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What are contaminant elution tests (CET)
CET advantages and applications
Implementation

Case study



Contaminant Elution Test

« AKA
- induced-gradient contaminant elution test
- contaminant pumping test
- mass discharge test

Contaminant Groundwater

Source gmy ~_ Flow Line
% e Dissolved
g VN Contaminant
Monitor COC concentration S0 e Supply
in fluid discharge during ~ R
groundwater (or soil vapor) D) ) capture

extraction




CET Data

* Qualitative analysis- Landmarks

* Quantitative analysis- Mathematical modeling

TCE Data
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Data from Brusseau
et al., 2007




Advantages

Induced gradient stresses system, enhancing hydraulic
and concentration gradients
— Improved sensitivity for measuring mass transfer and attenuation

Integrated measurement over interrogated domain
— Reduced uncertainty from spatial variability

Modified CET — clean water injection to displace resident
solution (background plume)
— Delineation of local fluxes and associated processes

ICET? - tracer application
— Characterization of specific processes and associated rates

Rapid and relatively low cost



Outcomes

Improved characterization of mass transfer, attenuation,
and mass removal processes

- increased accuracy of risk assessments

- improved CSM and RI/FS

- enhanced remedial action design

Ultimately, improve decision making for cost-effective
site management

Integrate with other site characterization tools



Applications

Measure contaminant mass discharge (CMD)
Characterize mass-removal and persistence behavior
Delineate specific mass-transfer & attenuation processes
Determine process-specific rate coefficients

Estimate resident contaminant mass

Test prospective remedial actions



Applications

 Measure contaminant mass discharge (CMD)

Data from Brusseau et al., 2011
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Applications

Characterize mass-removal and persistence behavior

Landmarks:
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Applications

Characterize mass-removal and persistence behavior

- Quantitative analysis: CMDR-MR relationship
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Applications

« Delineate specific mass-transfer & attenuation processes

use of tracer suite

The ICET® Method  Sampling

Pump - Straightforward for

systems with a single
predominant mass-
removal process

Ground Surface

Multi-level Multi-level
Injection Extraction - Difficult for multi-
Well Water Table 7 Well process systems

Groundwater Flow *Implement tracer-test

Direction component
—_

Tracer Cloud T

Tracer Suite to measure:

dispersion/mixing, back Mi grati on and
diffusion, sorption,

biotransformation, and Attenuation
abiotic transformation




Applications

Use of tracer suite to characterize specific processes and
associated rate coefficients

+ NRT-1 - Multiple NRTs with
" + NRT-2 different D, = diffusive

0.8 R KX o Transformation Tracer | mass transfer

u :A‘A x X + Sorbing Tracer Sorbi
i - ©0rbing tracer =

N A * = Contaminant orbln. fracer

retardation

- Transformation
tracers = bio/chem
degradation

- NAPL partitioning
tracers = NAPL

characterization

Relative Concentration




Applications

« Estimate resident contaminant mass

- Typically
Data from Brusseau et al., 2013 u n known a n d
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Implementation

« Well-field configuration is key design factor

- Based on test objectives

- Test of EW
iIsolation from
O rection wei surrounding plume

A Monitoring well

from Guo and Brusseau 2017
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Case Study: TIAA Superfund Site

- NPL Listing in 1983
-COC =TCE

- Regional aquifer
impacted

- Multiple OUs and
remedial operations




GW Pump & Treat Operation

» High-resolution data set to characterize mass removal

Measured at GWTP
(composite values)
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UA- TIAA Study

Obijectives: Understand T&F behavior at site and improve
remediation effectiveness

US Air Force Plant 44
Hughes Missile Systems Company

* Activities
c c Uni ity of Ari Study Will Hel
- Characterization- ICET3 Accatorats. Grouxiweter Cleantp

The Air Force and Hughes Missile Systems Company have
joined with the University of Arizona for a cooperative study that
should have a positive impact on cleaning trichloroethylene
(TCE)-contaminated groundwater under Air Force Plant 44 (AFP-
44). The study will provide a better understanding of water and

- contaminant movement in the ground under the plant site.

aporatory Experi ments The UN's 5l and Water nes Depuimntand Depart
ment of Hydrology and Water Resources will perform the study.
The study involves injecting tracer materials at levels which are
safe and non-toxic through existing wells into the aquifer — the
area below ground where water collects — and then pumping the
tracers through existing extraction wells to the groundwater
treatment plant (see diagram on reverse side of this page).

Mathematical Modeling o

dissolved in water and released into a small area in the ground.
Tracers planned for this study have been used previously in field-
tracer studies and, at the
levels to be used, will be
safe to human health
and the environment.

Evaluate Conceptual Site Model A el

dissolved salt widely
used as a tracer. The amount
used will be less than the
concentration occurring
naturally in sea water. Calcium
will be released into the solution

Pilot Tests of Remedial Technologies [

concentration in milk. Benzoate — Commonly used as a food
preservative, and produced naturally by most berries. Dextran —
A sugar used as a major component in soft candies. Sodium
Fluorescein — A fluorescent dye known as Yellow Dye No. 8;

Hili

[ J
HH

———————————————————————————————
information or questions? — Call Wright-Patterson A Force Base (1-800-982-7248) or Hughes Missile Systems Company (1-602-794-7477)
———




ICET? Application

* Presence of higher COC concs in major low-K unit
« Diffusive mass transfer (back diffusion) influencing mass

removal
T
>>> Diffusive |
tracer test - — + Bromide
- = o HPCD

Bromide simulation
----HPCD simulation
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ICET? Application

* Presence of DNAPL in source zone

NAPL

-

>>> NAPL
Partitioning

tracer test o ,,,,,,,,,///

Retardation of PT

: - Steady state at high concs

A
A

% - Rebound after stop flow
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CET with Stop Flow
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ICET? Application

« Mass removal mediated by NAPL dissolution

>>> Numerical Modeling

- Impact of NAPL
dissolution rate
coefficient
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ICET? Application

 Information obtained from ICET? applications used to
support 3-D plume-scale modeling

Three-Dimensional Distribution of Hydraulic Conductivities at AFP-44 Site

- Simulation showing impact of
DNAPL in source zones
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>>> Modeling used to predict
impact of source-zone
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Comparison of the Simulated Influent TCE Conc. at Treatment Plant with the Observed Data




ICET? Application

+ ISCO (permanganate) implemented for source zones

« Measure CMD before and after ISCO

m Before ISCO m Before ISCO

A After ISCO
O Longer-term Test

A After ISCO

Depth (m BGS)

75%
Reduction

Mass Discharge (Kg/d)

1

15 20 Concentration (mg/kg dry sediment)
Time (day or month)




ICET? Application

« Comparison to plume-scale aggregate CMD
 Reasonable correspondence

Site-wide P&T data
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minant elution and tracer tests for

« Just one component of full site assessment

 Thank you
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~ Airport Authority, US EPA

OD SERDP, O oD ESTCP, US Air Force, Tucson

Tim Allen, Fred Brinker, Bill DiGuiseppi, Jim Hatton, Manfred
Plaschke, Kelly Reis, Bill Taylor, George Warner

Nicole Nelson-Sweetland, Jon Rohrer, Zhihui Zhang, Zhilin Guo, KC
Carroll, Ann Russo, Candice Morrison, other UA students
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