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EXECUTIVE SUMMARY

Bioremediation erigeeringis an outgowth of two exsting biochemicakreatmentechnologes:
biochemcal engneerng and wastwaer engneerng. Biochemcal engneerng apples
biochemical processes in the production of melmgmicals and foogroductsfrom ethanolto
antbiotic drugs andcheese.Wastewaer engneerng makes use of lmchemcal processesithe
treatment of savage. Bioremediation resanbles wastevater engineering in tha it treats waer
contaminated with haedous chemicals. It is like biochemicalengneering however,in its
degee of process controlTypically, it targets a specific chemical oraup of chemicals rather
than a gneral waste product such as domestic sewag

The prindpd conaern regarding the environmentd impacts of decing activities rdates to the
amount of dissolved ggen in water beingconsumed duringhe decomposition of deicing
materials, principallyglycol and urea, contained in runoffOxygen consumptionoccurswhen
bacteriadecomposeorganic materials (includingdeicing chemicals) and use ggen in the
process. This phenomenon can deplete all dissolvegger from the water if the rate of
decomposition is verfigh. The potential for oxgen consumptiors expresseds biochemical
oxygen demand (BOD) exerted ove somestandad peiod of time typically 5 das (i.e.,, BOD5S).

Ethylene dycol is toxc to aquatic and mammalian angsms; itis bestcontainedandrecycled or
otherwise pretreated before dispos&br this reason it is beingeplaced, for now, byhe less
toxic propyene dycol for aircraft deicing However,while ethyeneglycol andpropyeneglycol
areboth biodegadable propyleneglycol degades at a slower rate and hageater biochemical
oxygen demand. Thus, propylene glycol will remain in the environment loeg than ethiene
glycol and will consumemore oxygen while it is bang broken down. Therefore it can still be
harmful to the environment.

Total heatingcostsper 150,000 glons of runoff based on the 12@&\ir Nationd Guad facility a
the Dane CountyRegonal Airport would be $3,337.50Additional cost to dischagyslud@ to
local PubliclyOwned Treatment Wks (POTW vary dependingon existingBOD capacityand
ability to accept additional loadNo cost data on sluéglisposal was obtained for this report.

This report describes the work done to determine the effectiveness of various aerobic
bioremediation techniques for reducitig biochemical oxgen demand (BD) of aircraftdeicing

fluid runoff. Primary enphass has been ated on dborabry and feld denonstations of
bioremediation sstems usingzarious combinations of inocula (bacteria), nutrient mixesyreaz

mixes, and ultrasonic stimuldion.

Laboratory experiments with a varietyof inocula and nutrients tether with enzmes and
ultrasound were demonstrated showting importance of the appropriate bacteria and nutrient mix
in bioaugnentation. The appropriate mixvas shown to sigficantly influencebiodegadation.
Deicing solutionsfrom the Dane County Regonal Airport, Wsconsin, were routinelyeduced to
acceptble BOD kvels for effluentdischarg in 3 days or less.



In the field experiment a speal duattank bioreacor system was develped by Biotronics
Technologes, hcorporated (Bl1) of Waukesha, Wsconsin, to demonstrate pilot small-scale
system at the Dane CounBegonal Airport. This system included a preheater tadiokowed by a
reactortank. Experimentaloperation of this stem at Dane Countegonal Airport confirmed
thata 3-dayor lessremediationcycle waspossible duringhe winter seasonThis is compared to
the current 3 month cle at Dane Countizegonal Airport, startingvhenambienttemperatureare
high enoudp (usuallyApril) to promote activity

Theeconomics of this type of proess deend on thenitial chemical oxygen demand (COD)/BOD
of the runoff, the operatinigmperature of the processor, and theimam dailyrunoff.

