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Desert Remedial Action Technologies (D-RAT) Workshop
Day 1: October 2, 2007

This publication contains the proceedings for the Desert Remedial Action Tegiesolo

Workshop, which was held from October 2-4, 2007 in Phoenix, AZ. Desert environments in the
southwestern United States and similar areas present a number of unique chtdlenge
subsurface cleanup. Groundwater can be extremely deep and the presenceaofidiatured

rock can reduce the effectiveness of some standard cleanup technologies. ©ihéhgoal

workshop was to gather practitioners and others with remediation expertisséndiesert
environments and to present both lecture and poster presentations on their ideas fatingmedi
soils and groundwater. The scope of the workshop was limited to sites with VO ®épnadec

and chromium, as these contaminants present some of the greatest challecigastip.

All information from the workshop, including abstracts, bios, presentations, and these
proceedings, will be posted at the following EPA webpage:
http://www.epa.gov/osp/stiworkshops.htm

9:00 Opening Remarks — Mike Gill, U.S. EPA and Alan Dulaney, Arizona Hydrological
Society/Arizona Department of Water Resources

Mr. Gill opened the first day's sessions, welcomed attendees, and thanked thencenfere
organizers and speakers. He noted that there are numerous challenges to ngnlediexti sub-
surface environments; the goal of this workshop was to gather experts to gregedeas on
improving remediation of these sites, particularly as it pertains to vadagjgnic compounds
(VOCs), perchlorate, and chromium. He added that this was intended to be a "gndeshowo
pre-conference information and materials were posted online at the meehlisigew
(http://www.epa.gov/osp/stiworkshops.htrand the presentations and final proceedings would
also be available online after the conference. He then reviewed the workshopagkenda
introduced the next speaker, Mr. Alan Dulaney (president of the Arizona Hydal&giciety).

Mr. Dulaney thanked EPA Region 9 and the Arizona Department of Environmental Quality
(ADEQ) for their work in organizing the workshop. He invited attendees to join thernariz
Hydrological Society (AHS), which was founded to promote responsible use and managé
water resources in the Southwest. Historically water has not been rédiatdsidents of
Arizona, and although technology developed in the last cergugy deep wells and powerful
pumps) solved the problem of reliability, it also created problems with contaminatios of
water reserves. With continued growth, water quality will become inogdgsmportant as the
resident population demands reliable water quality as well as quantity. Mr. Petamsguded
by inviting participants to attend the AHS-sponsored Sixth Annual Internatigmadd&ium on
Managed Aquifer Recharge taking place later this month in Arizona. The conferebsite is
www.ismar2007.org
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Session 1 — Biological Technologies
Chairperson: Leanne Austrins (CH2MHIill)

Ms. Austrins opened the first session, reviewed logistics for the conferadaat@duced the
first session speaker, David Abranovic.

9:15 Pilot Test of Deep Aquifer Permanganate Treatment
David Abranovic, PE (ERM-West, Inc.)

Mr. Abranovic presented a method for trichloroethene (TCE) oxidation by peamateg a
compound which is very efficient at oxidizing TCE. A site map was presented fBethz
Avenue site in Phoenix, AZ, along with VOC concentrations, which have histptiesn
moderate. A pump and discharge (hydraulic control) remedy had previously bédaruse
decontamination, and the investigators used this existing system in their pijot $Shelpilot
study was designed to apply the maximum mass of permanganate into the sepbslafdicy

site specific difficulties associated with the application of permangamaite groundwater,
measure the persistence of permanganate in the aquifer, and monitor the redDan i
concentrations in the aquifer near the application well. The application and miximgdsie
were described and illustrated by images of the equipment used. Reselfgesented for

three monitoring wells and two extraction wells, at various distances downygradia the
treated area, showing both VOC and chromium concentrations. Results for one monitthring we
showed an increase in VOCs, but the other two monitoring wells showed decreases in VOC
concentrations of 98% and 93%. Extraction well results showed that permanganatgalie mi
downgradient at varying rates, and that it persisted for over three yearsahtbaevells.
Transient (outlier) chromium concentrations were also observed, however theserdglhon

a long-term chromium problem. The method was overall deemed effective, pribeduse of
the low organic carbon, which allowed the permanganate to persist for taresgpermanganate
can also be transported across long subsurface distances for a wide distribakiog,this
method viable for deep and expansive VOC plumes.

Questions and Discussion

A question was raised on whether TCA was plotted with the results, since it couldlzes ase
marker to study absorption and desorption effects. The speaker replied that thegpikasn

the magnitude for TCA, and that desorption effects were seen, but he could not commant on the
magnitude.

In response to whether the permanganate solution was tested for chromium, &vioidr
explained that they used high grade permanganate which did not contain chromium.

In response to a question about the performance measures used, Mr. Abranovic responded that
water quality measurements for two quarters to up to a year from treaterenised to measure
performance.
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Regarding the injection technology and timing, Mr. Abranovic noted that injectioes wer
continuous for a 2.5 day period, and both wells were injected simultaneously, and then flushed.
There were no problems encountered with injection, however, cleaning the mnkegvas

difficult, and was eventually accomplished by using sugar to react with timaupganate.

Another audience member asked whether the permanganate found at the extedistion w
signified a problem with the technique. Mr. Abranovic noted that there was tre@onggon
at the site; the permanganate was not problematic other than the fact thad thetyveiant to
pump out all the permanganate; to avoid that, the treatment system was shut devtiisvhi
study was being conducted.

The cost of the permanganate was about $1.50 per pail, with total costs of $50,000 for the entire
project.

A guestion was raised about the cause of the spike in perchlorate, TCE, and consaminant
concentrations seen in the data presented. Mr. Abranovic agreed that, had thettiezgme
successful, these increases in concentration should not have been there. Healdgkplasoene
of the wells may not have been in the right place, and that in the lower well al\graaiant
was created by the process of sampling.

In response to a follow up question, he replied that these concentrations have sirasedgecre
and the contaminants having been oxidized over time.

Lastly, he confirmed that the state was not concerned about the longevity ahgamate in the
soil.

