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Recent Experience Leads to New Thinking-
Characterization 

♦ Historical perspective 

• Porosity 

• Hydraulic 
Conductivity 

• Hydraulic 
Head/Gradient 

• Capillary pressure 

• Geochemistry 

» Soil-EPA superfund has historically focused on high 
quality analytical samples collected at discrete soil 
locations 

» Groundwater-APA has historically used monitoring 
wells, pump tests, etc. To characterize and monitor 
sites 

♦ Challenges encountered 
» Discrete soil sampling designs do not address 

matrix variability/heterogeneity-resulting in highly 
variable or statistically uncertain decision making 

» Large scale averages of aquifer materials obscure 
primary contaminant transport and mass storage 
areas 

♦ New thinking 
» Soil-incremental and composite techniques that 

provide large scale averages are better suited to 
represent exposure scenarios, control matrix 
variability/sample heterogeneity, and make 
statistically confident decisions 

» Groundwater-large scale averages derived from 
aquifer materials can be misleading resulting in 
poorly performing or applied remedies. HRSC 
Techniques provide measurements at scales more 
appropriate for remedy design. 
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Recent Experience Leads to New Thinking-
Remediation  

• Historical Perspective in Superfund 
• Lots of pump and treat systems early on 
• Restoration often the goal 
• Single concentration goal “throughout aquifer” 

• Challenges Encountered 
• Insufficient characterization leads to poor placement of 

wells/screens 
• Missed sources 
• Matrix diffusion challenges 
• Limited flexibility to use adaptive techniques 

• New Thinking 
• High quality characterization and a good CSM lead to 

improved remedy performance.  Cost/benefit. 
• Use of Adaptive Management approaches 
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Recent Experience Leads to New Thinking- Remediation 
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Tools and Strategies 
The  Triad Approach  – Sour ce of Many BMPs
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Tools and Strategies 
The Triad Approach – Source of Many BMPs  

A set of methods or 
techniques found to be the 
most effective and practical 

means in achieving an 
objective while making the 
optimum use of resources 

A process for building a 
consensus vision 

for conducting environmental 
investigation and remediation 

A work strategy that 
incorporates the flexibility to 

adapt to information 
generated by real-time 

measurement technologies 

Real-time = within 
a timeframe that allows the project team to react to the 

information while in the field 
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HPT- Hydraulic 
Profiling Tool 

CPT- Cone Penetrometer 
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HRSC- Profound Effect on CSMs 
Many Advances in Tools- Just A Few Examples 



   

 

Evolution of Conceptual Site Models in Superfund 

Evolution of CSMs 

1980’s—1990s 2000’s 

2010 to present 
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   Evolution of Conceptual Site Models in Superfund 
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Graph 

2 10 



 

  
  

  
 

 
 

 

 

-

History of EPA Superfund Optimization Program 

Systematic site review by a team 
of independent technical experts, 

at any phase of a cleanup 
process, to identify opportunities 

to improve remedy 
protectiveness, effectiveness and 

cost efficiency; and to facilitate 
progress toward site completion. 

Site Identified 

Preliminary Assessment 

Site Inspection 

Remedial Investigation 

Feasibility Study 

Remedial Design 

Remedial Action Construction 

Remedial Action Operations 

Long-Term Monitoring 

Long Term 
Monitoring Stage 

Optimization 

Site Completion 

Remediation Stage 
Optimization 2000

1997 

Design Stage 
Optimization 

Investigation Stage 
Optimization 2010 
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Systematic site review by a team 
of independent technical experts, 

at any phase of a cleanup 
process, to identify opportunities 

to improve remedy 
protectiveness, effectiveness and 

cost efficiency; and to facilitate 
progress toward site completion. 

Site Completion 

Site Identified 

Preliminary Assessment 

Initial site 
characterization 
/response 

Site Inspection 

Remedial Investigation 

Feasibility Study 

Remedial Design 

Remedial Action Construction 

Remedial Action Operations 

Long-Term Monitoring 

Long Term 
Monitoring Stage 

Optimization 
1997 

Remediation Stage 
Optimization 2000 

Design Stage 
Optimization 

Investigation Stage 
Optimization 2010 

SI development 
of CAP 

Cleanup 
selection 

Corrective 
Action- low 
risk closure, 
RBCA,etc. 

