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Technical Session Objectives ;

€ Provide case study examples of conceptual site models
(CSM) used under a Triad approach

€ Expose participants to the benefits of CSM development
and refinement

» Highlight how CSMs are used to prioritize and address:
data gaps, uncertainty, stakeholder concerns

» CSMs function as a tool to resolve competing site
visions and benefit stakeholder/public presentations

€ Demonstrate how a clear CSM leads to selection of
appropriate tools, strategies, and remedies

€ Feature some visualization tools that enhance CSMs and
facilitate decision making

» Example SADA



http://www.tiem.utk.edu/~sada/index.shtml

The CSM “Harmonizes” the Project
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Idealized CSM Representation of a
GW plume

“The usual approach of :
science of constructing a
mathematical model
cannot answer the
guestions of why there
should be a universe for
the model to describe.
Why does the universe
go to all the bother of
existing?”

Stephen Hawking




The Real World 1s a lot Messier than
Traditional Idealized Models Portray

CSM developed from high-density DP-MIP data
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Hartford Hydrocarbon Plume Site,
Hartford, lllinois, Case Study Overview

& Site History
€ Preliminary CSM for the site

€ Refining the CSM using dynamic work strategies
and real time measurements

& Testing the CSM using data
& The CSM for vapor intrusion

€ The CSM for product removal
€ Summary and lessons learned




Hartford Area
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Site Location and Refineries
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Problem Statement

@ 48 historical hydrocarbon fuel spills from
surrounding pipelines and storage tanks

€ Fires and odors have been reported by
residences particularly during spring

€ Increased vapor Iintrusion is presumed to be

caused by rising water levels carrying
nydrocarbon vapors into utility corridors during
nigh stands of the river

€ Release of hydrocarbons to surface water




Circa 1972
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CSM-Site Geology and Hydrogeology

€ Modern river over bank sediments underlying the site are
composed of primarily silt with varying amounts of clay
(10 to 40 feet thick)

€ Near surface clayey silts vary in thickness across the site

€ Discontinuous silts grade into highly permeable and
porous glacial outwash sand (200+ feet thick)

€ Pumping has reversed the natural direction of ground
water flow

€ The water table has been consistently rising over time
and has seasonal fluctuations

12
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Hydrogeology
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Hydrograph Plot

HYDROGRAPH FOR THE AMERICAN BOTTOMS: JANUARY 1961 TO SEPTEMBER 1990
FIRE COMPLAINTS IN HARTFORD HOMES

Apex/Clark Era
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Refining the CSM using Dynamic Work
Strategies and Real Time Measurements

& ROST™used along with soil borings to define the
nature and extent of product across the site

€ Nested vapor probes, sub slab probes, active
sewer soll gas monitoring and real time devices
used to define vapor plumes based on the
presence or absence of product in surface and
subsurface soll

® Dissolved phase investigation conducted using
direct push grab ground water sampling methods

16
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How ROST™ Works

FLUORESCENCE —
laser light
source
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compounds fluoresce at differing wavelengths of light

fiber optic window, 280 - 300nm wavelength UV light
pore pressure sensor ———>
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- Fluorescence intensity used to predict
presence of Free Product
- Wavelength specific intensity used to
estimate Product Type
- Understand geology and hydrogeology
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Hydrocarbons Detected Using
Fluorescence Techniques
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Revising the CSM - Using
Visualizations
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The CSM and Vapor Related Issues

€ Vapors

» Thinning in clays and structural highs seem to control
where vapor concentrations near the surface are
greatest except where a surface release has occurred

» Near surface releases into thicker clay zones tend to
correspond with increased vapors

» Lateral migration of vapors possible in sand zones
away from product plume in unsaturated zone

» Utility corridors in contact with sands a potential
preferred pathway

22



Soil Vapor Contours in Main Stratum

* Vapor distribution
correlates with
LNAPL distribution
in Main Stratum

* Reduced vapor
concentrations
observed near
locations of
existing SVE wells

HARTFORD WORKING GROUP




“A” Clay SO|I Vapor Distribution

 Soil vapor
concentrations
correlate with
recent odor
complaints

Reduced vapor
concentrations
observed near
locations of
existing SVE
wells

HARTFORD WORKING GROUP
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Vapor Intrusion Mitigation System