10:00 In-Situ Bioremediation for Treatment of Chlorinated Solvents and Perchlorate
Impacted Groundwater in Desert Environments
Sam Williams, PG, CHg (Geosyntec Consultants)

Mr. Williams' presentation focused on the techniques and challenges of reamediafilOCs
and perchlorateln-situ bioremediation can be accomplished through monitored natural
attenuation, biostimulation, or bioaugmentation. Delivery of biostimulant or bioauggmoent
material is of foremost importance, and is contingent on good site chataoberizOther
important factors fom-situ bioremediation are aquifer and microbial conditions. The Borehole
Imaging Processing System (BIPS) can be used to characterizeamdite especially effective
for fractured rock settings. The system takes oriented photographs of the borehsleg\as
fractures intercepting the borehole as sinusoidal patterns on a graph. Exaintipde®sults and
photographs using this system were presented. Delivery can be accomplishedtissnoy
passive systems; advantages and disadvantages for both systems werezsegm®ae type of
bioremediation involves reductive dechlorination of VOCs using bacteria of the genus
Dehalococcoides Bioaugmentationi.g., adding these microbes to the solil) is appropriate in
some situations and can accelerate remediation, particularly the rateslofidation. Data
were presented showing the long term impact of bioremediation compared to dthetdgies,
since the bacteria keep working long after the delivery system has been shut deerstudies
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were summarized where bioremediation was used at an aerospace mangféamtuity
(passive injection); a Superfund site containing perchlorate and TCE (biaatagjore with an
active bio-barrier); a NASA/AIir Force site containing dense, non-aqueous phads |
(DNAPL); and a road flare manufacturing site contaminated with per¢blo@onclusions from
the studies confirmed the importance of an accurate conceptual site model, and ah using
appropriate electron donor, having an active microbial culture, and population.

Questions and Discussion

A member of the audience asked how the transport of microbial populations was erttourage
Mr. Williams replied that increasing the flow would work for an active sygt#osed loop).

The donut approach, used in one of the case studies, also showed promising results; and
recirculation may help, depending on the delivery technique used.

Further questions addressed whether the microbes could be used in combination witlala ther
treatmentj.e., if they could tolerate high temperatures. Mr. Williams said he has not tried tha
approach, and did not know the upper temperature limit; he did note that the microbes would not
work well at temperatures below 55 F.

Mr. Williams confirmed, in response to another question, that reductions in perchlerate w
seen when using an electron donor dosing system; however, those results were usitveoncl

Another attendee asked about problems with biofouling; Mr. Williams confirmed tlyatdde
seen such problems, and they were addressed using aggressive clean up and dfehgnent
wells. There was no difference in the frequency/amount of biofouling between the
bioaugmentation and biostimulation phase.

A question was posed on whether the investigators were concerned about chlorine aretidissol
oxygen. Mr. Williams explained that the water was mixed with 1% emulsifieetaielg olil,

unlike the "cushion" injection, which was anaerobic water. Chlorine was testathetss,

and only low levels were found.

A participant asked why bioaugmentation (rather than biostimulation) was u$edAerbjet
case study. Mr. Williams replied that bioaugmentation was chosen becauosdditvork more
rapidly.

Questions were also raised on whether sulfate concentrations were trackadoat the power
requirements and costs of the treatment. Mr. Williams said that sulfateneas the limiting
factors; there was a reduction in sulfate (at the Florida site), and no hyduafjde was
observed.

Treatment costs for the passive study (with a plume area of about 2 aere$@ss than $0.5
million. An attendee commented that in a study conducted by ARCADIS, treatos¢ninere
in fact higher when bioaugmentation was included; the cost of the recirculgiemsalso has
to be taken into account.
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Regarding the power requirements of recirculation, Mr. Williams saidttrexjuires a lot of
power, and would not be feasible to run on power from solar panels alone.

11:.00 Evaluation of a Hydrogen Release Compound (HRC) and HRC-Primer Inj¢ion at
a TCE-Impacted Site after the Operation of a Dual Phase Vacuum Extraction
System
Gustavo Valdivia, PE (Bureau Veritas North America, Inc.)

Mr. Valdivia began by presenting background information on the Joint forces Tr&iase site
at Bldg. 35 in Los Alamitos, CA, including soil type and TCE source, current plumaradea
TCE concentrations. The pilot test was conducted on an area with TCE levels tisamniepre
the typical concentration within the plume. A plot of the pilot test area withleeations was
also presented. A primer was used prior to injecting the HRC in order to producedssist
although HRC is a slow-release, viscous fluid, the primer is more biodegradabieglto a
faster release of hydrogen. Direct push injection rigs were used and weatedpeo at a time
for greater efficiency. Results were presented for several, Wallged at the center of the
injection area and at various distances downgradient of the injection perimetexen@ations
at the injection site decreased following the injections except for totaliorgarbon (TOC),
which increased, indicating that HRC was present in the well. A decrease iromCG#htration
was also seen in a well approximately 28 feet down-gradient, where novedfeekpected.
Another downgradient well also showed an increase in TOC after injection. QV&all
concentrations decreased in an area of about 6000 square feet following thetpiipedissn.
The test results indicated that HRC injection was successful in enhanmiagédiation. A full
scale application following the pilot study is still ongoing, but preliminasylte show its
effects to be similar to those seen during the pilot test.

Questions and Discussion

A member of the audience asked whether there had been a cost analysis conductgd of usi
different concentrations. Mr. Valdivia responded that higher concentratiorR®@fare
generally more effective at degrading TCE; however, lower concemsatieed to be used at
low permeability sites. He confirmed that the project has been running foyearse using
different configurations for different phases.

Another attendee asked why injecting with a geoprobe was selected in favioigod us
reinjectable system. Mr. Valdivia explained that HRC is long-lastingaaradresult there was
no need for the ongoing cost of continuously pumping or recirculation systems.

A comment was made regarding redox conditions in the aquifer: specificatig, af the sulfate
should have been reduced as a result of the treatment. The commenter asked whether met
and ethane were being monitored. Mr. Valdivia stated that sulfate, methane, aedethaall
being analyzed; although only baseline values are currently available penetation is that they
will indicate anaerobic activity in the soil.
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A participant asked why that particular area of the site was selectdefpilot study, and
specifically why the injection well locations were chosen. Mr. Valdivia respbtiae the
locations were chosen so that investigators could be sure that any impact dregahbss not
due to contamination from other wells.

In response to a comment that the shape of the plume seemed contrary to the groundwate
gradient, he explained that the major influence was the pumping gradient, not the natura
gradient.

