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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth CHIERE—S ptended—for-tts—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criterianegeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about 1SO’s adhefence to the
World Trade Organization (WTO) principles in the Techniical Barriers to Trade (TBT) see the following
URL{www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comniyittee ISO/TC 190, Soil quality, Subcommittee SC 7, Soil
and ite assessment.
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Introduction

This document is intended to provide procedures for sustainable remediation. It contains accepted
terminology and understanding of the features of sustainable remediation and of means of assessing
the relative sustainability of site-specific alternative remediation strategies. Determining what is
and is not sustainable remediation at a specific site will be influenced by many local factors and the
governance context. Therefore, this document seeks to preserve local flexibility and freedom of action.
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Soil quality — Sustainable remediation

1 Scope

This

document provides procedures on sustainable remediation. In particular, it provides:

— standard methodology, terminology and information about the key components and aspects of

q

— informative advice on the assessment of the relative sustainability of alternative

q
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3.1
browv

Terms and definitions

ustainable remediation assessment;

trategies.

document is intended to inform practitioners about contemporary understanding of
diation. It is not intended to prescribe which methods of assessment, indicators or we
e, it is intended to inform consideration of the concept of sustainable)remediation in
y, socio-economic and environmental context.

purce-pathway-receptor linkages — in a manner that has been shown on a site-specifig
cific legal context to be sustainable.

concepts of “green remediation” and “green and sustainable remediation” (so called
parts of the world are conflated with sustainable ¥émediation are neither endorsed n
s document.

e are no normative references in this;xdocument.

he purposes of this docunient, the following terms and definitions apply.
nd [EC maintain teriinological databases for use in standardization at the following z

EC Electropedia: available at http://www.electropedia.org/

SO Onlinebrowsing platform: available at http://www.iso.org/obp

nfield

remediation

sustainable
ights to use.
h local legal,

scope of this document is restricted to sustainable remediation’— that is demonstralply breaking

basis under

GSR) that in
br discussed

ddresses:

aach

sites

X
VVITICIT

— have been affected by former uses of the site or surrounding land;

— are derelict or underused;

— are mainly in fully or partly developed urban areas;

— require intervention to bring them back to beneficial use;

— may have real or perceived contamination problems

3.2

environmental justice
combination of environmental rights and environmental responsibilities that asserts that everyone has
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— aright to healthy places to live, work, play, learn and enjoy themselves;

— aright to a fair share of nature’s benefits and ecosystem services, such as food and water;

— aresponsibility to look after the planet for others and for future generations

3.3
indicator

single characteristic that represents a sustainability effect, whether benefit or negative impact, which
may be compared across alternative remediation strategies, comprising one or more remediation
techniques and/or institutional controls, to evaluate their relative performance

EXAMPLE

3.4
metric
measureme

EXAMPLE

3.5

remediatio
one or mor
related risk

3.6
remediatio
technology

management

3.7
sustainable
developme
to meet th

Note 1 to en
of a high qud
support life i
reinforcing.

[SOURCE: IS
deleted]

3.8
sustainablg
component
underused 4
and social b

39

Greenhouse gas emissions.

ht of an indicator (3.3)

Tons/Tonnes CO;.

n strategy
remediation technologies and associated works that will meet specified contaming
reduction objectives

n technology
that pre-processes, processes or post-processes.Hi€’ ground or contaminant as part o

development
that meets the needs of the presentwithout compromising the ability of future genera
own needs

ry: Sustainable development is dbout integrating the broader expectations of society as a
lity of life, health and prospérity with environmental justice and maintaining Earth’s capac
h all its diversity. These soeial, economic and environmental goals are interdependent and muf

0 26000:2010, 2.23;7omnodified — The Note has been modified and the last sentence has

redevelopment
of sustainable development (3.7) that results in the return to use of abandoned, deq
ind‘potentially contaminated sites in a way that increases their environmental, econ
priefits

tion-

F risk

kions

whole
ity to
ually

been

elict,
bmic,

sustainable regeneration
component of sustainable development (3.7) that reverses the economic, social and environmental

decline of pl
3.10

aces

sustainable remediation
elimination and/or control of unacceptable risks in a safe and timely manner whilst optimising the
environmental, social and economic value of the work
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3.11

threshold

limit of acceptability for an indicator that may not be crossed or carries an unacceptable consequence if
it is crossed, such as regulatory non-compliance

3.12
unacceptable risk
level of risk that requires remediation

Note 1 to entry: The level of risk could be evaluated by comparison to a numeric threshold or by benchmarking

against a narrative definition. Different levels of risk are deemed unacceptable in different countries or even by
differentlaws within a country

4 Abbreviations

BTU British Thermal Units

CBA cost benefit analysis

CCP climate change potential

EST({P Environmental Security Technology CertificationnRrogram

GHG greenhouse gas

GSR green and sustainable remediation

LCA life cycle assessment

MCA multi-criteria analysis

MNC multi-national corporation

RBLM risk-based land management

SuRH Sustainable Remediation Forum

US EPA United States-Environmental Protection Agency

WBASD WorldBusiness Council for Sustainable Development

5 S$ustainable remediation, (re)development and regeneration

Development that meets the needs of the present without compromising the ability of future
generatlons to meet thelr own needs[1] is considered to constltute sustainable develop ent. In the
case timately socio-

economic regeneratlon Sustamable regeneratlon prov1des multlple beneflts For example it empowers
local communities, provides new employment opportunities, enhances the aesthetics of an area and
supports environmental justice.

