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ABSTRACT 

The Env i ronme nt al Protection Agency 's (EPA) Mobil e Inci neration System 

(consisting of a kiln, secondary combustion c hamber , and afr pollution control 

unft, eac h fndfvtdually tra11er-a~ounted, and a separate trailer fitted with 

continuous stack gas analysis capabflftfes) was rigorously tes ted fn 1982-1983 

using PCB-contami nated liquids and othe r chlori nated organic fluids . DestnJc tfon 

and removal efffcfencfes of at least 99.99991 were consistently attained at a heat 

N!lease of 10 •111fon Btu/hr. Based upon these perfonnance data, a project was 

f nf thted to evaluate the technical, econo~~fc. and admf nfstratfve vhbf 1f ty of 

on8 sfte fncfneratfon of dfoxfn·contalllfnated materials fn southwest Missouri. 

During 1984, the systea~ was extensively 1110dfffed for field use . Solids shredding. 

conveying. and weighing units Were perfon~~ance·tested in Elthon. HJ, wfth a wide 

variety of uncontaminated soils and other solid wastes. Additionally, pennft 

docU191entatfon. operating and safety protocols . sfte modification planning 


) ~~~:~~ti~~· a:~~!sr!!kp~~~~~s~~!r!:~t!~a~!~:~~ !~~a~o~~~~t!~ :!s~~~r~e~~~ 
VII to disseminate planning and peraftting information to Hfssourf residents . 

Simultaneously. laboratory and pilot plant studies were carried out to 

establish optillltlll kiln conditions for decontamination of soils by fully 

volatflfzfng the organic contaminant, f. e .• dioxin . These studies indicated that 

the conditions necessary to decontaminate soils thermally could be achieved in the 

kfln . Previous laboratory efforts by others establi shed that dioxins could be 

destroyed using time , excess afr. and temperature conditions achievable fn the 

secondary combustion chaMber (SCC) of the EPA system. The EPA system was judged to 

1;\e more than adequate for detoxifying dfoxfn-contamfnated solids and liquids , and 

could be reasonably expected to achieve a succe ss ful dioxin trial burn. 

Accord i ngly , the system was transported to the De nney Fa rm site i n McDowell, 

Missou ri. 


FI"''nn January t o March 1985, extensive fie ld shakedown ac tivities we re 

conducted, fo ll o~d by a trial burn on df oxfn8 contamfna ted liquids and so l ids in 

Apri l. Resu l ts i ndica ted that destruction and remo val efficiencies exceed i ng 

99.99m we re ac hieved f or 2,3 ,7 .8-TCDO; no products of incomplete combustion were 

detPCted . Additionally. the ki ln ash and process wastewater byproducts were shown 

to 1;\e "dioxin free" and in accordance with guidelines proposed by EPA's Office of 

Solid Waste. 


A field demonstration is currently underway and a further trial burn on solid 

Resovrce Conservation and Recovery Act (RCRA · I and Toxic Substances Control Act­
8 

(TSCA-1 clesignated materials will be conducted during the Sp ring of 1986. This 
paper ~ill present a detatled discuss ton of the field application of the EPA Mobile 

Incineration System for destruction of dtoxfn·contaminated materials at the Dennt'y 

Fcll"l'' ~itt'. 
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'"'INTROOUCTION 

The continued discovery of abandoned 
hazardous waste sites as a resul t of 
Superfund investigations has placed 
increasi ng pressure on the US Environme ntal 
Protection Agency (EPA) to find alternate 
so lu tions for treating and dfsposfng of 
toxic and hazardous wastes. The decreas ing 
avaflabflity of landfi ll sites and the 
increasing public opposition to toxic and 
hazardous waste transport have added to the 
pressure. The treatment and disposal 
proble111 ts particularly acute fn the case 
of the highly toxfc dfoxf n isomer 2,3,7,8· 
tetrachl orodf benzo-p-dfoxfn (2,3, 7,8­
TCOD). In recognftfon of these 
dffffcultfes, EPA's •otoxfn Strategy" 
(Novet~~ber 28, 1983) i ndica ted that 
hfgh-Umperature incineration fs a 
potential dfoxfn treatllent method 
~~tarrantfng further evaluation by the Office 
of Research and Development (ORO) . 

A promising, publicly acceptable 

J !~P~:~~et~rw;~!~s~~~~a~;-:b~~!n~~ !~t~: 
that can be brought to a waste site, used 
to treat or destroy the hazardous 
•aterfals, and then re110ved from the site. 
Publ fc objections are reduced because there 
fs neither the creation of a permanent 
waste disposal sfte to which other wastes 
could be brought nor the continuing 
transport of wastes through a community. 

Hobfle incineration fs a currently 
naflable , on-site cleanup technology that 
is quite promising . High-temperature 
incinerati on fs an acceptable method for 
the destruction of hazardous substances 
cited under the Resource Conservation and 
Recovery Act (RCRAI regulations and of PCB s 
identified by the Toxic Substances Contro l 
Act (TSCA) regulations . 

Accordingly, t he Rele-ases Contro 1 
Branch (RCB ), a component of ORO 's 
Hazardous Was te Enginee ring Researc h 
la boratory (HWERL), at the request of EPA 
Region VII, embarked on a fie l d vali dation 
project to e val ua t e the existi ng EPA-ORO 
M(lbile Incint>rlltfon System (MIS) for 
on-site treatment and disposa l of toxic and 
hazardous wastes, particularly soils 

contaminated wfth 2,3,7 ,8-TCDD . This 
project 1s part of an ongoi ng Superfund­
sponsored program to evaluate and promote 
the colll!lercfalfzatfon of processes, 
methods, and prototype devices for on-sfte 
cleanup of Superfund sites . Specifically , 
the goals of this project are t o evaluate 
the t echnical and economic fea s ib i lity of 
the Mobile Incineration Systs, establfsh 
procedures for obtaining Federa 1, state, 
and local pef111its, and gauge the reactions 
of the public to the use of thi s syste111. 
This paper 1s an i nterim report on the 
evaluation of incineration for on-site 
treatment of hazardous substances and 
dfoxf n-contami nated materials . 

laboratory and pilot-scale work to 
detennf ne the treatabfl tty of 
dioxin-contaminated soils in the MIS proved 
very pro~~~fsing . As a result , the MIS was 
prepared for field operations to conduct a 
very carefully controlled trial burn on 
dioxin-contaminated liquid and solfd 
materials at the Denney Farm site fn 
southwestern Missouri . Subsequently , field 
valfdatfon tests on a variety of 
df ox tn-contamfnated feeds began fn July, 
1985. The field work should be completed 
during the winter of 1986 and a detailed 
final report will be avaflable thereafter . 
All docll!1entatfon wi 11 be publie ly 
available. 

The final report will include detailed 
descriptions of the activities of t his 
project and detailed labora tory study 
infon~~atfon on the MIS, such as t,he minimum 
tflnes and temperatures for themally 
removing dioxtns from soils . Detailed 
analyses of lessons learned from the field 
operations with tile MIS will be prov i ded. 
The report wi ll inc lude evaluations of t hP. 
t ec hni cal , economic , and inst itutiona l 
viability of on- site i nc; i nerat ion , 
i ncludi ng de tailed t otal ~nd unit cost data 
and t he i dt>ntf fi cation of permitt ing 
prob l ems. The re port will al so contain an 
annotated i ndex to the additiona l 
docume ntation arisi ng from or related to 
th is project , i nchding Il l t he detailed 
penait application materials for RCRA , 
TSCA , and National Environmental P(lli cy Act 
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"""' (IlEPA): (2) the de11sting petition; (3) 
rfs~ assessment documentation; (4) detailed 
operation and maintenance manuals for the 
MIS; (5) sa fety manuals for field 
operations ; (6) detailed plans and 
spec fficatfons for constructing the HIS 
(includi ng detailed cost estimates); (7) 
detail ed plans and specfffcatfons for the 
f i eld installati on; (8) detai l ed trial burn 
reports arising from the liquids and solids 
tri al burns; and (9) a feas ibflfty study on 
a modular, transportable incineration 
system. All documentation will be publicly 
available through the National Technical 
Infomatfon Service. 

BACKGROUND 

The Hobfle Inciner-ation System consists 
of a refractory-lined rotary lt11 n, a 
secondary combusti on Challlber (SCC), and air 
pol lution control equipment 110unted on 
three heavy-duty semi -trailers•. Monitoring 
equiptnent is carried by a fourth, smaller 
trailer . Other anci llary equipment 1s 
assembled at the site, as needed. A 

J 1~;~!~t1!~c~~~~!:nh:~ :n~~!~ously
published (1 - 4) . 

