Inhalation

11 |Protection of DUA

12 Protection of Underlying DUA (vertical)
13 :Offsite Migration (Human)

14 |Direct Soil Contact

15 il\lutrientj Energy Cycling Check

16 |Livestock Soil and Food Ingestion
17 |Wildlife Soil and Food Ingestion
18 |Protection of Freshwater Aquatic Life

: . * Protection of Livestock Water can not be excluded for agricultural land use or na
Protection of Livestock Water . e G .
19 aquifer and contamination is below the depth of a typical dugout.
20 |Protection of Wildlife Water

, L * Protection of Irrigation Water can not be excluded for agricultural land use, unle
Protection of Irrigation Water :
21 the depth of a typical dugout.
22 |Offsite Migration (Ecological)
23 |Management Limit

4 ... | Site Characteristics |_| Tier 2_GW . ® 4 k
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Tier 2 Guideline Tool
Calculated Tier 2 Soil Guidelines — Tier 1 to Tier 2

IMaximum On-Site
Receptor Concentration Overall Tier 2 Guideline Human Ecological Other
Pathway Direct Soil Vapour Inhalation DUA Underlying | Direct Soil | Nutrient/ FWAL |Management
Contact DUA Contact Energy Limit
Cycling
Check
Building Type Basement  Slab
Hydrocarbons
Benzene 1 0.68 78 1.8 1.6 - - 60 - NGR -
Toluene 2 a5 645 2119 1928 - - 110 - NGR -
Ethylbenzene 10 01218 1680 1036 930 - - 120 - NGR -
Xylenes 100 06%9 477 276 248 - - 65 - NGR -
Styrene 60 a6 10496 248 221 - - - - 1.5 -
F1 200 210 12458 708 605 - - 210 - 30000 800
F2 150 150 6769 3650 3121 - - 150 - 30000 1000
F3 400 1300 14941 - - - - 1300 - - 3500
F4 1000 5600 20990 - - - - 5600 - - 10000
Acenapthene 10 3B 5279 118283 98650 - - - - NGR -
Anthracene 30 2.3 24346 NGR NGR - - 2.5 - NGR -
Fluoranthene 50 50 3519 NGR NGR - - 50 - NGR -
Fluorene 0.02 204@0 2726 268051 | 218330 - - - - NGR -
Naphthalene 11 0.047 1848 58 50 - - - - 0.047 -
Phenanthrene 37 NIGRY - - - - - - - - NGR -
Pyrene 0.001 2100 2094 NGR NGR - - - - NGR -
ICarcinogenic PAHs (as B(a)P
ITPE) ITPE: 3.5; IACR: Q.2 [TPE <5.3; IACR<1 | TPE<5.3 NGR NGR IACR<1 | IACR <1 - - - -
Benz[a]anthracene 5 NGR/- - - - - - - - NGR -
Benzo[b+j]fluoranthene 0.02 NGR/- - - - - - - - - -
Benzo[k]fluoranthene 0.4 NGR/- - - - - - - - - -
Benzo[g,h,i]perylene 40 NGR/- - - - - - - - - -
Benzo[a]pyrene 1 20 - - - - - 20 - NGR -
Chrysene 0.8 NGR/- - - - - - - - - -
Dibenz[a,h]anthracene 1.4 NGR/- - - - - - - - - -
Indenol[1,2,3-c,d]pyrene 1.1 NGR/- - - - - - - - - -




/ Literature Biodegradation Rates

Lateral
Receptor:

Aquatic Life

Receptor:
Underlying
DUA




Biodegradation Rates
Safety Factor

« Use the maximum value when ranges were found

* Example:
— Literature value for naphthalene 0.7 yrs
— Naphthalene 0.7 yrs x Safety Factor (SF) 10 = 7 yrs
— Naphthalene 0.7 yrs x Safety Factor 100 = 70 yrs



/ Calculated Guidelines: Naphthalene

5.0
4.5

4.0

Calculated Guideline (mg
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SF 10: 31 mg/L @ 260 m