Since remediation often links into the beneficial redevelopment and reuse of a site, sustainable
redevelopment is inherently connected with sustainable remediation.[2] Considering the reuse of a site
from the beginning of a remediation project is a fundamental component of sustainable remediation,
and therefore sustainable remediation may act either as a natural precursor to, or as a subset of,
sustainable redevelopment. Much value may be achieved through successfully integrating remediation
into the redevelopment process to exploit synergies while minimizing costs and environmental impacts
associated with bringing sites back to beneficial use.

© IS0 2017 - All rights reserved 3
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6 Risk-based contaminated land management

The concept of RBLM means integrating decisions on the need for remediation, the timeframe
within which it should be implemented and the choice of remediation strategy by considering three
components[3]:

— fitness for current/intended land use;

— protection of the environment;

— longter

m care.

RBLM is irjended to assist reaching balanced and informed decisions to achieve sustainable
t. The first decision is whether or not the risk posed by land contamination to human. he

manageme
ecosystems
Such remed

Remediation should be reliable and not breakdown uncontrollably in the fufure. In add

remediatiorn
the contami

Sustainable
justification

There mightt be non-negotiable boundary conditions, such as legal, corporate policy or regul

requiremen
them may t}

7 Integr

7.1 Gene

There are many ways to integrate variouS dimensions in order to provide a holistic measu

benchmark
simple sust
perhaps pre|

Meaningful
inform roby
may not be
strategies i
encouraged
consensus.

property or natural resources is deemed by law or corporate policy to merit interver
ation should be acceptable to those with an interest in its outcome — stakehaolders.

should not introduce significant new risks and should be effective oyer the period in y
nation risks need to be managed.

remediation is about how to manage risks that merit intervention-and should not be se
for no intervention in the face of such risks.

s, which have to be taken into consideration. Alternative remediation strategies that
ien form the focus for the sustainable remediation assessment.

ated assessments, metrics and evaluations

ral

hgainst the definition of sustainable remediation. A tiered approach allows applicati
ninable remediation assessments at less complex sites and more sophisticated, costly
sently contested assessments at more complex sites.

sustainability assessment of alternative remediation strategies is possible and s}
st and reliable project management decisions. This is despite the fact that sustaina
measured in simple units, and that an assessment of the sustainability of remedi

to provide ‘their perspectives on the balance of potential impacts and benefits to faci

Sustainabili

improved by:

y.“assessment of alternative soil and groundwater remediation strategies[4]-

land
alth,
tion.

tion,
rhich

en as

itory
meet

e to
bn of
r and

jould
hility
htion

necessarily@’subjective process at a given point in time and space. Stakeholders shoulld be

itate

7] is

— being limited to those strategies that are likely to achieve site-specific risk-management objectives
(i-e. eliminate and/or control unacceptable risks to human health, property, surface or ground water

and the

environment);

— following a framework for assessment that is consistent with sustainable remediation (see 3.10) by:

— considering the environmental, social and economic benefits and impacts associated with
each option;
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— identifying which of the remediation strategies being assessed provides the greatest overall

benefits;

comparingalternative strategiesagainstarelevantcommon baseline, e.g. pump and treat, excavation

and off-site disposal or do nothing;

adopting indicators and metrics that capture all significant benefits and impacts wh
double-counting;

ile avoiding

adopting a tiered approach, such that the sustainable remediation assessment is proportional to the

scale of the project/problem being addressed;

aking stakeholder opinions and perspectives into account and, where it is practical to d
irectly with stakeholders;

ASTM E2876:2013, Clause 8I8]).

Tiered assessments

050, engage

ocumenting the activities, data, assumptions and decision points to aid tranSparency (e.g. see

A tidred approach may be used, in which simple qualitative approaches are the defaullt and most

comimonly used tier, and more complex quantitative tiers are applied-only when necessary ¢
justified.

Simplle or relatively clear-cut problems require only simplé\.sustainable remediation asses

r otherwise

sment. As a

genefal rule, the simplest form of sustainable remediation-assessment that allows a robust decision to
be made should be adopted. On projects where the deéision depends on a small numberr(ntf indicators

that |can be measured, a more quantitative approach*to sustainable remediation assess
necepsary to help reach a robust and reliable decision.

7.3

A ti¢red approach to sustainable remediation assessment illustrates how a simple
semiguantitative or fully quantitative-approach may be taken to a given project. In all tiey
cons|derations are the same:

Tiered assessment frameworks

¢onfirm the project objectives: what question is the assessment being completed to ang
¢onfirm the shortlistof remediation strategies: likely to be effective in meeting project
identify the relevant stakeholders: who could affect or be affected by the project?

identify project boundaries: temporal, spatial and lifecycle limits to the assessment;

q
gustainability assessment;

determine how each indicator will be characterized or measured: agree on the metrics;

ent may be

qualitative,
s the initial

wer?

objectives;

elect.sustainable remediation indicators: agree on the indicators that will form the|basis of the

agree the assessment techniques: sustainable remediation assessment techniques that will be

applied (i.e. the tier and method).