LIQUID TRIAL BURN 

The ability of the MIS to destroy t ox ic 
and hazardous liquid organic wastes whtle 
complying wfth appli cable Federal and state 
regulations was demonstrated by carrying 
out 11 liquid Trial Burn of ffve tests 
conducted in three phases from September , 
1982 through January , 1983 at the EPA 
facility in Edison , NJ . The tests 
evaluated the ability of the HIS to destroy 
tetrachloromethane (carbon tetrachloride), 
dichlorobenzene. trichlorobenzenes , 
tetrachlorobenzenes, and PCBs while 
controlling the emissions of HCl and 
parti cula te matter. A total of 25 test 
runs wa s conduct ed during which t he 
inc i nerat or's operat i ng conditi ons wer(' 
monitored and an ex tensive sampHng and 
analyt ica l prog ram wa s conducted. Federal 
and/or state observe r s we re on site 
throughout t he entire t r ia l bu rn to ensure 
that the incinera t ion system was operated 
sllfely and in accord11nce with the trial 
1\urn permits. 

The high combustion and destruction 
efficiencies ~~eas ured during the liquid 
trial burn clearly demonstrated that the 
EPA Mobile Incineration System fs an 
effec tive device for the destruction of 
hazardous organic material. In fa ct. the 
level of combustion and destruction 
reported wu essentially based on 
analrtfcal Hm1tat1ons of measurements 
r ather than on the actual finding of 
hazardous COfllponents 1n the stack 
emissions. The results of the trfal burn 
Tria'TCite"'"that the systen~ lilet or exceeded 
all applicable Federal requirements for 
incineration systects (Table 1 ). The system 
was then deemed to be ready for field 
operations on lfqufds. 

MISSOURI PROJECT DESIGN 

The first step toward field operations 
was se lecti on of a sfte for the 
demonstration. Agreeatents were reached in 
April. 1984 to operate the Mobile 
Incineration Syste. on the Denney Fam near 
McDowell, MO, where over 90 drUDs of buried 
dioxin-contaminated wastes had been 
excavated and stored in a dfked shelter. A 
second covered concrete basin on the sfte 
contained over 240 cubic yards of sofl that 
had become cont111fnated when the buried 
drums leaked. The sfte was considered 
desirable by Syntex (current owner of the 
wastes), Regf on VI J, the Mf ssourf 
Department of Natural Resources (HONR), and 
HWERL because of i ts re1110teness -­
approximate ly one •fl e from a publi c road, 
and in a rural area . 

A wide variety of dioxin-contaminated 
wa s tes, such as son, lfqufds, dMlms, 
trash , and chelnfca l solfds. were on the 
site and could be used to demonstrate the 
versatility of the Mobile Incineration 
Sys tem. A variety of nearby soil types 
cou ld be used to demonstrate that 
inci ne ration could decontaminate any 
diox in-conta in i ng soil found anYwhere i n 
Missouri. 

The ove rall project design for 
eva l uation of t he HIS in Missouri included 
the fo ll owing el eme nts, each of which fs 
discussed i n grea ter de tan below: 
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TABLE 1. RESULTS OF LI QUID TRIAL BURfl 

eg.
Parameter limit 1• 2b JC 4d 5e 

Kiln 
Temp . , oc 900 890 900 980 960 

sec 
Ter~p., oc 1200+/-lOOf 11 80 1180 1190 1220 1250 
02, ' 7.5 8. 8 8. 0 7.2 6. 9 ~f
Retention tfme , sPc 1.96 2.10 2.06 1.97 2.03 
Combustion efficiency, I 99.9f 99.999 99.999 99.999 99.999 99.999 

HCl removal efficiency , S 999 99.95 99.98 99.99 

DREf 
CCl4 99. 9s9 99.99996 
DfC18 99. 99 99.99998 
TrfClB 99. 99 99.9998 99.99993 
TetraClB 99. 99 99.9994 99.9998 
PCB ' h 99. 9998 99. 99991 

Particulate. mg/tn3 0 71 Oz l&o9 6.9 22. 1 64. 9 35. 2 42.7 
:) 

a Test 1 Fuel otl only -baseline- all results average of 3 test runs 
b Test 2 1.2S Iron oxide fn fuP.l oil for parti culate test 
c Test 3 21S CCl4, 29S DfClB fn fuel ofl 
d Test 4 11\ As):.arel fn fuel oil 
e Test 5 39\ Askarel fn fuel oil 
f TSCA 
9 RCRA 
h No ORE 1 tmtt for liquid PCB 
f CCl4 • tetrachloromethaoe; OfClB • o-dfchlorobenzene; TrfC18 • trtchlorobenzene; 

Tet,.aClB • tetrachlorobenzene; PCB • polychl ori nated biphenyls. 

pt/56870:01530 



~ 1. Planning and Pennits 
2. 	 legal and Public Relations 

Activities 
3. 	 Modifications to the MIS 
4. 	 laboratory and P11ot Studies 
S. 	 Operating Procedures and Operator 

· Trafni ng 
6, Site Preparation and logistic s 
7. 	 Field Shakedown and Preliminary 

Tes t ing 
8. 	 RCIWTSCA Trial Bum 
g. 	 Field Demonstration 

10. final Reports 
11 . Future Use 

PLANNING AND PERMITS 

Thfs activity included the preparation 
of : detailed contractors work plans; 
applications for Federal pemits (Clean Afr 
Act, Toxic Substances Control Act, National 
Environmental Policy Act, Resource 
Conservation and Recovery Act) and State 
pemits (MDNR); delfstfng petftlons for 
assuring the cleanliness of MIS solid and 
liquid byproducts for both the trial burn 

) 	 !·T~~!: !!s!~~m!~~ ~~e~1sd~~~!~~~~!o~~ and 
dioxins and a health survey required by 
MOHR (the rfsk assessment and health survey 
documents were prepared by ORO's Exposure 
AssesS~~ent Group). 

LEGAL AND PUBLIC RELATIONS ACTIVITIES 

legal Arrangements 

The activities conducted at the Oenney 
Fam site have required contractural 
agreements between the two principal 
parties, namely, EPA and Syntex 
Agrfbustness, Inc. {Syntex) and between the 
EPA ' s operating contractor , IT Corporation , 
and both of the principal parties . Three 
agreements were prepared, each of which wa s 
interdependent. 

Additionally , an access agreement wf th 
the landowner, t he James Uenney family, was 
modifi ed to enable operati ons to take pl ace 
at the fa rm . These compl ex arran ger.te nts 
among Sy ntex , JT , an t1 t he De nneys were 
negotiated by Region VII 's lega l counsel 
wfth technical i nputs from EPA's 1-NERL 
Re l eliSf>S Contro l Branch ant1 IT Corporation . 

Public Relations Activities 

As a result of an agressive public 
infomatfon effort conduc ted by Region VJJ, 
the Mobile Incineration System was welcomed 
fn Mt ssourf and was operated fn a favorable 
atmosphere of increasing public acceptance 
of incineration. The activities included 
press conferences , presentations to civic 
organizations, an open house and tour of 
the site installation prior to operations , 
the required RCRA/MONR permft publfc 
hearing, and a "technical da.y" during which 
preli•fnary trial burn data were publfcly 
released and a sfte tour conducted for 
interested parties. These activities were 
critically i•portant to the overall success 
of the project, and received the personal 
attention of the Regional AOnf nistrator -· 
a key ele!IM!nt fn the success of the project . 

HOOJFJCATIONS TO THE HIS 

Several c'hanges were .ade to the 
original MIS design, including general 
modifications affecting the refractory; the 
burner controls; the stack gas monitoring 
system: the electrical system; and the 
design, specification, procurement, 
fnsta11atfon, and shakedown of a solfds 
feed system. Both hot and cold tests were 
perfomed. 

The Mai n purpose of the cold test was 
to evaluate the factors that affect the 
retention tf ~~~e of solids fn the kiln, 
including roUtfonal speed and fnclfnatfon 
angl e of the kfln, t;yp·e and rate of feed of 
material to the ltfln, and the use of 
flights at the inlet and heat-economizer 
chai ns at the outlet of the kiln .- Based on 
the observations made during the cold test, 
design and operational changes were made to 
improve the flow of solids through the kiln . 

As a result of the hot tests , 1t was 
concluded at the tine that the kil n 
capacity was limited by the solfds feed 
sys tem and that particulate emissi ons woul d 
not be a problem. The study sugges ted 
changes in ope rating procedures , such as 
ope ra t ion of t he kiln in a sl oped position, 
decreasi ng t he rota ti onal speed , and 
operating wi t h less excess air. 