€ Vapor probe data and the CSM was used to
design a regional SVE system rather than a sub
slab system

€ System modifications are underway to
compensate for the influence of utility corridors
and near surface spills as evidenced by the
ROST™ results

€ The CSM continues to evolve as the system
comes on line and monitoring data is compiled

26




.
Dmg a CSM to Design a Product
Removal System

Release Source

T

Vadose Zone

Capillary Fringe J
Water-Table

Capillary Fringe
Water-Table




Capillary Pressure and Apparent Product
Thickness (Thickness Measured in a Well)

As pore size gets smaller,
capillary rise gets bigger.
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Understanding the Relationships
Between Apparent Product Thickness,
and ROST™ Response
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Using the CSM to Design a Product Removal
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Core Testing When LNAPL Present

€ Photograph cores in normal light and ultraviolet
€ Perform saturation analyses where there are LNAPLS

€ Perform grain size analyses and a few Atterberg limit
analyses for fine-grained solls

€ Obtain one or more air/water or LNAPL/water drainage
capillary pressure tests (depends on your site)

4 Obtain imbibition curve data and relative permeability
curves (optional, based on professional judgment)

31



) Photographs of Contaminated Cores
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LNAPL Characteristics
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« Samples fall between gasoline and diesel standard curves
 Viscosity/Density results complement simulation distribution results
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Permeability Corridor as Predicted
by HVAC Testing
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Current Product Removal Related
Activities

€ A mobile dual phase system is being used to

eva

& AdC
eva
and

uate removal rates

itional physical data is being collected to
uate percent saturation, porosities, viscosity,
distribution to develop a clearer picture of

where and if more permanent systems should be
installed
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Lessons Learned

€ Building a comprehensive CSM lead to efficient data
collection and a group consensus vision for
characterization and remediation

& Use of field-based measurement technologies like
ROST™ can vastl?; Improve a project teams
understanding of the geology, hydrogeology, and
contaminant characteristics

¢ A CSM can be used to predict vapor issues and design
product recovery systems more efficiently

€ LNAPL sites do not always conform with our
preconceived notions of how contaminants behave; “Test
yourICSM” and revise it continuously to get the best
results

36



Fort Lewis, Tacoma, WA

€ Two former small arms
ranges and a skeet range

» Miller Hill active 1920-
1951

» Evergreen Infiltration
Range active 1950-
1965

€ Overgrown with trees and
grasses




CSM

€ Fixed or stationary targets and impact berms
» Miller Hill berm 180’ long
» Evergreen berm 300’ long and 40’ tall

€ Lead expected to be the primary contaminant of concern
(COQC)

» 45 caliber cartridge 97% lead, 2% antimony, trace
arsenic, copper, tin, and zinc

€ Potential human and ecological receptors

€ Bullet pockets result in significant fragmentation and
ricochet

€ Soll primary matrix of concern and COCs not expected to
== have impacted ground water

38



Systematic Planning

€ Aerial photo review
€ Develop GIS maps with range layout

€ Risk pathway evaluation and identification of potential
action levels

» 50 ppm, 250 ppm, 400 ppm, and 1,000 ppm

€ Field recon to identify impact berms and firing points
» No vegetation on the impact zone

€ Develop data management & communication strategy

39




Refine Project Objectives

€ Confirm the presence of soil contamination

€ Confirm lead is the primary COC for defining
extent of contamination

& Delineate the vertical and horizontal extent of
lead contamination above 50 ppm

€4 Manage uncertainty around contaminant volume
estimates greater than 250 ppm, 400 ppm, and
1,000 ppm

& Collect data to determine If contaminated soill
would be a RCRA characteristic waste

40




Dynamic Work Plan Strategy

€ Sample location density initially driven by process knowledge and site
usage

» 10 foot intervals lengthwise along berm face from 0-1 and 1-2 foot
depth

» Additional sample location determined real-time to define vertical
and horizontal boundaries

€ Sample support driven by potential remedies
» Institutional controls, dig and haul, or treatment
» Soil sieved with number 10 (<2mm)
» One gallon zip-lock bag filled with soil that was archived

€ Data visualization using Spatial Analysis & Decision Assistance
(SADA) to maintain close communication with team members as work
progressed, and evaluate statistical uncertainty

41



SADA General Information

€ Windows-based freeware designed to integrate scientific models with
decision and cost analysis frameworks in a user-friendly manner.
Can be used to analyze spatially referenced analytical data or to post-
process model output for risk assessment purposes.