Once these initial issues have been considered, and background information and data collated, the
sustainable remediation assessment proceeds using the agreed assessment technique.

7.4

Sustainable remediation assessment techniques

7.4.1 General

Various qualitative, semiquantitative or quantitative techniques may be used to undertake a sustainable
remediation assessment, either in its entirety, or partially (Table 1). The boundaries between the

© IS0 2017 - All rights reserved
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tiers are fuzzy. While there may be some overlap between the techniques applied under these three
headings, they serve as a useful classification to emphasize that valid assessments may be completed
using simple, intermediate or more complex approaches. In general, the effort involved increases in
going from qualitative to quantitative assessments. However, users should beware of the danger of
focusing on only those parameters that can (easily) be measured. The inherent flexibility of qualitative
methods means they are easier to apply in a comprehensive manner.

Table 1 — Examples of techniques that may be useful for sustainable remediation assessment

(simple but comprehensive)

Qualitative Quantitative

Semiquantitative (complex but partial)

Narrative an

alysis Pair-wise comparison CBA

Non-parame

tric ranking MCA LCA

(Environmental) Footprint Ana

lysis

Cost effectivenessahnalysis

NOTE This is strictly an econ
analysis.

bmic

7.42 Qud

Qualitative
assessment,

— ranking
indicatd

[t is general

quantitative

Alphanumet

identifying
be confused
has taken pl

7.4.3 Sen

“Semiquant
on all optior

MCAus
and we

anarrat
are conj
remedid

litative

hpproaches do not attempt to put numbers to different remediation strategies with
Instead, non-parametric or even narrative alternatives té metrics may be used:

of one alternative against others as being “better’, “neutral” or “worse” for a sp
-

)’

ive drawn from discussions between stakehglders where alternative remediation strat
idered and a preferred option selected based on performance against a range of sustail
ition indicators.

y possible to consider a wide rangé.of sustainable remediation indicators qualitative

data that may be readily accessiblée for some indicators is not used to its full extent.

patterns, and median rankings may then be considered. However, these labels shoul

ace.

liquantitative

tative” approaches quantify some, but not all, indicators or they place values and weigh
s but without fully monetising and quantifying every aspect, for example:

ngscores (i.e. relative performance of an option against a sustainable remediation indid

n an

beific

bgies
nable

but,

ic terms may be used in fankings (e.g. 1, 2, 3 or a, b, ¢) and may be helpful in rapidly

H not

with semiquantitatiye or’‘quantitative data where some form of estimation (and weighlting)

kings

ator)

1 ESSE9 L3 o 1dao <22 PP S N I -airian £ Baprtici]l o foin b raraadi
ST S (LU STanCIIOTaCT v ICVV O tIiiCTrpoOT tancC—OT a par acurar suS tanTaoTC T CIITCUT

tion

indicator) to rank a number of options — typically, an overall rank is derived from the sum of all
weighted scores, when compared to other options;

quantitative analysis of a number of aspects may be applied alongside more qualitative assessment

of other factors such as quantitative assessment of the CO; footprint and remediation direct cost
combined with qualitative consideration of ecological impact and social aspects within a holistic
assessment;

pair-wise comparison involves comparing the relative performance for a given indicator of each

candidate strategy against each other and aggregating the outcomes to allow an overall judgment
of the alternatives to be made.
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7.4.4 Quantitative

Quantitative approaches require metrics to be applied to the sustainable remediation indicators.
The metric may be some form of common currency within a CBA, or a physical quantification (mass,
energy, time, etc.) within a LCA. While some indicators may be readily quantified, even monetised, it
is more difficult for others. It is not uncommon, therefore, to use simpler assessment methods first
to separate remediation options that are clearly better than others, and then to use partial-CBA or
other quantitative methods to investigate a small number of sustainable remediation indicators that
distinguish the remaining options. Using such a tiered approach may improve the efficiency of the

assessment process.

Exan

[

q

7.5

A suf
india
by st
rems
are |
asseq
not 1
thesg
deriy

h e 1
1PIC 10 4 QUdIILIt4atlive dpplruUdtll.

environmental] “footprint analysis” compares the aggregate environmentalcfoot]
andidate remediation strategies.

Holistic sustainable remediation indicator sets

tainable remediation assessment undertaken at any tier requires a set of relevant and 1
ators to compare remediation options. A holistic set of indicators and their metrics, shg
akeholders early in the process. The indicators shall reflect all\three dimensions off
diation: environment, society and economy. Example sustainable remediation indicata
presented in Table 2. Having an equal number of categories for each dimension
sment gets underway with a balanced consideration of €ach dimension. Balance is m
pading the assessment with many categories in one.dimension but only a few in an
b categories site-specific indicators shall be derived, There may be different numbers
ed for each category or even dimension.

