“‘Greening” Remediation -
the Life-Cycle Approach
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Presentation Notes
The first 5 slides are the 5-minute introduction before we go around the room and have everyone introduce themselves.


Vision

Not to have “green” cleanups

Jjo protect human health and the
environment!

NS
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Vision- the notion of a greener cleanups is seen as a "nice to do," not a "need to do“.  How do we change that?

Metrics, without measures it will be easily countered by the incumbent interests who hope to continue the existing model, and who will warn that there is no compelling need to do things differently.

Luckly sustainability principals are pushing the tide. The problem is what does it look like if we get things right.  Ie, when is -what you are doing “sustainable” or ‘green’?


Purpose

Considering sustainable principles or even
“green/’; how can we tell i we are doeing
things better (or Iff we: are actually deing
mere harm than geed)?

[Describe: the value: off lifie-cy/cle perspective
and Lifer Cycle Assessment (ECA) as a teo)
fer evallangr andiimpreving Remediation
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Provide overview of environmental life-cycle thinking as it apples to remediation

Provide overview of LCA methodology

Discuss Case Histories of LCA, particularly LCA applied to environmental remediation projects

Describe a framework for incorporating LCA into metrics discussions 




Why a Life Cycle Approach?

Comprehensive -includes a breadth of environmental
burdens; cradle to grave

Accounis for temporal, spatial, and media shifts;
Includes “externalities” = ecosystem SerVvices

Breader iniermation fok decision; making

Infierm consumers, Industny, andigovermment onithe
envirenmentalf tradeoffs off products;, actiVities or
alternatives



Life Cycle Thinking

As applied te remediation, life-cycle thinking
Includes Impacts outside the “fence line™:

¢ the origin ofi materials and energy.
rESeUrCEes consumed

¢ the destination| off the wastes) produced
& as wellfas the extermalities
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Including impacts outside the “fence line” by looking at the origin of materials and energy resources consumed and the destination of the wastes produced as well as the externalities from emissions.


ATMOSPHERIC STRESSORS

REMEDIATION ACTIVITIES

RAW MATERIALS PRODUCT
PRODUCTION

LAND DISTURBANCES

AQUEOUS STRESSORS
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RH box is the traditional boundary, see air water and land impacts.  But what about upstream?  Raw materials are consumed and transported and formed into products used on site.  These also have emissions and impacts.  Expanding the boundary to include the entire life cycle is more comprehensive.  Reason- to avoid transfer impacts in time, location or media.  


Screening Framework

Table 2-4  Potential Impacts Checklist

Stressors

Potential Impacts

Priority/Level of Concern

e acid emissions (e g., SO, HCL, NO,,

particulates)

e greenhouse gases (e.g., CO;, CECs,
methane, methyl chloride)

o ozone precursors (e g , CFCs, CO.
moethyl furan, methyl chloride)

e photochemical fog precursors and air
polluters (e.g., VOCs, semi-volatile
compound, PAHs, NO,, SO,
particulates)
nutrients (C, N, F)

o chemical changes to water quality (e.g,
TSS)

o chemical changes to soil quality (&g,
nutrient levels, organic content, pH)

» toxic compounds in ground and surface
water

s toxic compounds in soil

o toxic compounds and particulates in air

s ETEATIE &l FAYeTOe

U

Pollution

- acid rain
— global warming
— ozone depletion

—» air pollution

eutrophication
sSIress on aquatic species

U

— soil quality disturbances

groundwater impacts (ecotoxicity)

human health impairment (toxic

effects)

soil impacts (ecotoxicity)

human health impairment (toxic

effects)

—» airborne transport to other media
(ecotoxicity)

~ human health impairment (toxic

effects)

)

Disturbance
o heat discharge — heat damage/dispersion of heat
o land fragmentation —» habitat alteration
s non-remediation of land — land stagnation
e construction, excavation — habitat destruction/ alteration
o compaction, paving, or application of | —+ effects on soil moisture, aquifer

racharede ecOoSUsIEM TEOETIETAEON

Low | Medium | High

¢ Each stressor
paired with a
corresponding
Impact

‘Screening level®
evaluation can be
perfermed to
determine need for
additional analysis
or to alert a
CORNCER

¥ ljetal ef Impacts can
nelprwith selection
O IMpoVemeEnt
ACUERS



Metrics for Remediation

Energy consumption and climate change are of
growing Interest, we should leverage this effort.

