In Situ Al cohol Flushing for the Renedi ation of NAPL Source Zones

I N THE PAST TWO DECADES, SEVERAL NEW APPROACHES HAVE BEEN DEVELOPED TO
CHARACTERI ZE CONTAM NATED SI TES AND THEN REMEDI ATE THEM

THESE NEW CLEANUP TECHNCOLOGQ ES MAY BE CLASSI FI ED | NTO FOUR BROAD GROUPS:
CONTAI NVENT, STABI LI ZATI ON, EXTRACTI ON, AND TRANSFORMATI ON

THESE GROUPS OF TECHNCOLOGQ ES ARE ALSO CALLED EX-SI TU, WHEN CLEANUP | NVOLVES
EXCAVATI ON FOLLOWED BY ABOVE- GROUND TREATMENT OR DI SPOSAL. | N-SI TU TECHNOLOG ES
ACHI EVE CLEANUP | N PLACE W THI N THE SUBSURFACE SETTI NG BY PUWVPI NG El THER WATER
OR WATER W TH ADDI TI VES, SUCH AS ALCOHOL, STEAM OR SURFACTANTS, TO ENHANCE THE
EXTRACTI ON RATE. BUT ADOPTI ON OF THESE REMEDI ATI ON STRATEGQ ES HAS BEEN

LI M TED, SO A COW TTEE APPO NTED BY THE NATI ONAL RESEARCH COUNCI L EXAM NED
BARRI ERS TO COMMVERCI ALI ZATI ON OF NEW CLEANUP TECHNOLOG ES I N THE UNI TED STATES

Dr. Suresh Rao: The commttee found that the record of adoption of these new
technol ogi es was quite discouraging. And we found that traditional
t echnol ogi es, such as punp and treat are still the nost popul ar nmethod of

choice at nost sites. And we identified a series of interlinked factors,
econom c, regulatory, social and financial factors that contribute to this
pattern of failure to adopt these new technol ogies that hold a | ot of prom se.
Carl Enfield - EPA: The reason it is so inportant to | ook at innovative
techniques is that the current techniques won't solve the problem They wl|

| eave the problemfor not only our generation but the next generations to cone.

ONE OF THE MAJOR FACTORS LI M TI NG COMMERCI ALI ZATI ON OF | NNOVATI VE SI TE CLEAN- UP
TECHNOLOGE ES | S THE LACK OF RELI ABLE DATA ON FI ELD- SCALE PERFORVANCE AND COST
EFFECTI VENESS.

Rao: These new cl ean-up technol ogi es hol d consi derabl e prom se, but these
practitioners, regulators and site owners are unwilling to adopt these new
technol ogi es., because they're concerned that if they fail they would have to
start over...start over with additional technol ogies and pay nore for that.

And of course this adds to clean-up costs at the site.. So our goal, basically
is to make this technology nore credible. And credibility is achieved by
conducting field scale tests at a nunber of sites under diverse conditions and
have these data available for peer review .. and to have a canpaign
desimnating this information to interested people including stakehol ders and

t he public.

THI'S VIDEO WLL SHARE RESULTS FROM THREE RECENT FI ELD- SCALE TESTS OF IN SI TU
ALCOHCOL FLUSHI NG TECHNOLOGY. TH S RESEARCH WAS CONDUCTED BY A TEAM OF

SCI ENTI STS FROM THE UNI VERSI TY OF FLORI DA AND THE US EPA | N COLLABORATI ON W TH
OTHER PARTNERS TO EVALUATE THE PERFORMANCE OF USI NG ALCOHOLS FOR ENHANCED
REMEDI ATI ON OF NON- AQUEQUS PHASE LI QUI DS, KNOMWN AS NAPLS. NAPLS ARE CLASSI FI ED
| NTO TWO BROAD GROUPS: THOSE THAT ARE LI GHTER THAN WATER, CALLED LI GHT NAPLS
OR LNAPLS, VH CH | NCLUDE GASCLI NE, DI ESEL, OTHER FUELS, AND M NERAL A LS. AND
THEN THERE ARE DENSE NAPLS OR DNAPLS, ONES THAT ARE DENSER THAN WATER

| NCLUDI NG COAL TAR, CREGCSOTE AND CHLORI NATED SOLVENTS. LNAPLS TEND TO BE
LOCATED I N A SMEAR ZONE JUST ABOVE THE WATER TABLE, BUT DNAPLS SI NK DEEPER AND
CAUSE MORE EXTENSI VE CONTAM NATI ON.