Chemical: Naphthalene
Medium: Groundwater
Pathway: Freshwater Aquatic Life
Grainsize: Coarse
Literature Half-Life: 0.71 years
Tier 1 G/L: 0.001 mg/L
0 50 100 150 200

Distance to Surface Water Receptor (m)

250

—SF10
—SF100
—Default

Default: 0.011 mg/L
SF 100: 0.047 mg/L

300

_/




Distance to Exceed PAH Solubility Limit

Phenanthrene: Half Life 1.1 years

- Dissolved Plume

Notes:
SF 10: Half life used in guideline calculations = Maximum Literature Half Life * Safety Factor of 10
SF 100: Half life used in guideline calculation = Maximum Literature Half Life * Safety Factor of 100



Tier 2 Guideline Tool

Literature Values for Half Life

-

Land Use (Select drop down for Tier 1 default values) |Agri¢:u|tura|

|Coarse

lDefauIt |
1

Texture (Select drop down for Tier 1 default values)

Half Life - Use default guideline values (Default) or
maost conservative of literature values (Literature)?




/ Innovative Application: Protection of Underlying DUA

>5m
Fine Grained
<1x107m/s

Receptor:
Underlying DUA




/ Modifying the Model for Protection of Underlying DUA

Lateral
Receptor:
Aquatic Life

m DF4 (Dilution Factor 4): Accounts for the processes
of dispersion and biodegradation as groundwater

travels downgradient from beneath the source

Receptor: of contamination.
Underlying

DUA



Calculating Protection of Underlying DUA Guidelines for Water

Lateral Calculation:

Surface Water Quality Guideline x DF4, = Protection of Freshwater Aquatic Life Guideline

Vertical Calculation:

Drinking Water Guideline x DF4,,= Protection of Underlying DUA Guideline



Parameters Required to Recalculate for Vertical Protection of
DUA Guideline

Vertical
Distance to
Receptor

Vertical
Gradient

Receptor:
Underlying DUA




Protection of Underlying DUA: Less than 5 m of Geologic
Barrier

Default Point
of Compliance

Less than 5 m
of Geologic
Barrier

Receptor:
Underlying DUA




/ Protection of Underlying DUA: Less than 5 m of Geologic Barrier

Geologic Barrier Thickness (m)

1.0

Chemical: Benzene
0.9 Medium: Groundwater

Pathway: Protection of Underlying DUA
0.8

©
~

o
o

— 1x10> m/s: Coarse Grain Default
— 1x10°%m/s: Fine Grain Default
—— 1x107 m/s: DUA Exclusion

Guideline (mg/L)

o
w

0 m = 0.005 mg/L

o o
= Ko
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Thickness (m)



/ Protection of Underlying DUA: Less than 5 m of Geologic Barrier

Geologic Barrier Thickness (m)

0.013

Chemical: Benzene
0.012 Medium: Groundwater

Pathway: Protection of Underlying DUA
0.011

—— 1x 10 m/s: Coarse Grain Default
—— 1 x 10°° m/s: Fine Grain Default
—— 1x 107 m/s: DUA Exclusion

Guideline (mg/L)

0.007

0.006

0.005
0 1 2 3 4 5 6 7 8

Thickness (m)



/ Protection of Underlying DUA: Less than 5 m of Geologic Barrier

Geologic Barrier Thickness (m)

1.0

Chemical: Benzene
09 Medium: Groundwater

Pathway: Protection of Underlying DUA
0.8

©
~

~4.0 m = 0.5 mg/L

.

o
o

—— 1 x 10> m/s: Coarse Grain Default
—— 1 x10°° m/s: Fine Grain Default
—— 1x 107 m/s: DUA Exclusion

Guideline (mg/L)

o
w

0 m = 0.005 mg/L
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/ Case Study: Leaking Tank with PHC and PAH Impacts
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Depth to Base of GW Plume Reduced by 75%
Impacts: 13.0 m

Material Below Impacts:
Sandy Silt (till) and Clayey Silt (till),

Thickness: At least 7 m Total Depth of
Hydraulic Conductivity: 1.1 x 10-° m/s Exploration: 20 m




Benefits of Advisian's Guideline Recalculation Tool

 All exposure pathways

« Cost savings

* Quickly generate Tier 2 guidelines
« Degradation rates

* Underlying DUA
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DISCLAIMER
This presentation has been prepared by a representative of Advisian.

