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The first 5 slides are the 5-minute introduction before we go around the room and have everyone introduce themselves.



VisionVision

Not to have Not to have ““greengreen”” cleanups cleanups 
To protect human health and the To protect human health and the 

environment!environment!

GoalGoal-- Reduce the overall impact of cleanupsReduce the overall impact of cleanups

To do this, we need to be comprehensiveTo do this, we need to be comprehensive

--> Life> Life--cycle perspective <cycle perspective <--
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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’?



PurposePurpose

Considering sustainable principles or even Considering sustainable principles or even 
““greengreen””; how can we tell if we are doing ; how can we tell if we are doing 
things better (or if we are actually doing things better (or if we are actually doing 
more harm than good)?  more harm than good)?  

Describe the value of lifeDescribe the value of life--cycle perspective cycle perspective 
and Life Cycle Assessment (LCA) as a tool and Life Cycle Assessment (LCA) as a tool 
for evaluating and improving Remediationfor evaluating and improving 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?Why a Life Cycle Approach?



 

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



 

Accounts for temporal, spatial, and media shifts; Accounts for temporal, spatial, and media shifts; 
iincludes ncludes ““externalitiesexternalities”” = ecosystem services= ecosystem services



 

Broader information for decision making Broader information for decision making 



 

Inform consumers, industry, and government on the Inform consumers, industry, and government on the 
environmental tradeoffs of products, activities or environmental tradeoffs of products, activities or 
alternativesalternatives
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Life Cycle ThinkingLife Cycle Thinking

As applied to remediation, lifeAs applied to remediation, life--cycle thinking cycle thinking 
includes impacts outside the includes impacts outside the ““fence linefence line””::



 

the origin of materials and energy the origin of materials and energy 
resources consumed resources consumed 



 

the destination of the wastes produced the destination of the wastes produced 


 

as well as the externalitiesas well as the externalities
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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.
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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 Screening Framework 



 

Each stressor Each stressor 
paired with a paired with a 
corresponding corresponding 
impactimpact



 

‘‘Screening levelScreening level’’ 
evaluation can be evaluation can be 
performed to performed to 
determine need for determine need for 
additional analysis additional analysis 
or to alert a or to alert a 
concernconcern



 

Total of impacts can Total of impacts can 
help with selection help with selection 
or improvement or improvement 
actionsactions
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Metrics for RemediationMetrics for Remediation

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

Should we consider other factors?  Should we consider other factors?  
–– Air particulate emissionsAir particulate emissions
–– Natural resource consumptionNatural resource consumption
–– Acidification/ EutrophicationAcidification/ Eutrophication
–– Photochemical smog formationPhotochemical smog formation
–– Human health effectsHuman health effects

How do we manage them? How do we manage them? 
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LCALCA

LCA offers a method for performing an LCA offers a method for performing an 
integrated interpretation of impactsintegrated interpretation of impacts



 

for remedy selection for remedy selection 


 

to identify what to improveto identify what to improve


 

to provide benchmarking and targets to provide benchmarking and targets 
for improvement, and measurement  for improvement, and measurement  



 

to integrate benefits of cleanups and to integrate benefits of cleanups and 
rere--useuse
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LifeLife--Cycle Assessment Cycle Assessment -- OverviewOverview



 

A standardized tool for evaluating the A standardized tool for evaluating the 
overall impacts of a product overall impacts of a product or activity or activity 
throughout its lifecyclethroughout its lifecycle



 

Theoretically, can account for all inputs Theoretically, can account for all inputs 
and outputs for a complete system and outputs for a complete system 
(including background processes and (including background processes and 
services)services)



 

Results are related to a suite of impact Results are related to a suite of impact 
characteristics (including the commons)characteristics (including the commons)
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History of LCA History of LCA 


 

19601960’’s:  Growing concerns over stocks of raw s:  Growing concerns over stocks of raw 
materials and energy resources.  materials and energy resources.  



 

19701970’’s:  Quantify resource use and s:  Quantify resource use and 
environmental releases of products and environmental releases of products and 
alternatives to land disposalalternatives to land disposal



 

19901990’’s:s:
–– Society of Environmental Toxicology and Chemistry Society of Environmental Toxicology and Chemistry 

(SETAC) builds consensus on methodology(SETAC) builds consensus on methodology
–– ISO develops LCA standards (14040ISO develops LCA standards (14040--43 43 

Environmental Management Environmental Management -- Life Cycle Life Cycle 
Assessment)Assessment)

–– Development of TRACI Development of TRACI –– USEPAUSEPA’’ss LCA toolLCA tool
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Elements of LCAElements of LCA

i.i. Define the Product Life CycleDefine the Product Life Cycle
ii.ii. Gather Input and Output DataGather Input and Output Data
iii.iii. Create Inventory of DataCreate Inventory of Data
iv.iv. Characterize Impacts Characterize Impacts 
v.v. Interpret results Interpret results 
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Define the Life CycleDefine the Life Cycle

Remediation Project Life Cycle StagesRemediation Project Life Cycle Stages



 

Raw materials production  Raw materials production  


 

Intermediate product manufactureIntermediate product manufacture


 

Energy/fuels productionEnergy/fuels production


 

Site processesSite processes


 

Waste managementWaste management


 

Transportation and energy use Transportation and energy use 
included at each stageincluded at each stage
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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
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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
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Then add each up to get total potential on equivalent basis



Interpret ResultsInterpret Results



 

Value human health over economic gain?Value human health over economic gain?


