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Where the Groundwater Flows...

Most soil types are not
aquifer material

* The aquifer matrix is laid
down in high-energy
environments

High-energy
environments are
hetercaeneous and
anisotropic
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>90% of flux occurs in <10%
of cross-section
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Stratigraphic Flux
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Precision vs. Accuracy

High-Resolution
Monitoring well nest Boring

Non- Low
detect _Accuracy

High
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Precision vs. Accuracy

Install wells AFTER site
characterization

+ Same precision
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50 PPB - « Better accuracy Fine sand ND
« Less wells
+ Less cost
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Plume Maturity is Key Adaptive Approach
Plume Age: New Moderate Mature Adaptive grid of borings
* Mobile lab
U sana sand « Adjust step-outs in real-time
High frequency sampling
« Focused on soil
+ Groundwater for correlation
D -
Remediation: Easy Mog‘erztely Difficult Characterization of stratigfashy &
ar L
o\ . . permeability
Tiux in transport zones: Fls i rt /sl istril P -
. Typical leading edge adlirxe::r:wor::nsw sow h"”ﬁ}‘;’:ﬁ;ﬁ"'ad across all + Permeability profiling (HPT etc.)
« Variety of treatment options  + Mature plume - Typical source area « Sieve analysis
available + Mass flux associated with

+ Significant mass within

« Minimal back-diffusion slow advection potentially diffusion dominant storage
significant
« Back Diffusion from silt + Intensivelaggressive
ongoing issue treatment :
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Flux-Based Source Evaluation

Source
Area

Whole core soil sampling:

« Vadose and saturated soil
samples

+ Quantitative results / COC
speciation

Mass stored in
vadose zone

«>90% of flux in
coarse sand zone
mass in

difficult to treat
storage zone

Understand mass
distribution and plume
maturity

Mobile
Laboratories

The appropriate mobile lab for
a project depends on objective,
scope and DQOs

Screening level data vs certified
data
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Partitioning Equation for
Saturated Soils

Ci=Cy " [(Koc * foc) * (u/P)]
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+ Chemical and soil properties used to convert
saturated soil data to equivalent groundwater

concentrations C,, = groundwater concentration

K, = organic carbon partition

Good approximation, not exact — GW concentrations
coefficient

mfluenced by several factors:

organic carbon content e o e

« chemical-specific carcon rartitioning yd
. il i is'urce /

soil poro;lly/moza urc content y &), =i s sl ey
+  soil density ya

KEY: Use site-specific I (=l Gy
parameters for each hydrOfaCIes Soil Screening Guidance: Technical
Background Document (U.S. EPA, 1996)
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Air Force Plant 4
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Air Force Plant 4, Chrome Pit 3

Fort Worth, Texas
Barium chromate sludge disposal

High concentrations of TCE and
chromium

Previous attempts at remediation
unsuccessful

.

Excavation -- significant mass
remaining below former pit

ISCO — mobilized Cr

.

Challenging Conditions....

« High concentrations of TCE in dense low = -
permeability clays/silts

zone

-} R Chay

Pleistocene and Holocene alluvium
Dense, poorly sorted

limited saturated thickness

shallow bedrock and saturated rubble
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Clay &
Gravel

Sand&
Gravel

Approach

Adaptive transects in overburden

On-site lab, real-time analysis

Detailed soil descriptions with sieve
analysis

Whole Core Soil Sampling:
Soil results for vadose zone

+  Equivalent groundwater results for
saturated zone
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Hydrofacies Analysis
Geologic soil descriptions and sieve analysis to
characterize hydrofacies.

Sieve results used to assign an average K to each
hydrofacies unit:
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Whole Core Soil Sampling
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Key Takeaways —
Smart Characterization

[ et Foe s Four Key Elements of Smart
_ : [ro- 100 Characterization
1 ae » Flux Based CSM
[ * Right tools
| R * Real-time, Adaptive

» Geologic interpretation

ROI - Identified complex flow pathways — focused monitoring/delineation/MNA




Key Takeaways — Geology is
Critical

Real aquifers have fabric imprinted
by the depositional environments

Groundwater flow is concentrated
in the most permeable segments

Typically 90% of the flow occurs in
10% of the cross-sectional area

Key Takeaways — Relative flux

Evaluating Mass Flux Based on the Soil Types and Permeability
Structure of the Aquifer

Build flux-based CSM
by evaluating
hydraulic conductivity
and concentration in
high-resolution

Classify hydrofacies
based on transpor.
potential
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Takeaway — Smart Characterization

Stage Stage

Better Conceptual Site

Models in Less Time
Smart Long-term

Total §§ (Characterization Q&M
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- Less Cost Overall

Time

Forcused Remedy with
Better Chance of
Success

Questions?

A

PATRICK CURRY, PG, CPG
Principal Geologist

Site Investigation Community of Pracfiie Lead

North America

o 310.225.1926

c 734-355-2809

e Patrick Curry@arcadis.com
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Arcadis.
Improving qua

lity of life.