The presentation contains the professional and personal opinions of the presenter,
which are given in good faith. As such, opinions presented herein may not always
necessarily reflect the position of Advisian as a whole, its officers or executive.

Any forward-looking statements included in this presentation will involve subjective
judgment and analysis and are subject to uncertainties, risks and contingencies—
many of which are outside the control of, and may be unknown to, Advisian.

Advisian and all associated entities and representatives make no representation or
warranty as to the accuracy, reliability or completeness of information in this
document and do not take responsibility for updating any information or correcting
any error or omission that may become apparent after this document has been
issued.

To the extent permitted by law, Advisian and its officers, employees, related bodies
and agents disclaim all liability—direct, indirect or consequential (and whether or
not arising out of the negligence, default or lack of care of Advisian and/or any of
its agents)—for any loss or damage suffered by a recipient or other persons arising
out of, or in connection with, any use or reliance on this presentation or
information.

Adyvisian

Worley Group

PRIVACY NOTICE

Advisian is subject to various privacy laws. Advisian’s Privacy Notice is included in
this document. Additionally, information on how personal data provided by your
organisation to Advisian is processed can be found at https://www.advisian.com/en-
us/who-we-are/privacy-policy.

The information you provide as part of Advisian's business relationship with you will
be used by or on behalf of Advisian and its affiliated companies and subsidiaries as
part of the WorleyParsons Group (Group):

*  To carry out due diligence on you and/or your company as a prospective
counterparty to Advisian. This includes assessing financial standing, HSSE
profile, technical and quality standards, and corruption/money laundering risk.

« If necessary to enter into or perform our contract with you.

+  To manage our services.

Advisian consults private risk intelligence databases and publicly available sources

of information, such as sanction lists, on an ongoing basis in order to comply with

its internal anti-money laundering, and bribery and corruption prevention
processes, and to prevent, detect or investigate dishonesty, malpractice or seriously
improper conduct.

If you choose to provide Advisian with personal information on directors, officers,

employees and/or owners of your company or any third party's personal

information (such as name, email or phone number), you represent that you have
the relevant person’s permission to do so.

We may share your information:

+  With our third-party service providers who perform business operations on our
behalf.

* As part of a sale of a Group subsidiary or brand to another company.

»  To protect and defend Advisian.

*  When required by law and/or government authorities.

Given the global nature of Advisian and the Group’s business, personal information
may be transferred internationally for these purposes (but remains protected by the
Group's Privacy Policy).

We retain your information:

* Only as long as is necessary for the purpose for which we obtained it and any
other permitted linked purposes (for example, where relevant to the defense of
a claim against us). So, if information is used for two purposes, we will retain it
until the purpose with the latest period expires; but we will stop using it for the
purpose with a shorter period once that period expires.

+ In relation to your information used to perform any contractual obligation with
you we may retain that data whilst the contract remains in force plus seven (7)
years to deal with any queries or claims thereafter.

+ Inrelation to any information where we reasonably believe it will be necessary
to defend or prosecute or make a claim against you, us or a third party, we may
retain that data for as long as that claim could be pursued.

Our retention periods are based on business needs and your information that is no
longer needed is either irreversibly anonymised (and the anonymised information
may be retained) or securely destroyed.

If you do not wish to provide your personal information to us, we may not be able
to proceed with a business relationship with you.

For further information on how your personal information is processed, please visit
our website at www.advisian.com for further details on the Group’s Privacy Policy.
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