Table 2 — Example sustainable remediation indicator categorieslZ]

brint of the

neasureable
11l be agreed
sustainable
r categories
ensures the
hintained by
other. From
f indicators

Economy Society

Environment

Dire

Ct economic costs and benefits |Human’health and safety Air

Indif

ect economic costs and benefits | Ethits and equality Soil and ground conditi

ns

Emp

oyment and employment capital{Neighbourhood and locality Groundwater and surfa

Ce water

Indu

Communities and community in-

volvement Ecology

ced economic costs and bengéfits

Projq

bct lifespan and flexibitity Uncertainty and evidence Natural resources and y

vaste

8 1

8.1

Decision making

General

Sust{

hirable remediation can involve decisions on an optimum remediation strategy at sej

veral points

during a site’s (re)development or risk-management. The principal points are:

— regional spatial (land-use) planning: consideration of the impact of remediation alongside other
relevant indicators on the sustainability of different land-use allocations during regional spatial
planning and redevelopment activities;

and efficient manner;

site specificmaster planning to ensure the allocated uses on a site are laid outin the mostappropriate

searching for possibilities of synergy between land use and remediation (e.g. groundwater

remediation in combination with aquifer thermal energy or soil excavation in combination with
providing underground parking);
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design of site characterization strategies, e.g. by:

— focusing site characterization to aid assessment of possible source-pathway-receptor linkages

by i

mproving the conceptual site model;

— minimizing journeys to site for numerous poorly-planned phases of site investigation;

through low-permeability confining layers;

interception or receptor modification) that can satisfy essential requirements, includin

using of non-intrusive technologies and preventing new contamination, for example avoid drilling

remediation strategy design: selection of a remediation strategy (i.e. source treatment, pathway

an

accepta
the site

remedid
achieve

design
commu

collecti

This means
social and ¢
sustainable
the decisior]
planners, ed

8.2 Proje

Project framing[2] involves establishing the projectobjectives, boundaries and constraints that ne

be met, obey

Regulators
remediation
specified in

8.3 How

To maximiz
making pro
decision m

objective se

Goal-se

ble level of risk with respect to undertaking the remediation works and long term safg
and optimizes the net benefits of risk-management actions;

ition strategy selection: selection of a strategy that can satisfy essential requirement
risk-based remediation goals;

of remediation verification strategies,
hication to the community;

including post-remediation~ monitoring

n of data to verify a sustainable remediation assessment.

chat the intention of achieving a remediation outcome that h€lps optimize the environmg
conomic benefits of sustainable redevelopment does net rely only on selecting the
remediation technique. The extent to which contaniination drives or is subservie

making varies. In master planning skill sets and professions (e.g. architects, tran
ucation provision) should be considered in addition’to those that consider contaminat

ct framing

red and considered respectively in selécting a remediation strategy.

may specify particular mandatery requirements, such as contamination concentr
goals or deadlines for completion of remediation. Broader requirements may als
legislation; for example that the land shall be suitable for its next use.

to identify a sustainable remediation approach

e the sustainable-remediation benefits, sustainability factors should be considered Y
ect decisiong-from the earliest stages of a project. The earlier sustainability is pa3
king the better. There are two key stages at which sustainability can be considered
[ting to-eXecution:

ting.stage: involves design of law and policies, regional and local spatial plans, and

specific

ty of
t and

and
ntal,
most
nt to

sport
jon.

ed to

htion
o be

when
rt of
from

site-

master-planning. This stage sets the hroad social, economic and/or environm

ntal

aspirations that an individual (remedlatlon) project should contribute towards. Examples could
include requirements to take account of international climate agreements and regional goals on
CO7 emissions reduction. These aspects are outside the scope of this document and of remediation
as a whole. An assessor should understand the goals to be achieved. The most important steps with
respect to a sustainable remediation project are made here, and the largest sustainability benefits
are created (or lost) at the objective setting stage.

Design and execution stage: is the stage at which a sustainable remediation strategy is identified
and implemented (i.e. how the risk-management goals can be achieved in a sustainable manner).
This stage is the main focus of this document.

Larger sustainability gains can be achieved by early consideration of sustainability factors, and
inclusion in high-level objectives and policies as well as integrating remediation with other project
activities.

8
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Figure 1 illustrates the phases that form a part of the execution stage. In this subclause, only the
objective setting stage is addressed.

Start

!

Project framing: understanding
project objectives and constraints

!

Identify and engage relevant stakeholders

!

Agree format and scope for sustainable
remediation assessment:

- Confirm/amend objectives with
stakeholders
- Project assessment boundaries (life-cycle,
timescale, spatial scales);
- Sustainable remediation indicators and/or metrics
- Remediation options
- Sustainable remediation assessment technique

{

Undertake sustainable remediation asseSsment
(qualitative/semi-quantitative/quantitative)
and interpret results

Select preferred remediation strategy

!

Implement: design, pro€ure, construct;
operate, monitor, maintain, validate,
decommission

Closure

Figure 1 — Stages of'sustainable remediation strategy assessment, selection pnd
implementation

8.4 | Key principles’in decision making

8.4.1 Principles

Key principles should be met during decision making and implementation in order to be able to claim at
the gnd-of the process that the remediation is as sustainable as it can be, given the project boundaries
and . . . . .

— the legal requirements for the remediation, and how they apply, have been identified;

— no unacceptable risks, as defined in the relevant law, to human health or the wider environment
remain after completion of the remediation activity;

— no unacceptable risks to worker (or nearby community) safety created by the remediation activity;
— transparent decision making processes based on evidence and sound science have been followed;

— good governance and stakeholder involvement have been adopted.
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It is essential that the remediation achieves the defined requirements and, in particular, the application
of any candidate strategy option is able to achieve relevant protection of human health and the
environment.

Remediation strategies are unable to provide an adequate level of protection and should be screened
out early in the decision making process.