20: 24 Lynn Wod: W' ve |learned that the dense non-aqueous phase liquid such as
chl orinated solvents are very, first of all very difficult to |ocate and sub-
surface but even small sources of these can generate and create very | arge



contam nated ground water plunes which are, can continue for nmany, nany years,
decades if not longer, and it's very difficult to clean up the sub-surface
once it's contam nated. W feel like a nmajor effort should be focused, or at

| east a significant effort should be focused on addressing these small source
areas where perhaps we may get a return on our investnment, if these are renoved
and ot her processes nmay be avail able to address the dissol ved | ower
concentration plunmes that result fromthe source areas.

WHEN A SITE | S CONTAM NATED W TH NAPL WASTES, THE LOCATI ON AND DELI NEATI ON OF
THE SOURCE ZONES IS AN ESSENTI AL ELEMENT IN SI TE CHARACTERI ZATI ON, RI SK
ASSESSMVENT, AND DESI GNI NG REMEDI ATI ON ACTI ON PLANS.  SOLUBI LI ZATI ON OF THE NAPL
CONSTI TUENTS W THI N THESE SOURCE ZONES CAN PROVI DE A CONTI NUOQUS SUPPLY OF
CONTAM NANT MASS THAT CONTRI BUTES TO THE GRADUAL EXTENSI ON OF THE DI SSOLVED
PLUME. FOR THI S REASQON, SI TE MANAGEMENT MUST | NCLUDE PLANS TO CONTAI N OR
ELI M NATE THE CONTAM NATI ON SOURCE AS A PART OF THE OVERALL CLEANUP STRATEGY.

W THOUT THE SOURCE REMOVAL - A GROUND WATER CLEAN- UP TECHNOLOGY WOULD HAVE TO
BE APPLI ED FOR SEVERAL DECADES.

UNI VERSI TY OF FLORI DA AND EPA RESEARCHERS, | N COLLABORATION WTH U.S. Al R FORCE
CONSULTANTS, AND STATE AGENCI ES, HAVE EVALUATED THE PERFORMANCE COF I N-SI TU
ALCOHOL FLUSHI NG THROUGH A SERIES FIELD TESTS - TWO W TH DNAPL CONTAM NATI ON
FROM PCE AND ONE CONTAM NATED BY AN AGED, COVPLEX, MJULTI - COVPONENT LNAPL. ALL
OF THESE EXPERI MENTS | NVOLVED THE FOLLOW NG SEQUENCE OF EVENTS.

SO L CORI NG AND GROUND WATER SAMPLING | S THE FI RST STEP FOR QUANTI FYI NG THE
AMOUNT AND DI STRUBUTI ON OF CONTAM NANT I'N THE SOURCE ZONE. PARTI TI ONI NG TRACER
TESTS ARE USED TO ESTI MATE NAPL VOLUME AND SPATI AL DI STRI BUTI ON W THI N THE TEST
ZONE. ENVI RONVENTAL APPLI CATI ONS FOR TRACER TESTS WERE DEVELOPED AT THE

UNI VERSI TY OF TEXAS AND FI ELD TESTED BY THE UNI VERSI TY OF FLORI DA DURI NG THE
LAST FI VE YEARS AS A PART OF THE REMEDI ATI ON TECHNOLOGY PERFORMANCE

EVALUATI ONS.

Rao: Partitioning tracers have the tendency to selectively dissolve into the
NAPL source, so they can be used to identify areas where the NAPL is present in
t he subsurface. There is a |list of several organic conpounds, primarily
met hyl at ed al cohols, that can be used as partitioning tracers. And a m xture
of these tracers disssolved in water along with sone non-reactive tracers are
injected into the test zone, and as they migrate through the NAPL source zone,
the partititioning tracers selectively partition into the NAPL, and as a
result their rate of mgration is slower conpared to the non-reactive tracers.
And this retardation then is neasured in the rate of transport through the
zone and allows us to estimate the mass of the NAPL present in the source zone.

