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ABSTRACT

The challenge—design a multi-technology remedial system to aggressively and simultaneously treat
petroleum constituentsin soil and groundwater, and have it be pre-designed to effectively operate at multiple
sites. Thereweretwo initial sites; both are active pipeline pump stations located in northern lllinois. The
products of release consisted of unknown quantities of diesel, gasoline, and jet fuels, with free-phase product
conditions observed at one site. The areas of impact ranged from 0.7 to 2.7 acres with off-site mitigation of
impact required at both locations. The sites have similar geology, with one having vertical fractures within the
water-bearing glacial till zone causing preferentia pathways. Technol ogies chosen were vacuum-enhanced
groundwater extraction, soil vapor extraction, and soil flushing using infiltration galleries with design consider-
ationsfor future augmentation of the system for bio-enhancing chemical injection. Groundwater effluent
treatment was designed to meet both surface discharge and re-injection criteria. The entire system is success-
fully controlled using a PC platform with remote telemetry. System construction began at the larger of thetwo

sitesin October 1997, with system start-up in late January 1998.
Key words. remediation, multi-technoloqy, petroleum, groundwater, infiltration

INTRODUCTION

Theintent of thispaper isto show how
multi-technologieswereintegrated to crestea
remedia systemto aggressively mitigate petro-
leum productsrel eased to the subsurface. The
designwasnot merely for onesystem at one
site, but for asystem adaptablefor multi-site
gpplications. Thechalengewasto seamlesdy
combinemulti-technologieswiththeflexibility to
add or subtract technologiesasneeded. The
goal wasto achieveand/or maintain cost
efficienciesin congtruction, operation, mainte-
nance, and modifications madeto meet changing
siteconditionsat thefirst Stefor carryover to
thesecond site.

Itisnot theintent of this paper to present a
technica discussion of desgn dementsfor the
varioustechnologiesbeing utilized. Thisisa
demonstration of “hands-on” approach to
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design, implementation, and operation, which

a s0 sought direct “ hands-on” involvement of the
siteowner. The partnership and interaction
between the site owner and theremediation
contractor wasessential to the successof this
project. By relying on the strengths of various
individual sand organizations, the goalsand
challenges of this project are being success-
fully achieved.

THESITES
Geographical Settings

Site“A”, whichiscurrently under
remediation, isthelocation of the Explorer
Pipeline (EPL) Decatur Station, located along
County Road 1900E, Christian County, Illinois.
Thesubject sitegenerally consistsof asquare-
shaped parcel of land approximately 3.9 acres
insize. Thesteincludesacontrol buildingand
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Figurel. Site"A” Remedia Layout

pipeline pumping equipment located withina
fenced enclosure. Anélectrical substationanda
radio tower arealso located on the subject
property. Thesiteisbordered by County Road
1900E to thewest, and agricultural fieldsto the
north, south, and east. Adjacent property
usagewithinaone-mileradiusof thesite
includesagricultural fieldswith afew scattered
rural residences. Reference attached Figure 1
for sitelayout.

Site*B” isthecurrent location of the EPL
Chatsworth Station, located near theintersec-
tion of County Road 3500E and 200N,
Livingston County, Illinois. ThesubjectSite
generaly cons stsof arectangular-shaped
parcd of land gpproximately 6.47 acresinsize.
Thesubject property includesacontrol building

and pipeline pumping equipment located within
afenced enclosure. Anélectrical substation and
aradiotower arelocated on the property. The
siteisbordered by County Road 3500E to the
east, County Road 200N to the south, and
agricultural fieldsto thenorth and west. Agri-
culturd fieldsarelocated east and south of the
subject site across County Road 3500E and
200N, respectively. Adjacent property usage
withinaone-mileradiusof thesiteincludes
agriculturd fieldswith afew scattered rural
residences. Reference Figure 2 for sitelayout.

Geological History

Site“A” isstuated inaphysiographic
provinceof lllinoisreferred to asthe Springfield
Pain. The Springfield Plainischaracterized by
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Figure2. Site"B” Remedia Layout

the presenceof anlllinoian Ageglacid till plain,
which at thelocation of the subject site, does
not appear to have undergone significant ero-
sion/dissection. Thesubject siteandimmedi-
ately surrounding areasareof low relief. The
direction of primary drainageacrossthesite
could not bevisudly estimated.

Thesubject Steand surrounding areais
underlain by approximately eight feet of loess, a
wind-blown glacia sediment conssting pre-
dominantly of clayey slt. Theloessisunderlain
by the Radnor Till Member of the Glasford
Formation, anlllinoian Ageglacid till generaly
described asamostly gray, compact, silty till
withalittlegravel, sand, and siltin someplaces.
TheRadnor Till, asobserved in soil borings
drilled for monitoring well instdlation, conssted
of gray sty clay withtracesand. Thetota
thicknessof glacialy derived unconsolidated
sedimentsoverlying bedrock at thissiteislikely
onthe order of 100 to 200 feet.

TheRadnor Till islikely underlain by
bedrock of the Pennsylvanian AgeBond
Formation. TheBond Formationgenerally
congstsof ahigh percentage of limestoneand
calcareousclaysand shales, and may locally
contain minor siltstone and sandstone beds.
Gray shad escongtitute the greatest portion of the
formation; however, thick channel sandstones
may bepresent locally.

Site“B” isgtuated inaphysiographic
provinceof lllinoisreferredto asthe
Bloomington Ridged Plain. The Bloomington
Ridged Plainischaracterized by prominent
glacid topography typica of late Wisconsinan
glaciation. Thistopography generdly consistsof
numerous rough-surfaced morainic ridgesthat
may be 50to 100 feet high, onetotwo miles
wide, and continuousfor 50 to 100 miles.
Morainicridgesaregenerally separated by
Inner-morainic areaswith more subdued,
undul ating topography, commonly described as
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swell-swaeor rolling topography. Thesubject
steislocated onthe Gifford Moraine, a
Woodfordian Agetermind glaciad moraine. The
direction of primary drainage acrossthesitewas
visudly determinedto bein awesterly direction.