Session 2 — Mechanical Technologies
Chairperson: Kevin Murdock (CH2MHIill)

Mr. Murdock opened Session 2, reminded participants of logistics details, and announced
evening activities and the next day's "Desert RAT" run.

1:30 Perchlorate, TCE, and 1,4-Dioxane Investigation and Remediation at a Rocket
Propellant Facility in a Semiarid Environment
Edward (Ted) Tyler and Dave Jenkins (Kleinfelder West, Inc.)

The presentation was divided in two parts: a discussion of perchlorate, TCE and dioxane
remediation at a rocket propellant site in California, and summaries of ofieestcaies. Mr.
Tyler presented maps of the first site and summarized the chemical popéttie

contaminants (perchlorate, TCE, and dioxane). U.S. EPA Method 314.0 was used for analyzing
perchlorate in drinking water, and Method 6850 for groundwater; data were presented that
showed the two methods yield comparable results. Several views of the cahogmdel for

the site were then presented, including sampling points and concentrations of peranidr

TCE in soil and groundwater. The site conceptual models were used to determiné the bes
remediation approach, using the scenario that remediation would be needed for all three
contaminants (dioxane being the most restrictive). A flow diagram of the plaamediation
process for dioxane was presented, using extractioeasdutreatment. Additional treatment
needs may still exist for TCE and dissolved perchlorate, even aftertextrandex-situ
treatmenté.g, resin incineration for perchlorate, air strippers, a HiPOx systemG&).T
However, due to the high cost of extraction for TCE, alternative treatmentisemagre cost-
effective. Given these factors, soil remediation at this site is expediedudein-situ donor
injection, excavation, and/or capping. Groundwater remediation will include some ctiarbina
of ex-situdioxane/TCE treatment utilizing advanced oxidation processes (AORp-aitd

donor sparging for perchlorate and/or TCE. Two case studies on bioremediation of perchlor
in soil were then presented by the second speaker (Dave Jenkins). At an explosives
manufacturing/testing site in Nevada, compost blending and addition of molafiseged by a
nitrogen purge, was used to reduce soil perchlorate concentrations. At theeBsngf
Superfund Site, perchlorate bioremediation in groundwater was accomplished usiggmias
deliveredin-situ through a sparge well. In both cases, the costs of the study were comparable to
other remediation methods available.

PROCEEDINGS 7
Desert Remedial Action Technologies Workshop
October 2-4, 2007 Phoenix, AZ



Questions and Discussion

The speakers were asked whether there had any concerns about the migratt@i pbte
[nitrogen] gas after it has passed through the plume. Mr. Tyler responded thatidepehd

on how the site responds; since gas is being pulled from above, that pull can be adjusted if
needed.

Another participant asked what depth was used to estimate the costs [in taedagtidy]. One

of the speakers responded that the cost depends on the substance, adding that it averages $30
$100 per foot of depth. Well angle must also be taken into account, since a verticalyell ma
decrease the area of influence.

In response to a question regarding results [from the last case studpgdkers confirmed that
only bench scale work had been completed, so results were not yet available.

2:15 Systematic Remedial Methodology for Chlorinated VOC Contamination of Skai
and Groundwater Underlying Desert Landfills
Harold Bentley and Stewart Smith (Hydro Geo Chem, Inc.)

Mr. Bentley discussed a quantitatiwe;situ remediation methodology that relies on site-specific
evaluation and numerical simulation to develop a conceptual model of the contamination
problem, and a remedial engineering design that meets corrective acti®atgoalximum
efficiency and minimum expense. The site in question had soil and water beneatiila landf
contaminated with volatile chlorinated organic compounds (VCOCSs), spegifRGE.
Characteristics of the distribution of the VCOC contamination led investigatbedieve that
there was a contamination source in addition to the landfill itself; a numeracidl was used to
simulate contamination up to 20 years after landfill closure, and confirmed¢headose-zone
VCOCs beneath the landfill were the source of past and continuing groundwatemninatitan.
Given those results, soil vapor extraction (SVE) was selected as the madtexis/e option

for remediation. Technical issues related to this technique were summarnzeticalarly
important goal was minimizing the number of SVE wells (extraction well®aels can cost
more than $50,000. Performance criteria included early removal of deep vadose zone VCOC
sources to groundwater; minimal drawing of VCOCs from shallower to degfsemsinimal air
intrusion into the overlying landfill to maintain the landfill's anaerobic charaatel removal of
low-volatility organics from any leachate present beneath the |abgfderobic biodegradation.
Numerical modeling taking into account relevant data from the site (spiéaireabilities,
VCOC distributions, soil characteristics, and gas generation ratespaiasused to determine
the optimal number of wells necessary. Model results indicated that remedaatidribe
accomplished with three perimeter extraction wells and one centralemitiom well. A
simulation using this setup showed depleting PCE over time at the water tablessidual
concentrations left at the vadose zone (where they should have no impact); running the
simulation longer shows that vadose zone concentrations will also decrease. Asmmyfar
this optimized SVE approach to a conventional radius of influence (ROI) layout rveale
significant cost savings using the SVE method, primarily because of therammdder of wells
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needed. In addition, pneumatic data collection followed by optimized SVE resultetién hig
collection system efficiency and more rapid remediation.

Questions and Discussion

A patrticipant asked about the total mass balance of the VCOCs present. My Beyplied
that, although a total mass balance was attempted, the results varied: theohtaibed after
pumping with SVE was always higher than that obtained from monitoring probes.

Another attendee commented that he had considered supplemental SVE systemthat sites
already have extraction systems in place. Mr. Bentley noted that, for psgsiems, one has to
make sure that they operate efficiently in terms of flow rates (as codnjpeaetive systems); in
general, passive systems are not effective.

In response to a question regarding landfill gases, he replied that this caladebat different
rates: carbon dioxide takes longer than methane, and VCOCs take even longer.

3:15 Combined Groundwater Remediation Strategies Using Electrical Restance
Heating (ERH)
David Fleming (Thermal Remediation Services, Inc.)