THE NEXT PHASE OF THE STUDY IS THE IN SI TU FLUSH NG, ~ USI NG ALCOHOL- WATER
M XTURES TO ACHI EVE ENHANCED SOLUBI LI ZATI ON

Rao: In situ flushing with alcohol is one of nmany aggressive, innovative
technol ogi es that are available for cleaning up NAPL source zones. The NAPL
source can either be extracted or can be destroyed in-situ, and the in-situ
flushing is based on extraction. 1In this nmethod, either al cohols or
surfactants or other agents can be flushing through injection wells into the
source zone, through the NAPL, dissolve it, or nobilize it and renedial fluids
are then extracted through extraction wells. And this whole process is
preferred because it achieved the goal of renoving the source in the shortest
possible tinme, conpared to traditional technol ogies...and renoval of source is



i nportant issue as we've discovered that small sources can contribute to | arge
cont am nant pl unes. And al cohol flushing in particular that we are devel opi ng
at the University of Florida is a technology that the petroleumindustry had
used many years ago and had di scontinued for various reasons. But we've found
a new use for this old technology in the environnental field for cleaning up
NAPL sites.

AFTER THE FLUSHI NG IS COVPLETE, A SECOND TRACER TEST IS RUN TO HELP DETERM NE
THE DI STRI BUTI ON AND TOTAL MASS OF NAPL REMAI NING IN THE TEST SITE. ANOTHER
SERI ES OF SO L CORES AND GROUND WATER SAMPLES ARE ALSO TAKEN TO PROVI DE

ADDI TI ONAL DATA FOR DETERM NI NG HOW MJCH NAPL MASS WAS REMOVED FROM THE SOURCE
ZONE. | N EACH FI ELD TEST, COLLECTI ONS FROM THE MJLTI - SAMPLERS WERE ANALYZED ON
SITE TO PROVI DE A PRELI M NARY ASSESMENT OF HOW THE TEST WAS PROGRESSI NG AND TO
MAKE MODI FI CATI ONS AS NEEDED. SAVMPLES WERE ALSO SENT TO UNI VERSI TY OF FLORI DA
LABORATORI ES FOR ANALYSI S USI NG GAS AND LI QUI D CHROVATOGRAPHY.

THE COST OF DI SPCSI NG FLU DS PRODUCED | N THE TREATMENT PROCESS HAS ALSO LI M TED
FI ELD SCALE | MPLEMENTATI ON CF I N-SI TU FLUSH NG OVERALL COSTS CAN BE CGREATLY
REDUCED BY TREATI NG THE WASTE FLU DS AND LOWNERI NG THE VOLUME DI SPOSED OR BY
REUSI NG THE ALCOHOL DURI NG TREAMENT. RESEARCHERS EVALUATED THREE TREATMENT
TECHNOLOG ES AT THE FI ELD SI TES.

THE FI RST OF THREE PI LOT- SCALE ALCOHOL- FLUSHI NG TESTS WAS CONDUCTED | N 1995, AT
H LL AlR FORCE BASE, | N UTAH. TESTI NG TOOK PLACE AT A SUPERFUND SI TE FORMERLY
USED FOR EQUI PMENT MAI NTENANCE AND TO TRAI N. FI REFI GHTERS

BOB ELLI OTT, HI LL AFB ENVI RONVENTAL RESTORATION DIV: This has been a

mai nt enance depot since the 1940s and, as a result, has significant quantities
of wastes that were generated associated with those mai ntenance activities. So
al t hough our problens are very simlar to other problens at other Air Force
Bases, the nmagnitude of the waste at these sites at H Il Air Force Base is
significant in nature.

H LL AlR FORCE BASE WAS ALSO THE SITE FOR THE FI RST FI ELD- SCALE EXPERI MENT
USI NG PARTI TI ONI NG TRACER TESTS, WH CH ALLOWED UF AND EPA RESEARCHERS TO
COMPARE DATA FROM TRADI TI ONAL SO L CORI NG W TH LABORATCORY ANALYSI S OF THE
TRACERS.

Rao: Soil coring is a traditional nethod and allows us to get point estinmates
of NAPL concentrations because we extract a small sanple and analyze it above
ground. But the data is found to be highly variable, because they represent
point estimates...and to get reliable data, we have to get a | arge nunber of
tests which is costly. Partitioning tracers, in contrast provides data
averaged over nuch larger volunes...and so they tend to be generally |ess
variabl e and nore reliable.

