12

MSW Burning

Sawell, S. E., Bridle, T. R. and Constable, T. W., “Heavy Mctal
Leachability from Solid Waste Incinerator Ashes,” Waste Management &
Research 6, 227 (1988).

Theis, T. .. and Gardner, K. H., "Environmental Assessment of Ash
Disposal,” Critical Reviews in Environmental Control 20, 21 (1990).

Van der Sloot, H. A., “Leaching Behavior of Waste and Stubilized Waste
Materials; Characterization for Environmental Assessment Purposes,” Waste
Management & Research 8, 215 (1990).

Wadge, A. and Hutton, M., "The Leachability and Chemical Speciation of
Selected Trace Elements in Fly Ash from Coal Combustion and Refuse
Incineration,” Environmental Pollution 48, 85 (1987).

. Kilgroe, J. ). and Finkelstein, A., "Combustion Characterization of RDF

Incinerator Technofogy: A Joint Environment Canada-USEPA Project,”
Proc. International Conf. on Municipal Waste Combustion,  5A-65,
Hollywad, FL, April, 1989.

. DeGroot, G. ). et al., "Leaching Characteristics of Selected Elenwents lrom

Coal Fly Ash as a Function of the Acidity of the Contact Solution and the
Liquid/Solid Ratio,” ASTM STP 1033, 170 (1989).

-2. Himmelblau, D. M., and Bischoff, K. B., "Process Analysis and Simulation,”

Ch. 4, ). Wiley & Sons, 1968.

EPA/600/A-94/013

11

INITIAL SCREENING OF THERMAL DESORPTION
FOR SOlI. REMEDIATION

Jumws ). Yezzi, Jr. and Anthony N. Tafun
LS. Enviconmental Proteclion Agency
Fdison, NJ

Scymour Rosenthal
Foster Wheeler Enviresponse, Inc,
Edison, NJ

William 1.. Troaler
Focus Environmental, luc.
Kuoxville, TN

INTRODUCTION

Petroleum contaminated soils - caused by spills, leaks, and accidental discharges--
exist at many sites throughout the United States. Thermul desorption technologics
which are increasingly being employed to treat these soils, have met soil cleanup
criteria for a vanety ol petroleum products.

Cursenlly the Unied States Environmental Protection Agency is finalizing a
technical report entitled Use of Thermal Desorption for Treating Petroleum-
Contaminated Soils to assist 5 hal praject gers, sile owners, remediation
contractors, and equipment vendors in evaluating the use of thermal desorplion
technologics for petinlcum: contaminated soil applications. The completed report
will be available from the Center for Environmental Research Information (CER1)
by June 1992.
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CONTENTS OF TECHNICAL REPORT

The report will discuss the following aress:

® Thermal desorption theory.

® The selationship of thermal desorplion spplicability, operations, and
efficiency to site, contaminant and soil characteristics, as well as the eflects
of regulatory requirements.

® Commurcial thermal desorption systems.

® Operating costs for thermal desorplion systems.

Comprehensive uppendices to the report serve as an eacyclopedic sonrce with
detailed discussions on related topics; for example:

® Thermad desorption theory.

® Site, contaminant, and soil characlciistics, and their impact on thenmat
desoiplion applicability.

® Repulatory issues affecting the permitting and  operation of  thermal
desorplion systems.

® Commurcially available thermal desorption systems.

® Project task lists for use of mobile and fixed-based systems.

® Estimation of costs for using mobile or fixed-based thermal desorption
systems.

® Comparison of thermal desorbers 10 incinerators.

THREE-{.EVEL SCREENING METHOD

The report will also present a three-level scicening method 10 help a reader predict
the success of applying thermal desorption at a specific sitc. This method utilizes
a series of worksheets that will assist the reader in accomplishing the following
activilies:

® Performing an initial assessment, based on limited data, (0 determine the
applicability of thermal desorption for a given application.

® ldentifying thermal desorption and off-gas treatment system requirements,

® Developing an overall cost estimate for treating a sile using thermal
desorption.

The objective of screening level one is r determine the likelihood of success
in a specific application of thermal desorption. It will take into account proceduses
for collecting and evaluating data on site characleristics, contaminant
characteristics, soil characteristics, and regulatory requirements. This fevel will
establish whether or not thermal desorption should be cvaluated bnther for site
remediation, whether treatment should occur on-site or off-site, and if on-site is
a visble option, what system size will be most cost-effective.