8.4.2 Stakeholder engagement

The engagement of stakeholders is an important part of a valid sustainable remediation assessment.
Stakeholders directly or indirectly affect, or are affected by, the site specific remediation activities.

They are an
(e.g. the site
(e.g. neighb
governance
facilitators

In some ins
costs of read

Stakeholder
and the br
engagement
with decisid

more complex or controversial projects, much wider stakeholder engagement and dialogue m3

appropriate

8.4.3 Seld

The selection of indicators includes individual envireniental, economic and social concerns impo

for a projed
and acceptd
Internationa
toward sus
assessment,

— adopt iy

discard

add ind

8.4.4 Ass

Each point
stakeholder

Important source of information, and some may be directly involved in decision g
owner and regulator). Others may not have a direct involvement but may still be influe
purs and the local community). Inclusive decision-making processes form part of
and reduce the possibility that decisions be revisited in the future. Stakeholdex.efigage
an help to provide access to the wider community.

tances, stakeholder engagement processes can slow down decision making; increas
hing decisions; and result in a need for technical training of non-specialists.

engagement should generally be proportional to the size of the project under consider
badth of community (or societal) interest. For small and,simple projects stakeh
may be limited to site owner, their professional représentatives and local autho
n-making powers (e.g. planning authority, environmental protection agency). For 14

ction of relevant indicators

t. Involving stakeholders in the selection of indicators may increase their commit
nce of the resulting assessment gutput. The Bellagio Principles initially proposed b
1l Institute for Sustainable Devélopment[10] deal with four aspects of assessing pro
Fainable development and can.be helpful in selecting relevant indicators. During
stakeholders may:

dicators;
indicators;

cators, and place these in groupings of similar or related considerations.

pssment of agreed indicators

in‘the site remediation decision making process should include a review for the

king
ntial
good
ment

b the

htion
blder
rities
rger,
y be

rtant
ment
y the
bress
v the

site

5 and to ensure mandatory requirements are being met. Assuming that these requirenpents

will be met or are likely to be met, the overall environmental, social and economic impacts associated
with the available options can then be assessed. This assessment can be based on qualitative or
quantitative methods. In this assessment process, the gains and losses are weighted. The factors of
sustainability are usually translated into measurable and comparable indicators (see Figure 2) (see
References [7],[11] and [12]).

8.4.5 Selection and implementation

Once a sustainable remediation strategy has been identified, it may be implemented. Further
sustainability gains may be achieved during the implementation phase by the use of best or sustainable
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management practices (see References [9] and [13]). In addition, the use of remediation optimization
techniques may be effective in improving system efficiency in a manner that:

reduces the environmental footprint of the treatment system and operation;
reduces the social impacts of the treatment system and operation;

reduces the life-cycle cost of the remediation.

Sustainability gains can be made at all stages of implementation, which typically includes: design,

procurement,

construction; operation, monitoring, maintenance, remediation

decommissioning and closure.

9

9.1

Land
prac
quan

The

action. Polluters, other responsible parties and/or developers have sought the lowest cost

that

Pure]
main
mon

An i

ther
techmnologies involve high short-term expenditure, while others incur lower annual expend
longg

In ad|
ofre

9.2
Whi

auth
indig

In pu

verification,

Economic dimension

General

contamination is an economic externality arising from historic industrial and waste 1
ices. Recently, a less monetised view of economics[14] has emerged that sees, but
tify, the value to society of ecosystem services.

¢conomic aspects of remediation have traditionally been thefocus of both voluntary 4

Fits with their project objectives and framing.

ly in terms of cost, remediation involves capital expenditure, mobilization and
tenance and operation, and finally decommissioning. The costs of verification 3
toring are incurred in parallel or after the main remediation effort.

mportant aspect is comparing remediation’ strategies’ economic performance over th
emediation, and how costs are distributed over time by using Net Present Value calculj

r period of time.

dition, the way project risk is monetised will influence the apparent relative economic
mediation strategies.

Economic indicaters

le there is no{universally agreed inventory of economic indicators, the positions
prities and other authors reveals considerable overlap, and are summarized as broad ¢

ators in Fahle 2.

rely ¢ost terms, remediation projects are built up from:

nanagement
struggles to

nd enforced
remediation

setting up,
nd ongoing

e lifetime of
itions. Some
iture over a

erformance

of various
ategories of

préparation, design and permitting;

capital expenditure;

mobilization and construction;
operation (including verification);
waste management;

importing materials;

care and maintenance;

dismantling and decommissioning;
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— asset disposal (to recoup costs by selling surplus or redundant equipment).

