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Let’s Start With a Few Definitions 

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 resourcesBest Practices

Characterization          vs.         Monitoring
“the act of characterizing “to watch, observe, listen to, g
or describing the individual 
quality of a person or 
thing.” *

or check (something) for a 
special purpose over a 
period of time.” *

Build Conceptual Site Model- We want to 
understand and describe site attributes like: 
-Contaminant properties and distribution
- Fate and transport
-Geologic setting/site attributes

Test Conceptual Site Model- We want to 
observe changes in site attributes like: 
-Temporal changes
-Effects from active/passive remediation 
C li
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* As defined by Merriam/Webster

-Geologic setting/site attributes
-Hydrogeologic setting/site attributes
-Risk 

-Compliance



EPA’s Triad Approach-
The Source of Many Best Practices

A k t t th t

Systematic 
Planning

Dynamic Work 
Strategies

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

i f i hil i h fi ld

Synthesizes practitioner experience, successes, and lessons 
l d i i i i l f k

Technologiesinformation while in the field
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learned into an institutional framework



Common Best Practices 
Associated with Triad

Comprehensive 
team formation

Adaptive site 
management

Stakeholder 
outreach

Project life cycle 
CSM

Systematic 
planning

Dynamic work 
strategies

Real-time 
measurement 

Demonstration
of method planning strategies technologies applicability

DataHigh resolution 
collaborative

data

Data 
management 

and 
communication

3-D visualization 
and analysis Optimization
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Investigate and Characterize with 
Remediation in Mind

If you don’t know where 
you’re going, any road 
will take you there

Superfund Requirements for Action
(must have all four)

Four Remedial Options
(perform one or more) 

will take you there.  
-- George Harrison

(must have all four)
• Hazardous substance

• Sufficient quantity

(p )

• Treat to non-hazardous 

• Remove – excavate/extract

• Migration pathways

• Sensitive receptors

• Immobilize, contain, cut off

• Protect/remove receptors
The remedial investigation:                                *Superfund Reforms Glossary 

1. Determine the nature and extent of contamination
2. Establish site cleanup criteria
3 Identify preliminary alternatives for remedial action3. Identify preliminary alternatives for remedial action
4. Support technical and cost analyses of alternatives

All too often:   RIs only address nature and extent

Field data collection  Lab analysis  Data tabulation  Report prep Review/comments  Report edit  Data 
gap analysis  Back to the field

Is there a better way?
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How Did We Get Here?
A Brief History of Optimization

Optimization 2015                                         
“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

Optimization Results 2005

protectiveness, effectiveness and cost 
efficiency; and to facilitate progress toward 

site completion.”

Based on an analysis of 52 of 100 optimized sites

•• Cost savingsCost savings

>50% of sites had 
recommendations for 
additional characterization 
or improvements to the

Similarly positive findings for the other Similarly positive findings for the other 
48 i i d i48 i i d i

or improvements to the 
CSM

•• Improved Improved 
t tit ti

83% cost savings 
opportunities

83% cost savings 
opportunities

52% cost savings
opportunities  > $1 million  

52% cost savings
opportunities  > $1 million  

48 optimized sites…48 optimized sites…

and >$350M in potential cost and >$350M in potential cost 
savings/avoidance for all 100 sites.savings/avoidance for all 100 sites.

52% cost savings
opportunities  > $1 million  

62% improve or confirm control of 
plume migration

19% li i t fi

83% of sites cost savings 
opportunities

protectivenessprotectiveness

19% eliminate or confirm no 
ecological exposures

33% eliminate or confirm no 
human exposures

pp

19% eliminate or confirm 
no ecological exposures
19% eliminate or confirm 
no ecological exposures

33% eliminate or 
confirm no human 

exposures

33% eliminate or 
confirm no human 

exposures

62% improve or confirm 
control of plume 

migration

62% improve or confirm 
control of plume 

migration 6



Where Do We Go From Here?

• Data management 
– Historically reports as mechanism to exchange information, 

now data as  deliverable, active data management
– Data warehouse data interoperability economies of scale– Data warehouse, data interoperability, economies of scale

• High Resolution Site Characterization
Direct sensing tools scale appropriate measurements– Direct sensing tools, scale appropriate measurements

– Collaborative data approaches

• Real time data visualization• Real-time data visualization
– Conceptual Site Model (CSM) lifecycle management
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Data Management is Key 
Plans required- Region, Site, Project  

• Data acquisition q
– Occurs quickly, involves 

large amounts of data
– Data must be integrated 

into CSM quickly to 
inform continued data 
acquisition while 
mobilizedmobilized

• Data input
– Automatic/manual 

systems to QC at pointsystems to QC at point 
of generation accurately 
transfer to databases

• Decision Supportpp
– Statistical, visualization, 

modeling
• Communicate
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– Force interpretation, 
compress timeframes



Data Management Leads to A 
Robust Conceptual Site Model 

• Written and graphical expression of site knowledge
What is a CSM?