LTM 

NFA 
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History of EPA Superfund Optimization Program 
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Region 
1997-
2010* 

2011-
2015* 

 2016 to 
Date* 

 Total 
Events 

 1997 to 
Date 

 % per 
Region 

1 10 7 4 21 10% 

2 12 12 1 25 12% 

3 18 6 1 25 12% 

4 11 1 0 12 6% 

5 12 4 0 16 8% 

6 5 11 0 16 8% 

7 6 13 0 19 9% 

8 4 11 2 17 8% 

9 6 20 1 27 13% 

10 10 14 1 25 12% 

Total 94 99 10 203 100% 

Optimization Support in Superfund 
Completed Events 1997-2016 

*Events/Region

 
www.epa.gov/superfund/cleanup/postconstruction/optimize.htm

www.cluin.org/optimization/ 

Optimization Characterization Phase Optimization Design/Remedy  Phase Optimization Long  term  O&M  Phases 
Typical Findings/ Recommendations Typical Findings/ Recommendations Typical Findings/ Recommendations 
1. Low  density/high uncertainty 1. Gaps  in CSM 1. CSM  needs  update
2. CSM out of date  or  underdeveloped 2. Shortcomings in  modeling a) Sources
3. Existing  data not  fully leveraged 3. Unaddressed issues  in design b) Low/ high  permeability zones
4. Over-reliance on  high cost  traditional

4. High cost  estimates c) NAPL
methods 2. Endpoint and  metrics for site

5. Scale  of  measurements not sufficient  for 5. Remedy  effectiveness can
completion need  better  definition

heterogeneity be  improved by  conducting phases 3. Need  for  improved data
6. End data users  not adequately 6. Explanations for uncertainties  can management, analysis  and  reporting

considered become  apparent during start-up a) Tracking/reporting performance
7. Can  confirm validity of  current site  plans b) Spatial/temporal data

and progress c) Historic data (paper  electronic)
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HRSC for Groundwater-
Challenges, Strategies, and Tools 

Challenges 
• Heterogeneous, 

anisotropic conditions 
• Hydraulic gradient-

3  dimensional, temporal 
variation 

• Advection/Dispersion 
• Contaminant phase 

‒ NAPL (density, viscosity, 
mobility, dissolution) 

‒ Gas 

‒ Solute (dissolved) 

‒ Sorbed 
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Sampling Scale and Averaging
How “Well” Do You Know Your Site 

Monitoring wells yield a 
depth integrated flow 
weighted average 
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Mass Flux Distribution- And The Rise of In-Situ Remedies 

Superfund Remedy Report 14th edition 

• 1980’s- Pump and Treat 90% of GW
remedies, no in-situ remedies 

• 2011- Pump and Treat 30%, In-situ
almost 40% 

Guilbeault et al., 2005  

75% of mass discharge occurs
through 5% to 10% of the
plume cross sectional area 

Optimal Spacing is ~0.5 m 
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Spatial Variability In Flux…… But Also Temporal 

Source Zone 

Downgradient 
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Transect/Vertical Profiling Case Study: Secondary 
Groundwater Plume Characterization, Pease AFB, NH 
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B 
B' 
A A' 

C C' 

D D' E' 
E 

♦ VOC and  POL  release site 
♦ VOCs potentially  affecting two  

bedrock  supply  wells 
» Concern over  DNAPL in bedrock 

♦ Prior  monitoring  well  investigation 
did not accurately  characterize the 
plume 

» Defined as  “short  plume” 
♦ 5  Modified  Waterloo P rofiler  

transects  performed  normal to 
plume axis 

» A - A’   = Downgradient  of  source 
» B - B’   = Through source  area 
» C - C’ / D - D’ / E  - E   = 

Downgradient plume  
delineation 



Transect/Vertical  Profiling Case  Study: Secondary  
Groundwater Plume  Characterization, Pease  AFB,  NH 
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C VERTICAL EXAGGERATION = 2:1 C 
SOUTH NORTH 

E D C A B 

▌ Prior Investigation Monitoring Well ▌ Stone Profile ▌ Stone Monitoring Well 

Plume Anatomy Characterization & Remediation:  
Vertical Profiling vs. Monitoring Well 
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To Infinity and Beyond 
Expansion of HRSC Tools and Strategies 

-

• Groundwater 
• Transects 

• Vertical profiling 

• Direct push  and  direct sensing  tools 

• Flux based approaches 

• Site  investigation through system optimization  and  remedy completion  

• Soil 
• Incremental and  composite designs 

• Depth  discrete intervals 

• Field based  analytical methods 

• Risk based decision  making  controlling  heterogeneity, particle  size effects 

• Site  investigation through system optimization  and  remedy completion  
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