Thesubject property isunderlain by
approximately threefeet of |oess, awind-blown
glacid sediment cons sting predominantly of
clayey slt. Theloessisunderlain by the Snider
Till, amember of the Wedron Formation; a
Wisconsinan Ageglacid till described asagray
glty clayey till which generaly exhibitsacoarse
blocky structure (Lineback, 1979). Theblocky
gructureof the Snider Till generaly produces
higher instu permeabilitiesand hydraulic
conductivitiesthan observed in other Wisconsinan
Ageglacid till deposits. TheSnider Till islikely
underlainby older sltand glacid till deposits
(Wiscongnanthroughlllinoian).

Thetota thicknessof glacialy derived
unconsolidated sedimentary materialsunderlying
thesitelikely ranges between 200 and 400 feet.
Unconsolidated materia sblanketing thesiteand
surrounding areasarelikely underlain by bed-
rock of the Pennsylvanian Age Carbondale
Formation. The Carbondal e Formation consists
of interbeded sandstone, limestone, shae, and
cod units.

Hydrogeologic Conditions

Ingeneral, groundwater at Site“ A” was
encountered at depths ranging between seven
and 14 feet below ground surface. Shalow
groundwater below thefacility appearstoflow
inaradial direction north to northeast fromthe
gte. Theresultsof hydraulic conductivity testing
indicated conductivitiesinarangebetween 7.1

x 10 centimetersper second (cm/sec) and 1.3
x 10° cm/sec. However, these hydraulic
conductivity valuesdid not appear consi stent
withtheactua impact plumemigration ratethat
hasoccurred. Test pitswereexcavated on Site,
revedingtheglacid till unit (clay diamicton)
underlyingthestewashighly fractured, resulting
insgnificant secondary permeahility. This
condition wasnot reflected in the above-
referenced hydraulic conductivity testing dueto
apparent smearing of thefracturesduring soil
boring advancement and/or boringsplaced
between fracture sets.

Site*B” groundwater was encountered at
depthsgeneraly ranging between threeand
one-half and four feet below ground surface.
Shallow groundwater below thefacility appears
toflow inageneral southwesterly direction.
Thehydraulic conductivity vauesobtained from
on-sitetestingwereintherangeof 4.7 x 10
and 2.0x 10° cm/sec., respectively. It should
be noted that an approximate 12-inch gravelly
sand lensewas encountered in one of the
monitoring wellstested, whichlikely resultedin
the apparent discrepancy observed for hydraulic
conductivity valuesobtained.

Berg Classification

Inlllinois, Stesareadditionally assessed
for their relationship to groundwater and the
associated groundwater hazard posed by the
ste. Thesubject sitesand surrounding one (1)
mileradii ismapped by Berget al. (Plate 1,
Potentia for Contamination of Shallow Aquifers
from Land Burid of Municipad Wastes) as
occurringwithin AreaE. BergdescribesArea
E asbeing characterized by uniform, relatively
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impermeablesiity or clayey till or other fine-
grained materid sextending fromtheland
surfaceto morethan 50 feet in depth. Berg
statesthat steswith characteristic AreaE
geology exhibit alow potentid for contamination
of underlyingaguifers.

TECHNOLOGY OVERVIEW

Development

Therudimentary technologiesfor
remediating petroleum hydrocarbonshave been
aroundfor years. Whether itisasimple pump-
and-treat system, soil vapor extraction (SVE),
or oneof thenewer insitu bioremediation
enhancement gpplications, empirica dataexist
toadinsystemdesign. Assuch, full-scaepilot
testing isnot usually necessary based on acost-
to-benefit ratio.

Terracon hasalong history inremediation
design, implementation, and operation. We
have compiled empirica dataon the perfor-
mance of variousremedia technologies, includ-
ing hybrid systemsthat have and are operating
inthegeological matrix of the central United
Stateswhere our case study sitesreside. The
remedia technol ogies sel ected were devel oped
from Terracon’sexperience on what has
worked well on other smilar Sites. Basic
geologica and hydrogeol ogic datawere collected
during the assessment phase of the projects.

Initialy the Siteswere assessed and
corrective action measureswere devel oped
separately. EPL wasnot under regulatory
mandateto clean up thesesites. However, EPL
electedtoenroll inthelllinoisSite Remediation
Program (SRP), avoluntary cleanup program,
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asameansto obtain regulatory closurefor each
Stewhilemaintaining control over how and
when cleanup would beimplemented. Under
the program, EPL requested and was granted
approva to conduct remediation at thetwo sites
consecutively rather than concurrently. Thiswas
the catayst that bought the two sitestogether.
By usingtheflexibility of the SRR, EPL and
Terracon tailored an approach for the cleanup
of onesitewhile monitoring the other. Approval
fromtheregulatorswas granted becausethe
plan detailed theremediation of both sitesup
front, using the same system components,
providing asignificant capital cost-saving
measure. EPL also provided the assurancethat
thetechnol ogiesemployed would aggressively
mitigatethefirst Steinamanageabletimeframe.
A detailed monitoring plan for thesecond site
wasmade part of theremedial plans, withEPL's
assurancethat if conditionschanged at Site B,
requiring immediate corrective actions, such
actionswould beimplemented.
Soil Mitigation

Impacted soil at both siteswould be
treated using soil vapor extraction (SVE)
technology. Inaddition, thesoilswithinthe
smear zone, which arefound to bethemajor
contributor toimpact re-leaching to theground-
water, would be mitigated by taking advantage
of groundwater remediation, loweringthe
shallow groundwater tableto exposethe soilsto
SVE. Theexposed semi-saturated soilswill
begintodry, creating air channels, and thus
expanding theareaof influencefor vapor
extraction.
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Inadditionto SVE, soil flushing will dso
be used to mitigate soil impact. Soil flushing
removesresidual chemical constituentstrapped
insoils. Sail flushing can occur naturaly through
surfacewater infiltration (i.e., rainfall). To
enhancethisprocess, anetwork of infiltration
gdlerieswasdesigned. Thegdlleriesare
located within the capture zone of the ground-
water extraction system, creating aclosed loop.
Theinfiltration system can also beused to
introducebio-remedia nutrients, oxygenaters,
and/or oxidizersif needed, to enhancethe
natural biodegradation process.