THE SAND AND GRAVEL AQUI FER AT THE SITE |'S CONTAM NATED W TH A COVPLEX LNAPL,

A M XTURE OF JET FUEL AND ORGANIC WASTE. THI'S NAPL IS DI STRIBUTED I N A TWO
METER DEEP SMEAR ZONE, JUST ABOVE THE THI CK CONFI NI NG CLAY UNIT AT THE SITE
RESEARCHERS CONDUCTED THEI R FLUSHI NG EXPERI MENT I N A TEST CELL | NSTALLED W THI N
A LARCE SOURCE ZONE OF LNAPL. THE FLUSHI NG SOLUTI ON WAS A M XTURE OF 78%
ETHANCL, 12% PENTANCL, AND 10% WATER. PENTANCL WAS ADDED TO EXTRACT MORE OF
THE COVPLEX LNAPL AT THIS SITE. A TOTAL OF 10 PORE VOLUMES WERE | NJECTED

DR. M CHAEL ANNABLE: The co-solvent flushing study at Hll Ar Force Base was
conducted inside of a test cell that was keyed down into a confining unit



twenty feet deep and we characterized the contam nants inside the test cel
using both partitioning tracers and soil cores. The NAPL was an LNAPL. It was
a conplex m xed waste of solids and fuels that was very hydrophobic and very
difficult to renmove. And the soil cores and partitioning tracers both showed
that the NAPL distribution was highest near the confining unit and | ower about
3 or 4 feet above the clay unit. So we had a non-uni form di strubution of oi
that we needed to target with the co-solvent flushing technique. G aphics
Start Here Flushing with an al cohol water m xture was efficient in extracting a
significant fraction of the NAPL mass fromthe test cell. As the al cohol flood
proceeded, the solubilization caused a rapid increase in the NAPL constituents.
As the NAPL mass was conpl eted, concentrations gradually dropped. Towards the
end of the al cohol flood, concentrations in nuch of the test cell were |ow, and
only a small anount of NAPL remai ned near the bottom This result was due to

i nefficient hydrodyami c content in this |ow perneability zone. Data from soi
cores taken after the alcohol flood , and tracer test results confirmed that
NAPL constituents had been extracted in the upper zone, and a small anount of
NAPL remai ned near the bottom

Annable: W flushed about 40,000 liters of a ten day period and renpoved about
200 liters of NAPL. This gives us an efficiency of about 5 |iters of NAPL for
every 1000 liters of alcohol flushed. W succeeded in getting about 80 to 90
percent effectiveness overall.

SAGES, Jacksonville , FL

FI ELD TESTI NG CONTI NUED W TH A PI LOT- SCALE DEMONSTRATI ON AT SAGES, A FORMER DRY
CLEANER FACILITY I N JACKSONVI LLE, FLORI DA, WHERE THE OWNERS VOLUNTEERED TO
PARTI Cl PATE I N A CLEANUP PROGRAM OFFERED BY THE FLORI DA DEPARTMENT OF

ENVI RONVENTAL PROTECTI ON.

DOUGLAS FI TTON -— Environnmental Specialist, FL DEP. The Dry C eani ng Sol vent
Cl eanup Program was established at the request of the industry to try and
address sone issues regarding liability for contam nation at contam nated dry
cl eaner sites, particularly with an eye toward the Mom and Pop type facilities
where they woul dn't have the resources to address the contam nation issues at
t hose sites.

LEG SLATI ON WAS PASSED TO FUND THI S VOLUNTARY CLEANUP PROGRAM THROUGH TAXES AND
FEES ON THE DRY CLEANI NG | NDUSTRY. NEARLY HALF OF FLORIDA'S 2800 CURRENT AND
FORMER DRY CLEANER SI TES QUALI FY TO PARTI Cl PATE, BUT THEY HAVE TO PROVI DE

EVI DENCE OF CONTAM NATI ON.

FI TTON: Part of the programis to go out and assess and quantify how much
contam nation is there and then address that appropriately. So, there's a
significant nunber to be addressed, and we've found that significant nunbers of
the ones that we've | ooked at to date seemto have a significant environnental
i npact at them

THI' S SI TE CONTAI NED THE DRY CLEANI NG SOLVENT, PCE IN THI N LAYERS OF THE SHALLOW
UNCONFI NED SAND AQUI FER.  ETHANOL FLUSHI NG WAS | NI TI ATED TO SOLUBI LI ZE THE PCE
HOWNEVER, THE FLUSHI NG STRATEGY HAD TO M NIM ZE THE POTENTI AL TO MOBI LI ZE TH' S
DNAPL.

