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THE LOS ALAMS CONTROLLEDAIR INCINERATOR

- FOR HAZARDOUS CHENICALAND

MIXED RADIOACTIVEUASTES

J. S. Vavruska, L. C. Borduin,D. A. Hutchins,
R. A. Koenig, C. L. Namer

Los A1.smosNationalLaboratory
Waste ManagementGroup
LOS Alamos, NM 87545

ABSTRACT

The Los Alanms ControlledAir Incinerator(cAI) 1S currentlythe only radioact~vewaste incinerationfacility
in the US permitted to treat Polychlorinatedbfphenyls (PCBS). The CAI was developedin the mid-1970’sas a
demonstrationsystem for vOIUMe reductfonof transuranic (TRU)contaminatedcombustiblesolid wastes. It has
since undevone additions and ~diflcatlon$ to accmdate ~zardou$ ch=ical W$te$ in response to a need
within the Departmentof Energy (OOE) to treat mixed radioactive/chemicalwastes. An overview of these
additionswhich include a liquid feed sYstOIIta high Intensityliquid injectionburner,and an activatedcarbon
adsorptionunit is presented here. Also included is a discussionof the proceduresrquired for Toxic Sub-
stancesControlAct (TSCA) and Re$ource Conservationand RecoveryAct (RCRA)permittingof the CAI.

BACKGROUND built for TRU-contaminatedsolid waste service,has

The Los Alamos CAI was developed in themid-
1970’s to serveas a demrmstrationsystem for

~~&~Q~~~ln ~tiil Previouslyin $everalschematicof the overall CAI pro-

Incineration-basedvolume reductionof transuranlc
cess is shown i; Fig. 1.

(TRU)combustiblesolid wastes. The primary process Followingare brief descriptionsof the various
constraintsat that time were maximum contaimnentof subsystemswhich were the foundationof the CAI pro-
Tlulisotooesin the eauicsnent,assuring no release of cess prior to additionsmade for hazardouschemical
su~h titekialsto the”envirwnent, ad-minimization waste sewlce.
of particulatecarryover from the combustionchambers
into the offgas treatment systcm. The W. as it was
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Fig. 1 The Los Alamos ControlledAir
Incinerator(CM) Process “



Inc1nerator

The heartof the ori91Ml sYst~ consisted of ?
dual chacsberconsnerciallyavailablecontrolled air
unit modifiedextensivelyto meet the contairmnent
requirementsjust mentionedand to enhance combus-
tion. Similarumdified mdels are frequentlyused
in municipal,pathological,and industrialwaste dis-
posal applications. 8oth chambersare refractory-
lined and naturalgas is uSti as supplementaryfuel.
Solid waste is chaqed to the PrimrY chamber by the
ram feederwhere combustionProceedson the hearth.
Underfireair suPPlied at hearth level along its
lengthallowscontrolledburningof the waste in a
relativelyquiescentenviromnent. On the contrary,
for successfulliquid organicwaste destruction,
turbulenceand a high degree of sixing of fuel with
air is desirable. This subjectis discussed later
under modificationsto the incineratorfor liquid
and slurrycombustion.

Gases from the primarychamber,which include
nitrogenand unreactedoxygen fsm the air, carbon
dioxide,unburnedvolatileor9anic compounds, low
concentrationsof cartmnmonoxideand nitric oxides,
and solidentrainedParticulate exit upwards through
an interconnectingduct into the secondary chamber,
which servesas an afterburner. Here, excess air is
fntroducedto prumoteturbulentsixfng and sufficient
gas residencetime is providedto complete canbustion
Hactfons. Typicaloperatfngtemperaturesare 870
and llOD°Cin the PriWy and secondarYchambers.
respectivelyfor solid TRU wastes, and somewhat
higher for Isalogenatedhazadous liquid wastes such
as PCBS. Temperaturesand oxygen levels at the exit
of both chambersare clrefullycontmllti as the most
criticalccvnbustionparameters.

Solid Uaste Feed System

ThecAI, at the time it~s developed pfovidti
only for solidwaste introductioninto the prfsaary
chaasberof the incineratorvia a totillY contafm.f
gloveboxtrain. This train is quipPed with TRU
assay @ X-rayunits. These units scan the fncoming
waste prepackagedin O.* X O.* X 0.6m cardboard
boxes for T2U contentand the presence of noncombus-
tible objectswhich could potentiallycause problems
in ash handling. No furthermodificationsto the
solid waste feed line have been necessary for haz-
●ious waste serviceand none are expected provided
solid hazardouswastes can Conciwe to be packaged
In boxesof the above size. In fact, this feed line
with its gloveboxcontairsnent,has proven ideally
suited to the handli~ of haza*us solid wastes
Includingthosewhich are highly toxfc in nature.