Groundwater Remediation

Impacted groundwater will beextracted
and treated above grade at both sites. The
groundwater extractionwill beaccomplished
using jet-pump technology. Theprincipleof jet
pumping isusing onefluidto entrain another.
Specifically, stored untreated extracted water
will beforced through aseriesof jet pumps,
also called eductors, under high pressure. As
the high-pressurewater stream passesthrough
the eductor, suction (vacuum) iscreated and
fluidsinthetrench aredrawn up thelift tubeand
carried off (entrained) with the high-pressure
return stream. Thereturn stream of fluidsflow
back to thetreatment building for processing.
Aslong asthereiswater pumping throughthe
eductor, avacuumwill bemaintainedinthelift
pipe. Astheareabecomesdewatered, water
and/or air will bedrawn up the suction tube,
thuscreating asdlf-priming pumping system
without the need of expensivewater-level
control sensors. Another advantage of the
eductor systemistheability to bury it and forget

(i.e, maintenancefree). Thiswascritica for
each Stedueto groundwater impact off steand
the adjacent property owner’sdesireto con-
tinueto grow cropson theland without the need
to plant and work around surface structures(i.e.
manholesand vaults) typica of conventiond
groundwater extraction methods. The eductor
system al so had cost-saving advantages over
electrical submersible pumpsduetotheon-site
requirementsfor wiring to meet explosive
rating classfications.

Toimprovegroundwater extraction
efficiencies, vacuum was added to thetechnol -
ogy matrix. Compared to conventional ground-
water extraction systems, agroundwater
extraction process, which usesand/or isen-
hanced by vacuum, increaseshydraulic conduc-
tivity (flow) fromthewel by onetothreetimes.
Theincreaseinflow iscaused by the creation of
anegative pressure gradient near therecovery
well, overcoming thecapillary forceswhichtend
to hold thewater trapped inthe soil voids. This
breakdown of capillary tenson aso causesa
deepening or flattening of the cone of depres-
sionand over timecreatesalarger radiusof
influence. However, empirical datahasindi-
cated that whilethe enlarged areaof influenceis
maintained, the higher flow ratesdiminish over
timeastheareaof influence stabilizes.

Asoutlined above, onetechnology canbe
piggybacked onto another to makeathird. By
sharing components, cost savingsare achieved
over buyingindividua component for each
technology. Sizing of thevariouscomponents
required forethought asto how each technology
wasgoing to interact with the other.
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BEST VALUED REMEDIAL DESIGN

Under lllinoisregulatory programs, correc-
tiveactive plans (CAPs) arenot required to
includedetailed plansand specifications. As
such, CAPs can be presented in aconceptual
format. Thisdlowsflexibility intheimplementa-
tion of the proposed technol ogiesincluding
procurement of capital equipment, construction
methodol ogies, and fabrication of the system.
Changescan readily be made without the need
for costly revisonsand addendumstypicd of
detailed plan and specification packagesand/or
re-submittal sto regulatory authoritiesfor
approval. EPL and Terracon choseto work
under aCAPto providetheflexibility necessary
toaccomplishthemulti-sitedesign.

How does such aprocess cometogether?
Theanswer isbest valued remedia design
(BVRD). BVRD blendstraditional engineering
design, design build (DB), qudity baseselection
(QBS), and cost control conceptsand prac-
tices. Specificaly for these projects, Terracon,
thedesign professional, and EPL, thesite
owner, becamethefirst membersof theBVRD
matrix. Theconceptua CAPwasdrivenjusta
much by EPL goasand objectiveswhich
included continuous operations, minimal disrup-
tion to adjacent landowners, cost control, and
minimization of thetimerequiredfor the
remediation assite-specific geology,
hydrogeol ogy, and environmenta concerns. As
the design and implementation process pro-
ceeded, site-specific system componentsthat
were gpplicableand/or feasibletook into
account EPL current and futurefacility needs.
Anexamplewasthedesign and positioning of
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theremediation building, whichwill beusedin
thefuturefor operationsand maintenance. The
remedid sites, being Department of Transporta-
tion (DOT) regulated facilities, added additional
implementation requirementsfor contractors
workingonthesite. EPL, having extensive
construction experience and listsof approved
contractors, wasasoinvolved in selection of
construction methodol ogy dternativesand QBS
for construction contractors.

Terracontook responsibility for QBS
sdlection of theremedid systemingtdler, which
mainly focused on experienceinlogic control
systems gpplicableto custom multi-technol ogy
applications. Theremedia contractor would
a so bethe prime contractor, responsiblefor
subcontractor contracting and coordination.
Terracon took on therole of design engineer/
construction manager and eventualy the
system operator.

Oncetheremedial contractor was se-
lected, they were also brought into the BVRD
matrix. Terracon, together with EPL andthe
remedia contractor, worked through final
construction andimplementation methodol ogies.
Each dternativewasanadyzedfor itseffective-
nessand then cost. Oncetheteam worked
through congtruction and implementation meth-
ods, remedial technologies, and developed a
subcontractor list, theremedia contractor with
oversight from Terracon prepared adetail ed
project cost proposal for EPL. Thisprocess
included demonstrating QBS and/or cost-
competitive pricing of mgor remedia compo-
nentsand subcontractor services. One aspect
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of subcontractor selection wasthegoal to hire
locdl contractors, specifically theelectrical
subcontractor. Low cost wasnot seen as
important ashaving local support for the system,
asthesesitesareinrural areasand are not
manned by EPL onafull-timebass. Additiona
cost savingsfor EPL were achieved through
Separate contracting, avoiding contractor
markups, and establishing cost procurement
limitswherevendor invoiceswould bedirect-
billed to EPL over set amounts.