Other economic factors include, but are not limited to:

job creation (including issues of local residents, level of skill);
land use restrictions;
uplift in land values (on or nearby the remediation site);

cost of borrowing;

costs of|
cost of {]
cost of {]
(demon

risk of

impact

10 Social

10.1 Gene

The remedi
urban sites,

dCfCl I ills IcTusc Uf ldlld,

emporary business/industrial interruption;

emporary relocation;

Ktration) value of successfully executing the remediation;

amaging existing buildings and infrastructure;

avoidarfce of fines or punitive action;

bn reputation and brand value.

dimension

ral

htion of contaminated sites, from small-scale neighbourhood sites to large urban or
very often has an important social impaet with significant implications for individual

for commu

|:|ities.
Remediatiop of land contamination is an“important public and environmental health prote

process wit
to urban re
References

near transp
societal ch

h associated social well-being ‘implications. The contributions of large-site remedi
hewal, particularly in socioreconomically disadvantaged areas, are well documented
15] and [16]). Regeneration of the many urban, abandoned former industrial sites lo
prt corridors and waterways, particularly large ones, is an important tool for addre
hllenges, such as.Tlimate change mitigation through residential and infrastru

developmenit. Some jurisdjetions have national financial incentive programs to support identificg

investigatio
context of 1
(RBLM) to @

h and remediation to stimulate “brownfields development”[1Z]. With respect to the {
hrge-site rémediation, this approach effectively moves remediation from problem-so
pportunity development (neighbourhood improvement).

Remediatio

of'small sites, for example former fuel retail sites that have impacted groundwater,

peri-
5 and

ction
htion
(e.g.
rated
5sing
rture
tion,
ocial
lving

may
riod.

immediately afid directly affect adjacent properties and residents over a relatively short time pe

Whereas remediation of larger sites may affect local traffic, commercial activities, and adjacent

residential |

10.2 Socia

iveability, over much longer periods.

l indicators

While there is no universally agreed inventory of social indicators, the positions of various authorities
and other authors reveals considerable overlap, and are summarized as broad categories of indicators

in Table 2.

In purely social terms, the impacts of remediation projects include:

— nuisanc

12

community safety during remediation;

e during remediation (e.g. odour, noise, dust, local traffic congestion);
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ground vibrations (e.g. lorry movements; ground compaction);

oss of amenity (e.g. footpath or road closure during remediation works);

aesthetic impact of remediation works;
community health and mental well-being after remediation;

community social equity, vision and quality of life expectations.

11 Environmental dimension

11.1| General

Ther
envil
(such
man

[
\
q

1

e is no universal definition of the aspects or considerations that should béxinclude
onmental dimension of sustainable development, let alone remediation;-Léading o}
as the WBCSDI18]) and recognized global standards (such as the ISO standards for en
hgement[19]) include the following aspects:

bnergy and climate change;
vater resources;
bcosystem services and land use;

aw material/resource use and pollution prevention.

d under the
'ganizations
yironmental

Site remediation activities often have direct environmental impacts including air emisgions, water

conspimption, non-renewable energy utilization, Jandfilling of waste and resource usage.

11.2 Environmental indicators

Several agencies have published lists"of“environmental indicators. None is comprehensiye but there

is cgnsiderable commonality, which-allows robust site-specific indicators to be readily identified.

Tabl¢ 3 highlights the five core €lements or aspects recommended by the US EPA for evpluating the

environmental aspects of remédiation projects.[20] The SuRF-UKIZ].[25] has also proposed fiyfe categories

of environmental indicator that should be considered in a sustainable remediation assessmegnt (Table 2).

Taple 3 — Core elements for evaluating the environmental aspects of remediation (based on
Reference [20])
Coreelement Evaluate negatives Evaluate positives

1 Energy. Total energy use: natural gas (BTU;|Renewable energy applied (JWh saved by
M]), electricity (kWh), fuel (gallons|solar, wind, geothermal, bioass energy)
or litres)

2 AT Totatair pottutants, GHGemissions T6HG emission reductions t€H4 to CO7)
(CO2), dust

3 Water Total water use (litres) Water recovery (litres)

4 Land and Total land disturbed (acres, hectares); | Land reuse (acres, hectares); ecosystems
noise and lighting disturbances enhanced

ecosystems

5 Materials and waste Waste generated (tons/tonnes) Reduced waste generation (tons/ tonnes)
Use of resources (chemicals, cables|Materials reused (tons/ tonnes)
and pipes, etc.)
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12 Indicators and metrics

12.1 General

The following roles of “indicators” and “metrics” are recommended. Indicators allow comparisons
between candidate remediation strategies. Metrics measure indicators. For example, if an indicator
involves “use of fossil fuels”, the metric may be “fossil fuel energy used in kilojoules”.

It is helpful to think about indicators and metrics in terms of where they fit in the hierarchy of
sustainable remediation project planning (Figure 2). The metrics for individual indicators should
be collectively assessed to allow comparisons to be made about the overall relative sustainabil

different reediation strategies.

N " 1

Elimination and/or control of unacceptable risks in a safe.
and timely manner whilst optimising the environmental; ‘
social and economic value of the work

| Vision

N
S

. Consider sustainability goal(s)
| for edch dimension of sustainable

i remediation

: Identify objective(s)

| for edch dimension of sustainable
remediation

Identify indicator(s)
for each objective

Identify
metric(s)
for eachrindicator

o0 0

.

e —--—--—--—--—|—-—--j

s s s A
e.g. enhance the e.g. consider e.g.reduce project | |
environmental community impacts costs and increase ‘
attributes and benefits economic benefitof | |
of remediation of remediation remediation i
g . . J J

( ( ( e.g. maximize future )
s value of land by new | |
L. e.g. minimize truck |
e.g. minimize traffic in redeve_lqpment. ‘
Cccp neighbourhoods opportunities (whfch |

can also be value in

L L \_ ecosystem services) )
s e s ™ W
e.g. atmospheric e.g. time trucks are . dval |
emissions of CCP moving through €.g. Incr fela\sed value ‘
generating gases neighbourhoods otfan |
. . . J J
s e s ™ W
e.g. carbon e.g. incremental |
dioxide additional hours e.g. value ‘

equivalents of truck trafficin per m’
(tons/tonnes) neighbourhoods

Figure 2-— Vision, goals, objectives, metrics, and indicators hierarchy for sustainable
remediation - improving remediation through thinking “sustainability”

ty of

There may be multiple objectives associated with each goal. And like the project goals, the objectives

may vary from project to project.