ANNABLE: W started the al cohol injection about twenty four hours ago and we
started out by injecting alcohol just into the | ower zone of the aquifer. So,
rather than inject the al cohol uniformy everywhere, our goal was to get it



into the | owest parts of the aquifers first and we're now in the process of
bringing the alcohol wup into shallower and shall ower parts of the aquifer.

THE CONTAI NMENT OF FLU DS WTH N THE TEST ZONE WAS ACH EVED W TH HYDRAULI C
CONTROL BY MANAG NG FLOW I NTO A SET OF | NJECTI ON AND EXTRACTI ON WELLS.

Annabl e: W' re using consumabl e grade al cohol that's injected into the ground,
but we nake every effort to make sure it's hydraulically controlled. So we
inject it we're injecting it into three wells that are surrounded by six wells
that are punping at a greater rate than the rate that we're injecting. W also
confirmthat we have hydraulic control by conducting the tracer test a week or
so ago. W use that to make sure that whatever we inject in the ground, which
was tracers the first tine around, that we can hydraulically control that and

pull it back out. Once we confirmthat, then we nove into the al cohol phase
and inject that and we'll confirmthat we' ve pulled the al cohol back out of the
ground and we'll continue to punp ground water until we get it all out.

THE SAGES SI TE WAS ALSO USED TO TEST A COVWERCI AL M CRO- POROUS POLYMER PACKI NG
SYSTEM FOR REMOVI NG PCE FROM THE EXTRACTED FLUI DS. HOWEVER, THE DI LUTED
ALCOHOL WAS NOT RECYCLED, DUE TO PERM TTI NG | SSUES.

Rao: The study that we conducted at the Sages site had three inportant

features. It was the first field-scale denonstration of a DNAPL site with
al cohol flushing. It was done in collaboration with a comercial partner, and
it was done not in test cell, like the other two sites, but was hydraulic

contained. And at this site, with the DNAPL being distributed in a sparse
fashion, nmeaning in thin layers within the test zone, it was inportant to

achi eve high efficiency by flushing with al cohols. W had two prinmary goal s at
this site... One was to achieve significant solubalization of the DNAPL and not
cause nobilization, which is a concern. Second was to achieve increased
solubility in a very short period of tinme, less than two weeks. W flushed
about 40,000 liters of ethanol, and recovered by sol ubalization approxi mately
40 liters of PCE. During the alcohol flood the concentrations of the extracted
fluids rose rapidly and reached a nmaxi mum of 1600 parts per mllion. And this
i s considerably higher than the aqueous solubility limt we would have achi eved
with water flushing. And these concentrations declined gradually during the
flood as the rapidly as the PCE nmass was depleted. The efficiency of the
extraction to be achieved a function of howthe PCE is distributed. At this
site, sparse distribution neant that we woul d probably get |ow efficiency.
Based on partitioning tracer tests we conducted before and after the al cohol
flushing, we determ ned that effectiveness achi eved was about 60 to 70% The

ef ficiency of alcohol flushing turned out to be about one liter of PCE
extracted per one thousand liter of alcohol flushed. This nunber is
considerably |l ower than what we found at the HIl Air Force Base site, and this
is attributed to the sparse distribution of PCE at this site.

THE FLORI DA DEPARTMENT OF ENVI RONMENTAL PROTECTI ON |'S CURRENTLY EVALUATI NG THE
TEST RESULTS FROM SAGES, TO DETERM NE | F ALCOHOL FLUSH NG CAN BE USED AT OTHER
DRY CLEANER SI TES WTHI N THE STATE

Dan Didomnico - Fla DEP - The co-solvent flushing test at Sages Dry C eaners
site enabled us to get sone very useful information that's necessary to enable
us to scale the project up to full-scale applications. W went out there and
actually applied it in an actual situation, real-life situation, not a



| aboratory situtation, that enabled us to get a | ot of perfornance
characteristics, cost data and efficiency type data.

SUCCESSFUL TESTI NG AT SAGES MAY LEAD TO APPLI CATI ON AT OTHER SI TES AS WELL

Kevi n War ner-Levine, Fricke, Recon Environnental Consulting: W' re al so going

to apply this at other facilities in the state of Florida. And basically those
are noving through the regul atory process and part of that novement is due to

the pilot test at the Sages facility.