TABLE 2. OELISTING PARAMETERS, FOR THE TRIAl BURN m/LY , 

CONSIDERED BY THE MISSOURI DEPARTMENT OF NATURAL RESOURCES 


AND THE US ENVIROtfoiENTAL PROTECTION AGENCY 


A. Per 40 CFR 261 Subpart C 

Ash Solids Scrubber Waste liquids 

lgnftabflfty NA• NAb 
Corrosi vfty pH • 2.0-12.5 pH • 2. 0-12. 5 
RPacthity Not reactive with watP.r Not reactive with water 
EP Toxfcfty As per 40 CFR 261.24, ICP scan-heavy metals, 

Table 1, and App. II , except mercury as per­
except mercuryC Tabl e 1c 

B. SpP.cfffc Substances 

Co ncentratf on 

Toxic Coostftuent Solids Sc rubber Water 

Df oxf ns/Dt benzof uransd 1 ppb 10 ppt 

J 
2 . 3. 4-Trichlorophfonol 100 ppno 10 ppo 
2 . 4. 5-Trfchlorophenol 100 ppm 10 PPI' 
2, 4,6-Tr fchl orophenol 1 ppm 50 ppb 
2 .5-Dfchlorophenol 350 ppb 15 ppb 
3.4-Dfchlorophe-nol 100 ppno 10 ppm
2.3 ,4, 5-Tetrachlorophenol 1 ppm 50 ppb 
2,3,4,6-Tetrachlorophenol 1 ppm 50 ppb 
1, 2 ,4 . 5-Tet rachl orobenzene 100 ppm 10 ppm 
1,2, 3. 5-Tet rac hlorobe nzene 100 ppm 10 PPII 
Hexachl orophe ne 200 ppm 5 ppm 
Polyc hl orinated Bi pheny l s 2ppm 1 ppm
Benz(a )pyrene 5ppm 10 ppb 
Be-nz( a)ant hracene 5 ppm 10 ppb 
Chrysene 50 ppm lpptl
Dfbenzo( a . h)a nthracene 5 ppm 10 ppb 
l ndeno( 1,2. 3-c .d )pyrene 5 ppm 10 ppb
Benz(b)fl uoranthene 5 ppm 10 ppb 

I. 

11 T~e ash would not be ignitable after having passed through a kiln 
and having reached approximately 7500C at the time of discharge . 

h The scrubber wastNater fs not considered ignitable . 

c Analysis will be for ttle following metals: arsenic, barium, cadmium, 
chromium, lead, nickel , se len i um, si lver. 

d h'eighted average of tetra- , penta-, ancl hexa-isooers using weightin!) 
fa c tors related to toxicity. 

pt/SG87D:01530 



Upon completion of the hot tests, the 
kiln and sec ~ere opened and inspected. 
The examination revealed that a large 
amount (up to 9 fn) of solids had been 
carried ovt>r into and deposited at the 
front end of the SCC. Although some 
carryover had been expected, the quantity 
and location of the deposits were not . It 
appeared that the "spin vane," a device 
designed to create sllrlrling turbulence fn 
the gas stream and thus enhance cornbustion 
efficiency, ~as a 11ajor factor in the 
deposition of particulates at the front end 
of the sec. A.t that tirne. ft ~as decided 
to 111ake no changes 1n the spin vane. but to 
carefully monitor the operations and 
frequently check for the presence of solfds 
buildup fn the SCC. A nu111ber of 
IIIOdifications ~ere 11ade to correct several 
111fnor problems, and a second hot test ~as 
run to ensure that these problems had been 
corrected. Follo~ing the hot test, the 
system was dismantled and prepared for 
shipment to Missouri. 

-., LABORATORY AND PILOT STUDIES 

The goals of these studies were to 
detennf ne ~hether the objective of 
decontaminating the soil to less than 1 ppb 
lffoxfn was feasible, given the operating 
limits of the HIS, and to develop 
recoamended operating conditions for the 
demonstration run. 

Laboratory Studies 

In treating conta111fnated sofl ~ith an 
incinerator or other thermal treatment 
device, two processes can achieve 
decontamination: volatflfzatfon llrlth 
resulting vapor separation followed by gas 
phase combustion, and the:rmal decomposition 
wfthfn the solid soil matrix . The 
Mchanfsms that determine the relative 
fl'lportance of these "treatment" processes 
are volatilizat ion, diffusion, and 
thermochemi cal reactions . each of which 
occur s at different temperature-dependent 
r ate-s. 

Theoretica l and empirica l studies of 
vol "ti l ization and di ffusion of chemica l s 
~ithin a static soil at normal 
environment.:. l conditions are not direct ly 

translatable to treatment under dynamic, 
high-temperature conditions, such as exfst 
fn a rotary kiln. Thennochemical behavior 
of specific chemicals has been studied to a 
1 fmfted extent; estimates of thermal 
stabflfty and decomposition kinetics are 
important fn establfshfng guidelfnes for 
fncf neration performance requirements . 
However, these studies have dealt ~ith gas 
phase reactions and pure (single c0111ponentl 
systeas . Also, alterations to the chemi cal 
and physical characteristics of the primary 
natural organic c0111ponenis and of certain 
inorganic constituents of soil occur at 
tealperatures far lower than t;ypical 
incineration conditions. The complexity 
and varhbil 1t,y of a sofl and its 
tnteractfon with specific chemicals 
frustrate any straightforward analysfs of 
the effect of typical incineration 
conditions on a particular contaminated 
soil. 

Prfor to the beginnfng of laboratory 
treatability tests, infonaatton on the 
soils at the various conffrwd dioxin­
contaminated sites fn Missouri was 
collected. From thfs list, four sites were 
se lected as candidates for treatment. T~o 
of these sof 1s, Piazza Road and Denney 
Fam, were selected for laboratory 
treatability testing sfnce they covered a 
~ide range in pH, conductivity, organic 
inatter, and particle size distribution. 

Samples of these tYO sofl s ~ere 
prepared for laboratory treatabf11ty 
testing by air drying, screening through a 
2-at (lO.,.sh) sf eve, and blending 
thoroughly. Analysis for 2,3,7,8-TCOD fn 
triplicate alfquots of each prepared soil 
showed relative standard deviations of less 
than 7S . The initia l average 2,3,7,8-TCDD 
concentration ~as 563 ppb for Denney Fann 
and 338 ppb for Piazza Road sofl s. These 
relatively high levels were advantageous in 
enablfng the maximl.lll range of treata bf11ty 
t o be investigated. 

The laboratory experimen ta l program was 
divided into th ree seri es of sepa rate 
treatabi li ty t es t s wfth a total of 31 
tests. The f i r s t se ri es, using principa l ly 
De nney Fana sof l , explored broad ranges of 
residence t 1me and temperature to define 
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he appropriate combination of conditions 
that would produce desired treatment 
efficiencies, as measured by a final 
2,3 ,7,8-TCDD concentration of 1 ppb or 
less . The second series used a fixed 
time-temperature condition and evaluated 
th.- effect of sofl type (Piazza Road vs 
Denney Farm), inftfal soil moisture 
content , and g~s phase composition on 
treatabflfty . The final series included 
sE-lected additional treatment conditions to 
fill in data gaps and also several special 
tests in tlfhfch 5 cm ·cubes"' of Piazza Road 
soil "'ere prepared and subjected to various 
test conditions. 

In the second series of tests , there 
was no significant correlation between 
treatability and either 111ofsture or 
atltosphere. Soil type had an influence, 
but this "'as detel"'tfned to be due primarily 
to the te.perature increase that occured 
with Piazza Road soil, pres1111abl-y as a 
result of exothel"'llic reactions of the 
organic utter that \lfas present at much 

~ higher levels than in the Denney Farm 
sot 1. Once the effect of temperature was 
factored fnto the statistical evaluation, 
the true effect of soil type was r elatively 
•fnor. 

In the third series of tests, using S­
cm cubes, the substantial lag in achieving 
the target test te.perature wi thf n the core 
\lfiS due largely to the drying process. The 
evaporation rate of the fnftfal 201 
110isture content fi"'Ot the cubP. fs dependent 
on the heat and 111ass transfer character­
istics of the cube and the external gas 
temperature, which in the HIS kiln would be 
higher than SOOOC. Another test 
performed with the furnace temperature at 
eoooc resulted fn a significant reduction 
of heat-up tf111e of the cube; the core 
reached 4000C fn 19 min vs 36 min in the 
SOOOC furnacl;! . SeparatP. analyses for 
2, 3,7 ,8-TCDD of the core and exterior 
sections of the treated cubes demonstrated 
that 1 ppb could be achieved throughout and 
fllustrated the effec t of the transient 
temperature condition. At an 8000C 
furnace temperature, a total residence time 
of 33 111i n resulted in non-detectable (less 
than 0.1 ppb) 2, 3,7,8-TCDO concentrat ion, 
whereas a shorter residence tioe of about 

20 min showed more than 7 ppb 2,3,7,8-TCUO 
~aining in the core section. The test at 
SOOOC furnace teraperature provided for 40 
min for treatment and resulted fn 
approximately 1 ppb throughout the cube. 

A linear regression analysis of the 
treatability data for Denney Fann soil 
produced two different mathematical 
relationships to predict the final 
2,3,7,8-TCDD concentration at different 
time-te!Dperature conditions. The simplest 
of these expressions shows a logarfthaic 
dependence of 2, 3. 7,8-TCDO concentratf rm on 
the •ttme integral of vapor pressure, • 
which is defined by integrating the 
calculated vapor pressure of 2,3.7,8-TCOO 
using the specfffc temperature-time 
profi 1 e. The vapor pressure can be 
esti111ated usfng Antoine constants developed 
by Schroy et al. experimentally (personal 
c0111111unicatfon). Figure 1 and Table 3 based 
on this expreufon depict the 
time-tetnperature requirements to achieve 
different deconta•fnatfons of the Denney 
Fann sofl initially containing 563 ppb 
Z,3,7,8-TCOD. 