• Primary basis for project design and execution
• Updated throughout project life cycle
• Essential to successful projectsEssential to successful projects

Primary Anatomy of a CSM
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Environmental Cleanup Best 
Management Practices: Effective 
Use Of The Project Life Cycle 
Conceptual Site Model.  EPA  

Project Life Cycle CSM Supports 
All Programs and Project Phases

542-F-11-011

“As we know, there 
are known knowns. 
There are things we 
know we know.  We 
also know there are 
known unknowns. 
That is to say weThat is to say we 
know there are some 
things we do not 
know. But there are 
also unknown 
unknowns, the ones 
we don't know we 
don't know.” 

Donald Rumsfeld, 
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Feb. 12, 2002 
U.S. Department of 
Defense

Newmark Geologic_Hydrogeologic 
Controls on Plume.4d

Newmark PCE plume 25 to 
1ppb without WHS.4d



Why High Resolution Site 
Characterization (HRSC)?

Porosityy

Hydraulic Conductivity

Hydraulic Head/Hydraulic GradientHydraulic Head/Hydraulic Gradient

Capillary pressure

Geochemistry
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Sampling Scale 
and Averaging

Monitoring wells yield a 
depth integrated flow 
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Mass Flux Distribution-
The Rise of In-Situ Remedies Guilbeault et al., 2005  

75% of mass discharge occurs 
through 5% to 10% of the 
plume cross sectional area
Optimal Spacing is ~0.5 mp p g

Superfund Remedy Report 14th edition 
• 1980’s- Pump and Treat 90% of GW 

remedies, no in-situ remedies
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• 2011- Pump and Treat 30%, In-situ 
almost 40%



Spatial Variability In Flux…… 
But Also Temporal p

Source Zone

Downgradient
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Hail to the Tools!

HPT- Hydraulic 
Profiling Tool 

CPT- Cone Penetrometer
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Collaborative Data- Contaminant 
and Geology/Hydrogeology

Addressing Uncertainty and Matrix 
HeterogeneityHeterogeneity

Costlier/rigorous 
(lab? field? std? non-std?)

Cheaper/rapid 
(direct sensing, field methods,The Missing Link
Higher DL + analyte class

(lab? field? std? non std?) 
analytical methods

(direct sensing, field methods, 
mobile labs

Lower DL + analyte specificity

The Missing Link
Collaborative data sets and high-resolution also 
critical for geologic / hydrogeologic informationHigher DL + analyte class Lower DL + analyte specificitycritical for geologic / hydrogeologic information.

• Not just analytical concept
Manages CSM, spatial, 
& sampling uncertainty

Manages analytical 
uncertainty

• Not just analytical concept.  

• In many cases geologic / hydrogeologic context
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Collaborative Data Sets 
• In many cases, geologic / hydrogeologic context 
may be more critical for effective remedy design.



How Much is Enough? “You never know 
what is enough 

unless you knowunless you know 
what is more than 

enough!”

Multi-Level Sampling Transect
PCE in a Sandy Aquifer

Shallow, 
medium, 

deep
With real-time or direct sensing 
spacing can be variable

10-ft 
vertical 

ispacing 

0.8-ft 
vertical
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vertical 
spacing 



Transect Case Study:  Secondary Groundwater Plume 
Characterization, Pease AFB, NH

B B'

• VOC and POL release site
• VOCs potentially affecting two 

bedrock supply wellsB B

A A'

pp y
• Concern over DNAPL in 

bedrock
• Prior monitoring well 

investigation did not accuratelyinvestigation did not accurately 
characterize the plume
• Defined as “short plume”

• 5 Modified Waterloo Profiler 
C C'

D D'

transects performed normal to 
plume axis
• A - A’  = Downgradient of 

sourceD D' source
• B - B’  = Through source area
• C - C’ / D - D’ / E - E  = 

Downgradient plume 
d li i
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delineation



Transects/Vertical Profiles Showed TCE Plume was 
Sinking with Distance from Source

SOURCE AREADOWNGRADIENT
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Vertical Profiling vs. Monitoring Well

C VERTICAL EXAGGERATION = 2:1 C
SOUTH NORTH

BD A B
CDE

▌ i i i i i ll

6/19/20156/19/2015 20U.S. Environmental Protection Agency

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

4b-20



What About In Soil?
High Density, High/Low Resolution
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59 Total pairs59 Total pairs 

3 False Positive13 False Positive3 False Positive 
Errors=7.7% True Positive 19 

Pairs

13 False Positive 
Errors= 33% True Positive 20 

Pairs

1 False Negative Error= 5% 
True Negative 36

0 False Negative Error= 0% 
True NegativeTrue Negative 36 

Pairs
True Negative 

26 Pairs
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Three-Way Decision Structure 
with Region of Uncertaintyg y

59 Total pairs59 Total pairs 

3 False Positive 
Errors=7 7%

True Positive 19 
Pairs

Upper Field Errors 7.7% Pairs

11 Samples for ICP
Lower Field

Investigation 
Level= 450 ppm

Too Close to Call

0 False Negative Error= 0% 
True Negative 

26 Pairs

Lower Field 
Investigation 
Level= 350 ppm
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What About In Soil?
High Density, High/Low Resolution