Electrical resistance heating (ERH) is a method of remediation usingadiigage electricity to

heat the soil to the boiling point of water and contaminants, forcing a phase cluandjeuid

to gas. Vapors and steam are recovered at the surface for treatmemisiindegradation also
takes place via increased biotic and abiotic reaction rates. ERH is a funalansamiple and

cost effective technology with costs for most commercial, full-scae sitnging from $200K +
$40-$70 per yii Once the source area has been determined, standard drilling techniques are
used to drill wells 10-12 inches in diameter and about 15-20 feet apart. Electroplesade
inside the drilled holes, and each hole back-filled with steel shot, to increastethiee

diameter of each electrode. Once the system has been set up and teafetyfdhs boiling
process is startedn-situ steam stripping forces contaminants to the surface of the water table
and a vacuum pulls the free product to the surface. The soil then takes about two yéans to r
to ambient temperature. The system is designed with multiple levels tyf @afehas had a
perfect safety record in the ten years it has been in use. It does regsirgeria the

subsurface, but it can be as low as 4%. Very little water needs to be disposed at thbeend of
process, and it can be disposed of without any further treatment. ERH also incressesdli
organic carbon (converting TOC to water soluble forms) and miciddlealococcoidescounts,
and reduces contamination to below toxic levels by increasing hydrolyess tdeavy

compounds (e.g., heavy oils, grease, creosote) can also be recovered using this yechhelog
technology can be applied in crowded public areas, and can be used in the presence of other
utilities. Examples were shown using the system at a dry cleanitityfaekt to a public street,
and an operating Air Force facility, where it was demonstrated usisgrapling that the steam
and vaporized contaminants could be controlled. A case study was presented of a.site in Ft
Lewis, WA, where ERH was used to remove TCE from soil (2-30 feet bgs) and groundwater
99.99% reduction of TCE in soil and 99% in groundwater was achieved, and the concentrations
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continued to decline after the system was shut down. It was estimated that aboutl388é of t
reductions were due to enhandeditu destruction. The total cost was about $164 pér yd

second case study involved 1,1,2,2-Tetrachloroethane (TeCA) remediation at a sit@polés,

MD. TeCA undergoes hydrolysis and degrades to TCE, so that about 50% of the vapor steam
was recovered as TCE. Final data from that site based on about 14 samples showed a 99.9%
average reduction. The total cost of the remediation was $72/yd

Questions and Discussion

Questions were raised on whether the costs quoted included the cost of gleatriciwhether
there was a difference in the amount of power used in briny versus fresh groundvrater
Fleming responded that the costs of electricity were included in the tqiatsed: they
represent about 15-20% of total cost in most areas. In areas with briny grountiveate
challenge is sizing cables to carry sufficient current to overcomelthigysdout the amount of
energy used is similar.

A member of the audience asked whether sampling techniques were modified to awcoight f
temperature samples. Mr. Fleming confirmed that a technique was developeghfor hi
temperature sampling; once collected, samples were allowed to cool befgstsana

In response to a question on whether ERH had been used in arid soils, Mr. Fleminghapited
had not been, however, it only requires 4% soil moisture, which exists in most vadose zones.

He also clarified, in response to questions, that electrodes are genérallplace once a
project is complete; and that the amount of heat needed is determined by the boiliod theint
contaminant(s).

4:00 Soil Vapor Extraction Pilot Test Study, Sierra Army Depot, Building 210 Are,
Herlong, California
Jackie Saling, P.E. (ARCADIS, Inc.)

The Building 210 Area site is near Reno, NV and currently stores war res@o/@sunitions,
but has been used to store explosives, missiles, and fuels in the past. It is surrounded by
mountains, a wildlife preserve, and a lake. Local agricultural activibycalstributes to the flow
into the groundwater; the site is a closed basin, with no water flowing out of the bagntiaPot
contaminant source areas were illustrated on a map of the area immesiat@iyding

Building 210. Site investigation for contaminants (soil and groundwater) wasofirdticted in
1983, and continued between 1992 and 2002. No volatiles were detected in any of the soil
samples, however, significant TCE was found in soil gas. TCE was also detected in
groundwater, with the highest concentrations nearest to Building 210. A pump and treat
technique was used as an interim remedial activity, however, the efficiegoyunfdwater
recovery decreased steadily over time due to significant fouling issues, wiie not
successfully resolved by acid or mechanical cleaning. Pilot testslvegreonducted of other
remediation techniques: HRC, zero valent iron (ZVI) injection, enhanced reductive
dechlorination (ERD), and soil vapor extraction (SVE). Based on results fromats fhik site
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conceptual model (originally constructed in 2004 from available data) wadedvisi
Groundwater was found to be flowing Southeast at 0.5ft/day (rather than no movement); both
vapor migration and groundwater are involved in TCE transport (rather than grounalwats);

and the plume is not as thin as initially thought due to diffusion of TCE in the groundwater over
time. Some aspects of the model remained the same: there was no connection oltseread be
possible source areas and groundwater impact; no vertical transport of camtignfiom

sources to the groundwater; and there was significant mass in the vadose zone. Of the
technologies tested in pilot studies, SVE and ERD were both found to be viable for thisulite
scale SVE implementation was proposed for moving forward as it is a proven teghfoolthe

best mass removal at low cost. However, options to overcome the diffusion limitations
associated with SVE will need to be considered and evaluated.

Questions and Discussion

A member of the audience asked whether air sparging had been considered. Ms. Saling
responded that it was not considered due to the low permeability zone.

Another attendee commented that, in modeling efforts, air flow over groundwater should be
included.

The same commenter noted that permanganate may also work in an oxidative aydteauld

be more cost effective even at depths of 95 feet.

Closing Remarks
Mr. Murdock thanked the presenters and attendees and adjourned the day's sessions.
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Desert Remedial Action Technologies (D-RAT) Workshop
Day 2: October 3, 2007

9:00 Opening Remarks — Mary Aycock, U.S. EPA

Ms. Aycock opened the second day's sessions and thanked the speakers and audiemce for thei
participation. She briefly reviewed conference etiquette and logisticseamaded those
interested in attending the site visit the next day of their transportation optiassy, she
thanked the conference sponsors, ARCADIS and TRC, for providing refreshments.

Session 3 — Nanotechnologies
Chairperson: Mike Gill (U.S. EPA)

9:15 Nanoscale Zero Valent Iron Bench Scale Kinetic and Phase Il Injeotn Testing,
Phoenix-Goodyear Airport North Superfund Site, Goodyear, Arizona
Robert J. Ellis, LG (ARCADIS, Inc.)