Other observations made during the 
laboratory progru offered insight into the 
thennochemical phenoatena that occur in soil 
at incineration teaperatures. Agglom­
eration, slaggtng, or fusion of sofl 
particles was not observed for either sofl. 

The cubes developed cracks and became 
friable, particularly within the core. 
Weight-loss measurements and visua l 
inspection indicated that deccnposition of 
sofl organic 1111tter could lead to highly 
variable results, depending on ttle exposure 
or accessibfl ity of the sofl particles . In 
general, weight loss in excess of that 
attributable to free moisture and organic 
matter wa s 1-9S . Loss of bound moisture 
from the clay mineral content of these 
soils is suspected to be the primary source 
of this excess loss. Higher temperatures 
resulted in greater weight loss , and Piazza 
Road soil tended to have higher losses. 
However, the cube experiments using Piazza 
Road soil showed lower non-moisture-related 
weight los s than the experiments using a 
loose, thin layer of the same soil, and the 
interior of the cuhes turned black . 
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TABLE 3, TI~E-TEI1PERATURE EFFECTS1 ON REMOVAL OF 2,3,7,8-TCDO 

Nominal Time at Sofl Residual 
Test Test Typeb 2,3,7,8-TCOO 

Ter.~perature
(DC) 

Temperature& 
(min) 

Concentration 
(ppb) 

429 0 A 377 
430 15 A 60 
429 30 A 30.8 
428 90 A 10.2 
429 90 8 2.86 

475 0 A 67 
478 15 A 8.4 
477 30 A 3. 7 
479 30 A 3.37/3.30C 

550 
550 0 

0
0 

24 
27.5 

554 15 0. 16 

J 616 
616 

0 
15 

A 
A 

0.2 
NO (0,08) 

616 30 A NO (0.06) 

803 30 NO (0.02) 
808 30 NO (0,04) 
803 90 NO (0,08) 

a This ti~~e begins \then the target test t81perature fs reached; therefore , 
zero thte is actually six to nfne ~afnutes after start of heat-up . 

b A: Denney Fam Soil; 8: Rt>ference Soil. 

c Analytical duplicate; separate al1q\lots of treated soil were analyzed. ­

pt/56870 :01530 



"'"; 	Evidently, the significant concentr ati on of 
organic matte r f n the Piazza Road sofl wa s 
partially retai ned as non-volati le products 
(char ) of thermal decompos ition . 

The . results from the laboratol")" t esting 
demonstrated that the clean--up criterion of 
1 ppb could be achieved at reasonable kfln 
operating conditions and provided part of 
t he i nfonnatfon needed t o projec t t he 
spec fff c treatment regi men (kiln residence 
tfllll! and temperature) for various feed 
rates and feed conditions for the HIS. 

Pflot Testing and Computer Modeling 

Pflot-scal e experi mentation was 
conducted on unconta• fnated Htssourf soil 
ff'OIII t he Denney Fann site. Tests incl uded 
fi r ing 1n a pflot-scale rotary kfln ; bul k 
densfty and sc reen analysis ; dynamic angle 
of repose . then10gravfme t rfc and 
dffferentfal scanning calorf~~eter analysts ; 
and son • ofsture analysis . These t ests 
were conducted at the Allis-Chal~~ers 

~ research and test center f n Oat Creek, 
.../ Wisconsin on August 28-30, 1984. 

The ffrst pi lot-scale run was performed 
at a constant gas temperature of 9820C 
(lSOOOf). The gas temperature was 
• afnta f ned throughout the course of the 
60"'11tf n run by vary i ng t he fuel r ate at a 
constant air flow. The fnithl 110fs t ure 
content of t he soft was 191. Subsequent 
runs vere conducted by mai ntaini ng se t 
natu ral gas and af r flow rates th roughout 
the r un . The set fl ow rates were 
detennined f rom tempe rat ure profil es of 
previous runs and were designed to give the 
desired steady-state temperatures and 
excess OXYgen level s. 

A sfgnfffc ant result of the runs was 
t he appare nt correlation of soil mofsture 
content wft h the observed f ractionat ion of 
soft chunl:s. In all tria ls with l !n 
mofstur~. comple-te f ractionation was 
observed, yiel di ng soil partic les that were 
smal l er t han 2 em in any dimension. In the 
sing le run conducted at 12.31 moisture, 
slfghtly less fractionation occurred , 
although it was similar to the 19'1 moisture 
runs. It is apparent that the fraction­
ation mechanism i s at least partially 

depende nt on the forces exerted by steam 
escaping from the sof t during heattng . 

Trials were perfo nned at bed 
tempe ratures of up to 10360C (18970F), 
with no stagging or agglomeration 
observed. This de1110nstrates that slaggfng 
and agglomeration s hould not occur when the 
Ml S 1s used to t reat Missouri sofl s. The 
ni ne runs of the pilot test pro vided da ta 
to evaluate the heat trans fer computer 
program, which contai ns standard constants 
for the varfous heat trans fer modes fn a 
rotary ki l n. By operating the kiln at 
varfous steady-state conditions . a data 
base on the time-t emperature prof fle of 
Mfssourf soil i n t he batch kfl n wa s 
obtai ned. The heat transfer progrllll could 
be IIIOdiffed t o predict this proffle and the 
difference between the obser ved and 
predicted results used to .ore closely 
IIIOdel actual condi t ions . 

The computer prograa calculates kfln 
solids capacity and retention tf 11e ff all 
other variables are specfffed. For this 
study . the kiln capacity was set by the 
height of the corbel at the feed end of the 
kiln. More correctly. the height of the 
111a t erf al at the kiln entrance cannot exceed 
the height of the corbel . The same hefght 
at the feed end of the kiln can result fn a 
variety of raass-flow kiln capacfttes , 
depending on the kfln slope. rpm. etc. 
Acco rding t o t he progru . th is varia t i on 
was not great ; the cal culated kil n 
capacities varied f rm 6-81 of the ki ln 
vol~~~~e . This agreed wi th earli er test s 
that indicated a ~~~ax f •tn kil n capacity of 
7S of the kiln volume . 

The mass-flow computer program was run 
for a ma trix of ki ln slopes , rota t i onal 
speeds , and feed rates . As the kiln slope 
i ncreases, f t s capaci ty al so i nc reases as 
the result of a more consis tent sol ids 
depth along the length of t he kiln. For a 
kiln wfth a l ow sl ope , t he s lope of t he 
solids provides t he driving force for 
solids flow. In a ki ln with a ste-eper 
slope, the ki l n slope provides the driving 
force, a110~11 ng for more consistent so1i ds 
dep th. It was therefore reco11111ended that 
the kiln be operated at its 111Uim1111 slope. 

•,.
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F~r the HIS on a level pad, thfs slope fs 
~ approximately 2w3\. 

Flights along the kiln length increase 
solfds throughput at a ghen slope and 
rpm. This limfts the minimum feed rate and 
reduces the effective k.fln length. For 
these reasons, flights have been removed 
from the length of the k.fln. However, the 
.eight flights at the feed end of the kfln, 
which prevent spillage over the corbel, 
rernaf n. 

OPERATING PROCEOURES m> OPERATOR TRAINING 

Operating and safety procedures for the 
Mobile Incineration Systecn were updated 
based on the new solids feed capability, 
the experience gained during previous 
operations, the specia l consfderatfons 
required for handling dfoxfns, •nd the 
sftewspecfffc requirements for Mfssourf. 
The opera ti ng and safety ~~~anuals were 
revf sed to incorporate the new· procedures. 
All operators and other k.~zy personnel went 
through an extensive training course that 

"' 	included system t'peration, operating 
safety, and other site safety procedures. 

Further, an industrial h)'gienfst 
remained onsite during the Dioxin Trial 
Burn. He observed and corrected operating 
and saaplfng practices, conducted personnel 
1110nftoring, and made daily site safety 
inspections. All site subcontractors, 
gove rnatent observers, and vfsftors to the 
site for lt\Y length of time were given 
sitewspecffic safety presentations . 

SITE PREPARATION ANO LOGISTICS 

Sfte Planning and Preparations 

Upon selection of the specific site for 
the Mobile lnciner-i'ltfon System demonstra· 
tion, detailed engineering and des ign uere 
comenced to sa ti sfy geographical, 
operat ing, and pemi ttl ng requirements. 

To establi sh geographical requ i reme nts, 

• 
a site sur-vey was conducted that conside red 
grades, el evat f ons, property boundary 
lf nes, access routes , and existing road 
conditions. Maximum consideration was 
given to leaving "untouched, " to the 

greatest extent possible, the natural 
contours, vegetation, and woodlands . The 
final site l a_yout fs shown fn Figure 2. 