Should we consider other factors?
Air particulate emissions
—  Nattralf resource consumption
— Acidification/: Eutrophication
— Phetochemical Smog ermation

— Human health effects

HOWAEORWES AP E il En7



LCA

LCA offers a method for perferming am
Integrated Interpretation of ImMpacts

¢ for remedy selection
¢ L0 Identifiy, What te Impreve

¢ 10 provide benchmanking and targets
e Imprevemenit, and measuremeni

9 L0 Integrate henelits off cleanups and
re-use



Life-Cycle Assessment - Overview

¢ A standardized tool for evaluating the
overall impacts ofi a product: or activity
threughoeut Its lifecycle

¢ lTheoretically, can account ior allfinpuits
andl eULPULS for a complete system
(Including backgreUundl prECESSES and
SENVICES)

9 Results; are: related te) a stite o InpPact:

characterlstics (Inclvding the  Commens)
10



History of LCA

¢ 1960's;: Growing CONCENMS GVEer Stecks of raw
maternals and energy reseurces.

& 1970's; Quantify resource use and
envirenmental releases of products and
alternatives; e land dispesal

¢ 1950's;

— Soeclety ol Envirenmental Texicelogy, and Chemisiny/
(SETAC) UGS CORSERSUS GRIMENIGEBIO0Y,

— |S@rdeveleps) ECA standands (1404045
ERvireRmeniziiVianagemeni= e Cycie
ASSessiment)

— Development e RACI—USERASHICATGO)
all



Elements of LCA

Define the Preduct Life Cycle

2 "r'r a"f‘"—r‘ (ol N\~ 3 el
v Characienze Jmpsl_c,b

7 IRLEPrETESUILS

NS



Define the Life Cycle

Remediation Project Life Cycle Stages

¢ Raw materals production

¢ Intermediatle product manuractiure
¢ Energy/ivels production

¥ Site PeCESSES

9 \WaStenmanagement

9 ransperiaiien and Eneray Use
IRCItEEd i eachrsicige

13



Defining the Product Life Cycle

Other
life cycles

Material Material
extraction processing

T

l

Product use,

Product maintenance,
manufacturing upgrade

disposal

 Materials |

Wastes
Byproducts

Assessment Ouestions:

Why? What? Who? Where? How? \When?
With what environmental implications?
At what cost?

What epportunities exist for partnerships,
elimination of toxics, material recovery, .....7
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Three phases- manuf, use and disposal

May be many processes within- need inputs and outputs data for each

compile together into inventory


Table 4-36

Summary of life-cycle inventory data by life-cycle stage

Stresvor Category

Siresser

Raw Marerials
Acguisition

LIFE-CYCLE STAGES

Sire
Processing

Wasre
Afanagernent

Transportatioc
' n

Polution
Acid Emissions /

Fhotochemical
Smog Precursors

Greenhouse Gases

Contaminants #
FParticulates to Air

Contaminants in
Sorface amd
Groundwater

Disturbance
Non-Remediated Land

Application of
impervious surface

Aguifer guality stressors
Depletion

Fossil Fuel Uses /
Energy Consumpton

Solid Waste

Water Use
Mineral f Soil Lise

[ I ]

L33

-
=
-
-
=
-
=
-
=
-
-
L1
]
o
=

0008 ODD 0D D

6 oo0a00

MO (kg

SOz (kg)
partdculates (kg)
VOC kgy

O (kg
C2H, (ked
<O (kg)

NO. (kg)*

coarse dust Jkg)
lead (kg)
fluorine= (kg)
silver (kg)
aluminam (kg)
arsendc {kg)
cadminm (kg
chromivm Gog)
copper (Ke)
iron (kg)

lead (kg)
phosphorus (kg
zinc (kKg)

BOD (kg)

TSS (kz)

contarninared land (m®)

capped land (1)
aroundwater (k)

dies=1 (G
oil (GI)

natural gas (GF)y

coal (GI)

nucliear (G}

bhydro (GIT
precombustion (GT)
other fuel (GF)

coal (raw marterial) (ko)
crade 0il (raw material)

non-harardous soil (kg
hazardous soil (kg)
hazardows sludge (kg)
hazardous water (kg)
mineral waste (kg)

ash (kg)

inesr chemicals F
indastral waste (kg)
drillings / cuttings (kg)

warer (kKg¥

agaregate (kg)
clean soil (&g)
lirmestons {kg}

3120
S04

285
515
334 000
270

T 260

3 120

2 950
i
276
597

265 000
240

T 040
2950

T 400
3 57

20 700 -

5 545 -
1551
3902

1 884 GO0
1 284"

50 400
20 700

* Listed again for illustrative purposes




inventory data to impact categories

First, qualitatively aszociate. or ik, inventory items with subsequent impacts.