 

Value shortValue short--term benefits over longterm benefits over long--term benefits?term benefits?
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Perform comparative review of impacts Perform comparative review of impacts 
and determine course of action.and determine course of action.



 

Considering tradeConsidering trade--offs, interpretation offs, interpretation 
depends largely on the value system, depends largely on the value system, egeg
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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 STUDIESLCA CASE STUDIES 
RemediationRemediation

Cadotte, et al, J LCA 12(4) 2007
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““Selection of a Remediation scenario for a Selection of a Remediation scenario for a 
Diesel Contaminated Site using LCADiesel Contaminated Site using LCA””



 

A wellA well--documented paper addressing specific documented paper addressing specific 
contaminants and remedies contaminants and remedies 



 

Compared 4 inCompared 4 in--situ and exsitu and ex--situ scenarios to situ scenarios to 
remove LNAPL and to treat soil and groundwaterremove LNAPL and to treat soil and groundwater

–– 10,000 10,000 ppmppm diesel in soildiesel in soil
–– 0.1 to10.1 to1--m thick layer of LNAPL on m thick layer of LNAPL on 

groundwatergroundwater
–– Residual contamination in soil and Residual contamination in soil and 

groundwatergroundwater



 

Remediation Goal: Reduce diesel to 700ppm in Remediation Goal: Reduce diesel to 700ppm in 
soil and 0.1mg/l in waterssoil and 0.1mg/l in waters
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Technologies ConsideredTechnologies Considered

1.1. LNAPL RemovalLNAPL Removal
–– PumpingPumping
–– BioslurpingBioslurping

2.2. Soil TreatmentSoil Treatment
–– Natural AttenuationNatural Attenuation
–– BioventingBioventing
–– Excavation and OnExcavation and On--Site Site BiopilesBiopiles

3.3. Groundwater TreatmentGroundwater Treatment
–– Pump & TreatPump & Treat
–– BiospargingBiosparging
–– Chemical OxidationChemical Oxidation
–– Natural AttenuationNatural Attenuation
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Analysis and InterpretationAnalysis and Interpretation



 

Classification and characterization of impacts Classification and characterization of impacts 
performed using performed using USEPAUSEPA’’ss TRACI method.TRACI method.



 

Then, impacts were Then, impacts were ‘‘normalizednormalized’’ to roll primary to roll primary 
(short(short--term) and secondary (longterm) and secondary (long--term) impacts term) impacts 
into one value that could be compared.into one value that could be compared.



 

““NormalizationNormalization”” performed using Impact 2000+ performed using Impact 2000+ 
methodmethod……
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ResultsResults
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ScenarioScenario Remedy DescriptionRemedy Description Remedy Remedy 
DurationDuration

Normalized Normalized 
““ImpactsImpacts””

11
Oil Removal (pumping)Oil Removal (pumping)
Natural AttenuationNatural Attenuation
Pump and TreatPump and Treat

302 yrs302 yrs

22
BiospargingBiosparging (oil removal)(oil removal)
BioventingBioventing
BiospargingBiosparging

38 yrs38 yrs

33
BioslurpingBioslurping (oil removal)(oil removal)
BioventingBioventing
Chemical OxidationChemical Oxidation

11 yrs11 yrs

44
BioslurpingBioslurping (oil removal)(oil removal)
ExcavationExcavation
BiopilesBiopiles

8 yrs8 yrs



ResultsResults
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ScenarioScenario Remedy DescriptionRemedy Description Remedy Remedy 
DurationDuration

Normalized Normalized 
Primary and Primary and 
Secondary Secondary 
““ImpactsImpacts””

11
Oil Removal (pumping)Oil Removal (pumping)
Natural AttenuationNatural Attenuation
Pump and TreatPump and Treat

302 yrs302 yrs 116116

22

BiospargingBiosparging (oil (oil 
removal)removal)

BioventingBioventing
BiospargingBiosparging

38 yrs38 yrs 88

33
BioslurpingBioslurping (oil removal)(oil removal)
BioventingBioventing
Chemical OxidationChemical Oxidation

11 yrs11 yrs 2020

44
BioslurpingBioslurping (oil removal)(oil removal)
ExcavationExcavation
BiopilesBiopiles

8 yrs8 yrs 2828



CadotteCadotte: Findings Relative to : Findings Relative to 
““GreeningGreening”” RemediationRemediation



 

The greatest impacts resulted fromThe greatest impacts resulted from–– resource resource 
acquisition, transportation, processingacquisition, transportation, processing



 

Some impacts not well quantified Some impacts not well quantified –– land land 
use/stagnation, residual waste, habitat alterationuse/stagnation, residual waste, habitat alteration



 

LowLow--impact remedies require time, fast remedies impact remedies require time, fast remedies 
have high impacts but for a short time. have high impacts but for a short time. 



 

LCA results help to inform remedy selectionLCA results help to inform remedy selection
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Canadian FrameworkCanadian Framework



 

LC thinking screening matrix developed LC thinking screening matrix developed 
specifically for remediationspecifically for remediation



 

Before their timeBefore their time-- 1998 1998 



 

Explored full LCA on 6 specific optionsExplored full LCA on 6 specific options

Environmental Toxicology and Chemistry, v 18, n 4, pp788Environmental Toxicology and Chemistry, v 18, n 4, pp788--800 and 801800 and 801--810810
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ConclusionConclusion

GoalGoal-- to protect human health and the to protect human health and the 
environmentenvironment

It is especially important to understand It is especially important to understand 
and minimize remediation impacts with and minimize remediation impacts with 

the lifethe life--cycle perspective in mind cycle perspective in mind 
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