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Overview

ÅWhat is sustainable remediation?

ÅExample of Sustainable Remediation Technologies

ÅTools to Evaluate Sustainability

ÅAcknowledgements
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Sustainable Remediation
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ÅReduces demand placed on the 

environment (i.e., reduces collateral 

environmental damage)

ÅOpportunities exists throughout the 

investigation, design, construction, 

O & M, and monitoring phases of 

remediation

ÅStrategies for Sustainable Remediation 

includes consideration of:

Á Environmental protection

Á Economic development that is viable 

today and in long run 

Á Minimizing overall burden to society

Environmental

SocialEconomic



Core Elements of Sustainable 

Remediation
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ÅEnergy requirements of the treatment system

ÅAir emissions

ÅWater requirements and impacts on water resources

ÅLand and ecosystem impacts

ÅMaterial consumption and waste generation

ÅLong-term stewardship actions



Example of Sustainable Remediation 

Technologies (In-situ Bioremediation)
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Overview of ISB
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ÅEnhances the ability of native microorganisms to degrade subsurface 

contaminants through biochemical processes

ÅISB is sustainable remediation, eliminates:

ÁManagement of secondary waste streams

Á Additional worker exposure to hazards

Á Air emissions

Á Large aboveground facilities

ÅReduces energy consumption

ÅCan be implemented in source area or as a barrier to prevent migration

ÅCan be aerobic (using oxygen) or anerobic (absence of oxygen)

ÅMay culminate into MNA ïmonitoring of indicators of degradation



ISB Remediation ïFormer Furniture 

Manufacturing Facility, CA 
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TCE Plume Related to a Clarifier
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Groundwater Remediation via EISB

10

ÅOne extraction and one

re-injection well

ÅTwelve donor delivery wells 

surrounding the re-injection well

ÅPerformance monitoring wells

ÅRecirculation system 

instrumentation



Groundwater Remediation via EISB
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ÅEISB donor delivery strategy

Á All groundwater within the recirculation cell is 

treated and recaptured

Á Injection water extracted onsite and amended with 

lactate pre-injection

Á Inline mixing pumps were used to dose electron 

donors and KB-1®

Á Goal was halos of KB-1® centered on each donor 

delivery well and surrounded by reduced water 

and electron donor

ÅTwo years of active circulation followed 

by monitoring

ÅPeriodic electron donor injections



EISB Performance ïTCE in Groundwater
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ÅTCE concentrations below MCLs at source and downgradient locations

ÅTCE concentrations exhibit long-term decreasing trends at cross-gradient and off-site locations, evidence of MNA
Á Low DO and negative ORP
Á Low nitrate concentrations and presence of methane
Á Degradation compounds are present in offsite wells
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Summary
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ÅElimination of treatment media cost and disposal associated with P & T

ÅUses natural bacteria and not manufactured filter or treatment media

ÅLeaves groundwater in the ground as oppose to offsite discharge

ÅReduction in Energy consumption 

ÅMinimization of air emissions



Example of Sustainable Remediation Technologies 
(Phyto Remediation)
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Phytoremediation Overview
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ÅRequirements for Success:

Á The site is properly characterized from a 

phytoremediation perspective

Á Impacted media are accessible to plant roots

Á Expectations are reasonable:

ï Time frame for cleanup

ï Site prep requirements

ï Maintenance requirements (irrigation, 

fertilization and/or weeding)

ÅLow installation cost

ÅRelatively easy to install

ÅAbility to remediate both soil and GW



Phytoremediation Overview
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ÅIncorporate resiliency into phytoremediation systems

Á Avoid exotics; give preference to native species

Á Avoid monoculture; utilize multiple species when possible

Á Incorporate genetic diversity

Á Anticipate and plan/design for climate change:

ï Temperature extremes (not just high temps!)

ï More frequent and/or stronger storm/cyclone events

ï Sea level rise



Phyto Remediation ïFormer Electronics Manufacturing 
Facility, FL 
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Site Overview
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Å CVOC, 1,4-dioxane and arsenic groundwater plume (at depth of 10 to 15ft 
bgs) in fractured bedrock

Å Initial remedy: Long-term pump & treat system with UV/Peroxide
Á >$300K/Year O&M costs

Á >25 Years to meet Remedial Goals

Invasive Native

Former electronics manufacturing facility

Å 154 TreeWellunits installed in 2013

Å Planted four native wetland species �t expediting permitting 
requirements
Á Restoration of distressed wetland (removal of invasives )

Á Cost to implement: about the same as one year O&M for the 
P&T system(!)

Á Excellent Results

Engineered Phytoremediation System Installation