Vi



INTRODUCTION

Adherence to the Code ofedferal Reglations (CIR) Title 14, Part 121has increasedthe
quantities of deicindluids used byU.S. airlines and airportsU.S. glycol usag in 1990 was
estimatedat 11,500,000gallons. Airport operators have reported that the volume of aircraft
deicing fluid has increased threefold since 199Phis increasedevel of deicing activity has
resulted in greater quantities of decing fluid being carried into arport stormwéer systems. In
the pasdecadeltere has been a $hin the focusof environment regulationsfor surfacewater
dischar@s. The CleanWater Act prohibitsthe discharg of anypollutant to waters of the United
States from a point source unless the diseh&quthoried bya National PollutantDischarg
Elimination Sytem (NPDES) permitThe NPDES permit specifies a treatment technotbogt
should be used in order to mardfese point sourcesln the amended 1990 ndgtions,the
term point source was expanded to include sources previouslyot considered. The
EnvironmentalProtectionAgency (EPA) has broadlylefined stormwater dischag associated
with industrial activity to include airports. Regulations of airport stormwatedischargs
containingdeicing fluids have also been, and currentlare, a focus of numerous tedgtory
actions.

Expertsin thefield have indicated appraxately 75—-80 percent of the deicirfigid applied to an
aircraft is deposited on the pavement around the dei@rens, either throbgoversprayor
drippage. The mgority of this mderial makes its wg into the stormwaer system seving the
apron. An additional15-20percent of the deicinfjuid applied to an aircraft is lost to drippag
and slouging during taxing and takeoff. This material is dispersednd depositedon the
airfield, with sone porton eventially reachng the arfield sormwater system

The prindpd conaern regarding the environmentd impacts of decing activities rdates to the
amount of dissolved ggen in water beingconsumed duringhe decomposition of deicing
materials, principallyglycol and urea, contained in runoffOxygen consumptionoccurswhen
bacteriadecomposeorganic materials (includingdeicing chemicals) and use ggen in the
process. This phenomenon can deplete all dissolvegger from the water if the rate of
decomposition is verhigh. The potential for oxgen consumption is gxessed aBiochemical
Oxygen Demand (BOD) exerted over some standad peiod of time typicaly 5 das (i.e,
BODS5).

Ethylene dycol is toxc to aquatic and mammalian angsms; itis bestcontainedandrecycled or
otherwise pretreated before dispos&br this reason it is beingeplaced, for now, byhe less
toxic propyene dycol for aircraft deicing However,while ethyieneglycol andpropyeneglycol
areboth biodegadable propyleneglycol degades at a slower rate and hageater biochemical
oxygen demand. Thus, propylene glycol will remain in the environment loeg than ethigne
glycol and will consumemore oxygen while it is bang broken down. Therefore it can still be
harmful to the environment.

Bioremediation erigeeringis an outgowth oftwo previousbiochemicaltreatmentechnologes:
biochemcal engneerng and wastwaer engneerng. Biochemcal engneerng apples
biochemical processes in the production of mengmicals and foogroductsfrom ethanolto



antbiotic drugs andcheese.Wastewaer engneerng makes use of lmchemcal processesithe
treatment of savage. Bioremediation resanbles wastevater engineering in tha it treats waer
contaminated with haedous chemicals. It is like biochemicalengneering however,in its
degee of process controlTypically, it targets a specific chemical oraup of chemicals rather
thana general waste product such as domestic sewdge technologis almost identical to that
employed in industrial wastewater treatment wheraimadhe process i®cusedon a particular
chemical contaminant or set of contaminanitsdiffers from industrial wastewater treatmemt
its emphasis on chemicals irogndwater and soil.

OBECTIVESAND APPROACH
The overal object of the progam was b deermine the effectiveness of aerobibiorenmediation ©

reducethe biochemcal oxygen demand (BOD) of aicraft deicing fluid runoff © accepdble
dischar@ levels. This progam had three tasks:

1. Performlaboratoryexperimentso determinewhat form (combinations of inocula, nutrient
mixes, enzyme mixes, and ultrasonic stimuldion) of aerobic bioremediation was themost
effecive.