Aspresented above, BVRD wasan
essential element inthe successof thisproject.
It doesnot work for all projectsand requires
the development of apartnershipwhichfosters
trust between all the project stakeholders. As
anenvironmental design professond, BVRD
requiresthe consderation of non-technica
elementsduring thepre-designand design
stagesof the project, which canassistinthe
overd| effectivenessof thedesign and generate
possiblelifecyclecost savings.

THE SYSTEM
Site “A”

Site“A” wasselected for active
remediationfirst, based onlevel impact and
associated risk factors. Asindicated earlier, this
site presented aunique hydrogeol ogic problem
from secondary permeability generated from
fracturesinthewater-bearing soils. Theingtd-
lation of dua-phaserecovery welsasoriginadly
planned was deemed unfeasibledueto the
probability of either not intersecting fractures
and/or having thefractures sedled off during well
installation. Other methods had to be selected;

through BVRD, theteam considered other
dternativessuch asdirectiond horizontally
drilled wellsand different typesof trench
recovery systems.

For site“A,” atrench recovery system
was sel ected asthe most effective approach.
Through construction costing of two different
construction methodol ogies, continuoustrench-
ing and conventional excavation, conventiond
trench excavating wasthemost economical.
Thisremained true even consdering potential
problemsthat can be encountered indigging
trenchesinto groundwater tables. Thechange
fromrecovery wellsto recovery trenchesaso
required re-eva uation of the groundwater
extraction methodology. Theremedial contrac-
tor wasresponsiblefor presenting theinnovative
approach for groundwater extraction using jet-
pumping technology that wasemployed at this
site—another exampleof how BV RD benefited
theproject design.

Contractor Selection

Terracon selected INC Limited (INC),
Davenport, lowa, asthegenera remedia
systeminstaller for theremedia system. INC
wasrespons blefor the procurement of system
componentsand on-giteinstall ation/fabrication.
Theremedid system’sprogrammablelogic
controller was manufactured by Mississippi
Vdley Liquid Sysem (MVLS!), awholly
owned subsidiary of INC Limited. INC
contracted with and wasresponsiblefor sub-
contractorswho performed siteexcavating
activities, building congtruction, and éectrica
ingtallation services.
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Thefollowing subcontractorswere se-
lected based on experiencein their respective
fields, proximity tothedte, availability, and cost:
m Excavating—Bodine Excavating—Decatur,

lllinois
m Electrical—Hart Electric—Decatur, lllinois
m MGC Construction—Decatur, Illinois

Theon-gite contractors, aswell as
Terracon employees, followed Department of
Transportation (DOT) facility safety and drug
testing protocolsand were pre-qudified and/or
approved towork at/on EPL facilitieswithin
“sofety sendtivearess.”

Soil Mitigation Technology

Impacted soils present above and below
the shalow groundwater tableweretreated by
lowering the shalow groundwater tabletoa
maximum depth of approximately 11 feet below
ground surface (bgs) and using soil vapor
extraction (SVE) technology. The depth of
extraction was based on site geology and
shdlow groundwater eevations. Vacuumwas
applied to each recovery trench through aseries
of horizontally installed perforated piping
embedded inthetop portion of therecovery
trench granular backfill. Thehorizontal piping
cons sted of alternating sectionsof perforated
and non-perforated sections, with thelonger
recovery trench runshaving two separate
vacuum linesto help balanceand uniformly
distribute the vacuum applied tothesoils. The
vacuumisappliedto therecovery trenchesby
three positive, displacement blower units. Each
unit hasthe capacity to generate approximately
10inchesof mercury (Hg) at anair flow rateon
the order of 300 cfm. Theblower unitsare
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connected to acombination manifold and mist/
particleseparator. Themanifold systemwill
alow for multiple-zone operation and alow one
or more blowersto be used on agiven zone.
Asdtated earlier, soil-flushing technol ogy
wasemployed using infiltration galleriesand/or
cyclic operation of thegroundwater extraction
system. Thedesign criteriausedfor Szingthe
infiltration gallerieswas based on phys cochemi-
cal propertiesof soil (Freezeand Cherry, 1979,
and Krishnayyaet d., 1988), and anticipated
flow ratesfromthe groundwater extraction
system. Therequired squarefeet (sgft) of
seepage areaneed for the projected GPD was
determined using an estimated percolation rate
for thesteand design criteriaset by Illinois
Adminigrative Codes. Theinfiltrationsystem
can aso beretrofitted for theintroduction of bio-
remedid nutrients, oxygenaters, and/or oxidizers.

Groundwater Mitigation Technology
Impacted groundwater was extracted and
treated above grade. Thegroundwater was
extracted through aseries of extraction
trenches. The placement of extraction trenches
was based on design assumptionsand the areal
extent of soil and groundwater impact. The
extraction network consisted of Six extraction
trenches, connected toform six operationa
zones. Thepsychica mechanicsof groundwater
extraction wasaccomplished using jet-pump
technology. Theprincipleof jet pumping
congstsof using onefluidto entrain another.
Specifically, stored untreated extracted ground-
water isforced through aseries of jet pumps,
called eductors, under high pressure. The
eductors, which are spaced along each recov-
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ery/eductor trench, have suction or lift tubes
suspended in the center of thetrenchtowith-
draw groundwater to the specified depth (i.e.,
approximately 11 feet bgs). Asthehigh-
pressurewater stream passesthrough the
eductor, suction (vacuum) iscreated and fluids
inthetrench aredrawn up thelift tubeand
carried off (entrained) with the high-pressure
return stream. Thereturn stream of fluidsflow
back to thetreatment building for processing.
Aslong asthereiswater pumping through the
eductor, avacuumwill bemaintainedinthelift
pipe. Asthetrench becomesdewatered, water
and/or air will bedrawn up thetube, thus
maintaining ase f-priming pumping system.

Thegroundwater extraction systemis
operated on acontinua basis. However, the
different recovery/eductor trenchescan be
activatedinacyclic manner (alsoknown as
pulsing the system). Asmentioned above, the
individua operation zoneswill dlow for various
remedid disciplinesto beusedinthemitigation
of thedissolved groundwater impact.

