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1. Purpose. This engineering technical letter (ETL) provides
gui dance to designers for the determ nation of applicability of
t hermal desorption systens and gui dance for the preparation of a
design to satisfy project requirenents.

2. Applicability. This letter applies to HQUSACE el enents,
maj or subordi nate commands (MSC), districts, |aboratories, and
field operating activities (FOA) with responsibility for

Hazar dous, Toxic and Radi oactive Wastes (HTRW projects.

3. References. This ETL should be used in conjunction with
desi gn gui dance |isted bel ow

a. ER 1110-345-100 Design Policy for Mlitary Construction.
b. ER 1110-345-700 Design Analysis.
c. ER 1110-345-710 Draw ngs.

d. ER 1110-345-720 Construction Specifications.

4. Ceneral. The attached appendi ces present information for use
i n engi neering and design of Thermal Desorption Systens.

a. Appendix A - References presents references cited in the
t ext.

b. Appendix B - Design Considerations provides an
introduction to the conprehensive overvi ew of design and
engi neering considerations for thermal desorption.

c. Appendix C - Principles of Qperation presents the
princi ples of thermal desorption operation.

d. Appendix D - Predesign identifies thermal desorption
predesi gn activities.

e. Appendix E - Design and Performance Criteria describes
design and performance criteria for a thermal desorption system

f. Appendix F - Treatnent System Qperations provides a
di scussion of treatnent system operations.

g. Appendix G - Design and Construction Package descri bes
desi gn analysis, plans and specifications for thermal desorption.
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h. Appendix H - Closure presents site closure activities.

i. Appendix I - Design Example presents typical calculations
required in the design of a remedial design thermal desorption
treatment application.

j. Appendix J - Treatability Scope of Work presents the work
requirements for treatability studies for thermal desorption
application.

5. Action. Each U.S. Army Corps of Engineers design element is
responsible for implementation of applicable guidance in the

preparation of HTRW designs. This ETL will be considered as the
design guidance for thermal desorption of contaminated materials.

FOR THE DIRECTOR OF MILITARY PROGRAMS:
7/
/ /:

/

10 Appendices CARY JoﬁEs, P E.
(see Table of Contents) Chief, @nvironmental
' Restoration Division




ETL 1110-1-173

31 MAY 96
APPENDIX A
REFERENCES
1. Code of Federal Regulations (CFR)
40 CFR Part 261 Identification and listing of hazardous waste
40 CFR Part 268 Land disposal restrictions
2. Military Handbook
MIL HDBK 1008 Military Handbook for Fire Protection for
Facilities
3. U.S. Army Corps of Engineers (USACE)
3.1 Guide Specifications for Military Construction (CEGS)
CEGS 01110 Safety, Health and Emergency Response
(HTRW/UST)
CEGS 01440 Contractor Quality Control
CEGS 01450 Chemical Data Quality Control
CEGS 02110 Clearing and Grubbing
CEGS 02210 Grading
CEGS 02221 Excavation, Filling, and Backfilling
for Buildings
CEGS 02222 Excavation, Trenching, and
Backfilling for Utilities Systems
CEGS 02271 Waste Containment Geomembrane
CEGS 02273 Geonet
CEGS 02288 Remediation of Contaminated Soils and
Sludges by Incineration
CEGS 02445 Solidification/Stabilization of
Contaminated Material
CEGS 02557 Bituminous Paving for Roads, Streets
and Open Storage Areas
CEGS 02935 Turf
CEGS 02950 Trees, Shrubs, Ground Covers and
Vines
CEGS 02955 Crown Vetch
CEGS 11225 Liquid Phase Activated Carbon
Adsorption Systems
CEGS 11360 Plate and Frame Filter Press System

3.2  Engineer Manual (EM)
EM 200-1-2 Project Planning

EM 200-1-3 Requirements for Preparation of
Sampling and Analysis Plan

A-1



ETL 1110-1-173

31 MAY 96
EM
EM
EM

EM
EM

EM

EM
EM
3.3
ER

ER

ER
ER
ER
3.4
™
™
™
™
™
™
™
™

™

200-1-4 Human Health Evaluation
200-1-6 Risk Assessment Handbook Volume 2
Environmental Evaluation

385-1-1 Safety and Health Requirements Manual
1110-1-501 Design Manual Wastewater Treatment
1110-1-1807 Standards Manual for US Army Corps of

Engineers Computer Aided Design and
Drafting Systems (CADD), Parts 1 & 2

1110-2-502 Guidelines for Preliminary Selection
of Remedial Action for Hazardous
Waste Sites
1110-3-176 Removal of Underground Storage Tanks
335-345-1 Report of Costs and Analysis,

Military Construction

Engineer Regulation (ER)

385-1-92 Safety and Occupational Health
Document Requirements for Hazardous,
Toxic and Radioactive Waste (HTRW)

1110-1-12 Quality Management

1110-1-263 Chemical Data Quality Management for

Hazardous Waste Remedial Activities
1110-345-100 Design Policy for Military

Construction
1110-345-700 Design Analyses
1110-345-710 Drawings

1110-345-720  Construction Specifications

Technical Manual (TM)

