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To support the oil and gas industry efforts to improve its operations and
products to meet society’s expectations for environmental and social
performance.
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Generic, adaptable, and globally applicable risk-based
framework for identifying and implementing corrective action
techniques

 Managing releases to soil and groundwater from petroleum
refineries, terminals, gas stations and on-shore E&P
facilities

« Summarizes commonly accepted principles and
approaches — ASTM, US EPA, UK EA

e Targeted to environmental specialists working in countries
where legislative procedures or guidance may be less
developed or detailed
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) Spadaro, Philip A., 2011, Remediation of Contaminated Sediment: A
Agure 1. Global map dentying reguistary and technical findings Worldwide Status Survey of Regulation and Technology, Terra et Aqua, No.
123, June 2011
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Good Practices Structure — a Practical Approach

= Conceptual Site Model

= C5M data collection
+ Hazard evaluation

= Risk based corrective actions (RBCA)

+ Remedial alternatives evaluation
= Implementation

# Close-out actions

Figure 1. Good Practices Work Flow
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Figure 2: CSM for Subsurface Petroleum Release
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Figure 4 Grephical C5M for petraleum release at above-ground storage tank farm
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Addresses impact(s) in the soil and/or groundwater on
human health and environment by evaluating the linkage
between:

 Release of a chemical from a source;

* The transport or exposure pathway; and

* The exposure to and uptake of the chemical contaminants
by the receptor.

A key difference from traditional regulatory approaches:
Incomplete source-pathway-receptor linkage is used to show
no risk exists, and that no active remediation is needed
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The RBCA process uses a tiered approach involving
Increasingly sophisticated levels of data collection and
analysis:

« RBCA Tier 1 Screening Level Risk Assessment

« RBCA Tier 2 Site Specific Risk Assessment and Target
Levels

« RBCA Tier 3 Site Specific Risk Assessment and Risk
Characterization
— High Cost and Complex Sites
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It is a good fit for developing countries:
» Simplifies an otherwise complicated process

o Allows risk assessments to be tailored to the complexity of
the site and contaminants

 Globally-accepted risk assessment framework that can be
used where no standards or guidelines exist

« Wealth of guidance and software to aid in implementation
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Two Primary Remedial Approaches

Containment
&

Plume Stabilization

é Engineered

*Physical impermeable barrier
*Sparge barrier

*Soil vapor extraction

— eHydraulic containment (‘pump and treat")

( Passive

*MNA and enhanced bioremediation
*Phytoremediation

.

J

Figure 12: Commonly used remedial technologies for
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o Sustainability considerations incorporated into alternatives
selection process

e Sustainable Remediation:

The practice of demonstrating, in terms of environmental, economic, and
social indicators, that the benefit of undertaking remediation is greater than
its impact and that the optimum remediation solution is selected through the
use of a balanced decision-making process (CL:AIRE, 2010)

Table & Exompile sustainable remediation indicator cotegaories (after SuRF-UK; CLZAIRE 2071,

Kir Human health and safety Direct economic oosts and benefits
Soil 2nd ground conditions Ethics and equality Indirect economic costs and banafits
Groundwater and surface Meighbourhood and locality Induced economic costs and benafits
WoEL Communities and community Employment and employment capital
Ecology rvolvemant Project lifespan and flexibility

Matural resources & waste Uncertainty and evidence
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APl — American Petroleum Institute

« ASTM — ASTM International (formerly American Society for
Testing and Materials)

e CL:AIRE — UK

 EA — Environmental Agency (UK)

« EPA - U.S. Environmental Protection Agency

* FRTR — U.S. Federal Remediation Technologies Roundtable

* ITRC — Interstate Technology and Regulatory Councll
 NICOLE — Network of Industrially COntaminated Land in Europe

 SURF — UK (Sustainable Remediation Forum)
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Additional Resources and Guidance

Further reading and references

The following reports nd publications prowide additlonal referances for undestanding and managing
Impacts, and assessing cormectve action techinigues for releases to soll and groundwater from retall
gas stations, petroleurn refineries, terminals, and on-shone exploration and production facilities Thesa

summarize commondy accepted global princples and approaches developed by APL
ASTMY, the United Siates EPA, EA-UK, and others. Each reference 1= followed by a brief description to
Inform the reader of the relevance. accuracy and quality of the sowrces cited.