Free-Phase Separated Product Recovery
Thejet-pump technology employed for
groundwater extractionwasatotal fluids
process, and as such, free-phase separated
product (FPSP), if present, will berecovered as
part of the groundwater extraction. Inaddition,
negative pressure produced through the
vacuum-enhanced systemwill aid in therecov-
ery of FPSP by overcoming the capillary forces,
which tend to hold the FPSP trapped in the soil
voids. Soil flushing activitieswill hepthe
recovery of FPSPaswell. FPSPwas sepa-
rated and collected inthe oil/water separator.

Accumulated product wasperiodically trans-
ferred to the pump station’ strans-mix tank,
which storesother petroleum products handled
by thisfacility.

Duetothe SV E system (vacuum enhance-
ment) being employed at thissite, FPSP drawn
totherecovery trenches may become vapor-
ized. During early stagesof sitemitigation, the
SVE system was not used dueto the possibility
of high concentrationsof petroleum vapors
being present inthe exhaust stream of the
blowers. These concentrationscould exceed
permissibledischargelimitsand require off-gas
treatment. Asimpact levelsarereduced, the
SVE systemwill begradually phasedinso
permissibledischargelimitsare not exceeded.

Landfarming

Includedinthe CAPwasaproposal to
landfarm soilson Site, including excess soils
from excavated trenches. State approval was
obtained and contaminated soilswere success-
fully landfarmed onsite. Ingenerd, the

landfarming cond sted of thefollowing activities:

m Excavated soilswere spread approximately
six to eight inchesthick over adesig-
nated areain the southwest quadrant of
the subject property (i.e., east and south
of themainfacility compound).

m Soilswereperiodically aerated using earth-
moving equipment following spreading
activities.

m Thesoilswereperiodically sampledto
assessthe progress of soil treatment.

m Grassesand other vegetation, through
natural seeding and mechanical applica-
tion, werethen alowed to grow.

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch



System Controller

What makesmulti-technol ogy applications
work are programmablelogic controllers. The
MV 2100 Control System, manufactured by
MVLSI, Davenport, lowa, was selected to
handlethe complex operationa and alarm
sequences planned for thissystem. The
MV 2100 control systemiscustom built for each
remedid system. Though each systemis
customized, MV LS uses standardized compo-
nents, board layouts, and communication
softwareto makeit easier to operate, maintain,
and troubleshoot multiple systems. Thesystem
includesmotor controls, control relays, darms,
Sensors, and monitoring/metering equi pment.
The system usesanalog and I/O input/output
boardsin astandard PC configuration. The
system’slogic programiswritten using Boolean
expressionintheform of Boolean functionsand
operators. A Windows-based communication
programisused for remotetelemetry. The
remotetelemetry screenisidentica totheon-
stedisplay screen, including operational com-
mands, whichsmplifiestraining.

Dataisdownloaded asacommon delin-
eated filefor easy datamanipulation. Arraysof
alarm/monitoring sensorsareincorporated into
the systemto prevent the discharging of non-
treated groundwater to the environment. A
Radio Shack Autodialer hasbeeninterrogated
into theaarm sequenceto call system operators
intheevent of asystem upset.

TheMV 2100 control system hasaso
allowed usto equip theremedia building with
sensorsto warn of hazardousconditions(i.e.,
explosivevapors). Thesensorsareasointerro-
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gatedintoasysemwhichwill activateventila-
torsto evacuate vaporsinthebuilding and, if
vapor levelscontinuetorise, will shut downthe
remedia systemand electric power. Thisallows
usto fabricate the system without the need for
an explosion-proof system, except for the
building ventilationfan. Thecontrol systemis
housed in asealed cabinet with an outside, air-
supplied blower to maintainapostiveair
pressurewithinthecabinet. Thishazardous
condition monitoring system grestly reduces
initid ingtalation costsand exhibitslong-term
savingswhen system maintenanceand modifica
tionsissuesare considered.

Operational Sequencing

The dual -phase extraction zonesand
infiltration galleriesoperateonacyclicbass.
Cyclic operation of thevariousremedia com-
ponents are based on system performance,
engineering judgment, and theresultsof periodic
analytical testing. Changesinthecyclic opera-
tion aremademanualy, using e ectronicaly
operated valving controlled by thelogic control-
ler. Thelogic controller isprogrammedto
prevent animproper operational sequencefrom
being performed, such asthefilling of aninfiltra:
tion gallery without having adown-gradient
extraction zonein operation for fluid recapture.

Extracted water and air are separated,
withtheair stream being directly dischargedto
the atmosphere and the water processed
through the groundwater trestment system. The
entireprocessiscontrolled throughliquidlevel
and flow sensorswired to thelogic controller.
Treated groundwater isdischarged to either a
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surfacedrainageway or theinfiltration galler-
ies, depending on how the sequencesare
selected for the extraction and infiltration
gallery zones. FPSPisprocessed manually
on an as-needed basis.

Construction/Operating Permits
Although the CAPwas approved, a
number of permitsstill had to be acquired and
accessto adjacent property wasobtained. In
order to construct and operatetheremedial
system, thefollowing permitswere obtained

fromvariousdivisonsof the EPA:

m |EPA Divisonof Water Pollution Control
Congtruct/Operate permit.
Permit No.1997-EA-4377
Expiration Date—September 30, 2002

m |EPA Air Divison Construction permit.
Application No. 97070046
|.D. No. 021808AAB
Expiration Date—December 4, 2002

m |EPA Nationd Pollutant Discharge Elimina
tion System (NPDES) Surface Drainage
Dischargepermit.

Permit No.IL0072311
Expiration Date—January 31, 2003

m |EPA Wastewater Operator Certification
Program-Bureau of Water
Service Agreement approved between
EPL andthe
ClassK-WR system  operator(s).
FSP# G-3540-A
Expiration Date—April 30, 1999

m Off-Site Property Accesswasobtained for
the Gordon farmstead by EPL.