Screening fevel two will evatuate aliernative thermal desorption technologies and
factors such as the type of unit operations and operating conditions that are
required to achieve specific cleanup criteria. it will also identify the imost viable
equipment alternalives.

Screening level thiree will guide in the preparation of an economic evaluation
of the treatment altcinatives selected in the first two levels. It identifies project
tasks that must be conducted and provides lypical cost factors for treating
petrolcum conlaminated soils by thermal desorption technologies.

The scope of this paper addresses only screening level one which provides a
prelinimary assessmcent of the applicability of thermal desorption to a particular
sile. This topic encompasses worksheets that are an integial part of the “user
friendly " screening process. Level one screening provides a foundation for the
subsequent two levels which follow a similar “user frieadly” worksheet approach
10 evaluating thermal desorption technologies and establishing costs for thermal
desorption in an overall remediation project.

Figure | illustrates the three-fevel screcning method presented in the report.

The screening lusel one warksheets are developed to simplify the evaluation of
thermal desoiption cllectiveness and are based on th collection of limi'ed data.
The worksheels do not constitute a desiga manual, nor 8 final basis for cheosing
thermal desorption as a 1emedy. They provide & pre-selection screening method
10 determine il the wiilization of thesmal desorption to a particular site warranls
further consideration.

LEVLEL ONE SCREENING

The st level ol sereening describes six steps for collecting and evaluating key
data that will sffect the application of thenmal desorption st a specilic site. These
data are delined as “critical success factons. ®

The worksheets in the repost guide the reader through the six steps:

b Data collection.

2. Waste classification.

3. On-site versus off-site treatment selection.
4. Critical suceess factor evaluation.

5. Contingency planning.

6. Trealment system selection.

The initial sceeening accomplished by these six steps limits the aumber of
allesnatives that will be subjected to fusther screening levels.

STEP 1: DATA COLLECTION

This lirst step in sereening level one invelves the collection of data in four majos
calegories:
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Figure | Thermal desorption cvaluation decision disgram.

® Contaninant charactenstics
® Sie charactenstics

® Regulatory requirements
® Soil charactenstics

Table | details these types of data. The method limits the number of parametess
in the screening analysis in order to minimize the time and cost of the evaluation.
The source of these data, reguired to complete the critical success factor
evaluation, generally include limited field investigations, standard analytical tests,
or published sources. The report appendices contain detailed information regasding
the potential impact of each item presented.

STEP 2: WASTE CLASSIFICATION

This second step m level one screening uses the data coflected in the fust step to
conflirm that the site is appropriate tor fusther evaluation. The report focuses on
the cleanup of petroleum-contaminated soil as a non-RCRA and non-TSCA waste.
The Hlow chart v Figure 2 provides a decision tree for classilying the
contanunated soil and confieming the applicability of the report. The appendices
n the seport contaun detailed explanations of each element in the How chart.

STUP 3: ON-SITE VERSUS OFF-SITE TREATMENT SELECTION

Figure 3 presents a decision diagram to compare the economic electivencss of on-
site or otf-site treatment. This figure is only a screening tool; 1t is not a substitute
for a detailed economic analysis of altemnatives. The report discusses ceonomic
analysis in depth as a separate topic.

STEP 4: CR{TICAL SUCCESS FACVIOR EVALUATION

In this fourtly step. workshects address each critical success lactor. Compleling
these worksheels cmploys simple qualitative and/or guantitative methods for cating
each factor acconding to the probability for the successful application ol thermal
desorption. The losm ranks cach factor as having a least, average, o highest
probability tor successtul wse of thermial desorption.

Example - Calculation of the Probability of Success
Table 2 cont ple of a o } critical success factor screening
evalution for an on-site application. The remedial manager first defined the
critical contaminant as well as the site, regulatory, and soil charactenistics. The
manapcr assunied that an on-site cleanup of 800 tons of soil contaminasted with
No. 6 fuel oil will occur at a 1.25 acre commiercial retail facility in a state having
the as b criteria pr tled in the example. The contamination al this site
resulted from a leaking underground storage tank. The TPH concentration is
12,000 mg/kg and metal concentrations do not exceed state or focal citeria.

an ex Loof
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Table 1 Thermal Desorption Data Requirernents Critical Success Factors