» Visualization/GIS » Custom Analysis
» Statistical Analysis » Area of Concern Frameworks
» Geospatial Interpolation » Cost Benefit Analysis

» Geospatial Uncertainty Analysis  » Sampling Designs

» Human Health Risk Assessment  » Export to Arcview/Earthvision
» Ecological Risk Assessment

€ SADA has been supported by DOE, EPA, and the NRC. SADA

through version 4 has had over 20,000 downloads. Version 5 is
g CUIrently in beta release.




Sample Designs

¢ SADA has a number of sample design strategies in Version 4. These
strategies include initial and secondary designs. Some are based on data
alone while others are based on modeling results. With the exception of a
couple of exclusively 2d designs all are available in 3d dimensions.

Initial Designs Secondary Designs
Systematic, SR S
unaligned, & | agaptive Fill =+ . e+
hotspot search TR = =
grids o —~_E0 iy
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Demonstration of Method
Applicability (DMA)

€ 40 samples from impact berm at
Evergreen

€ Evaluate site-specific
heterogeneities

» Sampling Design (bag vs. cup)

» Refine CSM - confirm lead
primary COC

» Evaluate XRF performance on
site matrices

» Confirm 45 ppm XRF lead
detection level

& Evaluate bias of the field-based
instrument technology




Data

¢ SADA imports comma delimited
LOAEAD SNKHOLE GE30TIIBWAI0  HSSW1 | 1017002 1030002 1072002 A3 <DOO0DE 6ECE myl AOBIA f||es (CSV) and M|Cr050ft Access

HONE40 SINKHOLE 069013 BWAO  HBSW (0772002 02-A162803 -BHC <000005 AED5 mg! E0S1A
€ Requires the presence of

PROJECT NAME  PROJECT # SAMPLEFSAMPLE 1D DATE COLL DATE RECD ANALYZEDTAILAB # ANALYTE RESULT PQL  UNITS METHOD

F40AE40 SINKHOLE - 4989.013 BWAID HSSWA 0772002 02-A162603 b-BHC <0.00005  5E05 my

LAONGAD SNKHOLE B30T BWAD HSSWI | TDAZ000 10API0D 107000 -ATG2E03 0EHE <000 5505 my
LONGDSNKHOLE ME3013EBWAD HSSWI | 1017002 1037102 10772002 Q-AIGH03gEHC, Lndane  <000005 5605 my ¢ ) f | . th t t
LOMGAD SHKHOLE 4GB3013BWAD HSSWI | 102000 1037002 10772002 0-AT626034 4000 <000010 00001 g d d

LOMGAD SNKHOLE 4GB3013BWAD HSSWI | 1042002 1037002 10772002 0-AT626034 4-D0E <000010 00001 gl certain neias in € dala se
LAOMGAD SNKHOLE SES013BWAD HESW! | 102002 1032002 10772002 0-ATG26034 00T <000010 00001 g . .

LG SNKHOLE 4563073 BWAIO  HGSWA | T0A/002 10002 100772002 Fo-AT2603 Dildrn < 000010 0.0007 my » EaStlng, Northlng, Depth,

FAOAG40 SINKHOLE  4969.013 BWAID  HSSW1
-40/E40 SINKHOLE  4969.013 BWAIO  RSEWA
-40AE40 SINKHOLE  4969.013 BWAIO HSSWA
407640 SINKHOLE  4969.013 BWAID R3S

1
1 1 1
| 1 1
| 1 1
1 1 1
f 1 1
f 1 1
| 1 1
| 1 1
| 1 1072002 02-A162603 Endosulfan | < 000005 5E05 myyl
f 1 107712002 02-A162603 Endosulfan | <0000 0.0001 mg/
f 1 10472002 02-A162603 Endosulfan Sulfate < 0.00010 0.0001 mg
| 1 10/7/2002 02-A162603 Endrin <0.00110 00001 mg
F40AE40 SINKHOLE - 4989.013 BWAID HSSWA 1 10772002 02-A162603 Endrin Aldehyde < 0.00010 0.0001 mg!
F40AE40 SINKHOLE - 4969.013 BWAID HSSWA 1 10/7/2002 02-A162603 Endrin Ketone < 0.00010° 0.0001 mg!
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Value, Name
4 Can use other forms of