2. Demonstrae a pilot bioremediation systan & an arport usingthe results of thelaboraory
test results.

3. Identify economic dependencies.

The first task used a buildifgock approach to experimentadlyaluate the followingpur forms of
bioremediation:

Control Boremediation

Nutrient-Enriched Bioremediation
Enzyme-Catalyzed Boremnediation
Ultrasonc Enz/me-Catalyzed Boremnediation

PonE

The first alternaive used ashe contol in this effort was he approach curregtused athe Dane
County Regonal Airport. The runoff is collected in a holdingond and is allowed toaturally
biodegade. This processnormallytakesa period of about 3 months, lbegingin April when the
temperature becomes warm enofigr continuous microbe action.

The second alternative added a special ofixnoculated bacteria witla supportingmix of
inorganic nutrients in various combinations to the runoff to expedite the bioremediation process.

The third alternative added an gne mixto the second alternative with the intentminfurther
enhancemerdf bioremediatiorwith the engmes catalging the molecular breakdown of the tatg
substrge. This dternative incudes thesane bacteria and nutrients of theprevious dternaive.



Findly, in the last dternaive, ultrasonic stimuldion was alded to thebioremediation systan by
immersinga 500 kHzpiezmelectric transducer, driven lay externalpowersystem,in the reactor.
Ultrasonicenery expedites engmatic action throug vigorous mixingand cleaningf enzyme and
substrée mderials.

The generd approah for compleing the first task, wa to run sideéby-side test compaisonswith

the same deicinfiuids collected from Dane CounBegonal Airport in a laboratorgnvironment.
In this way the efficacyof each of the experimental factors fraéhe nutrientmix to ultrasound
could be evalaed. This first task was corpleted using batch reacbr experiments perfornedin a
laboraory sdting.

For the second task, a pilot bioremediatiostegn was demonstrated at Dane CouRégonal
Airport Since t was notpractcal to build three piot systens for eachof the factor combinatons,
the pilot demonstration was treated as a secon@ sthgctive with onlythe best of the four
processingdterndives from thelaboraory results béng implemented in thedemonstraion system.

For the third tesk theeconomic dependendes wee identified end osts wee calculated for afull
sale arport fecility .

BATCH REACTOR EXPERVIENTS

As previously noted, in addtion © the contol, the bath reacdr expemmentaton tested tree
differentreacor confguratons:

1. Bioaugnentation
. specal bacerid inocuum
. enriched norganic nutientmix

2. Bioaugnentation + Engmes[ enzme mix added
3. Bioaugnentation + Engmes + Ultrasound ulirbsonic stimuldion added

Theinitial inoculum was comprisal of three becterial species:

1. Pastaurdla multoada
2. Acinetobacer antratus
3. Pseudemonas stetr

The nutrientmix enployed s tabulated n table 1. The concematons of eachnorganic ekement
are listed in table 2. Each bach run wa loaled with this nutriet mix which was not furthe
replenished throdgut the experimental sequence.

The expemental bioreacor is shown n figure 1. The ar punp was usedct creae an aerobc
conditionfor all of the experiments. A stirrer was used in earBkperiments but was found to be
unnecessariater on. The ultrasonic transducer with its associated power s@nuyemperature
controller was used onfjuringthe ultrasonic experiments.



TABLE 1. BIOAUGMENTATION OPTIMAL NUTRIENT CONTROLFOR

REMEDIATION
ATCC EGNaCl Medum #7.0 Salt Sdution
K,HPO, 75¢ ZNSO,.7H,0O 449
(NH,)SO, 0.8¢g MNSQO,.H,O 3.0¢g
KH,-PO, 1.0g CaCL,.2H,0 6.0 g
MgSQy. 7H,0 0.1g CuC;,.2H,0 0.2g
FeSQ.7H,0O 10 m (NH2)M0,0,,4 1.82¢g
NaCl 85¢ Distilled Water 10L
Salt Sdution 1.0mL
Distilled Water 10L