The pt)ysical dimensions of the solids 
feed hand11ng system and the location of 
the contaminated materials in the Drum 
Storage Building (Figure 2) determined the 
relative location of the incinerator. The 
concept was to maintain the incinerator in 
a clean area while violating the i nt egl"fty 
of the secure , contaminated boundary 
.{fenced area around existing buildings) as 
Tittle as possible. This would contain the 
conta111inants with in the incinerator system 
and preyent an,y increase in contaminated 
area . All the equiJ)IIIent was placed on a 
4-in-thfck., poured concrete pad surrounded 
by a 6-tn-hfgh concrete dike to facilitate 
containment and clean-up 'In the event of a 
spill or leakage of contaminated 111aterfal 
in the incinerator area . 

The remote, undeveloped nature of the 
site necessita ted installation of a deep 
well and the water supply system required 
for operations. Fuel ofl , propane, water, 
and wastewater tanks were installed. 
Portable office and storage trailers were 
used extensively to minimize the construcw 
ti on of fixed structures. The MIS was 
enclosed in a 40 X 225 ft prefabricated 
shed bufldfng for personnel and equipment 
weather protection. A guard service 
compaflY was cont racted to provide site 
security and to control access of personnel 
duri ng operations. A log was kept for all 
persons as they entered and left the site. 
Six underground telephone lf nes were 
installed; the telephones were located 
throughout the sf te. For backup ..emergency 
camunfcations, two Fll radio base stations 
were install ed that operated on the Ho ne tt. 
MO, poli ce deparbnent frequency . 

Transportation and Se tup of Inc i ne r-ator 

The HIS was t ranspor ted to and se t up 
on the CJenney Fa nn si te in mi d-December , 
)g84. In addition to t he four ma in 
t rai lers of the inci neration system, five 
other trailers lote re required, both to 
complement the operation {e.g. , a personnel 
decontamination trailer) and to tr-ansport 
the au~tilia!")' equipment and spare parts. 

•,.
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"'"\ Addi ti onal support equi pment was either 
provided by Syntex , purc hased, or leased to 
complete t he incineration system setup. 
Syntex provi ded four storage t anks ra ngi ng 
from 10,000-15,000 gal capacity, to be used 
for makeup water, alka li ne solution, and 
wastewater storage. Seven trailers were 
t eased to provide lunch and rest space for 
the operators, office and work space, and 
shelter for the site guard service. Other 
leased auxiliary equipment included such 
ftems as forklifts, a backhoe, power 
generators, af r compressors , storage vans, 
and space heate r s. Fuel oil and propane 
storage t anks were furn ished by local 
supplier s . 

FIELD SHAkEDO\IN AND PREllHlNARY TESTING 

Fi nal preparations, component checks, 
and on-site personnel safety trafning were 
comple ted by early January, and the 
incfneratfon syste111 was then started up 
with fuel ofl to check its perfonunce 
after transport fr<1111 New Jersey. The 

J :~r!;~t:::::d:~o~~:t!!e!~e~~:ly and 
tecaperature within two days; however, the 
solfds feed shredder jamed durfng 
below-freezing te~~peratures shortly after 
befng started wfth clean Mfssourf soil. 
TM failure was caused by a broken splfne 
drfve resulti ng fror:1 the high viscosity of 
the hydraulic drive fluid and differential 
contraction of internal 1110tor c0111ponents, 
both resulting frotn the subfreezing 
t etDperatures. 

• 

Extrea~ely cold weather (- l SOF, 
-SOOF wfnd chfl l ) tha t lasted for several 
days crea t ed a numbe r of p robl en~s with 
freezing water l ines and ge ll ed fuel ofl; 
the operatf ng crew spent 111uch time 
struggling to keep the system oper'Atfng. 
Ttle incfner"atfon system was restarted ear-ly 
f n February , but a number" of different 
proble111s hampered fnftfatfon of the trial 
bur"ns. Most of these problems fnvohed 
mechanical difficulties, or werE' 
weather"-r"elatP.d. The mechanical problems 
were ult imately solved, the amt-ient 
temper-ature rose, and the shredder has 
performed well evP.r since. 

As par"t of t he startup plan , a blend of 
l SS by vo l ume sodium sulfate and clean 
local sofl was fed to the inci ne,.ato,. to 
eva 1 uate whether t hat speci ftc 
concentration of sal t would cause staggi ng 
and ash removal probl ems in the rotary 
kfl n. The test was conducted because of 
the potential for tncfneration of 23 cubic 
yards of dioxi n-contaminated sodium su l fate 
at the Syntex. Verona, HO, plant. The salt 
buflt up as a heavy · slag in the kiln; 
therefore it must be fed at 111uch lower 
concentrations. ff at all , i n order" to 
111fnimfze slag bufld -up i n t he kiln. IThe 
qua ntity of soil to be fed durofng the fie l d 
demonst ration is i nsuf f ic i ent t o handl e all 
the sodfum sulfa te at the acceptabl e l ow 
concentra tion. ) 

In prepa ration for Test 1 of t he t ria l 
burn (see Trial Burn Plan , below), t~ 
t etrachloromethane/lllethanol lfquid blend 
and PCB/hexachloroethane/IIIOntllori llonite 
solids blend were fed to the i ncinerator. 
However", before the system could be brought 
to equflfbrium to start sampling, a nUIIIber" 
of mechanical problems developed , prtmar"fly 
fn the quench system of the at,. pollution 
control section. 

Afte r" repairing the quench pump and 
installing a hydrocyclone in the quench 
sump (t o reatOVe accumulations of f i ne 
par"ti cula tes being carr-ied into the quench 
sys t em f rom the SCC ), high r"ates of 
tetrachlo rome thane / raethanol were 
successfully fed to the i ncf ne,.at or" to 
ve r ify t hat t he afr pollution control 
system was functioni ng properly. 

Additionally. prelimi nar"y strck 
particulate testing with a high feed rate 
of chlodne (equal to that scheduled for 
TPst 1) revea l ed cor,.osfon of the 
carbM·s teel sound attenuator stack sec tion 
by hydrogen chlor ide. The high corros ion 
rate caused fine partic les to be emitted 
from t he stack , thus causi ng the sys t em to 
exceed RCRA particulate standards. The 
attenu11tor was subsequent ly replaced by a 
stainless steel stack section so that the 
system would comp ly "'itO RCRA when high­
chlorine feeds uere to be used. 



"""'\ At this time, after consultation with 
Region VII ma nagement and inci nerator 
operating personnel. HWERL decided to defer 
the hfgh-.chlorfne trial burn (Test 1) and 
conduct the Dtoxtn Trial Burn (Test 2) 
ff rst. Accordf ngly, dioxin-contaminated 
liquids and solids were fed to the 
focfnerator for the first tfme at the end 
of February. Additional mfnor problems 
were encount ered , and the system was shut 
down for correction. The restart run was 
conducted with mfn fmal problents and became 
the first coa~pleted Dfoxfn Trial Burn run . 

The February operation was difficult 
for the operati ng crew, u well as for the 
EPA personnel and observers, prfmr fly 
because of all the minor probl etns that 
delayed the testi ng . Entrained solids 
carryover fro111 the kfln beca~ a probl eAt 
because of its accUIIUlatfon fn the 
secondary c0111hustfon chamber fn front of 
the lower of the two fuel ofl burners. The 
MISS of solids beca•e a glass-like slag 
that interfered with the burner operation. 

J !~t:~~~~t;~u~~e~:~~:/!:~ :!a!:: 
IHIMially by chipping with a sledgehammer 
and a steel pfpe. When the burner was 
re1110ved after the completed test run, a 
large hole was found fn the internal spfn 
vant thllt induces swfrlfng turbulence to 
the gases that enter the sec. The Inconel 
(a hfgh- temperature nickel alloy) va,e 
evidently melted because of flame 
fMpfngentent that resulted -men the slag 
bufldup deflected the burner flame onto the 
vane. Because the vane was regarded as a 
crftfcal component. the syste11 was agai n 
shut down . 

• 

After consultation with fncfneratfon 
experts , a pl an was developed fn March to 
rebuild the spin vane , mal:.e minor operating 
adju stments, and continue with the Dioxin 
Trhl Burn whfl e carefully observing the 
solids buildup fn the SCC. The plan 
further ca lled for more extensive modifi­
cations during the shutdown period after 
t he t r ial bur n anC.: before the fi eld 
det'llonst rati on. 

The sec W<lS tota lly c l eaned out, t he 
nN spin vane was fa brfcatec1 and installed, 
and routine mai ntenance was perfonned 

duri ng f4arch. The incinerator was 
restarted April 1, and three more Dfoxf n 
Trial Bum test runs were executed i n a 
period of 4 days. There continued to be 
some minor problems with the solids feed 
and with solfds carrover, bu t the runs 
generally we nt smoothly. After COGipletfng 
the dtoxtn test. the Syntex lagoon sludge 
evaluation. Test 3, was conducted . The 
sludge was the first combustible solid of 
any quantity to be fed to the Mobi le 
Incfneratfon System. The test went well 
but, -men the sec was checked after the 
test , a large amount of solids was again 
observed near the spin vane. 

