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Subsurface Cleanup Subsurface Cleanup 
in the Last Millenniumin the Last Millennium

Good intentionsGood intentions

Lots of $$Lots of $$

NaNaïïvetvetéé

Goal: clean groundwater to MCLsGoal: clean groundwater to MCLs

Virgin sitesVirgin sites

Focus on physical remediation methodsFocus on physical remediation methods
ExcavationExcavation

Pump & Treat (forced gradients)Pump & Treat (forced gradients)

Limited successLimited success
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Site Characterization and Site Characterization and 
Monitoring in the Last MillenniumMonitoring in the Last Millennium
Founded on overly simplistic conceptual models Founded on overly simplistic conceptual models 
of subsurface  conditionsof subsurface  conditions



19801980’’s Idea of a contaminant s Idea of a contaminant 
plume in groundwaterplume in groundwater

Source



19801980’’s Groundwater Monitoring s Groundwater Monitoring 
Network Network 

Source
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Site Characterization and Site Characterization and 
Monitoring in the Last MillenniumMonitoring in the Last Millennium
Founded on overly simplistic conceptual models Founded on overly simplistic conceptual models 
of subsurface  conditionsof subsurface  conditions

LowLow--resolution site characterization and resolution site characterization and 
monitoring technologiesmonitoring technologies
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Conventional 
monitoring well 
= miniature 
water supply 
well



Biases associated with monitoring wells
Blended (composited) Blended (composited) 
samplessamples
Results depend on Results depend on 
position and length of position and length of 
screensscreens
Biased towards higherBiased towards higher--K K 
unitsunits
Additional dilution due to Additional dilution due to 
effects of partial effects of partial 
penetrationpenetration
May understimate May understimate 
maximum concentrations maximum concentrations 
by an order of magnitude by an order of magnitude 
or more or more 
Ambient flow reAmbient flow re--
distributes contaminant distributes contaminant 
mass in aquifer when mass in aquifer when 
vertical gradients are vertical gradients are 
presentpresent
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Implications of 
Observed and 
Simulated 
Ambient Flow in 
Monitoring 
Wells.  Elci, 
Molz, and 
Waldrop, 2001.
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Site Characterization and Site Characterization and 
Monitoring in the Last MillenniumMonitoring in the Last Millennium
Founded on overly simplistic conceptual models Founded on overly simplistic conceptual models 
of subsurface  conditionsof subsurface  conditions

LowLow--resolution site characterization and resolution site characterization and 
monitoring technologiesmonitoring technologies

Simplistic (& erroneous) 2Simplistic (& erroneous) 2--D depictions of D depictions of 
contaminant plumescontaminant plumes



Data we have historically collectedData we have historically collected
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How we typically How we typically ““analyzeanalyze”” the datathe data

3000 700

150

4 5

15

650

150

1150

0

950

15

150

150
850

0

20

0

1000 100

100



1919

Site Characterization and Site Characterization and 
Monitoring in Last MillenniumMonitoring in Last Millennium

Founded on overly simplistic conceptual models Founded on overly simplistic conceptual models 
of subsurface  conditionsof subsurface  conditions

LowLow--resolution site characterization and resolution site characterization and 
monitoring technologiesmonitoring technologies

Simplistic, 2Simplistic, 2--D depictions of contaminant plumesD depictions of contaminant plumes

OneOne--sizesize--fitsfits--all assessmentsall assessments

Checklist approach to site investigationsChecklist approach to site investigations

Focus on hydraulic properties, not natural flow Focus on hydraulic properties, not natural flow 
(gradients) & geochemistry(gradients) & geochemistry



Pump & Treat RemediationPump & Treat Remediation
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The distribution of dissolved contaminants in the The distribution of dissolved contaminants in the 
subsurface is spatially and temporally variable.subsurface is spatially and temporally variable.