Construction

Thefollowing isageneraized sequence of
congtruction eventsthat took placefor instala-
tion of theremedial system:

m Mgor remedia system componentswere
ordered by INC starting inlate Septem-
ber 1997.

m A pre-construction meetingwasheld on site,
October 1, 1997.

m Site preparation work began on October 22,
1997, whichincluded fenceremovd,
landfarm areasetup, and system layout.

m Excavationof infiltration gdleries, eductor
trenches, and connecting pipe corridors
followed. Underground pipingingtala
tion and backfilling operationswere
performed concurrently with excavating
activities. Underground component
work was completed by mid-Novem-
ber 1997.

B Excavated soilswereinitidly stockpiled near
theexcavationsand later transferred to
thelandfarming area.

m Building congructionandinterior remedia
component work was performed during
the period of late November 1997
through the end of January 1998.

m Systemtroubleshootingandtria batchruns
were started on January 28, 1998.

m Completion of expanded system startup
testing protocolswas completedin
May 1998.

Remedial Operations

Following construction, receipt of regula
tory agency operational permits, and before
direct surface dischargeand/or injection of
treated effluent, atrial batch test was per-
formed. Thetria batch test cons sted of running
theremedia system at design parametersand
containerizing the effluent generated by the
system. During system testing, influent (IF) and
effluent (EF) water sampleswere collected and
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analyzed. Effluent dischargethat did not meet
effluent quality parameterswasretreated
following modificationsto thetreatment system
to correct effluent quality problems. Once
design and effluent discharge criteriawere met,
the system was restarted and operated con-
tinually with direct effluent dischargeto either
theinfiltration galleriesand/or the surface
drainageoutfall.

Aspart of operationa permit requirements
for the startup of atreatment system, sampling
of the effluent waterswas conducted twice per
week, followed by weekly sampling over a
three-month period.

Construction/Startup Followup Issues

During system troubleshooting and system
startup, problemswereidentified inthe eductor
system. Theeductor system for trenches1 and
2 failed to maintain adequate operating pressure
and shortly after system startup, the eductor
systemintrenches3and 6 failedtoreturn
water. Dueto avery wet spring and summe,
repairsto these systems could not be performed
inatimely manner. Auxiliary pumping equip-
ment wasingtalledintrenches 1 and 6 to
dewater thesitewhilerepairsweremade. As
of thisreporting date, trench 2 remainsoff-line.
It was discovered that the scheduled 80 PVC 3/
8-diameter, threaded-trangition connection on
severd eductor assemblieshad broken. The
exact causefor thebreakageisunknown. The
eductor assemblieswere retrofitted to accept
asteel-threaded connector whererepairs
were needed.

Problemswerea so found and remedied
concerning effluent water quaity out of theair-

stripping tower. Terracon and JNC could not
isolateaspecific causefor the poor effluent
qudity. Thefind solutionwastheinstallation of
alarger blower unit. Thisnew blower exceeds
tower design modeling by 150 to 200 percent.
Other problemsand/or modificationsthat

were madeto thesystemwere asfollows:

m Infiltration gallery conductance-type,
water-level control probesrequired
replacing with mechanical and/or
pressure-type control deviceswhenit
was discovered thefacility’sin-ground
cathodic protection system caused
interference with the conductance
signalsto the control panel.

m Additiona water filters/strainerswerere-
quired on the eductor system dueto
higher-than-antici pated suspended
solidsinthegroundwater and bacterial
growthinthe batch holding tanks.

m Auxiliary carbonunitswere added to the
effluent dischargestream fromtheair
stripper dueto higher-than-anticipated
naphthalenelevelsrecordedinthe
influent groundwater. Thisalsorequired
modificationsto theair-stripper transfer
pumping system to handlethe higher
flow pressuresthrough the carbon
vessals. Carbon polishing wasdiscon-
tinuedinlate 1998 and unitsremovedin
early 1999.

m Mechanical water-level control probeswere
replaced with conductancetypedevices
intheoil/water separator and air-
stripping tower sumpsto overcome
rapid fouling problems caused by poor
groundwater qudlity.

m Additiona water flow meterswereingtaled
and/or repositioned to better record and
monitor systemflow rates.
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m Tosimplify maintenance of the eductor
system, modificationswere madeto
the eductor piping and SV E vacuum
linesinsdethebuildingto utilizethese
componentsfor backflushing of the
eductor system.

m Withthe secondtimelossof extractiontrench
#1, theinfiltration gallery sumpwell
ingtaledin extractiontrench#1 was
retrofitted initialy with an aboveground
centrifugal pumping system. This
pumping systemwas|ater changed over
toasubmersibleunit and isused asthe
sole extraction method for trench 1.

m A second settling tank was added between
thesiIt separator and the oil /water
Separator to aildein emulsified product
separation. Thetank was plumbed to
alow for gravity flow betweenthetwo
unitsand fitted with an emergency E-
highwater, level-flow switch.

m Additiona eductorswerereplacedinthefall
of 1999. Eductorswerefoundto be
damaged by externa corrosion. Itis
believed, sincethesitehascathodic
protection, theeductorsare acting as
sacrificid anodes.

Asdepicted above, aremedia systemis
likealiving entity which undergoes changes.
These changes, in many cases, arenot areflec-
tion of poor design. A poor designwouldbea
system that doesnot allow for changesto occur.

SYSTEM PERFORMANCE SUMMARY

System Components

Theremedia system beganfull-time
operation on February 19, 1998. Themagjor
system componentsincludethefollowing:

m Six recovery/eductor trencheswith SVE
enhancement;

m Threeinfiltrationgdleries,

m Onesiltand oil/water separator;

m Two batch tanks;

m Onecounter air-flow stripping tower;

m Threeauxiliary carbon polishing units(no
longer inserviceor onsite);

m Onedischargeholding tank;

m Oneeffluent dischargewater distribution
system; and

m Oneprogrammablelogic controller with
remotetel emetry and an automatic
messagedialer unit that sendsout apre-
recorded messageto threelocations,
informing system operatorsof an
operationa upset alarm.