TABLE 2. INORGANIC NUTRIENTSAND QUANTITIES

P 1.56 dL Cu 0.000095 ¢
S 0.22 gL Mn 0.0011 dL
K 3.65 gL N 0.17 dL
Mg 0.02 dL Cl 5.674 gL
Na 3.34dL Mo 0.001 gL
Ca 0.0022 ¢L Zn 0.0018 dL
Fe 0.0037 dL
: Pulsing
Oscillata Circuit
| |
||
Temperatue Power
Controller Amplifier
Impedare @I
Matching
. Network
Air
Pump
A VY Ultrasanic
S Trarsducer
,
—— Reservoir With

I Biomass Suspnsion

FIGURE 1. EXPERIMENTAL ULTRASONIC BIOREACTOR



The primarycontrol variable used for theseperimentswas chemicaloxygen demand(COD).
COD is frequentlythe second variable of choice after biochemicalger demand (BD) asa
measure of wastewater strémgr qualitybecause COD results are available in abdwizs;BOD
measurements have a 5-day timelag. The rato of COD to BOD varieswith the wastewater being
processedlt also vares wih the lkevel of COD. For typical unteaed donesic wasewaer, he
ratio varies from 1.25 to 2.5For industrial wastewater, su@s the glycol mix, it tendsto be
higher sine microbes in the5-day BOD test do not oxdize somechemicals oxidized by the
chemical oxdizing agent. A ratio of approxmately 3.8 was found from simultaneous
measurements of COD an®B duringthe laboratoryestingphase of the sampléygol mixes.

Typically, the BOD level must be below 50 mig before wastewater can be discleatgto
stormwaterdrainag. Basedon a 3.8 ratio, a COD value of 190 Mngwould represent the
equivalent of a BD of 50 mdL. Other variables such as dissolved/gen andoptical density
were also measured thrdwayt the laboratortests.

The laboratorytests were conducted before the deigagson at Dane CourlRegonal Airport;
informationobtainedfrom the airport engeer indicated that a 2.25/0.25 prigme/ethyene mix
would approxmately simulae the dacing solutionusal by the various arlines opeating a tha
airport. Therefore, the first set of tests used andlyetic solution of 2.25%ropyene glycol and
0.25%ethyleneglycol with the specified inoculumThe initial COD levels were in the 4,300 fag
to 4,600mg/L range to simulate conditions @ected at the Dane CourfRegonal Airport. Test
results are shown in fige 2.

mg/L 50
~—~ 40 7
S —e— Nutrients plus 500
; 30 \ ppm Enzymes and
E 20 600W Ultrasound
8 10 % —l— Nutrients
0 l l
0 1 2 3
DAY

FIGURE 2. ENHANCED BIOREMEDIATION LZ.2b% PROPYENE GLYCOL AND 0.25%
ETHYLENE GLYCOL (BTl INOCULUM)

Althoudh not shown in figure 2, he QOD leveled off at approxmately 1200 COD (315 BOD)
after 2 days. The leveling off indicates that the bioremediation of thgagpls was completed.



The 1200 COD represents the residual biomass, which remains after thet tsubstrate
(chemicals) have finished biodagling This material is also referred to as sledlg an activated
sludge proaess. Since microbes ae tiny chemical factories, this reidud biomass will exhibit a
COD value. It cannot decline further unless thecrobesfeed on themselvesThe COD/BOD
level of the effluent is essentiallgro and couldoe discharg@d directly into the sewersystemor
stormdrains. The remainingsolid effluent, the residual biomass (slafigcan not be released,
and has to be disposed of &yernative means.