DOVER AFB - Dover, Del aware

THE TH RD FI ELD- SCALE EXPERI MENT TOOK PLACE AT DOVER Al RFORCE BASE | N DELWARE -
- HOVE TO A FLEET OF G5 PLANES AND THE NATI ONAL TEST SI TE. TESTI NG AT DOVER
WAS DONE | N COLLABORATI ON W TH USEPA AND THE US Al R FORCE BROUGHT A NEW SET OF
CHALLENGES.

Annabl e: The study at Dover Air Force Base had two primary objectives. The
first was to evaluate the reliability and accuracy of the partitioning
tracersfor defining and distribution and volune of PCE inside the test cell.
This was a blind test where the EPA researchers rel eased an undi scl osed anount
of PCE at various location within the test cell. And it was our job to try to
| ocate and quantify that. W did that by conducting a partitioning tracer test
using both extraction wells and nulti-Ilevel sanplers to try to find and
quantify the anmount within the test cell. The second objective was to conduct
a co-solvent flushing study to try to renove the PCE that was there. This was
conduct ed usi ng ethanol as a consol vent flood and was conducted over about a
forty day period to renove the PCE rel eased by EPA researchers.

THE I NJECTI ON OF FLUI DS | NTO THE TEST CELL IS FOCUSED | NTO TWO ZONES - WATER | N
THE UPPER ZONE AND ETHANCL I N THE LONER ZONE

Annabl e: Those two zones are separated by a packer systemthat keeps the
fluids fromcomng in contact with each other within the well. So within the
well vertically there is a packer that's down at the bottom The al cohol cones
in through a Iine that passes through the packer and flows into the | ower part
of the zone, and the water just flows in above this.

Fl ushi ng Ani mation: DURI NG THE FLUSHI NG PROCESS, ETHANOL IS | NTRODUCED | NTO THE
LONER ZONE OF THE TEST AREA, AND WATER | S PUVPED | NTO THE UPPER ZONE. TH' S
HELPS M NI M ZE GRAVI TY AND DESEGREGATI ON OF OF THE ETHANCL. THE PACKERS ARE
RAI SED | N STEPS UNTI L THE ENTI RE TEST ZONE | S FLUSHED W TH ETHANOL DI SSOLVI NG
THE PCE. THEN THI S PROCESS | S REVERSED. THE PACKERS ARE LOWERED I N STEPS AND
THE ETHANCL | S GRADUALLY REPLACED W TH WATER

THROUGH OUT THE FLUSHI NG PROCESS, SAMPLES ARE TAKEN FROM A NETWORK OF MULTI -
LEVEL SAMPLERS AT OVER A HUNDRED LOCATI ONS AND VARI OQUS DEPTHS W THI N THE
SYSTEM

(Revi se this)

Annabl e: \What you're seeing and hearing here are celanoid valves that turn on
and off. \What they do is apply pressure and vacuumto in affect punp the water
or push the water up fromabout 35 to 40 feet down, push the water up through
stainless steel lines into a sanpling vial so we can collect the sanples. These
continually run during the entire test so we get continued flow through these



mul ti-1evel sanplers and we take sanples on the two or three or four hour
intervals to get basically snapshot pictures of the concentration distribution
everywhere within the test cell so we can anal yze again for ethanol or PCE so
we can see how effective the ethanol is noving through the aquifer and how nuch
PCE it's solubalizing as it noves through the aquifer.

THE DOVER SI TE DEMONSTRATED A GOOD WAY TO REDUCE CLEANUP COSTS BY USI NG A
GRANULATED ACTI VATED CARBON SYSTEM TO REMOVE PCE FROM THE EXTRACTI ON FLUI DS
ALLOW NG THEM TO BE REUSED.