Mr. Ellis reviewed the use of nanoscale zero valent iron (ZVI) at the PGA Napérfand site
in Goodyear, AZ. ZVI reacts with chlorinated organic compound molecules in segslthe
most important of which is direct reduction on the metal surface. Using nandstatereases
reaction times about three-fold compared to milli- or micro-ZVI. A graphpsesented
showing size ranges of nZVI, broken down by particle behavior. There is a limit tarnediras
particle can be injected into the ground: colloid suspensions become unstable witbsparticl
below 100nm, and solutions with particle sizes greater than 10 microns are subject to
sedimentation. Controls on nZVI reactivity and delivery were also listeds #resnot trivial
with this technology, but are becoming better understood. A map and description wagg@resent
of the PGA North Site, which was previously used by the aerospace/defensg/iaddss
contaminated primarily by perchlorate and TCE in the groundwater. ARCé@iGucted a
two-phase evaluation of nZVI technology at PGA North. The first phase includeitgand
kinetics testing, column studies, groundwater geochemical analyses, aommjester test, and
a field injection test. Some significant challenges were identifiedesuét of this phase of
testing, including the lithology and aqueous geochemistry of the site; the pdaitipe value of
column studies for the success of field injections; agglomeration of aged nZi¢lgsattat
resulted in clogging; and limited distribution of nZVI in the aquifer. The second phessing
was intended to understand and overcome some of these challenges, and is still dingoing.
includes additional groundwater testing; shelf life/longevity of nZVI in seofireactivity; and
kinetics studies to better understand TCE reduction once nZVI is introduced into the dtound.
was observed that a dispersing agent (SHMP) could be used to overcome the agglomerati
issues and aid in dispersal in the subsurface, and that nZVI remained reactiveyfdails after
production. TCE degradation was slower in groundwater than in de-ionized water (in the
pending results of the bench and field tests), however, nZVI was still highliweesgcthe
presence of groundwater. Work is ongoing on testing and enhancing nZVI techndiazyy, w
remains a viable option for remediation of TCE in the source area at the site.
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Questions and Discussion

Questions were raised about using permanent wells for injections, and on pademmeasures

to ensure there were no "dead zones". Mr. Ellis noted the technology could be used either a
direct push, or using existing monitoring wells; both options are being evaluateddiRgga
performance measures, a bromide tracer was used to observe nZVI transport.

In response to a question about the type of water used, Mr. Ellis replied thevasteom the
main treatment site effluent, and was similar in chloride content to thgreitadwater.

Another participant commented that injecting that much iron could change thamesist
groundwater, and suggested leaving probes in the ground to check for that.

A member of the audience asked whether nZVI remains continuously reactive ectedin]
Mr. Ellis explained that it remains reactive only until the iron surfacerreded.

A question was raised whether intact or disturbed columns were used for the daditstes.
An audience member stated that only disturbed materials were used, as it @bfagoget
intact materials from these depths. Mr. Ellis added that some conditions (suclpiEessuee at
110-120 feet bgs) could not be reproduced at the bench scale.

A participant asked whether injection pressures would influence nZVI ragctir. Ellis
responded that he was not aware of any such influence; pressure was monitored, but only t
make sure there was no excessive stress to the well.

Another question concerned the water used for injection, and whether dissolved oxygen (DO)
was a concern. Mr. Ellis replied that there is enough iron to offset the DO;se Rhie
treatment will include sparging with nitrogen to make sure DO is stripped.

In response to questions about the cost of iron, Mr. Ellis explained that it has dikcrease
significantly in recent years.

A member of the audience added that, for nZVI, much less iron is needed than the amdunts use
with iron probes.

Another comment was made noting that the diffusion coefficient of iron is very. skhalEllis
noted that this was true of any injection technology.

10:00 Bench-Scale and Field-Scale Evaluation of Nanoscale Iron Transport an@#&ttivity
Laurie LaPat-Polasko, PhD (Geomatrix Consultants, Inc.)

Metallic nanopatrticles have been discussed in the literature for about ten Yéeair use in
groundwater remediation is promising because their small size and sarg¢acallow for faster
reaction times and effective delivery to natural systems. A bench scalevssidpnducted to
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test the transport times of nanoscale iron from four sources (two universitiegoacahtimercial
vendors). Iron supplied from Auburn University had the best transport rate, and wastdten tes
for reactivity (by measuring degradation of TCE), but results were poomefFtesting at

Auburn involved manipulating the iron particles to increase their reactivity bygdditarch
stabilizer. These findings where then used to conduct a pilot test at an aerosjiyce fac
contaminated with PCE (primarily), TCE and Freon, in order to test the legisticsing this
material in the field — specifically in terms of transport and reactivityb@&gl methyl cellulose
(CMC) was added to provide stability to the iron. nZVI particles were alsedcoath

palladium for greater reactivity, and sodium bromide was added as a tracen sithéransport
and reactivity of nZVI particles was then tested by a series of push-ps)Ivégre the solution
was injected into the groundwater and pulled back to the surface to measure how swuch wa
recovered. Four series of these tests were run with different lag tifioes measuring for
bromine and iron, and different concentrations of iron solution. Although the bromide tracer was
recovered in all the tests, iron recovery was very low: the highest rgceasr31%, using no

lag time and 340mg/L of iron. Conclusions drawn from these tests were that irortynobili
decreases over time, and may be due to the starch stabilizer being consumkd by soi
microorganisms; and that addition of palladium does provide some benefit. The rate of
dechlorination of CVOCs increased initially, but decreased sharply beginning abouinl@@sm
after injection. Nevertheless, this is a feasible technology for fieldcapipin, and did achieve
complete dechlorination of CVOCs at a rapid rate.

Questions and Discussion

A patrticipant asked why the transport column studies did not use the observed field
concentrations. Ms. LaPat-Polasko responded that several concentrationstedrerte
accordance with each vendor's protocols.

Another question was raised about how changing the viscosity of the solution changed its
transport through the substrate. The speaker explained that the nanoscale ireerexidela
viscous form, and must be diluted before it can be injected, usually to a concentratiailof 1m

A member of the audience commented that the more the iron can be stabilized, thbeette
transport rates will be.

The same person asked whether this method would leave too much iron in the groundwater. Ms.
LaPat-Polasko agreed that larger concentrations of iron might result inquatiy issues,

though 1mg/L should not. It also does not move far enough from the injection site, and would
not be likely to, e.g., migrate to a drinking well.

Another attendee noted that if nanoparticle use becomes mainstream, they nmsgniave
impact, and added that there is no technology available to detect them.