From the objectives, a single indicator is typically identified to represent the objective, and likewise, a
single metric is identified to represent the indicator.

While many practitioners work to develop metrics for their project planning, it is important that they
are aligned with a project’s vision, goals and objectives. Because each remediation project has unique
challenges, attributes, opportunities and stakeholders, it is not possible for the global remediation
industry to agree on a list of indicators and metrics that are comprehensive and applicable to all

14

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=2a6e5a6ab1c1ee4352914d1f524633d2

ISO 18504:2017(E)

projects, however broad holistic categories (Table 2) are widely used to frame sustainable remediation
assessment.

Appropriate indicators and metrics may vary between different project phases. For example, the
indicators and metrics used for remediation selection may be different to those utilized for remediation
action operations. The former may involve evaluating indicators and metrics for the purpose of selecting
the strategy that has the most number of sustainable remediation attributes, as defined by project
stakeholders. As the project moves to the remediation implementation phase of the project, operations
and maintenance metrics may be the focus of metric and indicator tracking. This is an example of how
the project vision, goals and objectives will change throughout the lifecycle of the remediation project,
and thus influence the indicators and metrics used in different phases of the project.

The |
uniq
impr

‘emediation industry has developed numerous sets of indicators and metrics (see;12.4
ile nature of each individual remediation project, the metrics that are selected for ey
oving, a remediation strategy will vary depending on the perspectives of the key/stakg

1). Given the
raluating, or
holders.

“overreach”
pct. There is
s should be
7 become in
them, based
held by the

In the course of indicator and metric identification, it is possible that practitioners may
in identifying the number of indicators and metrics that are evaluated for'a specific projq
no ideal number of indicators and metrics that “should” be considered. But practitione
cognjizant that the greater the number of indicators and metrics, theléss important the
sustdinable decision making. Some indicators and metrics may hayé.umore weight put on
on stakeholder preferences, and this is a reflection of the decision making priorities
stak¢holders.

In sgme cases, the sustainable remediation assessment, based on site-specific indicators
may |constitute the full decision-making process for a project. In other cases, it may only
component of the decision-making process. Practitiomers should be cognizant of the relati
sustdinable remediation indicators and metrics in\the overall decision making context. |n the latter
case| the sustainable remediation indicators and' metrics will have even less influence¢ on project
decidion making, so a smaller and more focused list of indicators and metrics should be considered, as
compared to decision making that only considers sustainable remediation indicators and :jletrics.

ind metrics,
represent a
ve weight of

12.2 Setting objectives for remediation

Setti

a suj
the 1
remg

risk-

© ISO

hg objectives for remediatiefiris one of the types of objectives set that shall be rec
tainable remediation assessment (see 8.4). Traditional remediation has often been
rincipal (and sole) objective being the remediation of a site to a certain end-point. A
diation approach would be more holistic and would consider the ultimate objective
management goals\in a sustainable manner (see Figure 3).

nsidered in
linear with
sustainable
as attaining
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3. Remediation strategy design 4. Operation and
and implementation maintenance

5. Monitoring
and -~
verification

2. Remediation strategy

s¢lection 6. CloSure

1. Investigation and riskassessment
Figure 3 — Framework for sustainable remediation[4]

Traditionally, remediation practitioners have monitored contaniination reduction, remediation syjstem
performance and financial expenditure. This has allowed_§ystem optimization, such as rediyicing
maintenancp requirements, ensuring adequate contaminant.capture and demonstrating performance
through groundwater monitoring.

As shown ip Figure 3, sustainable remediation epntails the integration of thinking “sustainabijlity”
throughout [the remediation process. As such, remediation practitioners may consider other rel¢vant
indicators t¢ monitor the environmental, social@nd economic performance. The indicators and metrics
identified apd used in remediation plannifhg stage could also be used in ongoing operations] The
following arje examples of some data that may be obtained:

— construction project: hours of operation of machinery;
— water and energy consumption;

— number]of site visits, distance travelled;

— quantit]es of waste.génerated/managed;

— materials re-used;

— contamjnant quantities recovered,;

— treatment system operational data: hours operation, events, flowrates, etc.;
— worker safety (e.g. lost time incidents);

— complaints received;

— locals employed.

By expanding the traditional monitoring to include sustainable remediation metrics, you may obtain
better control of overall project performance. If data shows key indicators outside the predicted range,
action may be taken. The compiled data may then be used to engage stakeholders, improve management,
improve future planning decisions and for incorporation in corporate sustainability reporting.
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12.3 Quantification and qualification

Quantitative assessments may be used when all the site-specific indicators can be quantified. The
fact that an indicator cannot be measured does not reduce the importance of its consideration. If a
relevant indicator cannot be quantified, then the overall assessment — based on hybrid qualitative and
quantitative indicator metrics — will be qualitative.