NAPLsNAPLs

Hydrodynamic mixing is usually limited in Hydrodynamic mixing is usually limited in 
directions transverse to flowdirections transverse to flow

Aquifers are contaminated, not just groundwaterAquifers are contaminated, not just groundwater

Biochemical reactions are important, but are Biochemical reactions are important, but are 
spatially and temporally variablespatially and temporally variable

What we What we nownow know about subsurface know about subsurface 
contamination that we didncontamination that we didn’’t know t know 

30 years ago*30 years ago*

* knowledge from high-resolution field research 
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1988 Controlled Release of Dissolved MTBE & 1988 Controlled Release of Dissolved MTBE & 
Methanol, CFB Borden, Ontario, CanadaMethanol, CFB Borden, Ontario, Canada 

University of WaterlooUniversity of Waterloo 

Jim Barker, Principal InvestigatorJim Barker, Principal Investigator

CASE STUDY



Hubbard et al., 1994



MultiMulti--level Piezometer Networklevel Piezometer Network
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Cross SectionsCross Sections

Benzene

Chloride
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Transects across plumesTransects across plumes

Benzene

Dissolved
Oxygen



CASE STUDY



(Source: Guilbeault, Parker, & Cherry, 2005)

Industrial Site, Florida



(Source: Guilbeault, Parker, & Cherry, 2005)



Conceptual Model for Dissolved Plumes Emanating 
from DNAPL Source Zones

(Source: Guilbeault, Parker, & Cherry, 2005)
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Subsurface Cleanup in the Subsurface Cleanup in the 
New MillenniumNew Millennium

Good intentionsGood intentions

Less $$Less $$

Based on new knowledge of subsurfaceBased on new knowledge of subsurface

Goal: clean groundwater to MCLs; RiskGoal: clean groundwater to MCLs; Risk--Based CleanupBased Cleanup

Few virgin sitesFew virgin sites

Have learned from our mistakesHave learned from our mistakes

Focus on passive, inFocus on passive, in--situ methodssitu methods
Monitored Natural AttenuationMonitored Natural Attenuation

Enhanced in situ treatment Enhanced in situ treatment 

Mass flux/Mass discharge framework     partial source Mass flux/Mass discharge framework     partial source 
zone remediationzone remediation

Better success?Better success?



Defining Mass Discharge (Md ) in a contaminant 
plume can therefore help you predict the 
maximum concentrations in a downgradient 
supply well!
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Prioritization of remediation on releases 
with greatest mass discharge

TIMELINE OF IMPACT
Concentration of MTBE in

Well WS-1
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Focus remediation on parts of source 
zone producing the greatest mass 
discharge
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(a)

Capture Zone

Source
Zone

Supply
Well

Clean Water

Clean Water
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(b) 
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(c) 

Capture Zone

Source
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Supply
Well

Clean Water

Clean Water
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YEAR
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Well WS-1 pumped at 30 gpm

90% REDUCTION OF MASS 
DISCHARGE IN PRB:  Md = 0.2 g/d

PRB 0.1Md

CONSTANT MASS DISCHARGE FROM 
SOURCE ZONE:   Md = 2 g/d

Md

Partial 
treatment 
may still 
protect 
receptor

No action

PRB across relatively uniform plume

PRB across heterogeneous plume
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Site Characterization and Monitoring in the Site Characterization and Monitoring in the 
New MillenniumNew Millennium

Founded on more realistic conceptual models of Founded on more realistic conceptual models of 
subsurface  conditions (sedimentology, subsurface  conditions (sedimentology, 
contaminants)contaminants)
Scope varies depending on the anticipated remedyScope varies depending on the anticipated remedy
Utilization of the Scientific Method (ASC, ESC, Utilization of the Scientific Method (ASC, ESC, 
TRIAD)TRIAD)
Voluminous but biased historic data setsVoluminous but biased historic data sets
Horizontal contours for horizontal surfaces; Horizontal contours for horizontal surfaces; 
transectstransects of highof high--resolution data points to resolution data points to 
characterize linear features (e.g., buried channels, characterize linear features (e.g., buried channels, 
dissolved plumes)dissolved plumes)
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A transect of closelyA transect of closely-- 
spaced DP samples or spaced DP samples or 

multilevel wellsmultilevel wells
Ensures no part of the plume Ensures no part of the plume 
escapes detectionescapes detection
Accurately identifies highAccurately identifies high--strength strength 
plume coresplume cores
Monitors groundwater of the same Monitors groundwater of the same 
age. Sampling the transect over age. Sampling the transect over 
time yields information about time yields information about 
seasonal and longerseasonal and longer--term term 
variations in the variations in the ““strengthstrength”” of the of the 
plumeplume
Shows where concentrations are Shows where concentrations are 
truly low or ND (not low or ND truly low or ND (not low or ND 
because of sample dilution)because of sample dilution)
Allows the calculation of Allows the calculation of 
contaminant mass fluxcontaminant mass flux