EffluentGas Cleanin9sYstam

As has been describedbefore1”4,the CM’s
●ffluentgas cleanupsyst- fs of * aqueous or wet
variety. An aqueoussysta was chosen initiallyIn
●ntfcfpatfonoftreatmentof solld wastes containing

!
sf nificantquantitiesof halog~s, primarily
ch orine. In the case of SOlidTRli-COntSMiMtN
trash wastes,the~or sourceof halogen is the
plasticpolyvinylchloride(pW. MUeOUS offgas
treatmentbames even nore iaVortant●s the halogen
loadfng fnthe-$te increases.reachi~ maximumsof
greater than60Sby*ight for the heavily chlori-
nated solventsand ofls such●s P@s. Thfs treat-
ment optioiwas also choseII because 1t could be
easilycoupledwith the existingliquid waste treat-
ment facilityat Los Alaaos.

A schematicof the CAI’s ●ffluent gas cleaning
system fs stwn in Fig. 2. The COMP1ete offgas train
in its present configurationincludesa sprayquench
tower,a high energy venturiscrubber,a packed-
colunn acid gas absorber,a condenser,a mist elimi-
nator, a reheater,High EfficiencyParticulateAir
(HEPA) fflters,?nd an activatedcarbon adsorber.
The latestadditionto this <rain is the activated
carbon adsorber~ich was ins:al1ed to removeradio-
iodineand trace OrganicsfrCCIeffluentgases. ;n;s
adsorber is discussedlater in more detail.
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Fig. 2. W Effluent&s CleaningSystem

Other CAI Subsystems

Other subsystemsand auxi11ary equipment
associatedwfth the Los Alasws CAI includingscrub
solutionrecycle,process samplingand analysis,ash
removal,and instrumentation● d controlshave been
previouslydescriW in detailT-4. a

ADDITIONS TO THE CAI FOR HAZAROOUSHASTE
SERVICE

A substantialfractionof the 35 million tons of
hazardouswaste generatedin the US ●ach year is
efther in liquid, slurry,or sludge fom 5. Similarly
for mfxed radioactive/hazardouswastes,a significant
fractionexists as 1iquidssuch as oils and solvents
contaminatedwfth radioactivity. Recognfzing the
limitationsof the CAI process●s it was originally
developedfor solid,wastefeed only, it was decfded
to expand the capabllIty further to handle 1iG.i:~
and slurrfes. This prompted● major progressof
processupgrade which involvedadditionof a liquid
feed system and I high intensityliquid burner.
Alto, to increasethe effluentgas cleaningsystem’s
capabilfty to resmve trace usuombustedor$anicsW
radioiodinefma the incineratoroffgas, an adsorp-
tion device using ●ctfvatedcarbon was fnstalledas a
fW1 CoUponent {IIthe train. These najor additions
b the CM process are described in greaterdetai1 in
the followingparagraphs.

Liquid Feed SYsta

Oesfgn of t liquids@ste feed facilityfor the
CAI was completed in late-1980with constructionand
installationcompletedin =id-1981. The design
criteriaof this new feed system were nuaerous.
First, it was necessaryto receive liquid/slurry
wastes in druxs ●t the facilityand safelytransfer
the contents of the dswcs to the incineratorfeed
tank, insuring●ini- cheBicelexposureof operatin9
personnelto direct 1iquid●d vapor contact. In
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tddition, sufficientcontaiMIefttwas needed for laqe
1iquid spillsresultingfrom transfer or feeding .
operations. AnotherreqJlrementof the systemwas
the abilityto adjust the heating value and viscosity
of the wastefeed streamby addition of fuel oil
either on a batchor continuousbSSiS. An additional
criterionwas the capabilityof Precisely metering
1iquidsand slurriesto the liquid burner at desired
flowrateswithoutpluggingor Settlin9 Of SOlids in
the lines duringtransport. In order to segregate
radioactivewastes from non-radioactivehazardous
wstes receivedat the :acilitY,and thereby avoid
cross contamination,the liquid fed facilitywas to
be l=ated remotefrom the main incineratorprocess
area. Also, safetyPrecautionsdictated a runote -
liquid feed facilityto avoid storage Of combustible
material in the incineratorarea.