A member of the audience asked whether remediation could have been achieved simply by
adding the methyl cellulose. Ms. LaPat-Polasko agreed that it would hauéastiin
bioremediation, and may in fact be the best option for this site, despite the objetthes
original study.
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Questions were asked about the transport distance of iron (from the injection pointhedinelr
remediation continued after treatment. Ms. LaPat-Polasko responded thattla¢eelstiistance
the iron traveled was less than ten feet; regarding remediation adigranj there has not been
any significant change since the treatment ended.

Session 4 — Above Ground Treatment Alternatives
Chairperson: Cathy O'Connell (ADEQ)

11:00 Catalytic Destruction of Gas-Phase TCE and PCE in Ground Water and Sois
Laboratory Study and Field Investigation
Song Gao, PhD (University of Arizona, Department of Atmospheric Sciences)

Dr. Gao discussed a catalysis method that includes both reducing and oxidizing comijponents
remediation of chlorinated solvents in groundwater in an aboveground system. Each component
of catalytic destruction has shortcomings that must be overcome. Oxidatiaesdtgh heat,
results in catalyst poisoning by blocking active sites, and in cases of incomptigon,

produces furans and dioxins. Reduction requires hydrogen gas (at high cost) and can produc
rapid deactivation through coking. The hypothesis for this study was that using oxidation a
reduction simultaneously may negate some of these problems. This was tdsddlascale,

and later applied to a field pilot study. A catalytic converter (obtained &roautomobile
converter) was enclosed in a glass tube reactor and placed in a tube furpatethe freactor
system. Analytical measurements were taken of chlorinated and dechloriyértechinbons,

carbon dioxide, hydrogen, and oxygen. Furnace temperature during the experiments began a
75°C and increased af@ increments per minute to the desired temperature. At the end of the
experiment, gas streams (except oxygen) were turned off and the temgpbedd at 45TC in

order to clean the catalyst surface. Multiple reactions are involved in this nelerns Results

of the PCE conversion rates were presented under redox and oxygen only conditions; at the
optimum conditions (redox, at a ratio of 2.2 hydrogen to oxygen arfeCA0®CE conversion

rates were higher than 90%. In addition, high conversion rates were also seeh kweuc
temperatures. The simultaneous presence of hydrogen and oxygen minimized paisbning

and resulted in catalyst "self cleaning” as higher temperatures vaereece Homologous

alkanes were also tested for their potential to replace hydrogen as angduad it was
determined that bond energy plays a deciding role in reaction rate and conviisenceg.

Propane was then used as a reductant in an extended field test at the Park Eudhdrsitecay
100% removal was achieved after 240 days. The cost of this technology is slightlythagher
granular activated carbon ($10 vs. $7), however, this cost decreases with higheratocsnt

of contaminants. Redox catalysis holds potential for a low-cost, large-stdlalfernative to
current remediation technologies.

Questions and Discussion

A participant asked whether modeling was used to predict daughter productdarniati Gao
said that the effluent was measured [in the field study] and no intermediaieshgerved.
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Questions were raised about whether the cost of energy used was included, hed whet
treatment costs were compared to bioremediation. Dr. Gao replied that all estaciuded in

his estimate, but noted that the other costs were insignificant compared tat thiepcopane,

which represented 80-90% of the total; propane costs can be offset somewhat byghsing
temperatures. He added that no cost comparison was conducted between this technique and
bioremediation, but it may be done in the future.

Another participant asked why the temperature was increased so gradualaodesponded
that the purpose was to carry out the reaction every mineitenake sure a reaction is occurring
at all the incremental temperatures.

Session 5 — Chromium Technologies
Chairperson: Mary Aycock (U.S. EPA)

1:30 Remediation of Mixed Chromium and TCE Releases
Paula Chang (ERM-West, Inc.)

Ms. Chang summarized remediation techniques for chromium and TCE releasesertn de
environments, chromium VI is more likely than TCE to be retained in vadose zone soils.
Different factors control the distribution and persistence of chromium VI Vv&. TRor
chromium, most discharges occur as chromic acid (Cr Il in its acid fam,-from acid baths
used in metal plating), which likely converts to chromium VI upon encountering vaciose z
soils. In the subsurface, dichromate reacts with calcium as well as mwithirien and the ratio
between calcium and iron (through mineralogy) often determines transpogl(ime length).
lon exchange of minerals (especially with sulfate) is also a signiftearse of rebound. Various
remediation options exist for Cr VI, including flushing, and biological and chénaidaction.
Coincidental reduction also takes place in the process of reduction of iron. Howewsichiol
reduction often fails when chromium is not serving as an electron donor in the indiressesic
requisite bacteria are not present; low pH or inability to maintain reduoimdjtons exist; and
chemical reduction is limited by reaction time (which is dependent on kinetiosy than
reactivity). Screening was conducted of various reductants in a treatstitity, which
determined calcium polysulfide to be the most effective reductant in termshafeaation time
and cost. Biological and chemical reduction treatments were compareshsnaiereaction

rates, and chemical reduction was determined to be cheaper, faster, aneliafaes rSeveral
options are also available for TCE remediation, including SVE, recirculatios, wetmical
reduction (using ZVI) or oxidation, and others. Recirculation wells can be patredxidizing
or reducing technologies, or with a sparging system. A number of oxidants aréafigtent
usable: ozone, peroxide, and permanganate are the most widely used and atg general
commercially available. Technologies available for TCE remediatere #ihen examined for
their impact on Cr VI, and vice versa, indicating that some technologies cowdechi
remediation of mixed spille(g, pump and treat, chemical reduction or oxidation). However,
the difficulty of reductive dechlorination in the vadose zone may mean that different
technologies are required for remediation of the vadose and saturated zones.
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Questions and Discussion

In response to a question, Ms. Chang clarified that the Cr VI form was moreaoxicrobes
than Cr 11l

A participant commented that the bacteria needed for chromium reduction through
bioremediation are prevalent even in desert environments (unlike those needed for TCE
remediation).

The same commenter added that attention must be paid to the mobilization ofardenic
manganese when reducing chromium. Ms. Chang agreed on both counts, and added that some
aged plumes include petroleum products, in which case biological metabolism wip use

oxygen and result in anaerobic conditions.

Another comment was made to the effect that arid soils generally con&irolgsso might
retain less hexavalent chromium compared to a temperate environment.