The amount of residual biomass or sledgnerated from this fye ofbioremediatiortechnique
ranges from5% © 10%, ypicaly 7% of begnning volume. Because ofts COD/BOD level, it
could not be dischaegl with the targt substrate and would have todigposedf with alternate
means. Disposal of the residual biomass should balynecessarat the end of the deicing
season orfitoo much sbudge were produced dungy the currentseasonbecausethe resdual
biomass (20% recommended) from one batch process would prthaedgrown microbes
necessaryor subsequent batches.

Laboratorytestsshowedhat the addition of eymes and a combination of gmzes and ultrasound
did not significantly reduce biodegradation timein any of thesubsgquent tests.

Actual deicingsolutions with initial levels of 3,60(1% solution)and13,500(10% solution)COD
from the Denve Internaiond Airport were useal in the next seies of expaiments. The results of
the 3,600 COD run are dispkal in figure 3. Again, the solutionswere reducedto the base
(biomass COD) in 2 dgs.

mg/L 40

/

—— Nutrients plus 500
ppm Enzymes and
600W Ultrasound

-=— Nutrients

COD (X100)

kN
o O

o

FIGURE 3. ENHANCED BIOREMEDIATION CIZADENVER DECING SOLUTION
(BTI INOCULUM)



The 13,500 COD eample shown in figre 4 required about 4 dayime to reach the badevel.
Once agin, in all of the egeriments, neither the gmes norultrasoundsignificantly reduced
biodegradation time

mg/L 14
12 k\\ —&— Nutrients plus
S 10 500 ppm
5 3 .\ Enzymes
8 6
O 4 —l— Nutrients
2
O I I I I I

FIGURE 4. ENHANCED BIOREMEDIATION DENVER DECING SOLUTION
(BTI INOCULUM)

A third seriesof batch reactor geriments were conducted from deicsgutions collected from

the Dane CountyRegonal Airport usingvarious inocula andhutrient mix combinations. The
inoculaand nutrient mixes were varied to determine whether the bioremediation times could be
reducedfurther. Two different inocula and two different nutrient rasx (manufactured by
Biotronics and Advancedi&ech) were used in four combinations as follows:

Biotronics (B Inoculum and Advancedi&ech (AB Nutrient Mix (B/AB)
AB Inoculum and BNutrient Mix (AB/B)

AB Inoculum and ABNutrient Mix (AB/AB)

B Inoculum and BNutrient Mix (B/B)

PonE

In addition to Botronics, Advanced iBtech, hc., a California companyasextensiveexperience
with bioaugnentation(inoculaand nutrients) of bioremediation processes, and their nutrient mix
hasbeenimprovedover a period of many years so that it could potentialipake a sigficant
contribution to bioremediation improvement.

The results of two test sequences are shown in tabldn3both testsequencesthe B/AB
combination of the origal Biotronics inoculum and the Advancedoich nutrient mixwas
clearly the nost effecive. This test sequence successfudenonstates hat both inocuum and
nutrient mixcan have a decisive effect on the rate of bioremediation.



TABLE 3. BATCH REACTORSWITH DANE COUNTY REGDNAL AIRPORT DEICING
SOLUTION (COD VALUES mglL COPERATING TEMPERATURE 30C (86°F))

Test Sequence 1
DATE B/AB AB/B AB/AB B/B
1/14/97 5000 5000 5400 4600
1/15/97 5000 5000 4500 3300
1/16/97 2700 2300 1330 1380
1/17/97 1600 2600 1100 1500
1/20/97 666 1635 1005 1405

Test Sequence 2
1/21/97 4350 4800 4400 4500
1/22/97 2700 2000 3000 22300
1/23/97 2700 2000 2600 2400
1/24/97 1600 2000 1230 1570
1/27/97 670 1900 1230 1500

The series of experiments porteayin figures 3 and 4 show drasticreductionin bioremediation
time compared to natural biodedation, which took 3 monthat the Dane County Regonal
Airport The 2-daybiorenediation sequence desnstation in the bath reacbr represerst a
significant improvement over unassisted natural biogégtion. The third seriesof experiments
showal tha changes in thenutrient mix can aso furthe reduce treatment time and substatially

lower thelevel of the COD/BOD in theresidud biomass.