Data Collection

Charactenstic Rationale Source l Method**
C foY
Petroleum product type Sei of required soud Owner's knowiedge of tank usage Sits owner
iemperature intecview
Concenuation of TPH in Determi of and disp Ansiytical dau from sol boning EPA 418.1 is
vonuamnated soil requirements under state and local sampics o commoa
I gul ! of req soil method, state
h ™ and resid tme. and Jocal
! potentisl 10 exceed lower explosive tequirements
I limuts 1n i d P may vary
, device. !
l T
[ TCLP extract M | may be classified as a RCRA Analyucal dats tfrom sou bonng EPA 1311
; >t metais or organucs (lead hazardous waste 1f TCLP extract samples (sxtraction)
! ‘rom ieaded gasouine is <oncentrauons exceed values histed in 40 EPA 6010
most ikely vontamunant) CFR 281. Exswusions appiy tor wastes from (metals) EPA
underground storage wnks thatl are sudject to 8260 (volatile
the RCRA C. ¢ Acuon req organics) EPA
in 40 CFR 280. Sce flow chart in Figure 2. 8080
. If matenal 1s a3 hazardous waste. this (semivolstile
| Tecamucal Repont 13 not applicable. organics)
|
I Concentration of PCBs 1n 1f PCBs are present at 2 concentration of Anslytical dau trom »0ii bonng EPA 8080
| :ontaminated sotl greater than 50 ppm. the waste 13 subject to samples
TSCA reguisuons and this Teshnicat Repont
:$ POt apphicable.

Table 1 Thermal Desorption Data Requirements Critical Success Factors (Coatinued)

Dau

Collection

Charactenstic

Rationale

Source

Method™”

Data Requirements Critical
Success Factors
Totsl metals concentration
(As. Bs, Cd, Cr, Pb, Hg.
Se. Ag)

State and locsi reguistory requirements for
or di i of d soil.

Anaslytical data from sou bonng
sampies

EPA 3050 (scid
digestion) EPA
6010 (metals),
meet with
regulatory
agencies

Contaminant source

Exemptions apply for wastes that exhibit the
RCRA charactenisic of toxicity codes DO18-
D043 if the wame is from s leaking
underground storags tank that is subject to
the C. ive Action Requi in 40
CFR 280. Ses fiow charn in Figure 2.

[dentificstion of comaminan source

Contaminated soil quamtity

Soi} bori ioa of

Selsction of on-its versus off-site

:ou.-n';fm. 20il cleanup critsria

Uss spproved
asalytical
methods from
SW-346

Site usage

Project comt estimate sbould includs revenus
loss from normal site sclivities.

Reverue loss each day that site is
out of servics

Sise owner's
CoRt satimate

Openatonal area avauabie

Must be surficient 10 set up snd operate
p quip and meintain feed and
trestad souls mockpile (ca-sits treastment
oaly).

Plot pian drawing of area available

for operaticns

Site survey

o benivmy s sy

ot

[l Te RUITTFITT]

o e O S
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Table | Thermal Desorption Data Requirements Critical Success Factors (Contmuea)

Data Collection
Charactenstic Rationale Source Method*®
Surrounding iand use Adjoirung land uses such a3 scbools. parks. Map showing surrounding iand uses | Site survey
health care facilities. or dense urban
development may preclude on-site treatment
| Disuance to stauonary Potential cos of soil transportation. 1 of Y& 1 Contact state
thermal desorpuon facility evaluation of on-sie versus off-site desorpuion facilities in geographical gulatocy
foff-site treatmem only) treatment opuons. area agency
Ambient temperature Frozen so1l is difficult 10 P g temp at time of Weather of
and p 1a th | devi U.S. Cities,
Vol l &2,
Gaile Ressarch,
Detroit,
Michigan,
198S.
Reguisiory Requiremeats
! . .
: No. of perrruts required Total perrmutting cost (on-site treatment Review of sate and local Meet with
! only). requirements regulatory
gencies
i Jue specilic performance Testing costs and project schedule 1mpacts. Review ot state atd local Meet with
1 i¢sUNg requirements including anaiyucal tur d (on-s q reguistory
t treatment only). agencies
‘ TPH target remdual level Sail ume and temp Review of siate and local Mest with
: requirements. soil disposal alternatives. requirements regulstory
agencics

Table 1 Thermal Desorption Data Requirements Critical Succees Factors (Continued)

