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This issue of Technology News and Trends looks back to find lessons learned from projects described in earlier issues of the

newsletter. These site-specific updates encompass expanded field operations, the resulis of longer-term monitoring, techniques
Jor system optimization, and progress toward cleanup closure.

Biological PRB Application Expanded to Accelerate Perchiorate
Degradation in Ground Water

The success of biological permeable
reactive barriers (PRBs) in treating
contaminated ground water at the Naval
Weapons Industrial Reserve Plant in
McGregor, TX, led to construction of a
second PRB: system comprising 7,000
feet of treatment trenches in 2004-2005.
[For more information on the initial PRB
system, see the February 2004 Technology
News and Trends.] Each PRB system targets
one of three contaminated ground-water
plumes migrating within separate drainage
areas.toward drinking-water reservoirs that
serve 500,000 people in central Texas. The
treatment systems. are designed to reduce
the mass of commingled contaminants in
the source area, prevent contamination from
exfiltrating: to surface water, remediate
shallow ground water on offsite property
within 15 years, and prevent further
migration of contaminated ground water
offsite.

Burn pads and material burial sites of the
facility’s former open burning/open
detonation area were identified during early
site investigations as the source of ground-
water contamination. Contaminants include
perchlorate in concentrations up to 1,500
parts per billion (ppb) and trichloroethene
(TCE) with its associated daughter products
insimilar concentrations. Field studies show

that perchlorate is the only contaminant

migrating offsite. As part ofthe facility-wide
remediation plan, cont,@minated soil _from the
=50

burial sites was excavated for offsite disposal
and a RCRA landfill cap was constructed
over the burn pad in 2002,

Both PRB systems involved placement of
2.5-foot-wide barriers (operating in series)
in the area’s shallow; weathered limestone,
which keys into.a non-water-bearing zone
10-25 feet below ground surface (bgs).
Trenches were constructed using a trackhoe
and/or rock trencher and backfilled with
coarse gravel, wood chips: saturated with
vegetable oil, and compost. Slotted polyvinyl
chloride piping was installed six inches above
the-trench bottoms to facilitate eventual
replenishment of organic substrates. The
initial PRB" system, which was completed
in 2002 to address the first fully delineated
plume, employs seven trenches totaling
4,500 linear feet. The second system
employs 54 trench segments and totals
7,000 feet.

From the onset of operations, perchlorate
and volatile organic compound (VOC)
concentrations in ground water exiting the
final barrier-of each PRB system have been
reduced to non-detect levels. By the end of
the second year of operation, in Fall 2004,
the perchlorate mass in ground water
decreased approximately 50%, and offsite
cleanup was 5-8 years ahead of schedule.
Extensive ground-water sampling in January
indicated that perchlorate concentrations in
many- locations are below-0.43 ppb,
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source area for a two-square-mile
plume of TCE-contaminated ground
water. A pump-and-treat system has
operated since 1987 for plume
remediation, and a former SVE system
removed more than 75,000 pounds of
TCE from vadose-zone soil. Despite
SVE success, TCE concentrations in
ground water remained elevated in
vadose soil extending to a depth of 150
feet. Injection of potassium
permanganate in a single well during
the August 2001 pilot test produced a
localized, temporary decrease in TCE
concentrations.

In January 2003, the USAF began the
large-scale ISCO effort involving single
injections of potassium permanganate
in multiple wells across IRP Site 2.
Sixteen former SVE wells were used
to inject into the lower vadose zone,
and eight ground-water wells were used
to inject directly into the upper part of
the regional aquifer. To reflect 2001
pilot-test results suggesting that the use
of greater volumes of more dilute
solutions may increase effectiveness,
potassium permanganate was injected
in concentrations of 0.3-0.5% rather
than the 2% solution previously used.
A total of 16,000 pounds of potassium
permanganate were injected. To
enhance operation ease and reduce
intrusive activities, the 20,000-gallon
batch-tank system used in the pilot test

was replaced by a portable flow-through
system tailored for potassium
permanganate delivery in the expanded
injection program. Both vertical and
horizontal flooding techniques were
used.

Monitoring methods and frequencies

were optimized to reflect University of

Arizona research findings from the pilot-
scale application. Monitoring was
conducted quarterly rather than weekly
due to the slow changes occurring in
subsurface conditions. In addition, the
large-scale application focused on key
ground-water monitoring parameters that
included ORP, temperature, pH and
conductivity, and color (purple
indicating the presence of potassium
permanganate). Quarterly monitoring

also included laboratory analysis of

ground-water samples collected within
and downgradient of the treatment
area to determine changing TCE
concentrations.

Three years after the large-scale
injections, active (based on observed
color) potassium permanganate remained
in the injection wells to varying degrees
and for varying durations. This
persistence was attributed to the
aquifer’s low TOC content, which was
estimated at 0.1%. TCE concentrations
in the treatment wells began to rebound
over time at differing rates. As a result,
an additional 4,600 pounds of potassium
permanganate were injected last fall

using the same field methods in 10
selected wells: three previously-treated
regional aquifer wells, two previously-
untreated regional aquifer wells, and
five previously-untreated vadose-zone
wells.

To measure treatment effectiveness, pre-
and post-injection TCE concentrations
were compared in ground-water
samples collected from 17 wells for
which complete data were available.
Laboratory analysis of samples
collected in November 2001, before the
initial injection, indicated TCE
concentrations averaging 297 ug/L.
Post-treatment samples collected this
past February (two months after the
final injection) contained TCE
concentrations averaging 18.4 ug/L,
demonstrating a 94% reduction. The
USAF anticipates continued operation
of the IRP Site 2 pump-and-treat
system, and additional ground-water
treatment, if needed. [SCO field-testing
(but without the same degree of
research activities) also was performed
at [RP Site 3 in 2001 and expanded to a
large-scale system in 2004-2005.