Untreated groundwater, stored inthetwo
batch tanks, isused for theeductor (i.e., jet
pump) feed water. Treated groundwater is
discharged either tothe permitted infiltration
gdleriesor through anexisting publicdrainage
way under an NPDES permit. Off-gasfromthe
groundwater air-stripping tower and SVE
systemisvented, untreated, to the atmosphere,
asallowed under the operating permits. FPSP,
if collected, istemporarily stored withinan
approved petroleum aboveground storagetank
for disposal by EPL. ReferenceFigure3for
Site A remedia flow diagram and Figure4 for
system component layout.

System Operators

Treatment system operation isunder the
direct and activefield supervison of acertified,
Class"K-WR,” Indugtrid Treatment Plant
Operator(s) in accordancewith State of Illinois
Rulesand Regulations, Title 35, Subtitle C,
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Figure3. Site"A” Remedial Flow Diagram

Chapter 1, Part 312. TheClass“K-WR”
operatorsfor thissystem are Mr. JamesR.
Buckhahn and Mr. John W. Cameron. The
system operatorscanfromtimetotimeutilize
local contractorsthat wereinvolvedinthe
systemingtallation to perform emergency Site
visitsfor system-upset response or other
conditionsrequiring aquicker response. During
such an event, the system operator can be
remotely monitoring and/or controlling system
operations. Theability to usethelocal contrac-
torsisadirect benefit of the BVRD process.

Operational Monitoring and Maintenance
Terracon system operators perform and/or
supervise personnel intheoperationa monitor-
ing and maintenance (O& M) of theremedia
system. O&M includes, at aminimum, weekly
remote monitoring and twice per month (i.e., bi-
monthly) Stevists. During Sitevisits, required
sampling of treatment watersis performed as
well asroutine system component mai ntenance.

Onaquarterly basis, in conjunction with abi-
monthly Stevisit, groundwater monitoring well
network gauging and analytica samplingwill
occur. TheO&M schedule may be modified
inthefuture based on system performance
and/or regulatory guiddines. Additiondly,
EPL personnel have assisted with monitoring
and maintenance between sitevisitsby the
System operators.

System Performance

Remedia system processflow ratesfor the
individual operating systemsareroutingly
collected from on-site or remotetelemetry
monitoring. Thisdataisused to evaluate system
operationa performance and inthe preparation
of required regulatory submittals(e.g., NPDES
monthly reports).

Through the period ending April 2000,
approximately 5,900,000 gallonsof water have
been extracted and treated at thisfacility.
Approximately 5,720,000 gallons of treated
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Figure4. Site“A” Remedia Layout
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water have been discharged to the surface
drainage-way viaOutfall 001, with approxi-
mately 180,000 gallons of water being re-
injected through theinfiltration gallery network.
Theshdlow aquifer isyielding on average
approximately 8,800 gallons of water per day.
Upuntil thewinter of 1999, thesitewasyielding
on average 13,000 gallons per day, whichwasa
flow of approximately 1.5 timesmorethanthe
anticipatedlong-termyield. Itisour opinion
that these higher yieldsmay have been dueto
thefracturesintheglacid till unit (clay
diamicton) underlying thesite, resultinginan
gpparent sgnificant secondary permesability and
aquifer storage capacity. Thesewater-filled
fractureswereobserved in atest pit excavated
near MW-4 following the 1995 assessment
activities(reference CAPR, June5, 1997). As
such, it wasdifficult to maintain adraw down of
thewater tableto sufficient depthsto use of the
infiltration gallery system. In November 1999
theaquifer yield dramatically dropped off and
hasremained constant at levelsmoretypical of
thesite'sgeol ogy.

Prior to thewinter of 1999, the SVE
system had only been runfor two, one-hour test
runs (October 29 and December 15, 1998) due
tothe sustained high groundwater table across
thesite. Since November 1999, the SVE
system hasbeen run on acontinuousbasis. On
average, the SVE draws 890 CFM. For the
one month of operationin 1999, gpproximately
1.5tonsof VOC were extracted.

Theremedial system hasbeen operationa
for atotal of approximately 800 days. During
thisreporting period, the system hasbeen
operationa approximately 93% of thetime.
Overdl, the system hasbeen operational
approximately 88% of thetime, inclusive of
system maintenance, troubleshooting activities,
and system upsets.

Treatment System Analytical Results
Dischargesfrom the groundwater treat-
ment system have beenin compliancewith
permit limitationssincethe system hasbeen
operationd. Overdl, influent concentrations
have dropped 83% sincethe start of remedia
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Eductor Trench 1 switched over to
mechanical pumping on full time
basis from Infiltration Gallery sump well on
12/4/98.

full time basis in November 1999.

Figure5. Site“A” Influent Chart
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operations. Prior to operating the SVE and
infiltration galeries, theinfluent concentrations
had dropped 93%. ReferenceFigure5fora
graphica depiction of influent concentrations
overtime.

Site Monitoring

Water-level measurementsand analytical
samplesare obtained from themonitoring well
network on aperiodic basis. Selected recov-
ery/eductor trenchesare also sampled as part of
gte-monitoring activities.

Changes have been observed in constitu-
ent concentrationsinthesite-monitoringwells
from pre-remedia activities. Ingenerd, average
concentrationsof dissolved petroleum constitu-
ents(BTEX) have shown an approximately
45% reduction from pre-remedial conditions.
When Naphthaleneisincludedinthecacula-
tions, the percent overall reductionis22%. The
sgnificant difference betweentheoverall per-
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cent reduction when Naphthaleneisaddedis
dueto atwo to threetimesincreasein concen-
tration for thiscompound following system start-
up. Reference Table 1 for average monitoring
well analytica resultsover time.
Keeping It Running