Data Collection
Charactenstic Ratonale Source Method*™
BTEX target remadual level, Soil ume and teop Review of state and local Meet with
g soil disposal al qui regulatory
agencies
Transportauon restrictions Some states may restrict off-site Review of sate and local Mest with
> ion of petrol inated q cegulatory
soils. agenciss
Soil Charactestics
Moisture content M Is bandling properties, drying duty of | Analytical dsta from soil bonng ASTM D-2216
thermal desorption process sampies
Soil clamsification (coarve Massrial size redx q Analytical dats from soil boring vscs
greined eoils) moples
Soil ¢lassification (fine Material carryover from TD device. material | Analytical data from soil boring Uscs
grained soiis) plasticity charsctaristics. mmples
Soil classifs ) P ial for TPH anslysis inserfs Analyucal data from soil boring uscs
oils) b of lly ing org samp}
mansr

*' SW-846 - “Test Methods tor Evaiuaung Soiid Wastes. PhysicaisChemmucal Methods”

Mathods 6010, 418.1, and 1311 are analytical metbods described in SW-846.

Methods ASTM D-2216 is an

1 1 rnathhend A had A - 13

Y m

® USCS - Unified Soil Classification Symem.

U.S. EPA. SW-846. Third Edition. November. 1988.

iety for Testing and Matsrials (ASTM), latemt approved method.

wondioso(f ouadit el

o1 uwondiosacy jouuayy
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Figure 3 On-site vensus off-site treatment decision diagram.
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Table 2. Example of Thermal Desorption
Critical Success Factor Evaluation

Table 2. Examphk of Thermal Dx sorption
Critical Success Factor civaluation (Continued)
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Tuble 2. Example of Thermal Desorption

‘Table 2. Example of Thermal Desorption
Critical Success Factor Evaluation (Continued)

Critical Success Factor Evaluation (Coatinued)
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regiirad (ovabuase v on-im
DI) Heanciorciunadione 0.3 {mphy N> [ev—,
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Benzenc concentsations in the leschale exceed the TCLP standard. Maoderate
regulstory considerations require three permits, little or no performance lesting,
and residual target levels of 50 mg/kg TPH and <2 mg/kg BTEX. The soil is
fino-grained inorganic clay with a moisture content of 22%.

Using the site valucs recorded on the example worksheet, the reader calculates
the appropriste score fos each critical success factor. A scorc of 3 has a “highest®
probability of success; 2 indicates *average”; and | is the “least likely to
succeed.” In some instances a particular success factor may not bhe applicable to
an altemative, or data may not be available. Duplicate ev luations must consi
on-site and off-site treatment separately, since several data factors apply to only
one of these altematives.

An evaluation summary appears at the bottom of the worksheet. By calculating
the fotal score for all categories and dividing by the number of factors that were
rated, the reader can compile an overall coniposite score. This score indicates the
probability for success in this application of thermal desorption.

The composile score is a relative indicator of technical difficulty and treatment
cost. Sites that receive a composite score greater than 2.0 are the most technically
and economically viable candidates. Treatment costs for these applications will
geoerally range from $35 to $65 per ton. A score helow 2.0 indicates lower
visbility and higher costs ($65 to $125 per ton). ’

The data in this worksheet compiled a total score of 38 from 17 rated
parameters, with an average score of 2.23. This score warrants further
consideration of thermal desorption. The manager should continue through the two
sdditional screening levels.

STEP 5: CONTINGENCY PLANNING

The reader can use Table 3 to prepare contingency pluns for any critical success
factors with & “least” probability for success. In many cases, enginecring of
administrative procedures can mitigate the possible cffects of a parameter with a
"least” probability rating.

STEP 6: TREATMENT SYSTEM SELECTION

Figure 4 contains a diagram for determining the most cost-effective size of thermsl
desorption equipment as a function of contaminated soil volume st a site. A
vertical line drawn from the site size value on the x axis will intersect with one
of more hosizontal operating rango bars thal represent various sizes of treatment
oquipment. The systems identified (hy the intersection of the fine with bars
ropresenting them) should continue on to second and third level screening.

Thermal Desonprion {51

Table 3 Crilical Success Factor Contingency Analysis.

Characteristic

Reason for impact

Contingency plan

Contaminant
Charactesistics

Petroleum product
type

Petroleum product
requites high treatment
lemperature.

Selection of thermal
desorption devices
with appropriate
operating temperature
range.

Concentration of
TPH in
contaminated soil

High (>2-3%)
concentration of TPH
in contaminated soil
may cause
concentration of
organics in thermal
desorption offgas to be
above lower explosive
limit for directly
heated thermal
desorption devices.

Blend highly
contaminated soil with
lower TPH
concentration soils 1o
reduce averall average
concentration or use
indirectly heated
thermal desorption
device.