• Arsenical pesticide mixing area in Hawaii
• Residential redevelopement
• This parcel is 3 acres
• As cleanup level = 25 ppm

• 44 grab samples (judgemental or 

50’

random) collected for lab analysis. 
• Sampling density of 15 samples 

per acre.
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Results Mapped
Red line represents soil to removed 1’ deep= 1650 yd3

18
5

24

13
1418

Dear Developer,
Please fund the removal and disposal of 1,650 yd3 of 
18

36

167
271 16

2045
26

arsenic-contaminated soil. Oh, and by the way, there is 
about a 50:50 chance that this cleanup footprint is 
incorrect The actual volume needing removal could be

24
19

36

29
31 26

21 221

80
185

9
1828

3373

incorrect. The actual volume needing removal could be 
1) more than this; 
2) less than this; and/or 
3) the footprint could be in the wrong place19

9
4 12

27

26

11
3

73 167
3) the footprint could be in the wrong place. 

So, after confirmation sampling, I may be asking you for 
more money to do this all over again But it will be the data’s

10
14

20

4
11

22

12

8
6
23

more money to do this all over again. But it will be the data s 
fault, not mine.
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1st result of lab dup 
pair was 31 ppm

2nd result of lab dup2nd result of lab dup 
pair was 17 ppm

The sample 
concentration is 

assumed to “represent” 
the concentration of 

abo t 4300 sq ft of soil
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about 4300 sq.ft. of soil 
(green)

26



The sample concentration is 
assumed to “represent” the 
concentration of about 5800 

sq.ft. of soil (green)

The sample concentration isThe sample concentration is 
assumed to “represent” the 
concentration of about 4300 

sq.ft. of soil (green)q (g )

27



How Much Confidence Do You Need?

5 2
1
3 11

Using total data imprecision: everything within the red 
boundary (3,450 cu. yd.) would need to be removed to have 
95% confidence the site is clean1
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7 27 1
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0

4
1
8
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95% confidence the site is clean.
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Settling for 75% decision confidence means removing only 2,650 cu. yd. 
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Or, again, you can flip a coin to decide whether 
this cleanup footprint (1,650 cu. yd.) is correct. 

1
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13
14
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Decision Unit Designation for 
Incremental Samplingp g

Spill Area DUs: Heavy contamination

50’
Outer ring DUs to bound contamination

Spill Area DUs: Heavy contamination
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Direct Exposure DUs: Maximum 5,000 ft2

Spill Area DUs: Heavy contamination
Direct Exposure DUs: Maximum 5,000 ft2

Spill Area DUs: Heavy contamination



Results

12/14/11 ave=12 
12%RSD;UCL=15

IS = 16
UCL=23 IS = 7

UCL=10

e 

IS = 53  
UCL = 

84IS = 220  UCL = 348

90
/85

 av
e

17
RS

D;
 

= 1
24

84

11
5/9

= 9
7 

UC
L 

As < 25 ppm

50’
IS = 16
UCL=23
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As < 25 ppm
As ≥ 25 ppm



Real Time CSM Evolution and Data 
Visualization 

Field team collects 
direct sensing data

Project team 
determines next 
boring locations

The Conceptual Site Model Has Evolved 
as Technology has Advanced

Upload field data to SCRIBE at 
end of day

Visualization 
team 

downloads

Upload data visualization
to SharePoint site

1980’s—1990s 2000’s

downloads 
field data

Evolution ofEvolution of 
CSMs 

2010 to present
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Example 1- Wyckoff Region 10
FFS- TarGOST® and 

3D Vi li ti
Existing Work Products 

3D Visualization 

Wyckoff 
Geology

Wyckoff 
TarGOST Wyckoff Treatment gy TarGOST y
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Example 2- Hamilton Labree Region 10
PDI- MIP, HPT, 3D 

HRIA RI work products
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HRIA MIPHPT Geology HRIA PCE GW HRIA PCE Soil



Conclusions 

HRSC and Incremental Sampling
Translated for Remedial Designs

• In Groundwater
– Limit large scale averaging, use scale appropriate measurements
– Use transects and multi-level samplingp g
– Use direct sensing and collaborative data sets

• In Soil
– Use incremental and compositing techniques to control matrix variability, p g q y

reasonably represent exposure and decision units
– Many increments and replicate samples provide- good estimate of mean, and 

ability to calculate UCL/LCL and statistical confidence 
• Real-time CSM Updates/Data Visualization• Real-time CSM Updates/Data Visualization

– Forces interpretation not just presentation 
– Includes all decision makers in the process- consensus, streamline
– Save time and money- fewer repeat mobilizations, early ID of data collection errorsy p , y
– Keeps focus on root causes not symptoms- High mass footprint (where to 

remediate), Matrix distribution (how to remediate)
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Q&A / Discussion