Decreased
Wisdbility I
Photochamical
Zmiog

From Besearch Tnangle Institute, 1999, Lig Ciole Impact Assessiment:
A Conceptual Framewaork, Kev lesues, and a Summary of Existing Methods.
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Nox has impact categories -> actual impacts

Want to only relate to impact categories because lca is not a site specific tool like EIR

Need numerical factors to relate different chemicals to categories


| Characterization: modeling of the
inventory data within impact categories

® Use of Impact Potentials

— global warming potential (kg CO, eqv.)

— photochemical smog potentials (kg C,H -
eqv.)

— acidification potentials (kg SO,- eqv.)
— eutrophication potentials (kg NO,- eqv.)
— toxicity potentials (22?)
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Then add each up to get total potential on equivalent basis


Interpret Results

> Perfierm comparative review! of Inmpacts
andl determine course: off action.

pyValllemumeantieal i oVEFECOROMIC galnz
U ESSHOIEIERN BENEIS OVEINONUEIEIIMIENETIISZ
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Want to get audience to move to holistic thinking and develop value based system thinking

Begins to put a “value” on nature or on pollution and on renewable/nonrenewable externalities

How could this affect decision making?  Procurement- beyond basic economic cost

Can you now internalize the externalities? 






LCA CASE STUDIES
Remediation




“Selection of a Remediation scenario for a
Diesel Contaminated Site using LCA”

¢ A well-documented paper addressing specific
contaminants and remedies

¢ Compared 4 In-situ and ex-situ Sscenarios to
remove LINARPL and te treat soll and groundwater

— 10,000 ppm dieselin; soil

— 0.1 toed-m thick layer off LNAPL en
groundwater

— Residual contamination in soil and
greundwater

9 Remediation Geals Reduce: dieself te) vOoppmin
SEIlFancr O ma/ANRNWETLERS

20



Technologies Considered

LNAPL Removal
—  Pumping
—  Bieslurping

Soll Treatment
—  Naturalf Attenuation
—  Bioventing
EXcavation; ana On-Site BiopIlles

Grounawater hreatment
—  PUmpr & e
— B]Jsoau" g
—  Che ffJfrlJ O
= Nattral FAten

ﬁ 2,
(= Q
(ap 1D
— .
@ &
= D

N




Analysis and Interpretation

¢ Classification and characterization of Impacts
performed using USEPA’s TRACI method.

9 [hen, Impacts wWere ‘nermalized” te rell primary,
(Shert-term) and secondany, (Ieng-term) InpPacts
INter ene valte that couldioe compared:.

» Noermalizatien™ perecrmed using lnpact 20005
methead::

22



Results

: o Remed Normalized
Scenario Remedy Description oY e '
Duration Impacts
+ OIl Remoeval (pumping)
1 +» Naturall Attenuation 302 yrs
¢ Pump and Treat
¢ Biesparging (el removal)
2 s Bieventing 38 yrs
» Biesparging
¢ Bieslurmping (eIl remoeval)
3 s Bieventing 135 yrs
s Chemicall@xidation
¢ Bieslurmping (el rEmoeval)
4 9 ExcaVauen 8 yrs

¢ Biopiles

24




Results

Normalized

Scenario Remedy Description Reme_dy Flrlniry el
Duration Secondary
“Impacts™
¢ Oil Removal (pumping)
1 » Natural Attenuation 302 yrs 116
» PUump and Treat
¢ Biesparging (el
remoyval)
2 s Bieventing SERE 2
s Biesparging
¢ Bieslurmping (eIl remoeval)
3 s Bieventing (B RVIES 20
y Chemicall@xidation
s Biesiuping (el remoeval)
Z ¥ ExcaVvauen VIS 2¢

s Bieplles

25




Cadotte: Findings Relative to
“Greening” Remediation

¢ [[he greatest Impacts resulted from— resource
acguisition, transportation, processing

¢ Some impacts not well guantified — land :
Uuse/stagnation), residual waste, hanitat alteration

¢ LLow-Impact remedies require time, fiast remedies
mave: Righrimpacts; But fer a shoert time:

¢ LCA results help te inferm remedy: selection

28



Canadian Framework

¢ LC thinking screening matrix developed
specifically for remediation

-

y EXPIored ulifECA on 6 SPECIIIC OpPLIONS

ERVvirenmentaisioxicology and - Chemistn/ VaAis, 4 ppvcc-c00rand S01-610

27



Conclusion

Goal- to protect human health and the

environment
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“‘Greening” Remediation -
the Life-Cycle Approach

S0P SeUgten
gjoje)tfe|piie)Elefisie ezl o[e)V/
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The first 5 slides are the 5-minute introduction before we go around the room and have everyone introduce themselves.
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