(Source: LFR/API)
See Nielsen, 2006
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Source: USEPA, 2004. Performance Monitoring of MNA 
Remedies for VOCs in Groundwater
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Source: USEPA, 2004. Performance Monitoring of MNA 
Remedies for VOCs in Groundwater
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Site Characterization and Monitoring in the Site Characterization and Monitoring in the 
New MillenniumNew Millennium

Founded on more realistic conceptual models of Founded on more realistic conceptual models of 
subsurface  conditions (sedimentology, subsurface  conditions (sedimentology, 
contaminants)contaminants)
Scope varies depending on the anticipated remedyScope varies depending on the anticipated remedy
Utilization of the Scientific Method (ASC, ESC, Utilization of the Scientific Method (ASC, ESC, 
TRIAD)TRIAD)
Voluminous but biased data setsVoluminous but biased data sets
Contour maps of surfaces that can be contoured; Contour maps of surfaces that can be contoured; 
transects of hightransects of high--resolution data points to resolution data points to 
characterize linear features (e.g., buried channels, characterize linear features (e.g., buried channels, 
dissolved plumes)dissolved plumes)
New site assessment technologiesNew site assessment technologies
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CPT and depth-
discrete ground
water sampling
locations



+50 to 0 Feet MSL+50 to 0 Feet MSL



area of excavation





TCE: 1,000 ppb
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Site Characterization and Monitoring in the Site Characterization and Monitoring in the 
New MillenniumNew Millennium

Founded on more realistic conceptual models of Founded on more realistic conceptual models of 
subsurface  conditions (sedimentology, subsurface  conditions (sedimentology, 
contaminants)contaminants)
Scope varies depending on the anticipated remedyScope varies depending on the anticipated remedy
Utilization of the Scientific Method (ASC, ESC, Utilization of the Scientific Method (ASC, ESC, 
TRIAD)TRIAD)
Voluminous but biased data setsVoluminous but biased data sets
Contour maps of surfaces that can be contoured; Contour maps of surfaces that can be contoured; 
transects of hightransects of high--resolution data points to resolution data points to 
characterize linear features (e.g., buried channels, characterize linear features (e.g., buried channels, 
dissolved plumes)dissolved plumes)
New site assessment technologiesNew site assessment technologies
Focus on natural flow system, gradients, Focus on natural flow system, gradients, 
geochemistry, etc.geochemistry, etc.



CPT and depth-
discrete ground
water sampling
locations



Cross-section Along PRB



PRB Design
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Site Characterization and Site Characterization and MonitoringMonitoring in the in the 
New Millennium (continued)New Millennium (continued)

1.1. Process MonitoringProcess Monitoring
CSIACSIA
BiotrapsBiotraps
Molecular toolsMolecular tools

2.2. Performance MonitoringPerformance Monitoring
Reduction in mass discharge Reduction in mass discharge 



BioTrap™ Sampler (www.microbe.com)
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Site Characterization and Site Characterization and MonitoringMonitoring in the in the 
New Millennium (continued)New Millennium (continued)

1.1. Process MonitoringProcess Monitoring
CSIACSIA
BiotrapsBiotraps
Molecular toolsMolecular tools

2.2. Performance MonitoringPerformance Monitoring
Reduction in mass discharge Reduction in mass discharge 
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Comparision of Approaches Underway at 
Vandenberg Air Force Base in California (Doug 

Mackay, UC Davis, Principal Investigator; 
Overall project Principal Investigator: Mike 

Kavanaugh, Malcolm Pirnie.)

Point monitoring 
of transect of 

monitoring wells

Plume

Monitoring 
of transect of 

extraction wells

Plume

Point monitoring 
of transect of 

fluxmeters in wells

Plume

Recirculated
water reinjected

into regional 
flow

Recirculation 
zone

Capture zone
Plume

Capture zones

Plume captured

Plume 
displaced

Plume captured 
and displaced

Plume displaced

Monitoring of 
injection & extraction 

wells across plume

Method 1 Method 2 Method 3 Method 4
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