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Objectives

The overall goal of this research is to develop and demonstrate a
High Resolution Passive Profiler (HRPP) as a fine-scale
delineation tool for the saturated subsurface

= Directly measure groundwater and
contaminant flux at the cm-scale

Unsaturated Soil

= Quantify biogeochemical conditions at

the cm-scale — Contaminants,
. GW Velocity,
. Geochemical
L I ial I Activity
Assess microbial community structure Clay layer N

a Mixed layer - CSIA,
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= Determine the extent to which the newly Clay layer
developed HRPP can be used to improve

and activity at the cm-scale

conceptual site models

Tested with laboratory experiments and a field trial
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Legend
Stratigraphic Units
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Activities

Modeling of contaminant transport

Determination of realistic clean up goals and
duration

= Rebound due to dissolution of trapped NAPL
= Transport out of low permeability zones

> Selection of optimal remedial processes

= Biological

=  Chemical

= Physical
Location and frequency of application of
remedial activities

= Injection well locations (vertical and aerial)
= Number of applications and at what interval?



Equilibrium Pore Water Sampling
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Applications

= Species
« Cl, Br, NO;, NH,, DOC, SO,
- RDX, ClO,, BTEX

» Chlorinated Solvents (e.g. TCE,
PCE, TeCA)

» Metals (Sr, Pb, Hg, Cd, Cu)
= Environments
e Wetlands

* River/Lake Sediments

« Shallow Aquifers

Advantages

— Least Sediment Disturbance

— Simple to use

— High Spatial Resolution

— Low Cost

— No Well Installation

— Concentrations not Fluxes

Processes

— Fate of Contaminants

— Bioavailabity

— Monitoring of Remediation

— Plant Contaminant Interactions

Disadvantages

— Detection limit



Microbial Community Analysis

Bio-sep beads HRPP microbial
cell Microbes

colonize beads

C
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Extract DNA and Analyze for:
Bacterial Species Metabolic
Capability
CSIA



Compound Specific Isotope Analysis (CSIA)
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 Bacteria enrich stable isotopes of C and Cl in
parent VOCs during reductive dechlorination

» Enrichment also occurs during abiotic reduction

 Strong indication of VOC degradation in situ



Measuring Pore Water Velocity Using Mass

Transfer Coefficient, k.

Example k , , Data Fit
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4 Specialized HRPP’s with only

S - 4 _,‘ velocity cell sets
; 1| 1. Equilibrate laboratory
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Results — Effect of Velocity on k.,

Velocity Effecton kK

3.0

o 1omid Key points:
- v 10cm/d
i @ 100 cm/d . . .
1 ] 1 8 - 1. k., increases with velocity
20 I l 7 . .
2. k., is independent of time
D2-15
b
10 4 Y 1 -
Y [ Y k. g vs. Velocity
[ ] 3.0 i
0.5 +
)
2.5
00 T T T T T
2 4 B 8 10 12 14 20
Time (days) R
O
I3
81 1.5
£
1.0 %
0.0

0 20 40 60 80 100 120

Velocity (cm/d)



Analytical Model — Effect of Velocity on k_

C, = concentration in cell

C = concentration in porous media
® = membrane thickness

U = groundwater velocity

x = ¥ cell length in x direction
D,, = membrane diffusivity

D, = diffusivity in z direction
D,, = free water diffusivity

O = porosity

T = tortuosity

a = transverse dispersion

d, = particle diameter

2D Quasi Steady State

dc d?c
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Results — Model vs. Experimental

Key points:
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HRPP Design — Prototype #1

VOC,
Prototype #1 used for field trial Geochemistry
« 5cm diameter Velocity ~ Monitoring — cgja icrobial
o 316 Steel Evaluation Ana|ysis

Material Layers:

Coarse Mesh
Viton

Fine Mes
Membrane/

5 full data sets over 4 feet




Field Trial — Fort Dix Site Profile

Testing locations,
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Field Trial — Insertion & Sampling

Two ProtPt pe Samplers Installed for 3 weeks at Fort Dix (18 to 26ft BGS)

.

Insertion

Sampling |

After
Retrieval




Field Trial Results — Anions and VOC’s
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Field Trial Results — MAG 4 Microbial Data

MAG 4 Reductive Dechlorination
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Current HRPP Prototype

Changes:
* Increased diameter (5cm — 6.4cm)
 Smaller bio-sep bead cell
* Velocity cell alignment

o o :
o0 ®

old

Pending field test summer 2016



Direct Insertion to
depths >30ft

Sample interval 4’ to
30’

Deployment time of 2-
3 weeks

Chlorinated VOC
concentrations at
20~cm resolution (DL

~20ppb)

Biogeochemical
Indicator concentrations

at 20cm intervals (no.,
NO,", SO,2, Fe;, DOC)

Ground Water Velocity

Microbial community
analysis and abundance

Fate of cVOCs (CSIA)
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