Annabl e: So we're not generating any new waste. W' ve got a closed systemfor
t he upper water zone. Right nowin the | ower zone the waste... ethanol
concentrations are just starting to cone up. That waste is going out to a
hol di ng tank and when the ethanol concentration reaches about 70% we're goi ng
to start treating that waste by the same nethod. W'IIl bring that ethanol
waste, send it through activated carbon canisters, and our goal there is to
take the PCE out so that we can reuse that ethanol send it back in and it has a
very | ow PCE concentration so we can solubilize nore the next time we pass it

t hrough the cell

THE DOVER Sl TE RESEARCH WAS FUNDED BY THE STRATEG C ENVI RONVENTAL RESEARCH AND
DEVELOPMENT PROGRAM WHI CH | S A COOPERATI VE EFFORT BETWEEN THE DEPARTMENT OF
DEFENSE, THE DEPARTMENT OF ENERGY AND THE EPA, TO COMBI NE KNOALEDGE AND
RESOURCES FOR DEVELOPI NG NEW TECHNOLOGQ ES.

Paul Devane - Air Force Bio-Environnental Engineer: Not all DNAPL sites are
not going to be the sane. One that may work here in Dover may not work in a
different situation where we have fractured bedrock. So it's inportant to try
the different technologies to find one that's robust enough to take throughout
the nation and work in different hydra-geol ogical conditions.

I N-SI TU ALCOHOL FLUSHI NG IS JUST ONE OF SEVERAL TECHNOLOG ES BEI NG EVALUATED AT
THE NATI ONAL TEST SI TE.

Devane: As recently as 2 or 3 years ago there was no way to clean up DNAPL
source zones and people were spending mllions and mllions of dollars per year
and it would take years and years of punping and treat nethods to be able to
contain DNAPLs and still not solve the problem The work with the University of
Florida, they are on the forefront of this surfactant and cosol vent flushing
technol ogy and along with the thermal technology it |ooks very prom sing.

Annabl e: Based on the tracer test, we estimate that about 81 liters of PCE was
released into the test cell. EPA scientists |later revealed that they rel ease
92 liters of PCE. The total mass of PCErecoved in this test was estimated to
be about 53 liters, and about half of this was extracted during the al cohol
recycling phase. Qur prelimnary estinates are that we achi eved about 65%
effectiveness and an efficiency of about one liter of PCErenoved per 1000
liters of ethanol flushed. Wthout al cohol recycling the efficiency would have
been about half a litre PCE per 1000 liters of al cohol flushed.

THESE THREE PI LOT TESTS FOCUSED ON CONDUCTI NG RESERACH TO EVALUATE FI ELD- SCALE
PERFORMNACE OF | N-SI TU ALCOHOL FLUSHI NG FOR ENHANCED SOURCE- ZONE REMEDI ATI ON.
| MPROVEMENTS | N DESI GN AND | MPLEMENTATI ON WERE MADE | N EACH SUCCESSI VE TEST.



D dom ni co: Sone technologies will be useful given a certain set of

paraneters, certain set of conditions out on a site, and sonme won't be
applicable. What we need to do is increase the arsenal we have available to
us. In other words, we need to inprove the nunber of tools we have in our tool
belt. This co-solvent flushing techniques has proven to be a prom sing tool
that we can add to our tool belt.

THE FI ELD TESTS ALSO ALLOWED RESEARCHERS TO COLLECT ADDI TI ONAL DATA TO EVALUATE
DESI GN AND SI TE FACTORS THAT CAN LIM T PERFORMANCE.

Enfield: Using sone of these newer techniques, we can probably finish the job
in the matter of a few years rather than centuries. So, it dramatically
reduces the tinme and therefore the liability that's sitting out there for the
long term Nowit's true that the cost of doing the short-termcleanup is
expensi ve, even at the present tinme, and what we have to do is figure out ways
to make that nore cost effective. W've denonstrated that we can do it; what
we haven't done is optim zed the performance such that it's very cost effective
and cheap.

SUCCESSFUL COMVERCI ALI ZATI ON OF | NNOVATI VE CLEANUP TECHNOLOGY REQUI RES CREDI BLE
FI ELD- SCALE PERFORVANCE | N TESTS WHERE SI TE OMNNERS, GOVERNMVENT AGENCI ES,
CONSULTI NG COVPANI ES, AND ACADEM A WORK TOGETHER TO BUI LD CONFI DENCE | N NEW
CLEANUP METHODS. THE NEXT LOG CAL STAGES | N THE DEVELOPMENT OF THI S TECHNOLOGY
ARE: (1) FULL- SCALE DEMONSTRATI ON, AND (2) ENG NEERI NG | MPROVEMENTS TO MAKE THE
TECHNOLOGY MORE COST- EFFECTI VE.