DUAL-TANK REACTOR SYSTEM

The expaiments deaibed in the previous setion established the feasbility of rapid
bioremediation of deicingunoff fluids and the importance of both the bacterial inoculum and
nutrient enrichment. The next task was to denonstrae the opaation of a complete system, at pilot-
scak level. A small-scak piot system (resticted bythe avaiable space athe tst site) was
developed and tested to demonstrate the effieacypracticality of on-site bioremediationof
deicingrunoff fluids.

This pilot systemwasdesigiated the Dual-Tank iBremediation Sstem. A block diagam of the
system is shown in figre 5. It consists of a preheatirignk (5-@llon capacityheatedo 18-27C
(65-80F)) to preheat the runoff fluid prior to remediation angrocessingbioremediation}ank
(5-gallon capacityheated to 27°& (82°F)) for COD/BOD degadation of the runoff fluid.Pumps
are shown in the diagm althoug the first pump mabeunnecessarin a gravity-fed system. The
second pump will be needed, however, to control flow betweetwihéanks. A total organic
carbon (TOC) anaper at the output of the stgm provides a measure of quatiyntrol to insure
that BOD, COD, and TOC requirements of the effluent are rAemicrocomputer-basecbntroller
manags the sgtem based on temperature, level, and TOGaEdrom process instrumentation.
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FIGURE 5. DUAL-TANK BIOREMEDIATION SYSTEM

TEST OPERATION AND RESJLTS.

The dualtank reacbr systemwas operad as a sequemg bath reacor (SBR) in which 1 gallon
(20%) of each reediaton run was saved as adr for the next bath sequence. Dissoled
Oxygen (DO) was mesured and induded in teble 4. After a 4-day seed sequence for initial
microbial buildup, the stem was tested with the results which are shown in table 4.

TABLE 4. SEQUENCING BATCH REACTOR VALUES

Chemical Oxygen Dissolved Biochemical Oxgen
Demand (COD) | Oxygen (DO) Demand (BOD)

Date mg/L mg/L mg/L

2/3/97 5600 1570
2/4/97 a.m. 3450 0.6
p.m. 2700 0.2
2/5/97 p.m. 1600 0.5

2/6/97 p.m. 1100 5.0 280

The results support a 3-ddjoremediation agle for deicingrunoff solutionsat Dane County
Regonal Airport. The residual BD of 280 represents primarilyne residualbiomasssludge,
which could be used as the starter for a subsequent batch probesBOD of the liquid effluent
from the reaabr was wel below the requied 50 BOD ével.

TEMPERATURE EFFECTS ONI®REMEDIATION.

Although a temperature of 30°C (8B) was usel as the standad in this fesbility study
microbial gowth will still take place at other temperatures as shown in table 5.



TABLE 5. TEMPERATURE EFFECTS ON MOROBIAL GROWTH RATE

Temperatre °F Temperatre °C Microbial Growth Rate
50-60 10-15.6 X
60-70 15.6-21.1 2X
70-80 21.1-26.6 4x
80-90 26.6-32.2 8X
90-100 32.2-37.7 16X

Given x as a reference microbiatayvth rate inthe temperaturgang of 10-15.6°C(50-60°F,
microbial growth ratedoubleswith every5.5°C (10°F increase in temperaturét 30°C (86F),
the syptem is in the 26.6-32.2°C (80-90Q%fang with agrowth ratefactor of 8x, ascomparedo
10°C (50°F. Therefore, a tradeoff betweerogith rate and heatingpsts eistsandis discussed
later in this setion.