A member of the audience asked whether transport of chromium occurs in a coniglaely
form. Ms. Chang confirmed that most likely it would be added as chromic acid, and would be
dissolved in a catrrier.

She also confirmed, in response to an observation, that any issues with organic acldsewoul
more complex in temperate environments than arid soils.

Another question was asked on what would happen if a reducing agent were used in a chromium
complex. A member of the audience responded that the reaction time should be faster.

2:15 In-Situ Geochemical Fixation of Chromium in Groundwater in Arid Climates: A
Comparison of Chemical Reductant Technologies
Peter Storch (URS Phoenix)

Mr. Storch's presentation focused on identifying key parameters foaéingland selecting
chemical reductant technologies for chromium. Selection criteria mgsiefndy used include
effectiveness; subsurface distribution; safety and handling; regulat@ptance; and cost.
Effectiveness is defined as Cr VI reduction per mass reductant as demeonsttae field, and
persistence. Nanoscale ZVI had the highest reactivity, however, no fieldetatavailable;
calcium polysulfide (CPS) and HRC were the most reactive based on fialdRiatia on
technologies in use in the field reveal CPS and bioreduction to be the most common; however,
nanoscale iron will likely be used with more frequency as the technique is developed.
Persistence is also used in selecting a treatment, since higheepessigsults in fewer
injections. Dithionite, CPS, and nZVI were the most persistent; however, dittigatsistence
is dependent on naturally occurring iron. Distribution is affected by transpametars,
reaction kinetics, and migration through the groundwater. Comparing distribationsf reveals
that dithionite, ferrous sulfate, and CPS would work well; CPS's persistence salsi®iv
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decomposition step, which allows for distribution throughout the aquifer. Nanoscalarron c
also have a high distribution rate if injected using a nitrogen gas carrigribiltisn is higher

the closer the viscosity of the injection is to that of water. Safety is notafjgreeconcern with
reductants, although there are some risks to both human health and groundwater. Regulator
concerns vary by treatment, but typically include dilution; degradation of grousdeuadlity

from byproducts; pore space plugging; displacement; and preferential gath@asts are lower
(per unit) for CPS and dithionite, but total cost should also be considered, as the cost of the
chemical rarely drives the total cost of the project. Examples were mésdrihe best
treatments for various soil types and site characteristics. The &#ribiutach treatment were
also summarized, and ZVI, CPS, and bioreductants were identified as good chogcis for
environments.

Questions and Discussion

In response to a question regarding arsenic mobilization, Mr. Storch repliée: thad not
encountered that, although it is always a concern.

A member of the audience asked about disulfide, which was listed initially but nagsbsic
further. Mr. Storch responded that it was considered, but it is an old technique, whigdnesult
changes in the soil color and temperature. Another commenter said that the disstfide

was relatively low, but noted that he had not used it in over two decades.

A question was asked about the most common delivery mechanisms for calcium jpieysulf
Mr. Storch replied that direct push or direct injection through wells are commonlyiukas
good reducing power, so it is possible to get good results with a mixture of less than 1%
polysulfide mixed with corn syrup.

A follow-up question was raised on whether polysulfide stimulatesitu bioremediation when
co-injected with an electron donor. In laboratory situations, microcosms are tiedrblithe
reducing power of CPS. Mr. Storch said that he has observed this, because of either high pH or
high CPS concentrations. However, bioactivity can return after the sulfident@timns

decline.

3:00 Army Corps of Engineers Chromium Presentation
Waleed (Wally) Shaheen, PE (US Army Corps of Engineers) and Paul Lear (Shaw
Environmental)

This presentation summarized a case study-eitu biological treatment (ISB) of hexavalent
chromium at the Selma pressure treating Superfund site. Contamination soclumkesd phenol

from drip-drying treated wood and spillage from tanks. Several remedia@begsts were used
prior to 2003, when ISB was proposed as remedial enhancement. The project was divided into
phases (corresponding to sections of the plume), beginning at the area ofdoghestration.

Phase 1 became a pilot study, while the other phases involved actual remediatidnte&snc

were first conducted by collecting microcosms from the site and amewdm&HC (a

trademarked product that contains carbon and reduces the Eh), lactate ancdsmalasse
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samples were also evaluated for arsenic mobilization and degradatioofi@tegl. Bench test
results indicated that Cr VI reduction was faster using molasses (@ahtpdactate), and
biodegradation was observed even at high concentrations. Cr VI reduction occurs befiere ni
reduction, and can occur in the presence of oxygen. Neither arsenic mobilization nor eonversi
of Cr lll to Cr VI were observed. The pilot test portion of the study used injectiorsgdirgct
push) 30 feet apart and high concentrations of molasses. Reducing conditionshwesetiac
quickly, and Cr VI and total chromium reductions were also rapid. Nitrate, maegdeesous
iron, and sulfate showed an increase, followed by a decrease; these will camtieumonitored
until they return to ambient levels. These findings likely indicate that too maldsses was
used, creating excessive reducing conditions. This treatment is alsd limmdepths of 110 feet
bgs. For Phase 2B of the project, groundwater recirculation with metered tguadthidion was
selected. This system was powered by the pumps in the extraction wells. Therfughtration

of molasses in this case resulted in biofouling, and limited distribution from tlc&onjevell.
Lactate was added, and led to improved progress in reduction. Results showed theisoil was
the reducing range, with hexavalent chromium decreasing significantly300elays. Further
phases will include a biocide system to eliminate biofouling. Ovamadifu remediation was
found to be effective for the treatment of Cr VI; however, field testingasssary to confirm
feasibility of the system design, and delivery methods and chemical/bidlpgicasses must be
optimized for the site conditions.

Questions and Discussion

A participant asked whether horizontal drilling was considered, particutartiré portion of the
site that is under the highway. The speaker responded that this was discussednbtubwiill
necessary, as the contaminated ground [near the highway] will be treatedjedgtions on
either side of the highway to allow for sufficient coverage under the road.

Clarification was requested on the biocide used; the speaker explained that donasercial
product named "Bio-Cide".

A comment was made on the biofouling, and it was suggested that the amendmentdak inject
downgradient of the injection well if possible.

In response to a follow up question, the speaker responded that only low traces of mmamthane
been observed in areas where there was biofouling.

Another attendee asked what quality molasses was used, and whether it nesuited i
secondary water quality issues. The speaker responded that food gradesweéasssed.