The benefits of quantitative assessment are that the numbers are easy to understand, compare and
communicate. This may result in less disagreement on the results of the assessment. Quantitative
assessments are also more time intensive and expensive to complete.

sustainable
provide any
is potential
g decisions.
o ensure all

Qual
remsd
adde
poor
This
pers

tative metricsare bepebicial onsmalleror simpler projectswhere a-screening level
diation assessment is sufficient and where a quantitative evaluation would not
d value to the decision-making process. The limitation of the qualitative approach
resolution of different indicators, possible subjectivity of results, and hence of ensuir
subjectivity may be reduced by the early interaction and input from stakeholders t
bectives are considered.

Whe
unde
mak
assed

ther a quantitative, semiquantitative or qualitative approach is used;the assessors should clearly
rstand the limitations of the evaluation and take full account of them in any subsequlent decision
ng. As mentioned previously, early input from all stakeholders«will lessen the limitgtions of the
sment.

12.4 Options for indicator and metric selection

Several organizations, particularly SuRF and SuRF-UK, have developed sets of indicators angl metrics for

sustd

(e.g.
do n

linable remediation assessment. Other recognized indicators include those from tra
Reference [22]). However, these indicators typically focus on environmental factors a
pt address social or economic factors beyend human health. Other recognized ind

include those developed by the US EPA and US Department of Defense. These indicators se

are
USD

Projd
of su

With|
to ey
and

mall and very focused on addressing objectives set forth by Presidential Executive O
epartment of Defense Policy.

ct specific vision, goals and objectives related to individual projects should influence {
stainable remediation indicatoers, and their metrics.

all the resources available for indicators, however, a “universe of indicators” may be
ist and is representéd by all the available indicators sets. However, before selectin
etrics, it is recommended that project teams follow the hierarchy identified in Figure

itional LCA
nd typically
icators sets
ts, however,
rders of the

he selection

considered
lo indicators
t 2. This will

ensufe that the best-indicators and metrics selected will represent the stakeholder preferences for

sustainable remediation.

13 The role of sustainable remediation assessment tools

13.1.Sustainable remediation assessment

Specific sustainable remediation assessment tools have been developed by some companies and
corporations (e.g. individual consultants or site owners) or governments (e.g. Reference [23]).
Generally, such tools are quantitative and limited in both the range of indicators involved and the range
of remediation technologies considered. In many cases, a formal tool may not exist that allows all the
indicators and metrics selected to be assessed. As such, these tools have a role to play within specific
contractual or policy contexts but are less useful in most cases.

The available off-the-shelf tools are typically:
— to meet specific objectives;

— developed pre-populated with specific indicators and metrics;
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n geographic and process specific information.

e aspects is described in 13.2, 13.3 and 13.4.

Other more generic commercial tools [e.g. (LCA life cycle assessment software)] have also been used
within sustainable remediation assessments. These are more complex to use and require the details of

the individu

al alternative remediation strategies to be included.

13.2 Intended objectives addressed by tools

Each sustainable remediation assessment tools has been designed to meet that specific objectives

considered i
easily trans

objectives a

13.3 Pre-d

Another co

ated to projects with different objectives.

, the SiteWise™1 tool was developed by Battelle, the US Navy, and the US Army Co

response to US Presidential Executive Order requirements and US Department of De

ent of Defense sites but may be inadequate for the specific sustainability goals and pr
[ other sites (e.g. corporate site owners in the USA, site owners outsidethe USA).

etermined indicators and metrics

hsideration in using sustainable remediation assessment/tools is whether the pr
d metrics provided by the tool are defining the project indicators and metrics, or

indicators a
tool is simpE:y being used to develop quantitative or qualitative nput for several indicators alj

developed b,

For exampld
to identify {
on using re
consideratig
is certainly
approaches

Sometimes |
by using thi

the project team.

, when using LCA tools, practitioners may choese from a large number of impact categ|
he categories to be used in decision making~However, if the practitioner is solely fod
sults from an LCA for decision making,.it'will be heavily skewed toward environm
ns and have virtually no indicators_and metrics for the social and economic aspects
useful in identifying the potential environmental impacts of a project but other toolj
will be needed to evaluate the sgcial and economic aspects.

t may be easier to adopt the.indicators and metrics offered within a specific tool. How
5 approach, the practitionerneeds to accept they are also accepting the goals and objed

of the organjization that developed the tool, rather than unique project-specific goals and objective

13.4 Geog

Specific too
inventory” i
efficiency fdq
tool for a prj
example of

raphic and process specific information

s are typically pre-populated with information such as “footprint factors” or “life
nformatieny This information is typically based on a specific assumption. For example
r persenal automobiles would be specific to the type of automobile used. So using
pject ir Europe may overestimate fuel usage and combustion emissions. Energy is an
ndecation-specific consideration because energy impacts vary geographically due t
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From a process-specific consideration, it is important to understand the basis of the information being
utilized to determine its applicability to a specific project. Simply using “vegetable oil” footprint factors
may result in misinterpretation of the project footprint if the tool uses data for rapeseed oil and the
remediation will involve soybean oil. Recent studies by US EPA have reported on the variability in
results from different tools based on the different inherent assumptions used within each tool.

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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