TCLP extract
concentration of
metals or organics

Concentration of
parameter in TCLP
extract exceeds

Matersial must he
handlcd as a RCRA
hazasdous waste.

criteria. Technical Repont does
not apply.
Total metals Exceeds state Use altemative treated

concentration
(As, Ba, Cd, Ph,
Hg, Se, Ag)

regulatory criteria for
preferred (reated soil
disposal altemnative.

soil disposal option or
stabilize treatel
malternial.

Concenteation of
PCBs in
contaminated soil

PCB concentration
greater than 50 ppm.

Material must e
handled as 8 TSCA
toxic waste. Technical
Report does not apply.
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‘I'shle 3 Critical Success Factor Contingency Analysis (Continued)
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Table 3 Crnitical Success Factor Conlingency Analysis (Continuod)

Characteristic

Reason for impact

Contingency plan

Characteristic

Reason for impact

Contingency plan

Site Characteristics

Contaminanted soil
quantity

Small quantity of soil
(< 500 tons).

Large quantity of suil
(> 10,000 tons).

Use off-site treatment.

Use on-site realment.

Site usage

Revenue lost from
site’s normal
commercial operations
because site is out of
service.

Use off-site treatment.

Regulatory

Requirements

No. of pernmts
required

Permitting cost.

Use off-site

treatment. Performance
testing cost. Use off-
sile treatment o1 use
stack testing dat) from
similar application if
appropriate.

Operalional area
available

Insufficient operational
area available for on-
site treatment (Note:
area reyuired depends
on capacity of mobile
thesmal treatment
sysiem).

Use olf-site treatment.

TP targel
residual level

Capability of meeting
performance criteria.

Select technology with
appropriate soil
treatment temperature
and residence time.

BTEX target
residual level

Capability of meeting
performance criteria.

Select technology with
appropriate soil
treatnient tempesature
and residence time.

Surrounding land
use

Adjoining land uses
such as schools, parks,
heslth care facilities,
or dense urhan
development.

Use off-sife treatment.

Distance to
stationary thermal
desorption facility

Transportation cost to
ship soils.

Use on-site treatment.

Ambient
lemperature

Low amhient
temperature may cause
soil (o freeze and be
difficult 10 screen and
difficult 10 thaw in
thermal desorber.

Perform project during
warmer weather.
Crush material before
processing in thesrmal
desorption device.

Soil Characleristics

Muoisture content

Sail moisture content
oo high to feed and
process soil propesly.

Air dry soil if
sulficient area is
available, weather is
appropriate, and
project schedule
allows time for drying
(may need to consider
control of fugitive
emissions).

USCS Soil
Classification

Suils are classified as
group GW, GP, GC,
cohbles, or boulders

(coarse grained soils).

Screen soil to remove
oversize material.
Wash rocks or crush
socks 1o a size that
can be processed in
thermal desorplion
system (typically
<2.0 inches
dianwter).
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Table 3 Critical Success Factor Contingency Analysis (Continued)

Characteristic

Reason for impact

Contingency plan

USCS Soil
Classification

Soils are classified as
group CL or CH (fine
grained soils).

Reduce soil feed rate
and bumer firing rate
(if applicable) to
reduce carryover. Air
dry material or blend
with lime, kiln dust,
or dry soil so that it is
below the plastic
fimit.

USCS Soil
Classification

Soil is classified as
group OH or Pt
(organic soils).

Use altemative
analytical technique
which is not subject to
interferences from
humic malterials.

Correct TPH
analytical results on
treated soils for
apparent background
levels in thermally
treated soils which
have no known
petroleum
contamination.

Thermal Dese - prion 1SS

SYSTEM SIZE

SMALL MOBILE SYSTEM

MEDIUM SIZED MOBILE SYSTEM
LARGE MOBILE SYSTEM

FIXED FACILITY
System Type
Small Medium Large  Fixed
System Characleristics Mobit Mobil Mobile Facility
Number of Trailers 12 36 710 25150
Primary Burner Capacity (MM Btushr) 515 1530 2550 25 150"
S lary Burner Capacity (MM Biuhr)  5.15 15-30 2550 25150
Soit Processing Capacity (tonsthour) 615 15-30 2550 25150

° Some fixed tacuities du not inchsde sherbuiners

1 1 | 1 1 1

0 2,000 4.000 6,000 8.000 10,000 12,000

Site Size (tons)

Figure 4 Therm descrber size veaais site size.
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