RCRA!TSCA/DIOXINS TRIAL BURN 

Trial Burn Plan 

The purpose of the t r ial burn fs to 
obtain data, whfch, when combined wfth data 
fr0111 the lfqufd Trial Burn fn Edfson, NJ, 
would verify that: (1) dfoxfns and other 
hazardous organfc liquid and soJfd 
~aaterfats are destroyed by incineration tn 
the EPA Nobfte Incineration System to a 
residUal ash concentration of less than 1 
ppb, and (2) the resulting stack e~~fssions 
do not pose an unacceptable health or 
safety rtsk to the surrounding 
cOMUnitfes . The trial burn was designed 
to provide data to support the issuance of 
the State and Federal penaits required for 
use of the incinerator at the Denney Fam 
site fn southwestern Missouri and t o 
provide sufficient data to enable future 
use of the EPA Mobile Inc inerat ion System 
on practically art)' hazardous organic 
11aterfa l at Superfund and other hazardous 
waste sf tes . 

At the Denney Farm site and at other 
l ocations in Missouri. dioxins , PC8s, and 
RCRA-regulated substances are stored or 
otherwise exist as lfquids and so lf ds. 
Therefore , t r ia 1 burn data on thesr 
material s fn both liqui d and so l id fo rm 
were necessary for evaluat i ng the 
perfoma nce of the HIS . EPA and State 
regula tory off ices cur rent ly requiri! trial 
burn data on bo t h lf quids and solids 
because of t he processi ng differences 
be tween liquids and solids in the kil n of a 
ki 1n·pl us-seconda ry-combusti on-e hamhe r - tYP<' 



· ~~~!~1~a;~~~td!" c~~r~ ~:!~e~ rl~~u:~c:u se 
burner and direc tly destroyed whereas 
solids must ff r st be heated by t hemal 
radiation and by contact wfth refractory fn 
a kfl n to release organi c contami nants tha t 
are subsequently destroyed. Further, 
because of the public sensftfvfty 
concerning dioxins , a special dfoxfn trial 
burn -· as applied to liquids and solids •• 
wa s requested by the EPA Dioxi n Disposa l 
Advisory Group and the Office of Solfd 
Waste fn support of RCRA regul ations 
relating to the dest ruct ion of dfoxfn s. 

The tria l bu rn program was planned to 
con sf st of t hree test s. The test s each 
consisted of th ree replicate sampling runs, 
i.e. • a t ot al of nfne smplfng periods . 
Howe ver, due to scheduling probl ems that 
arose during the trial burn , Test 1 was not 
executed. Test 1, a burn of PCBs and 
chlorinated hydrocarbons on 110nt11orillonfte 
sof 1, wf 11 be conducted at the end of the 
field deaonstratfon. The Trial Burn Plan 

~ was utensively reviewed by scfentfffc and 
J regulatory reviewers and forwted a .ajor 

portion of the RCRA/HONR penntt applfcatfon. 

1. 	 Tes t 1 
A mbture of solid heuchloroethane and 
110nt1110rillonfte (a • a.fo r source of 
bentonite ) wfth adsorbed PCB s , wf11 be 
fed to the rotary ktln. In addftton , 
t wo liquid streams will be fed t o the 
rotary kiln, one an organic liquid 
consis ting of tetrachlorome thane and 
~~etha nol having a l ow heat value , and 
the other an aqueous strea• con t at nt ng 
a portion of the organic lfqufd. The 
objective of t his test wi ll be to 
obta i n f or the MIS (1 ) a TSCA 
non-lfqufd PCB pennft , (2) a RCRA 
non- l fqufd permi t , and (3) a ACRA 
liqu i ds permft to allow the 
fncf ne ratf on of lOti-hea t -va lue organic 
li quids and contami nated aqueous 
liquids. Th fs test wi ll consist of 
th ree runs of 8-1 2 hours each to 
coll ec t the requ i red 4 cubic meters of 
stack gas samp l e. 

• z. Test 2 
Durin!) this test, 2,3,7 ,8-TCDO­
(dioxin-) contamina ted soil and clioxin­

conta i ni ng was t e lfqufds were fed to 
the rotary k11 n t o demonst rate t he 
Mobi le Inc inerat i on System's capabil ity 
of destroyi ng df oxf n at t he 99.99991. 
destruc ti on and removal effic iency 
(ORE ) l evel. Thfs test cons isted of 
f our successful runs of 8-12 hours each 
to coll ect the re quired 4 cubic me te rs 
of s t ac k gas sample. 

3. 	 Tes t 3 
Bromine-contaminated sludge wa s fed to 
the rotary til n t o deGOnstrate the 
Mobi le Incf neratfon System' s 
capabilities of cont rolli ng 
bromf ne/hydrogen bra.ide emissf ons 
while fnc fne rat f ng bromine--contami nated 
was tes . The t es t consfs t ed of t hree 
runs of 0. 5 hr each. 

Qual fty Assurance Project Plan 

Preparation ac tivities for the t rfal 
burn included the preparation of a qualfty 
assurance proj ect plan (QAPP) as required 
of all EPA-sponsored research programs. 
The QAPP focuses on the detafl s of 
col lecting, handli ng, and reporting the 
trial burn data. and results . The QAPP also 
establtshes quality crfterfa to ensure that 
the trfal burn data and results are 
technically sound and acceptable to 
regulat ory of fices . This plan underwent 
ext ensive revfew by technical experts , both 
fns fde and outsi de of the Agency, and by 
regulatory officials . The QAPP enc011passes 
two separ ate aspec t s of the trial burn: 
the opera t ion of fnc f neratfon equ ipment and 
t he coll ec t ion of routine operating data. 
The pl an also descri bes in great detail the 
col l ection and analysis of specia-l samples 
associated with t he t rfa l burn. 

The Satllp l i ng tec hniques range from th e 
very simp le (e. g•• col lec ting wa s t e water 
sampl es fo r standard analyses ) to the very 
comp lex (e.g. , coll ec ting s t ack gas samples 
fo r measuremen t of nanog ram qua ntf t if>s of 
2.3 ,7 , 8~TCDO) . The sampling and ana lysis 
plan also provides all the specific 
procedures to be used for samp le analyses. 
Standard analytical protocols are used 
wheneve r possible, but the detennination of 
2,3,7,8-TCOO in incinerator effluents 
requires Hate-of-the-art analyses to 

•,.
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'""" deoonstrate the required DRE. The samples 
were analned in two laboratories to 
provide independent verification of test 
results. Det~fled QA/QC data wer-e sent to 
the EPA Environmenta l Monitoring and 
Support laboratory f n las Vegas and to 
Region VII for review. 

Dioxin Trial Burn Results 

The feed materials for the trial burn 
consisted of dfoxfn~ontarafnated liquid 
still bottoms and soil for Test 2, and 
dioxin~ontaminated lagoon sedi~~~ent for 
Test 3. The still bottoms, originally from 
a trichlorophenol purification still. were 
blended with solvents to control the 
concentation of 2,3,7,8-fCDD within permit 
l111ftations. These solutions were analyzed 
prior to the trial burn to verify the 
2,3,7,8-TCDD concentration and to select an 
appropriate liquid waste feed rate. The 
dioxin-contaminated sofl ca..e from the 
original Denney Fa"' trench and had been 
kept in a covered concrete basin .as loose 

J ~~; t~:~ =~ =~~s=!~~~:l!nd:~~~l ::o 
the soltds feed system. The lagoon 
sediJtent came from an industrial waste 
stor-age lagoon in Springfield, MO, and 
contained low concentrations of b~fnated 
naphthalenes and 1-20 ppb 2,3,7,8-TCOO. 
This sedi111ent was stabilfzed with calcium 
oxide and tr-ansferred to the Denney Fam 
site fn 55-gallon dnnts for processing. 

• 

The incinerator operating conditions 
dur-fng the Otoxfn Trtal Burn were 
essentially the sa~~~e as those during the 
previous liquid Trhl Burn successfully 
conducted in New Jersey {Table 4). Waste 
liquids and solids were fed to the rotary 
kiln. The solids were retained fn the 
rotary kiln, operated at gas exit 
temperatures of 9450 to gssoc, for 
approximately 30 min before being 
dischar-ged into drums. The solids achieved 
approximately 7500C upon dischar-ge . The 
gases from the COI!Ibustfon of wastes flowed 
into the secondary combustion chamber where 
they were heated to 11500-12300C. In 
the secondary chamber, the combustion gasP.s 
were mixed with excess oxygen (a ir I (to a 
con t rol level of 4-7\ 021 and were 

retained for- 2. 4 to 3 seconds. (The 
greater- retention tfae was caused by the 
operation of the incineration system at low 
gas flow rates to minfmfze particulate 
carryover- from the kiln fnto the sec.) The 
combustion gases then passed t hrough three 
stages of air pollution control equipment 
used to cool, fflter, and remove acid gases 
(by-products from the c001bustion of wastes) 
and par-ticulate 11atter (primarily from the 
solid wastes processed). Other process 
effluent stre111s (kfln ash, CHEAF mat. and 
purge water) were collected and analyzed in 
accordance with delfstfng guidelines and 
the Trial Burn Plan to determine whether 
al'l)' hazardous Materials were discharged 
from the incineration system. 