No matter how smplistic or complex a
remedia systemis, if it doesnot run, it cannot
doitsjobinmitigatingthesite. A well-main-
tained systemisthefirst critical stepinkeepinga
systemrunning. If money wasnever anissue,
thiswould not be aproblem; however, opera-
tiona cogtsaretypically scrutinized and arecut
tothebarebones. Optimization of maintenance
expendituresrequiressomeforethought that is
enhanced by the BV RD process, which helps
bring thoselesstechnical issueto theboardin
the design/implementation phase. Additiondly,
experience and the knowledge of thedesigner,
aswell astheideasof dl the stakeholders, are
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incorporated into the system’sdesign and
ingtdlation. Examplesof implemented fore-
thought can beassmpleasingtalling quick-
disconnect fittingsat pumpsor instaling addi-
tional pipeand vaving to backflush various
system components. Onamulti-technology
system, making aternate uses of equipment can
a so grestly expediteroutine maintenance
functions. AtSite“A,” additiona pipingand
valving were added to the groundwater tregt-
ment system transfer pump and the SVE system
to usethese pumpsfor backflushing of the
eductor system. Multi-technology systemsalso

have another hidden asset to get the system
running. Asmentioned earlier, extractiontrench
#1 became inoperablewhen another break
occurred intheeductor piping. Sinceextraction
trench#1 wasdesigned withaninfiltration
gdlery sump, it wasasmpleretrofit to makeit
into an extraction well to de-water thetrench
until the eductor piping could berepaired. The
retrofit also included someminor programming
changesto alow the new extractionwell to
work automatically.

Just keeping asystem running isnot always
aufficient. Changing or unanticipated Site

Tablel. AverageMonitoring Well Analytical Results

Compounds Pre-remedial Active Remediation
Date 8/16/95 10/9/96 6/9/98 9/22/98 12/15/98 7/15/99
Benzene 1996 1939 1313 1410 1086 127
Toluene 2078 130 574 408 381 313
Ethylbenzene 1186 408 588 548 330 457
Total Xylenes 2881 913 1900 1782 1224 1433
Naphthalene |  ------ 50 m 153 88 85
Reductions* Overall Overall Overall Overall
Benzene 33% 28% 45% 43%
Toluene 48% 63% 65% 72%
Ethylbenzene 26% 31% 59% 43%
Total Xylenes 0% 6% 36% 24%
Naphthalene -124% -207% -76% -71%
BTEX&N -3% -16% 26% 22%
BTEX 27% 32% 51% 45%
Legend

Reductions “Overal” is based on average chemical compound concentrations obtained from sel ected sampling
points during a given sampling event as compared to the average concentration between the two pre-remedia
sampling events, without Naphthalene.

Reductions “Period” represents changes in concentrations between samping events.

Negative percentages (-#%) indicate arise in concentration for agiven compound, either “Overal” or for the
“Period”.
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conditionsoften require changesinthesystemto
optimizeremedid efforts. Multi-technical
systemsareidedly suited to meet changing
remedia needsof asite. At Site“A,” the
higher-than-anticipated groundwater flow
caused by thefracturesin thewater-bearing
soilsrequired changesto accel erate groundwar
ter extractionrates. Thisisbeing accomplished
by switching out some pumping equipment and
ingtalingalarger submersible pumpto extrac-
tiontrench#1. Thecost for thismodification
will besmdl relaivetotheoverdl lifecycle
cost. All of the replacement equipment, except
for the submersible pumpin extraction trench
#1, was s zed, keeping inmind the additional
equipment needed for Site”B”’sremedial
system.

SITE “B”

Site“B” hasbeen monitored on ayearly
basisasper protocolsestablished intheregula-
tory approved CAP. Monitoring hasnot
indicated the need to accel erate remedia
activitiesat thistime. Deactivationof Site*A”
may occur by theend of 2000. Withthe CAPIn
place, EPL hastheflexibility to start construction

of on-sitecomponentsat Site”B” any time
between now and deectivation of Site“A,” since
thedesign work hasalready been compl eted.
Table2isasummary of dissolved ground-
water constituentswhich have been detectedin
thefollowing monitoring wells, asexceeding
(i.e., Above) or not exceeding (i.e., Below) their
respectiveremedia objectivesover time.
Site”B” will userecovery wellswith
infiltration galleriesrather than extraction
trenches. Therecovery well network will
include 25 dual-phase extraction wellscon-
nected to form five operational zones. A series
of threeinfiltration gallerieswill beingtalled
withintheradiusof influence of thedua-phase
recovery wells, creating aclosed-loop system.
Groundwater will beextracted using thesame
jet-pumptechnology asat Site“A.” The
groundwater treatment system, vacuum pumps,
control manifolds, and programmabl e controller
will bemovedfrom Site” A” to Site“B.”
Wewill usethe knowledge obtained from
Ste“A” inimprovingingtalation and operationa
practicesfor Site“B.” Onesuchlessonwill be
theway theeductorsareingtdled. Installation

Table2. Site ConditionsOver Time

Well # MW-1

M W-3

M W-6 M W-9

Date 1996 | 6/98 | 5/99 | 1996 | 6/98

5/99 | 1996 | 6/98 | 5/99 | 1996 | 6/98 | 5/99

Benzene A

Toluene

Ethylbenzene

Xylenes

> o |om|w
W|W®W|T|
W|W®W|P|
>|lwm|w]| >
>l |om|wm

Naphthelene

>lm|(>|w
>|1>|>|>
>|lw|w|w
>lm|>|>
>|lw|w|w
>|lw|w|w
>lw|[>|wm

A—Above
B—Bdow

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch

325



326

techniqueswill be changed for theeductorsto
avoid the breaking pipe problemswhich have
plagued Site“A.”

SUMMARY

Multi-technol ogiescan beeffectively
combined together to aggressively mitigate
impacted sites. Thekey component tothe
integration of multi-technologiesisthe program-
mablelogic control. Through BVRD, you can
also design and implement acost-effective
sysemfor thelifecycleof thesystemwhile
deveoping atrust withal partiesinvolved.
Whenyou designasystem, useempirical data.
Why re-invent thewheel ? And think long term,
utilizing the collectiveknowledgeof dl the
stakeholders. Thedesignshouldincludemain-
tenance consderationsandflexibility for change,
asitismorelikely than not that changestothe
systemwill needtobemade. Inthefina

analysis, canyour system adapt?
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