To fulfilltheserequiranents,an 18.6m2 (200
ft2) dedicatedroun was constructedin a separatebay
fran the incineratorprocessarea. The room is pro-
vided with a 0.152m (6 in) high concrete berm
designed to containa sPill equivalent to the total
volune of all vesselsand druns in the room, about
2270 L (600gal). ltounventilationprovidesfor
●bout 36 air changesPer hour and air exhausts
thrwgh a HEPA filterfollowedby an activatedcar-
bon filterbeforedischarginginto the facility
stack.

The liquidfeedsystemitself, excludingthe
fuel oil supplysystsm,is completely housed
within the dedicatedroan,and is shown
sch-tically in Fig. 3. Waste drums are moved into

ft

Fig.3. CAI Liquid Feed Systmn

the roa ona pellet where they are opened and the
contents filteredand transferredto the feed tanks.
The m feedtanksare S87 L (155 gal) in capacity
●nd are linaiwlthpolvinylidene fluoride (PVOF)
●lastomerfor corrosionresistance. Each tank is
quipped withansgitetoron a removable head. low
●nd high liquidlevelIndicatorsand ●lanas are
provfded ineechtenk. Variablespeed positivedis-
placuaentprogressingcavityPIMIPSdeliver liquid
@ the burner. Oesiredburner feed compositionsfor
heating valuemd viscosityadjustment,as well as
flounces, can reachieved in either of twways:
1) betchwiseblendiswJofussteliQuid with no. 2
fuel oil in one of the feed tmksyfelding a homo- .
genews mixture,or2) continuousblendingof fuel
011 and wasteusingm in-linestatic mixer unit.
Precisemeteringof clear liquid streams has been
occmllshed by feedbackcontrol using differential
pressure (up) cellsad controlvalves locat~ in

the fuel oil and waste feedlines upstreamof the
static●ixer. For metering slurries,however,the
only Satisfactorymethod found to consistentlyavoid
pluggingprobl~ has been by control of pump sped
with no 1ine restrictionssuch as d/p cel1s, control
valves,or staticmixers. Flowrateof the final
waste stream to theWIW is monitoredby a
coriolis-typeRSSS flouneterwhich gives a measure of
instantaneousasassflowrateand totalized flow. Fur-
ther upgradeof this 1iquid feed system is presen:ly
in progressto enhance its reliabilityby elimina:icn
of al1 unnecessaryrestrictionsand sharp tube ber<s
which cause problonsin feedingslurries. Flowra:e
Of slurriesand clear liquidswill be controlled
solely by variationof stroke length on a positive
displacementtubulardiaphragnp~. The modifj~
$ystmn is to be cmpleted by April 1986.

Liquid/Slurry8urner

As the centralfeatureof the CAI upgrade to
accommodatehazardouschemicaland mixed radioactive
1iquid and slurrywastes, a high intensityvortex
liquid injectionburnerwas added to the process.
Selectioncriteriademandeda Gurner which could
easily accept both liquidsand slurriesand provide
sufficientlyhi h heat densitywithin the burner

!block to therms ly decomposeeven the most stable
organiccunpounds- chlorinatedhydrocarbonsinclud-
i~ PCBS,chlorinatedbenzenes,and straightchain
ch orinatedcoowounds. The burner is a comer ially

6availableTrane Thermalmdel LV-2 vortex type and
its size was chosen based on a desiredmaximum heat
releaserate of 586 M (2 X 106 Btu/h). This heat
releaserate is cmpatible with sizing o= :!seCAI a~d
offgas treatmentsystem. The existingquipment con-
figurationlimitedthe burner installationIocaticc
to the side of the primarychamber oppositethe
naturalgas burner (Fig, 4).
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Fig. 4. The CAI and Quench Tower Showing
liquid Burner Location

The burner ismwnted so that it firesd~rd
at ● 4S0 angle frm horizontaldirectlyinto the
PriMSrYchamber. The unit is equippedwith its
own naturalgas pilot and suPply for auxiliaryheat.
Atomizationof the 1iquid feed stream can be acc~
plished with ●itheralr or steam. Steam is the pre-
ferred a~i~tiem mdi- fOr clear OrgSniCliquid
uestes and fuels. If water/oilemulsionsare usel as
● carrier to traasportsolids in the fosmof slurries
W the burner,air is preferredfor atomization.
Steam was fwnd to break down emulsionscausing
PIuggingof theburner nozzle. Two typesof atomiz-
ing nozzleswe used in the burner and choice depends
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on t% propertfes Of the feed stream. For c1 ●ar pre.

filtered 1iquidswith steamctmfzat~on, an internal-
nix nozzle Is used. In this type of nozzle, steam and
waste liquidare immediately●ixed a? the inlet Q: the
nozzle and sprayedthrougha hexagonalpatternof
tmles on theconeflme tip. Slurriescontainingsus-
pended solidsare atomizedin an externalatomization
nozzle. In this nozzle,the slurry flows down an in-
ternal tube and atomizingnedia (eitherair or steam)
flows in the annularspaceoutside this tube.
AtcnnizationtakesPlace via high shear contact of the
two fluids●xteriorto the nozzleat the flame tip.