The perfonnance of the incinerator 
during the trial bur-n was accur-ately 
detennined by 110nftorfng all feed and 
effluent stre111s. The performance criter-ia 
for Test 2 were the ORE for 2.3,7,8-TCOO 
and the particulate ecnfssfon rate (Table 
5). Bro~~fne emission control was monitored 
during Test 3, and the incinerator 
demonstrated exceptional performance in 
destroying organic waste materials . This 
ability has now been demonstrated on both 
solid and lfqufd waste 1111ter-ials . Jn fact. 
the incinerator's performance is actually 
better than that reported since the actual 
ecnfssfons were lower than what 1s 
ateasurable by current sampling and 
analytical technology. No 2,3.7,8-TCDD was 
detected in the stack. using s tate-of-the­
ar-t hfgh resolution mass spectrometry. The 
lowest ORE for 2,3,7,8-TCOD uas 99.999973\; 
the best ORE measured dur-ing the trial bur-n 
occurred fn Test 2, Run 4. which had the 
greatest analytical sensitivity (;able 6). 
The ORE for this run was 99. 99999S~ , which 
was twenty times better than State and 
Federal requirements. Although the spin 
vane probably failed prior to Test 2, Run 
2, the results 111eet all pemit requirements. 

Some problems were encountered with the 
measured levels of particulates in the 
stack, with one run of four befng somewhat 

!~~:~cc:s ;;_f0~~~ R~~~s s!!~d~~:s~~~~!~~ly 
attributed to a bufldup of submicron-si zed 
particles in t he mass transfer scrutober, 
the last element in the air pollution 
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"' TABLE 4. MOBILE 

~ar-ameter 

Rotar-y kiln 
outlet gas temperatur-e, OF 
pressure, fn. H20 vacuum 
combustfon afr flow, scfe* 
atomization afr flow, scfm 
dfesel fuel flow, lb/hr­
lfquid waste flow, lb/hr 
solfd waste flow, lb/hr 
ash discharge rate, lb/hr 
gas resf de nee tf.e, sec 
excess afr level, S 

Secondary Coabustfon ChaMber 
outlet gas teaperature, OF 

~;-,::~~~~n f:frH~o::c~~•• 
dfesel fuel flow, lb/hr 
gas r-esfdence tiMe, sec 
oxygen, vol . s 
carbon dfoxfde, vol. S J: carbon 110 noxfde, vol. ppm 

().lench System 
process liquor pH 
quench recycle flow, gal/•fn 
ukeup water flow, gal/llfn 

CHEAF 
process lfquor pH 
CHEAF recycle flow, gal/Mfn 
pressure d1 fferentfa l. in. HzO 

HX ScrtJbber 

process 1f quor- pH 

HX recycle flow, gal/~~tfn 


Stack 
tmperature, Of 
pressure, fn. HzO 
gas flow rate 1 dscfm 

INCII/ERAT!ON SYSTEM OPERATING CONDITIONS 

Test ~ Xver-ase fest ~ Xverase 
Run 12 Run 13 Run 14 Run IS 

1,650 1,600 1,678 1,729 
0. 7 0.3 0 . 2 0.3 


1,029 923 1.177 1,056 

79 89 90 89 


104 45 106 45 

233 236 234 247 


1 ,158 1,363 2,068 1,322 

933 989 1,531 1,105 


2.30 	 2.99 2.05 2.35 

57 48 43 49 


2,178 2,190 2,187 2 ,196 
0.8 0.4 0.7 0. 8 

857 717 758 932 

211 178 202 238 


2.56 3.18 2.49 2.55 

7. 70 6.97 6.44 6 .42 

10.9 11.3 !1.4 11.1 
4.1 2. 0 2.3 2.5 

8. 7 8. 9 8 .6 8 . 3 

45 46 41 50 

12 7 9 9 


8.6 	 9 9.8 9.1 

17 9 13 13 

19 13 15 16 


8. 7 8.5 8.6 8. 7 

127 171 163 161 


164 168 179 171 

+0.62 +0.59 +0.59 +0. 59 

3,649 2 ,876 3,167 3,299 

Runs1.2.&3 

1,587 
0.1 

1,098 

90 

60 


0 

973 

463 


2. 33 

52 


2,172 
0. 7 


1,041 

251 


2. 35 

7.55 
11.0 

3. 5 


8.0 

54 

12 


8.8 

15 

16 


8. 6 

14 5 


173 

+0. 54 

3 , 361 

:-· :II •s-li:g•I 
~a:~. ~I 
I ~:e-:cl 
~;.•IC!:J 
·!"~·I... • :3 

g=! •I 
I ~==·I ~··.= 

.. 
" "''" 8~ 
~" ..~:: .. ,.
:lo.. " " ~= 0,. 
" 

•...
-
8
.. 

*Co111bustfon gas r-etention time and excess ,fr levels calcuhtPd by 111aterhl balance . 

•pt/ 56070 :01530 



TABLE 5. TCOO AND PARTICULATE MATTER EMISSION SUI+IARY 

PArameter Permit Test 2 
 Test 3 

Lfm1t ~un i2 Run i3 Run 14 ~un iS Coob1ned 


Waste Feed Characterfstfcs 
liqufd waste feed 


total flow, lb/hr 233 236 234 247 

2,3,7,8-TCDD cone., ppm 400 249 357 264 225 

2,3,7 ,8-TCDD feed rate, g/hr 27. 2 26. 3 38.3 28.0 25.2 


solfd waste feed 

total flow, lb/hr- 2,000 1,158 1,363 2, 068 1,322 973 

2, 3,7,8-TCDO cone., ppb 101 382 1010 770 

2,3,7 ,8-TCOO feed rate, g/hr 0.05 0.24 0.95 0. 46 


Perfon~~~nce Standards - Stack 
ORE for 2,3,7,8-TCOO 


etnfssfon rate, ~~~g/day 0. 169 0. 127 0.031 0. 064 

ORE, t 99. 9599 99.99997 99. 99998 99. 99999 99.99998 


b ro~~fM tt~~fssfons 
Mission rate. ltg/hr 0.1 2 

reMOval efffcfency , S 99.0 


,-. articulate •atter 

emfssfo n rate, • g/ta3 e 7S Oz 180 134. 3 147.3 145.6 201 . 5 


=­8
.. 
pt /56870:01 530 
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TABLE 6. RESUL TS OF MISSOURI TRIAL BURN 

Parameter Pemft Test Number 
lfmft '~22 2-3 2-~ 2-S l-1 ,2,lb 

!"~I 
n ;r
!'I:!!' 

!l."'fi-..,1
f"t:t;:-g. ·I .... !: :3 

! =.. •I
I g.:!: ii l a · • & 

. I 

!; 

"''" 

Ki l n 
tt'tnp . , OCjOF 

sec 
t"'P·, OCfOF 

~~: ;~{ : :pM 
retention t fme , sec 

HCl ret110val efff cf ency , S 

DRE , S 
2,3,7,8-TCDOC 

P•;:~~~~e~~sfDn rate, 

•pt /56R70 :01830 

1400/1900 900 870 910 940 860 

2050/2400 11 90 1200 1200 1200 11 90 
4 7.1 1. 0 6. 4 6. 4 7. 6 
100 4.1 2. 0 2.3 2. 5 3.5 

2.5 3. 2 2.5 2.6 NC 

99 NA NA NA NA 99. 0 

99. 9999 99. 99 991 99. 99998 99. 99999 99 . 99998 

180 134 147 146 202 

~~ 
:!lc 
~ .. 
~~ 
"' " c 
i:Hil 
""' 0 

"' " 

•..-8.. 
~ Test 2 - stil lliqufd feed TCDDooContlllfnated trfchlorophenol bottoms 

solf d feed - TCDD/trfchl oropheno 1--contamf nated sofl 

b Test 3 liqufd ff'ed - fuel oil 
solid fred - TCOD and bf'OIRfnated naphthalene--contaminated lagoon sludge 

combined results for three 0. 5 hour run s 


c 2,3, 7,8-TCDD • 2, 3, 7,8-tetrachlorodf benzo-p-dfoxf n 


NC - not calcula t ed 


NA - not ana l yzed 




· ~ontrol train. {A 50 um cartridge filter 
~tas installed on the water recycle system 
for the mass transfer scrubber, and 
subsequent particulate testing was 
conducted fn the stack during the field 
demonstration wtttl results well below the 
RCRA particulate l1111fts.) The CO emtssfon 
values were equivalent to those from the 
best available fncfneratfon technologies 
and were indfcatfve of very complete 
combustion. 

The resu l ts of Test 3 were also 
satisfactory fn that no bromine or chlorine 
was detected fn the stack gas. 

FIELD OEIIONSTRATION 

A nuaber of activities retRai n to be 
cmpleted as of thfs writing (January, 
1986), fncludfng the field de110nstrat1on 
and Test 1 of the trial burn. 