-40/E40 SINKHOLE  4969.013 BWAIO  RSEWA (/72002 02-A162603 Heptachlor Epoxide < 0.00008 . 5E-05 my/l
-40AE40 SINKHOLE  4969.013 BWAIO HSSWA 0772002 02-A162603 Methoxychlor < 0.00010 0.0001 my/l

information as well
[-40/A640 SINKHOLE - 4969.013 BWAID  HSSWA (07772002 02-A162803 Toxaphene <0.00500  0.005 mg! d I I
[-40/640 SINKHOLE -+ 4969.013 BWAID  HSSWA (07772002 02-A162603 alpha-Chlordane < 0.00005  5E-05 my! >> M e I a’ D ete Ctl O n 1 D ate 1 CAS
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FAOAG40 SINKHOLE  4969.013 BWAID  HSSW1 (/82002 02-AT62603 Araclor 1016 < 000050 0.0005 gy g0a2

-40AE40 SINKHOLE  4969.013 BWAIO HSSWA (/82002 02-A162603 Aroclor 1221 <0.00100 0.001 mg/ B052
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F40AE40 SINKHOLE  4989.013 BWAID HSSWA
F40AE40 SINKHOLE - 4989.013 BWAID HSSWA
FAOMG40 SINKHOLE  4960.013 BWAID  HSSW1
FAOAG40 SINKHOLE  4969.013 BWAID  HSSW1
-40AE40 SINKHOLE  4969.013 BWAIO HSSWA
-40AE40 SINKHOLE  4969.013 BWAIO R3S
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OB2007 016203 Aroclor 1252 <000050 00006 mgl | GOG2 ‘ Other metadata can be

1
1
(/672002 02-A152603 Aroclor 1242 <0.00050 00005 my/ 8052

(/672002 02-A152803 Aroclor 1243 <0.00050 00005 my/ 8052 1

(/82002 02-AT62603 Araclor 1254 < 000050 0.0005 gy 052 d I S p | a.ye d
(/82002 012-AT62603 Araclor 1260 < 000050 0.0005 gy g0a2

b Y%L Ww e @ Some analyses are media-
dependent
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Scaleable Interface

Analysis Box Data Type Box Data Name Box Labels Box Layers Box
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Basic Data Exploration

Data/GIS Visualization

i, Ac-225 Sample Locations

Data Screening

I Spatial Aggregation
J

l 54 Ac-225 Sample Locations

5

L

-

S5y

LI

= = \
Statistics I SR =

3D Visualization

a x|
Ao e -
Spatial Data Query
: 5ii Information Retrieval
- . e B EIEEIE
T AR . ociin s
! ) g i Lo SR Easting Morthing Depth Casnumber Name| «
Y| - s s PoIEIEZE i21900 i 14265851 A2
I e FF 0 s o3 G 28310.25 21900 0 14265851 Ac-22E
Ciicn - LBGRVSiga= 15 28935 21900 0 14265851 A28
[[Protabilty that the Survey Unit Passes 276855 22200 n 14265851 Ac-22E
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- 1 »
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Classical
Statistics
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Spatial Statistics

€ Local Index of Spatial Association
(LISA) displays show maps of
moving window statistics, these
statistics are calculated at each grid
node and the results displayed

€ Ripley’s K- sampling intensity with
each window

€ Moran’s |- measure of correlation
between all points in each window

€ Geary’s C- semivariance calculation
(average dissimilarity) between
points within each window
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Spatial Estimation

The estimated value V, at an unsampled location is estimated as the
weighted average of nearby values.

Search Neighborhood

[To= Y wil'
i=1

Inverse Distance

1 wi 15 the weight for the ith neighbor
. diis the distance of the ith neighbor
WI- - I%: [isthe power

_ Mis the number of neighbors within the
dp E d L search neighborhood
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Semivar

Modeling Spatial Auto-correlation

Semi-variograms often do not conform to the well behaved monotonic increasing variogram

structures seen in text book examples.

Distance Distance

Distance

SADA provides 3 standard correlation models that provide flexibility in semi-variogram data:
Spherical, Exponential, and Gaussian.