0$
!~i;a~~xh]g hea~ densitis achfev

tl,m (~Xl$Bt~h-ft):nc~i;#rt~r
155.2”kU/m3(1.5 X 10 Btu/h-ft ) in the CAI primary
chamber.

The temperaturein the CM primary chamber,when
burning liquidsor slurries,is determinedby the heat
release rate of the feed streamand heat losses. If
the heat releaserate of thewaste feed is insuffi-
cient to maintainthe desiredt~erature, the
natural gas supplyto the Primasy.chamber Is auto-
maticallymodulatedto provideproportionalresponse
to fuel demand.

Activated CarbonAdsorber

As it becameobviousthat the Los Alamos CAI
mld move into the area70f~za~ous ch~ical waste
research and development, a study was undertakento
●ssess what additionaloffgas treatmentmay be re-
quired beyond that alreadyexistingin the process.
The potentialfor the Presenceof trace uncombusted
organic speciesin the gaseouseffluent,though ex-
tremely low. justifi~ ins~llatfon of appropriate
organic rmval quipment. Also the abll1ty to re-
move volatlleradioiodinefra the effluentgas was
needed for low levelrad~oactivewaste incineration
testing at the same ti= . T* conc~t of fixa bed
adsorptionon activatedcarbon-s selectedin which
the ●ntire incineratorOffgasflw passes throughthe
adsorbentbed. A largeadsorptionunit was designed
and custcm fabricatedby the Uaste ManagementGroup
at Los Alamos (Fi . 5~ ). The bedof
supportedby para lel screens,is O.!&J: :fkn’
deep with a prejectedflowarea of 2.97 m (1.22m
wide X 2.44 m long). The steep bed inclinationangle
allows for completegravitymaoval of carbon via
star valves locatedat the toP ●nd bottom of the
adsorptionUnit. Activatedcarbon bed depth ●nd Pro-
jected cross-sactic~larea were sized to providea

Fig. 5.
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Effluent6ss ActivatedCarbon
Adsorb=.

minimsen0.5 s residencetime of gas fn the bed at a
superficialvelocityof 0.31 m/s which correspondsto
the highestanticipatedoffgas flowrateof 0.94 nJ/s
(2GGJ ac?mj. The adsorption~nit has been in ocera-
tion for 5 years and no organics have been aetected~n
the effluent gas usingamdified EPA method 5 sa~pling
trains.

Other Process Improvements

Parallelwith modificationsto the CAI for treat-
ment of hazardouschemicalwastes is the goal of pro-
cess upgrade to acceptLos Alamos-generatedTRU solid
and liquid wastes on a semi-productionbasis. The
requirementsof msximuncontaimnentof TRU isotopes
within the systanand ❑inimun hands-onmaintenance
call for careful quf~t component selectionand
design as well as appropri~tematerialsof construc-
tion. Throughoutthe W upgrade process,close
attentionhes been paid to the unique requirementsof
compatibilitywith both hazardousand TRU wastes.

An array of test specimensconsistingof several
types of refractorybrick, placed as a hearth in the
CAI prtmarychamber tn 1979, was recentlyremoved for
evaluation. Refractorycompositionsuere ekaliiat?d
for general durabilityand resistanceto the high
temperatureoxidizingand reducingconditionsof the
CAI over the past 7 years. Exposureconditionsoften
includedthe presenceof halogens,alkali, and heavy
metals in additionto the purely organic content of
the waste fores. A particularrefractorycomposition,
a phosphatebondedhigh alunina/chromiaPlastic,
showed far superiorresistance. Based on these test
data, the entire primarychamber hearth, refractory
curbing around the underfirecombustionair ports,
and ash dropoutdoor lining have been replacedwith
the altanina/chromiarefractoryin both brick and
plastic fosns.