The objective of the field 
dMOnstration 1s to detemfne the rates at 

Jtt~~~d:a~~:u:0~~:sc:~ :!o~!~1~~~a~:!ated 
s.yst:M and deconta111fnated. In addition to 
evaluating the capability of the Mobile 
Incineration Systea, the demonstration wfll 
result fn the cleanup of the •ajority of 
dfoxfn-contlfllinated ~~aterfal fn south· 
wstern Missouri. The specific materials 
to be incinerated are shown in Table 7. 
which includes the quantity and esti=ated 
dfoxfn concentration for each Material. As 
of January 10, 1986, •ore than 1,700, 000 
pounds of solids and 140,000 pounds of 
liquids have been incinerated. 

FINAL REPORTS 

The final report will evaluate the 
eco110111ic, technical, and fnstftutfonal 
viability of 'I!Obile incineration, and wfll 
fnclude a feasibility analysis of a lar!)er , 
"transportable• incinerator. Preliminary 
analyses are presented here based on 
results to date. 

Economic Factors 

The economics of on·sfte cleanup are 
complex And do not lend themselves to 
simp le cost estimating approaches. The 

concept of a mobile inci neration system 
comes wf th inherent constraf nts that must 
be observed during the design, engineering, 
and operation of the system. In order to 
be 1110bf1e, maximum sfze and wefght 
lf111ftatfons are imposed on the equipment 
desfgn. Thus, the MIS 1s dented the 
..economies of scale, • fn that an equivalent 
crew size could be used to operate a 
stationary (or transportable) system that 
has a much 1arger throughput. On the other 
hand, one crew could potentially operate 
two or 11ore DIObile units on the same site. 
Since l abor is a substantial portion of the 
operating cost, increasi ng the capacf~ (by· 
i ncreasi ng either the size or the ntnAber of 
systems, or by 110dfftcattons to the design) 
sfgnff fca ntly reduces the unit cost of 
waste material dest royed. 

Other factors that affect the econo~~ics 
of the syste111 are: (1) heat and •ofsture 
content of the 11aterial being processed, 
(2) the operating factor, or percentage of 
tf11e that the systeta fs able to process 
material once it has been set up, checked 
out, and put on strea11, and ( 3) setup costs 
and the duration of a given operation. 

A detailed procedure for estimating the 
unit costs of a mobfle incinerator or any 
other complellt on·site treatment system will 
be presented as part of the final report. 
Thfs procedure can then be used to compare 
candidate technologies for Superfund use, 
thus assuring that all key ele~:~ents are 
included in the comparative estimates. 

Technical Factors 

Design and operati ng decfsfons- can 
significantly affect reliability, operating 
factors and, therefore, costs. The 
shakedown for the trial burn in Missouri, 
as nCited above , was conducted during 
Januery t hrough March, 1985. These 
experiences indicate that carefu l planning , 
conservative designs, a full comp 1ement of 
spare parts, and adequate redundancy are 
necessary ior success ful field operations. 

As a temporary facility, the 11JS 
insta11ation did not incorporate man)' 
features found in a pennanent facility, 
such as a high·qual i ty access road or 

•,.
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.·; TAB LE 7. MATERIAL TO DE INCINERATED DUR ING FIEL D DEMONSTRATION 

Mat eria l Est imated Ouant tty 2,3, 7,0-TCOO Cone . 

enn ey am 

HOB soil 
mixed solvents and water 
chemical solfds and soils 
dr um remna nts and trash 

210 cu ydl 
2590 ga l 
31.150 lb 
84 BS·gal overpack drums 

500 ppb 
low 
l ppb -2ppm 
Unknown 

Verona 

hexene/f sopropanol 
~~~ethanol 
extracted still bott011s 
activated car-bon 
deconta111f natfon solvents 
sodfu11 sulfate salt cakeb 
•f scellaneous tr-ash 

10,000 gal 
5,000 gal 
5,000 gal 
5 ,000 lb 
1,000 gal 
23 cu yd 
84 SS·gal drums 

0. 2 ppm 
ppt 
0. 2 ppno 
Unknown 
Unknown 
1 ppb 
Unknown 

Neosho 

J 
spf 11 Area soil 
bunker soil/rest due 
tank asphaltic material 

282 cu yd 
15 drums 
75 ga l 

60 ppb 
2 ppm 
2ppno 

Erwfn Farfll 

cont~~a~tnated sotl 
loose soil 
cont•fnated 1fquid 
conta111f nated trash 

1264 dn.s 
160,000 lb 
18 drums 
16 dNIIS 

8 ppb 
8 ppb 
Unknown 
Unknown 

Rusha Farm 

spill area soil 
contamf nated 11 qu i d 
con t ami nated t ras h 

31.5 cu yd 
1 drUI!I 
2 druns 

Unknown 
Unknown 
Unknown 

Ta ll ey Farm 

spil l area soil 
contami nated liquid 
contaminated tresh 

176.5cuyd 
6 drt.IIIIS 
16 dNIIS 

6 ppb 
Unknown 
Unkno\ffl 

Eastern Mfssour1 

Time s Beech so il sample 
Piazza Road soil samp le 

J cu yd 
J cu yd 

500 ppb 
1600 ppb 

a 1 cu yd • 1 t on (2000 l bl 
b Wfl l not ht> inci nerated . 

pt/ 56870 :01830 



~lectri c line power. lack of such features 
h tarded progress during adverse weather 
conditions. Each sfte will have fts own 
unique conditions that mu st be acconwnodated 
to reduce system downtime. The cost for 
spec1ffc site and equipment improveme nts 
must be 'wefghed against system downtime 
costs. This trade-off also applies to the 
numbtr of spare parts and the quantity of 
backup or standby equipment t hat fs 
available. 

In general, however, t he technology 
elen~ents for on-site cleanup by 
incineration are currently avaflable and in 
conmon industria l use. There are no exotic 
or high technology elements fn the MIS . 
The results of' the ffeld demonstration will 
include sugges t ions or design improvet~~ents 
that could be made by future, prfvate 
sector incinerator wners. 

Comparison with the Transportable 
Incfnerator 

Although the EPA Mobile lnctneratfon 
J	 systeat hillS clearly demonstrated the ability 

to destroy lfqufd and solfd hazardous and 
toxfc organic wastes, its relatively low 
capacity severely limits fts use for the 
•assfve task of cleaning up the III,Yrfad 
abandoned hazardous waste sites already 
discovered. Since the capacfty of a single 
1110bf le f nci neration system cannot be 
sf gnfffcantly increased without the loss of 
-.obflfty . developcnent of a 110dular. 
transportabl e incineration system appears 
to be a l ogical alternative for increasing 
capacity. Such a system would be ·· 
transported to a site, assemb1ed and 
operated on-stte. and then dismantled and 
transported to anothtr sfte. Accordingly. 
a project wa s underta ken i n 1984 to exami ne 
the technica l, admfnfstrattve, and economic 
feasibility of the use of modular, 
transportabl e incineration systems for the 
destruction of toxic organic llfastes at 
Superfund sites in the US . The operating 
pr~fse of such a system is that it will: 

o 	 have a capacity of 5-10 times th~t 
of the EPA Hobi le Inci nerat ion System 

o 	 be operated on a very large 
Supe rfund site for 1-3 yea rs 

o 	 be constructed from currently 
avatlable sys tem components. 

A rotary kil n with a secondary 
combustion chamber appears to be t he most 
suitable type of 1ncfnerat1on equipment for 
handling the broad spectrum of hazardous 
materials at Superfund sftes. A 75 HM 
Btu/hr system is presently estimated to be 
the l argest incineration system that could 
be transported without extensive field 
fabrtcatfon. 

Two key variables that affect the 
systee econo~~ics are pri• ary and secondary 
caabustfon chamber temperatures and the 
t,ypes of wastes. A higher tec~~perature 
operation requires more auxfliary fuel than 
a lower tecperature, especially when only 
low fuel~value waste is avafllble as would 
be the case at 1110st Superfund sites . 
Therefore, if PCBs or dioxins are not 
present or are handled separately. 
significant opera ting economies could ensue 
by operating at lower te~~peratures. 

The estf~:~ated cost for incinerating 
waste 1111terfals with a •odular 
transportable system ranges from S52/ton 
for conta111fnated soil at the lower set of 
tea~Perature conditions up to $561/ton for 
fndustrfal solid wastes at the set of high­
tettperature conditions . These estimates 
include capital and operating costs. Waste 
excavation, transportation. and other 
non-direct costs are not inc luded. 

FUTURE USE OF THE HIS 

Further use of the EPA 14ob11e 
Incineration System, after the fie1d 
demonstration at Denney Farm, will be at 
the direction of the EPA Office of Solfd 
Waste and Emergency Response. 

The intention of future operations with 
the MIS is more to encourage 
CO!Mlercfa lfzation of on-site c leanup 
technologies than it is to use the- system 
consistently for c leanup activities . As a 
result of EPA experiences and operating 
information , the private sec t or will likely 
buil d improved, more reliable, large r 
capacity, lowe r cost systems of at least 
equivalent perfomanc~ for use in rout i ne 
cleanup ope rat ions . 
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