Regarding water quality, manganese was an issue in the direct push injesicenarrwill be
allowed to return to ambient levels through diffusion.

Closing Remarks

Ms. Aycock thanked the speakers and audience, and reminded participants of the planned
evening activities and site visit. Mr. Gill asked the audience for any fuetimements on
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anything that had been discussed, particularly suggestions for remediabiogijgsrthat were
not covered. No comments were made, and Mr. Gill adjourned the conference, noting that
conference materials would be available on the workshop website by December 1, 2007.
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Poster Session Presentations

HOW’'D THAT GET IN THERE? A Practical Approach to Determining Sasrof
Unexpected Contaminants or Why Geochemical Characterization is Keyniedié
Investigations

(Tiffany Downey, PhD — GeoTrans, Inc.)

In Situ and Ex Situ Perchlorate Bioremediation in Vadose Zone Contaminated Soil
(Laurie LaPat-Polasko, PhD — Geomatrix Consultants)

In-Situ Bioremediation for Treatment of Chlorinated Solvents and Perchlarpseted
Groundwater in Desert Environments
(Ronald Johnson — Geosyntec Consultants)

Thermally Enhanced Soil Vapor Extraction to Remediate Volatile Organic Compounds
(Jay Dablow — ERM-West, Inc.)

Injectable Micro-Scale Iron for Source Treatment of Chlorinated Solventsep De
Groundwater
(Paula Chang — ERM-West, Inc.)

Field Scale Investigation of Mass Flux Reduction as a Function of Source Zoge Mas
Removal for Immiscible Liquid

(Erica L. DiFilippo — University of Arizona, Department of Hydrology andt&va
Resources)
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Desert Remedial Action Technologies (D-RAT) Workshop
Day 3: October 4, 2007
Field Trip

About 30 attendees participated in a morning field trip to the Phoenix-Goodyeart Aiflgorth
(PGA-North) Superfund site. They toured outside the former Unidynamicsyfaciia, where
VOCs and perchlorate contamination are in the subsurface. The group wastgureafdahe
SVE treatment system, the Main Treatment System, a “dry wells'{@w@ariginal source), and
extraction well 33A, where the discharge point is into the Roosevelt Irrigatstriddcanal.
ARCADIS engineers Rob Ellis and Chase McLaughlin provided the backgrounchatepof
the tour. Rob Ellis also discussed the nanoscale zero valent iron pilot test foatergadDCs
at the dry wells (source) area.
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This is the Main Treatment System located at th&®rth (Unidynamics) site.
The system treats contaminated groundwater for a@Eperchlorate at the main
site, and then the water is reinjected into thafagthrough a network of
injection wells in Subunit A.

o

This is the extraction well 33A treatment systemTGE treatment. The system
is designed to extract contaminated groundwaten feubunit A at the northwest
portion of the plume and treat it for TCE priordischarge to the Roosevelt
Irrigation District (RID) Canal. The system locata the front of the picture

is actually part of a sand trap pre-filter thatefis the water before it goes to

the carbon vessels
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Extraction well 33A system discharge into the Ree#idrrigation Canal (RID)
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Summary of Desert — RAT Workshop Evaluation Form

The talks and presenters are listed below in order of their feedback scaren(ther before the
talk title). The feedback scores shown represent averages of all feedixekddrom
attendees, which ranged from 1 (best score) to 5 (worst score). Pertinent coarméstsd
following the scores.

(1.8) Nanoscale Zero Valent Iron Bench Scale Kinetic and Phase lidnj@a&sting, Phoenix-
Goodyear Airport North Superfund Site, Goodyear, Arizona - Robert J. Ellis, LGGARRS

(1.9) In-Situ Bioremediation for Treatment of Chlorinated Solvents and Perchiomzéeted
Groundwater in Desert Environments - Sam Williams — Geosyntec Consultants

(2.0) Combined Groundwater Remediation Strategies Using Electricat&tes Heating -
David Fleming - Thermal Remediation Services

(2.0) In-Situ Geochemical Fixation of Chromium in Groundwater in Arid Clim#tes:
Comparison of Chemical Reductant Technologies - Peter Storch — URS Phoenix

(2.0) Corps of Engineers Chromium Presentation - Wally Shaheen & Paul Lear

(2.1) Catalytic Destruction of Gas-Phase TCE and PCE in Ground Water and Salilsratory
Study and Field Investigation - Song Gao, PhD — University of Arizona, Department of
Atmospheric Sciences

(2.1) Remediation of Mixed Chromium and TCE Releases - Paula Chang — ERIMhWest

(2.1) Systematic Remedial Methodology for Chlorinated VOC Contamination ofe®wils
Groundwater Underlying Desert Landfills - Harold Bentley and StewarthSwilydro Geo
Chem, Inc.

(2.3) Pilot Test of Deep Aquifer Permanganate Treatment - David Abrarfivice ERM-West,
Inc.

(2.3) Bench-Scale and Field-Scale Evaluation of Nanoscale Iron TransportaciwiRe-
Laurie LaPat-Polasko, PhD — Geomatrix Consultants

(2.4) Perchlorate, TCE, and 1,4-Dioxane Investigation and Remediation at a Rockdamropel
Facility in a Semiarid Environment - Edward (Ted) Tyler & Dave JenkiKieinfelder West,
Inc.
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(3.1) Soil Vapor Extraction Pilot Test Study, Sierra Army Depot, Building 21@,Aflerlong,
California - Jackie Saling — ARCADIS

(3.2) Evaluation of an HRC and HRC-Primer Injection at a TCE-Impactedftiterae

Operation of a Dual Phase Vacuum Extraction System - Gustavo Valdivia, PEat Biedtas
North America, Inc.

Pertinent Comment Summary

Sites where closure was achieved were well received

Attendance would have been better with more advertising earlier

Great chances for communication with attendees and presenters

More emphasis on desert field environments would be preferred

Too much propaganda not enough ground truthing of methods, weak data
Would have like additional academic presentations from local universities and
presentations from ADEQ/EPA

Would like to have repeat of this workshop
Liked that most presentations had lessons learned segments

Suggest one day of topics be pertinent to state superfund sites and technologieslthat w
benefit them

Good exposure to different technologies

Good venue size, good website

Good questions

Enjoyed the run

Podium closer to audience

Liked the snacks

Appreciated conference adherence to schedule

Indicate to attendees that they are responsible to bring their own printtaisat
desired
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