It is important to distingish between microbialrgwth rateandbiochemicalreactionrate. The
effect of tempaature on biothemical reaction rae is wdl established in theprofessiona literature
(Metcalf and EddyWastewater Enigpeering McGraw-Hill, 1991) as showm the following
formula

rr= AT
where

rr = reacton rae atT°C

I = reaction rate at 20°C (68°F

A = temperature-activitgoefficient = 1.04 (for batch bioremediation)
T = temperatre, °C

Using this relationship the reaction rates at 30°C (8§ B0°C (104°F, and 45°C (113°as a
function of the reaction rate at 20°C (6B %fe:

I30 = 1.48 bo
l40 = 2.19 bo
r45 = 2.66 pg

The increase in reaction raes is less tha the increase in microbid growth rates but still
significant in scope. The hghest practcal reacton temperatire n biochemcal reactons
involving proteins is about 45°C (113°FOperation at such a temperature would increhse
reactionrate by about80% over the rate at 30°C (86jFand, with the lower cost of preheating
this is an option worth consideringrhe lowest practical operatirigmperaturas about10°C
(50°F), below which microbialrgwth rates drop off sificantly. Because othe low costsof
prehesdting, it is not neessay to berestricted to thelower reaction raes.
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pH LEVELS AND SLUDGE DISPOSAL.

The pH levels in all tests remained relativebnstant in th&.0-8.5range without anyattempt
outside of the sstem control.This level proved idedbr bioremediatiorduringthe experimental
study andis not expeced b be anyproblem in future devebpment with the dualtank reacor
system.

Sludge disposal is a problem of muchegter concern.Sludge disposal representse of the
major probems and $ a ngjor costin an advated sudge system Typicaly, sludge is separaad
in a chrifier tank and hen ether reciculated back mto the aerobc processor transferredfor
anaerolz digestion in a separatreacor.

SYSTEM SCALE-UP CONSDERATIONS

Thetwo most influental faciors of a ful-scak system are ts size and cost How much runoff 5

produced, what are the COOMB levels of the runoff, andow fast mustthe runoff be processed
would deermine the size of the system. The initial instdlation and opeaating costs would be

dependent on the stgm sie. Based on the COD/BD levels encounteredt Dane County
Regonal Airport, the bioremediation process, at@G@B6°F), wouldtake3 day. The capacityf a

full-scale sgtem would therefore need to support threes the maximumdaily runoff to avoid

overflow.

To further examine the feasibility of a full-scale dual-tank bioreactor stgm, the scale-up and
preheating costswere evaluated on asmal airport facility, the 128" Air Refueling Group (ARG),
Wisoonsin Ar Nationd Guard located a Dane CountyRegiond Airport. Althoughthe 128" ARG
deicing system usesonly two deicing pads, its requirements can betrapolated to largr
multipad systems. The 128" ARG estimated that a peak deguld produce 50,000alpns of
runoff (Baltimore Washingon International Airport estimated 35,008Igns per day.

Thepreheatingankshownin figure 5 would require a capacity 150,000 gllons to provide for
3 days of storag while the bioremediation tank is processam@revious solution.The heater
capacityshould be sid to preheat the tank to the specified temperature level avenianum
period of 24 hours to allow for an adequate safetgrgn in system operation.An alternate
approach would be based on the TOC level as furnishethebgn-line analyer depictedin
figure 5. Heateroutput could be adjusted to complete the heatyaje concurrent with the
compldion of thebioramediation cycle. This form of optimapreheating would avoid needless
accelerateg@reheatingandsubsequerteatmaintenance costs resultifgm untimelyheatingof
the influent volume. The bioremediation processingnk would also require a capacivy
150,000 gllons to provide for 3 dayof treatment time.

The dual-tank sstem would then require two 150,008Ign tanksand associatectontrol and
accessoryequpment A tank of this capady would probaby have he dmensioning of
50'x50'x8. Building space would appraxate about 7,000 square feet for the entirgtesy,
assumingan above gund installation. Below gound tanks, because afevitable leakag
problens, are gneraly notenvronmently accepdble in many states.
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PREHEATING ECONOMECS.