For chloridecorrosionresistance,bud$et con-
straintsduring initialconstructionof the CAI
specifiedfibeqlass reinforcedplastic (FRP) piping
throughoutthe aqueouseffluentgas scrub system. To
maximize reliabilitywith mechanical strengthand
corrosionresistance,all FM piping fS now bein9 re-
placed with high Nickelalloy HastelloyC276
materials.

Other major processimprovementscurrently in
progressinclude: 1) consolidationof processcon-
trols and dab acquisitionsystem, 2) retlace!nentof
hot-wiream!ameter-typegas flow measuring devices
with direct pressuredrop flow tubes, 3) process HE?4
filter bypass Installationin parallelwith existing “
HEPA filter bank to allow quick changeoverduring
incineratoroperation,and 4) replacementof an ●xist-
ing processoffgas superheaterwith ● unit containing
a double bank of heating●lements In series for rapid
switchingin the eventof Iseetkrfailure.

PEIWTTINGOFTHECA3 FOR CHEMICALWTE

With the modificationsto the W discussedand
the high degree of containmentalready built into the
process for radioactivewaste service, the systemwas
technicallyreadyfor hazardouschemicalwaste
incinerationInearly M&2. What ramain~ was receipt
of appropriateEPA pemits to conduct incineration
reseamh testing and opmtlons.
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Pesmittinqfor Toxic SubstancesControl Act (TSCA~

In 1982,the CM was under contractwith the US
~Sromnental ProtectionAgency’s (EPA’S) Industrial
EnvironmentalResearchlaboratoryto investigatehigh
cmcentration PCS combustionconditionsother t~n g
UWSe specifiedby the PCS incinerationregulations
uit~in TSCA, The resultsof that researchare pre-
ser:ed in Ref. 10. The tests,conducted in June 1982,
se-a,edto add to an incinerationtechnologybase at
LOS Alamosalreadyestablishedfor radioactive
US-35. Scme DOE faCilitieS have generatedand are
swing mixed riidioiictive/chemical wastes including
%-contaminated PCBS; however,commercialincinera-
ti~ facilitieslicensedunder TSCA are unable to
accept suchmaterial. Becauseof the lack of accept-
able treatmentoptionsfor such wastes, it was
&icied that the Los Alamos CAI should pursue a TSLl
pe!mit. Completedata from the researchtestingwere
-ttted to EPA’sRegionVI office in May 1983 as
tria7 bum data in supportof a PCS incinerationper-
mit ●pplication. The Los Alamos cAI was granted a
TSCZ pemit in May 1984 and has so far incinerated
1514 L (400gal)of TRU-contaminatedhigh concentra-
tion PCB oils.

?enritting for ResourceConservationand Recovery
k: (RCRA~

Los AlamosNationalLaboratorygeneratesa large
array of hazardouschemicalwastes in quantities
mnqing froma feu millilitersin small bottles to
thesands of litersstored in drums. Regulationof
Ctis hazardouswaste fallsunder RCRA. A goal has
bem set to treatas nmch of this waste as feasible
in the CAI. Sincea TSCA incinerationpetmit limits
cfwical waste incinerationto a single class of
ccwgwunds - polychlorinatedbiphenyls,a RCRA pesmit
is ●lso required.

In conjunctionwith an outsidecont~actcr,a WA
trial burn planwas preparedand sutanittedto EPA.
W ●pproachof the plan is to demonstrateincinera-
tism of carbontetrachloride(CCI ) as the Principel
~nic hazardousconstituent(POfC)in a synthetic
rns”~ streamfed to the incinerator. Carbon tetra-
dsl=ide has -n ●xtremelylow heat of combustionand

f
● high hetmalstabilit

{’
tw measuresof incinera-

bilityl . The rationae is that CC14 has a very
bi@ rank (fourthhighest)on EPA’s Ranking of
hc~nerabilityList and the pe!wiitwill allow
isuinerationofall other RCRA Appendix VIII consti-
ta#ts loweron this list. The RCRA trial burn is
%hssiuledfor late Spring1986.

FUTUREPLANS

The Los AlaaKssCM will continueto remain active
in Incinerationresearchand developmentsctivitie$.
~er, greateremphasiswill continue to be Placed
~ establishingthe CAI as an interimoperations-
~~ iwinerator. Processupgrade fs in progms to
~ the goalof productionincinerationof Los
Alms-generated solid combustibleTRU waste In FV
86. Receiptof a RCRA incinerationpermit will
~l~mt the 1%X permitalreedy in he~ ad *11ow
fsuineration trea@ent of Laboratory-9enerated
Wardous cheai~l ad XIixd weste.
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