5.00—

Exponential
Spherical Model
488
— Major 381 — Major
§
e
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i
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a
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°
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T
S
m
f f f ; | | | | | |
000 50,00 10000 15000 20000 25000 0.00 f f | } |
. : . : . 0.00 15000 30000 45000 60000 750.00
Distance

Distance

Autofit routines are available to assist in fitting correlation models.

to generate kriging maps.

Gaussian

485+

586 — Major

2 n

s 2971
i
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Eeamoe w

0.00 } } } } |
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Distance

These models are then used

52



Spatial Analysis

Model Spatial Correlation

A0-225 Cotrelation Model
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Comparing Spatial Models
(Cross Validation)

2 dCross validation provides estimates of model error based on existing
ata

€ Process of removing one sample at a time and predicting the
concentration at that location, and measuring the error

& Statistic generated for all samples that can be used to make
comparative statements between different spatial models:

» Mean of errors
» Absolute mean error
» Mean squared error

#: | Cross Validation Summaries

tean Error: -0.169136822453336

Abzolute Mean Emor: 0.647574226014599

kMean Sguared Eror: 0.8719754155318564

Mumber Of Unestimated Points: 1

Help




DMA

€ Develop uncertainty intervals where it is judged
that data can be confidently trusted to declare
areas as

»“Clean” — No further investigation
»“Dirty” — Remedial action needed
»“Ambiguous” — Further data required

Al (ppm)
40 50 65
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Probability Maps

€ A probability map spatially delineates the probability of exceeding a specified
threshold.

€ The probability of the center of each block exceeding the threshold value is
calculated.

€ Probability maps can only be created with ordinary or indicator kriging.

Probability > 3.0 pCi/G Probability > 3.0 pCi/G
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Kriging Maps

€ Kiriging provides an estimate with an associated kriging variance at each grid
node.
4 Allows one to be conservative (e.g., percentiles > .5)

€ Allows one to spatially ascertain the difference between an “optimistic,
realistic, and pessimistic” (e.g., 25th, 50th, and 75th) maps.

“optimistic” “redlistic” “pessimistic”
pP=0.25 pP=0.5 P=0.75 -




mE .o

Evergreen Berm, Plan View Probability > 250 ppm
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Evergreen Berm, Plan View Probability > 1,000 ppm

Lead Probahility Map (Ordinary Kriging)
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Uncertainty Reduction

& Collaborative samples were collected within the
ambiguous “window of uncertainty”

& Co-located field duplicate sites to assess impact
of site heterogeneity

@ Precision samples to assess impact of within
sample heterogeneity

# Collection of additional samples by immediate
step-out

61




Using Secondary
Information

€ Incorporation of related
secondary information
and/or “soft data” can
improve spatial analysis
by providing some
indication of what hard
data values might look
like at unsampled
locations.

SADA V5 focuses on
using soft info as
covariates for multivariate
Kriging and as priors in
geobayesian applications.
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Volume (cubic yards)

Volume changes with respect to Action Levels

250

400
Action Level (mg/kg)

1000

Action Level Volume (Yards?) Excavation
(mg/kg) Effort
250 5000 Maximum
400 3000 Moderate
1000 2400 Minimal
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Cost vs. Risk Reduction In
Remediation

€ Calculate and visualize
associated cost for a range of
cleanup goals.

€ Cost s calculated by
determining the area of concern
(or volume for 3d) for a
threshold value, then *
multiplying the number of
blocks in this area by the
remedial cost per block.

2y, Ac-225 Cost /Decision Block Scale Concentration Basis i =] B

Ae-225 CostDecision Block Scale Concentration Basis

1,208.80 —

a04 .40 —

0.oo

084 168 249 331 412 4594

& After the threshold value range e 6o
IS calculated, cost is calculated
for each incremental value in
this range.
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Conclusions

€ Dynamic work plan strategies and field measurement
technologies can guide sampling locations based on an
evolving CSM allowing for rapid delineation of extent of
contamination

€ Reductions in analytical per sample costs result in
Increased data density allowing for management of
decision uncertainty

¢ Statistically valid conclusions require both sampling and
analytical uncertainties to be managed

¢ Sufficient data was generated to proceed with feasibility
study with reliable contaminated soil estimates
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