The economics of preheatimgnoff duringcold weather operatiomaustbe considerecas well.
Heatingcosts can be attributed to two components:

1. Preheaiing coss 1o fdse the tempeaature from the ambient tempeaature to the opeating
temperatire.

2. Process heatg costlfo thaintain the operatingmperature of the process thrbagt the
biorenmediation cycle.

Based on the COD/BOD levels encountered e 128 ARG installation, the bioremediation
process for 50,000ajons would take 3 dayat anoperatingtemperatureof 30°C (86°F).
Operaing temperaures of 10C (50°F) more or less would have an impact on therabial growth
rate which would impact the proaessing time which, in turn, would impet on the storage
requirements.
In the following exanple, an arbienttemperaure of GC (32°F) is assume.
Preheaiing coss:

Specific heat = 2.75 watt-hour/gl-°C

Amount of effluent = 150,000ajons

Operaing Tenperaure = 30C (86°F)

Preheat eneyg= E = 150,000x2.75x30
= 12,375 kW

At an inflated electrical eneygate of $0.10/kW
Preheatingost per process = $1237.50.
Process heatingpsts:

The laboratoryexperimentsrequired approximatel$.34 kWh for 24 gllons. This translates to
0.14 kWh/gal per dayduringthe bioremediation process.

Scalingup this energusag for 150,000 glon a day(50,000 @l x 3 day) for the 128 ARG
Processingnery requirements = P

P =0.14 x150,000
= 21,000 kW
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Process heatingpsts @ $0.10/kW= $2,100.

The total heatingosts per 150,00Gpns processed would be $3,337.50.

Total effluent at bagningof process 150,000 gl
Total liquid effluent dischakeg to water sstem -139,50004
Typical slud@ from process (7%) 10,500 @l
Sludge retained as seed for ngxbcess (20%) - 2100@
Remainingsludge to be disposed 8,400 @l

Sludge disposal costs:

Costto discharg slud@ to local PubliclyOwned Treatment Wks (POTW vary dependingon
existing BOD capacityandability to accept additional loadCost data were not obtained for this
report.

Differences in the ambient temperature would result in évtafy costsof $7.64perdegee(F) of
chang as ndicaied n table 6.

TABLE 6. AMBIENT TEMPERATURE CHANGE EFFECT®N TOTAL ENERGY COJS

Ambient Tenperaure Procesang Tenperature Total Energ Cost
4.5°C (40°F) 30°C (86°F) $2,451.39
0°C (32°F) 30°C (86°F) $2,512.50
-3.9°C (25°F) 30°C (86°F) $2,565.97
-6.7°C (20°F) 30°C (86°F) $2,604.17

CONCLUSIONS
Based on the results of the stutlye followingconclusions can be drawn:

1. Rapid (~ 3-day biorenmediation of dycol fluids is possble in batch reacbr processes
employing sdected inoaula and optima nutrient mixes when heated to 30°C (86°F).

2. Bioremediation of kycol-based fluids usinghatch-based processiray airports can be
effective. Dane CountyRegonal Airport runoff fluids are normallgontained in a holding
pond and biodegded in approximatel3 months. The dual-tankprocessreducedthe
bioremediation timeto 2-3 dgs.

3. The economics of this process is dependent on:

. the initial COD/BOD of the runoffCwhich influences the proaessing time and
storage capady requrements
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. initial temperature of runoff

. the operang temperaure of te processol which influences the proessingtime
and storag capacityequirements

. flow rates

the maxmum dailyrunoff Cwhith influenceshe sbrage capady requrements.

4, Aerobic bioremediation eperates sludg Sludge disposal represents one tbe major
problems and costin an advated sudge system

Theseconclusionsassumehat the runoff of deicinfuids can be collected and storethis can be
doneby constructingdeicing pads or bycollectingthe fluid in an independent drairagystem
isolated from the normal stormwater draieaystem. If however,a collection systemdoesnot
exist, it could be the most costbart of the process.
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