AP 953, Guids for Assessing and Bemediahing Petroleum Hyedrocarkons in Sois. AP Publlcation 1629,
Dctober, 1993,
This pubiiomiion provides generm! information regaraing the site and refease characteristics refevanl fo,
g methads for assessing and remadicting, soils corfaminatad with patroleur Rydrocarbans relessed
froum underground storage hank (UST) or above-groand sfonage fank (AST) systems and oparations.

API1996]. A Guide Fo the Assessment and Remediation of Petrolaum Releases, 3rd ed Washington, D -
AP, Publication 1628
This document identifies and descrihes soif and groundwater remediation fechnologies speciic fo
petroiewm. This eoition includes new fechnologies ond improvements (o the pasessment and
remediglion of petrodedim relemses

AP {19571 Environmanio! Guidancs Docement: Waste Monogement in Exploration and Produwciion

Cperations. AP ES, February 1957,
The document specifianly addresses communily conicents ohout aw materials, products, and

eperations In the pefrafenm industry that coukd be portentisl sources of groundwater and sall iImpacts.
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Appende A: Standard and guidance references

APl - Amancan Patroboum Instouta

ASTM - ASTM Insomational formerdy Amesican Socaty for Testing and Matwisiz)
EP& - LS Environmantal Protection Agancy

ITRL - Interstats Technnlogy snd Regulatory Coundl

Standard [ Gaidance

Hame / Description

S0l Sampling

ASTM Dzear-11 Standard Prctics for Classieotion of Saik for Engineoring Purposes (Unified 5ol
Cinsiietion Systam)

ASTM 2422 - 05a Sianedand Pectics for Description and ertification of Sods (Ve Marea! Procedure)

ASTM D523 - 402008)  Standard Proctine for Sampling with o Senan

ASTM D53t - po Saandang Taxt Metfnd for Soreeming Fuale in Soils

ASTM Desdr - 052010

Augars

ASTM Disan -1t Stnnefard Test Method for Stanaend Penetention Tist (5PT) and Spl-Barsed Samyplfing of Sods
ASTM Do - 992008 Hondand Guide for Soif Sampling from the Vodose Zone
ASTM Dstig - 05 Standard Prctice for Lisng the DEposabfie En Core Sermpler for Sampling ond Seonng Sod

Far Volkatile Orgonic Ancfysis

ASTM Dot - D5 (20100

Sinndard Feactiar for Collection ond' Handlng of Soait Obtoned in Cone Borel Semphers for
Ervi : T

Drilling Mathods

ASTM Delas-230301 1)1

ASTM Do 169 - 982005
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Appendix B: T LA e e SO S

Site Investigation Methodohogy ...
Work Plan... .
Healﬂ'n and Safet'_u,.r F'I:an
Soil and Eedrm:k Inveahgahnn Meﬂ‘ﬂjﬁ
Groundwater Investigation Methods ..
Soil and Groundwater Sample Labc-r:at-:-ry Ar:alysea
NAPL Delineation and Evaluation ...
Soil Vapor and Indoor Air E"."E|l.lﬂilﬂﬁ5
Decontamination ...
Management of Inveshgahc-n—Denved Waate {IDW]EE

Comprehensive Site Assessment Documentation . B3

BaEERSHERR B
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Appendix C: Remediation Technologies ... s s

Remediation Technologies ...
Physical Impermeable Eamer& ancl Erh:apsdahnn {S—B—N—SL—{}".-"—L]
H],rdr:aullc Containment (N-G-L) ..o
HAF’L Hecwerywrﬂw Water T;i‘nle E}epreamnn {H—G} U - |
MMNA and Enhanced Elmremedlah-:n {E‘:—G—"-."’J U & )
Sail Vapor Extraction (SVE) {E‘:—E-{}‘J}E“I
Phytoremediation (S-G SW-L). e B3

QDR g

Soil (S), Bedrock (B), NAPL (N), Sludge (SL), Groundwater (G), Surface Water (SW), Soil Vapor (V), Leachate (L)
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Additional Resources and Guidance

Figure C-2 Pneumatic skimmer i a single well (EPA, 200 Th) (AP! 1995)

Figure C-8 Conceptual phytoremediation processes (AECOM Techmical Senvices, inc.)
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