Contributed by George Warner, USAF
(george. warner@wpafb.af-mil or
937-255-3241) and Timothy J. Allen,
Raytheon (tjallen@raytheon.com or
520-794-9450)

Anacostia River Demonstration Finds Active Gaps Effectively Contain Sediment Contaminants

I

In March 2004, innovative cap materials
were placed in the Anacostia River in
Washington, DC, to demonstrate their

applicability for management of

sediment contaminants. Conventional
sand caps are designed to reduce
contaminant release from sediments by
physically isolating contaminants from
organisms and the water column. The
active capping process underway at the

Anacostia, however, involves covering
contaminants with layers of alternative
materials that offer treatment and/or
sequestration of contaminants.

Following extensive site characterization
studies and two.years of laboratory
treatability studies, three alternative cap
technologies were included in the
demonstration: AquaBlok™, apatite, and

coke breeze in a laminated mat [see the
May 2004 Technology News and Trends
for details on the technology selection
process]: Six-inch layers of AquaBlok
and apatite were emplaced and covered
by 6:inches of sand. The 1-inch layer
of coke breeze in a laminated mat was
also covered with 6 inches of sand. The
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Figure 2. A recent vertical profile for
PAHs in the coke breeze-laminated
capping area shows a high degree of

containment of sediment contaminants
and recontamination from
unremediated areas of the Anacostia
River at the surface.
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control area consisted of 1 foot of sand.
Monitoring approximately one month
after placement confirmed that each of
the materials was placed effectively in
the river despite a relatively crude
placement approach and the thin target
thickness. The average variation in
layer thickness was approximately
30%, with less than one to two inches
of intermixing with underlying
contaminated sediments.

AquaBlok, apatite, and sand were
placed using conventional clamshell
bucket techniques. Placement was
monitored through use of a high-
resolution digital global positioning
system attached to the arm of the
crane. Coke breeze in the laminated mat
was emplaced by tacking one end of a
10-foot-wide, 100-foot-long roll of mat
and unrolling it through use of a crane.
Divers then ensured proper placement
of each roll, with small overlaps.
Laminated mat was selected for the
coke placement due to the low density
of coke and the relatively high fraction
(10-20%) of non-settleable material that
likely would result if coke were placed
through-conventional techniques.

Performance monitoring was
conducted at six and 18 months after
cap- placements. Geophysical
parameters-were used to evaluate any
changes:in bathymetry and to identify
changes in surficial site characteristics
such as the deposition of new fine-
grained. sediments. Sediment coring
also was conducted to determine
vertical profiles of contaminant
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concentrations. Innovative monitoring
approaches employed on the low-
permeability AquaBlok cap included the
use of seepage meters to evaluate any
reductions in ground-water flow and an
inclinometer to detect small vertical
deflections that may occur due to tides
or gas movement.

The influence of AquaBlok, for which
the primary objective is permeability
control, could be measured immediately.
Seepage meters during the two
monitoring events showed significant
reductions in ground-water flows, from
1-5 cm/day to significantly less than 1
cm/day. The low permeability of
AquaBlok also led to accumulation and
irregular release of gas from this cap
material, although without apparent
enhancement of contaminant migration
or decrease in long-term cap
performance.

Monitoring results confirm that extensive
time is needed for polycyclic aromatic
hydrocarbons (PAHs) and metal
contaminants to migrate within the
materials, which allows for extended
intermixing of the cap material and
underlying sediment. Results also
indicate that all of the cap materials,

including the sand control plot, are
effectively containing contaminants.
For example, data indicate that the coke
breeze mat efficiently: contains PAHs
near the surface (Figure 2), particularly
due to movement of new contaminated
sediment onto the surface of the cap.

[continued on page 8]

Technology News and Trends
is on the NET!

View, download, subscribe,
and unsubscribe at:

hitp://iwww.epa.govitio
hitp://cluin.org/newsletters

Technology News and Trends
welcomes readers’ comments
and contributions. Address
correspondence to:

John Quander
Office of Superfund Remediation
and Technology Innovation
(5203P)
U.S. Environmental Protection
Agency
Ariel Rios Building
1200 Pennsylvania Ave, NW
Washington, DC 20460
Phone: 703-603-7198
Fax: 703-603-9135




‘\\150 Sﬁﬂrs

n = Solid Waste and EPA 542-N-06-004
§, N % Emergency Response July 2006 gresorted Standard !
% & (5203P) Issue No. 25 ostage and Fees Paid
% _— EPA
Permit No. G-35
United States
Environmental Protection Agency
Nationai Service Center for Environmental Publications
P.O. Box 42419
Cincinnati, OH 45242
Official Business
Penalty for Private Use $300
[continued from page 7] ariverine environment and that all of the  Contributed by Danny Reible, Ph.D.,

Long-term effectiveness of the active caps .are effici'ent.ly c'ontair}ing University of Texas

cap materials and performance relative contaminants. Monitoring will continue  (reible(@mail utexas.edu or 512-471-
to the sand control will be evaluated for a minimum of one additional yearto  4642)

again this Fall for 2006, 30 months after better q‘uanti.fy the cap performance and

placement. The demonstration to help. identify the performan'ce benefits

continues to show that alternative cap of active caps over conventional sand

materials can be placed effectively in  ©2PS:
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EPA is publishing this newsletier as a means of disseminating useful information regarding innovative and alternative treatment technigues and
8 technelogies. The Agency does not endorse specific technology vendors.