5-800-2 Cost Estimates for Military
Construction

5-802-1 Economic Studies for Military
Construction Design-Applications

5-803-1 Installations Master Planning

5-803-13 Landscape Design and Planting

5-805-4 Noise and Vibration Control

5-810-5 Plumbing

5-811-1 Electrical Power Supply and
Distribution

5-811-2 Electrical Design Interior Electrical

System

5-811-3 Electrical Design Lightning and
Static Electricity Protection

5-814-1 Sanitary and Industrial Wastewater
Collection - Gravity Sewers and
Appurtenances

5-814-3 Domestic Wastewater Treatment
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™ 5-814-8 Evaluation Criteria Guide for Water
Pollution Prevention, Control, and
Abatement Programs

™ 5-815-1 Air Pollution Control Systems for
Boilers and Incinerators
™ 5-818-1 Soils and Geology Procedures for

Foundation Design of Buildings and
Other Structures (Except Hydraulic
Structures)

™ 5-818-4 Backfill for Subsurface Structures

4.  Army Environmental Center (AEC) (formerly U.S. Army Toxic
and Hazardous Materials Agency (USATHAMA))

CR 200 1-5 The Low Temperature Thermal Stripping Process,
August 1990.

5. U.S. Environmental Protection Agency (USEPA)

EPA 68-03-3248 1988. A Handbook on Treatment of Hazardous
Waste Leachate, (Revised December 1986).

EPA 450/4-80-023 1985. Guidelines for Determination of Good
Engineering Practice Stack Height (Revised).

EPA 540/2-90/007 1990. Treatability Manual CERCLA Site
Discharges to POTWs.

EPA 540-5-94/501 1994. Engineering Bulletin Thermal
Desorption Treatment.

EPA 540-594/501 1994. Thermal Desorption Treatment.

EPA 540-689-009 1989. Guidance for Conducting Remedial
Investigations and Feasibility Studies Engineering and Design
Guidelines for Preliminary Selection of Remedial Action for
Hazardous Waste Sites.

EPA 540-G-89 004 1988. Guidance for Conducting Remedial
investigations and Feasibility Studies Under CERCLA.

EPA 540/R-92/071a 1992. Guidance for Conducting Treatability
Studies under CERCLA

EPA 600/4-79-020 1979. Methods for Chemical Analysis for
Water and Wastes.

EPA 600/9-87-015. 1987. Land Disposal, Remedial Action,
Incineration and Treatment of Hazardous Waste.
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EPA 625/6-89/019. 1989. Handbook Guidance on Setting Permit
Conditions and Reporting Trial Burn Results (Volume II).

EPA 625/6-91/014. 1991. Handbook Control Technologies for
Hazardous Air Pollutants. Center for Environmental Research
Information, Office of Research and Development.

EPA 833-R-92-001 1992a. Summary Guidance Storm Water
Management for Construction Activities Developing Pollution
Prevention Plans and Best Management Practices, Office of
Water.

EPA 833-R-92-002 1992b. Summary Guidance Storm Water
Management for Industrial Activities Developing Pollution
Prevention Plans and Best Management Practices. Office of
Water.

EPA 6002-86/050. 1986. Practical Guide Trial Burns for
Hazardous Waste Incinerators.

SW-846 1986. Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods.

SW-966 1983. Guidance Manual for Hazardous Waste Incinerator
Permits.

RCRA Hotline, Questions and Answers. Treatment in a Generators
90 Day Containment Building.

6. Other .
APHA 1992. Standard Methods for the Examination of Water and

Wastewater , 18th Edition, American Public Health Association,
American Water Works Association, and Water Environment
Federation, Washington, D.C., (1992)

ASTM 1994. Annual Book of ASTM Standards , American Society
of Testing and Materials, Philadelphia, PA., (1992 and 1994).

Atkins 1986. Atkins, P.W., Physical Chemistry , W.H. Freeman
and Co., NY, (1986).

Brady 1984. Brady, Kyle C., The Nature of and Property of
Soils , MacMillan Publishing, (1984).

Brunner 1984. Brunner, C.E., Incineration Systems , Van
Norstrand Publishing, (1984).

Bodurtha, 1980. Bodurtha, Frank T. Industrial Explosion
Prevention and Protection , McGraw Hill, (1980).
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Cheremisinoff 1977. Cheremisinoff, Paul N. and Richard A.
Young (Editors), Air Pollution Control and Design Handbook ,
Parts 1 and 2, Marcel Dekker, Inc., New York, (1977).

CWM 1989. “Low Temperature Transportable Treatment Process
for Organic Contaminated Solids,” Chemical Waste Management
(CWM), (March 1989).

CAS 1993. “Price List Effective March 5, 1993," Columbia
Analytical Services, Inc. (CAS), Anchorage, AK.

Cooper 1986. Cooper, D.C., and Alley, F.C., Air Pollution
Control: A Design Approach , PWS Engineering, Boston, MA,
(1986).

Corbitt 1990. Corbitt, Robert, Standard Handbook of
Environmental Engineering , McGraw Hill, NY, (1990).

Cross/Tessitore 1993. Cross/Tessitore and Associates, P.A.,
“Predesign Thermal Treatability Studies presented by John
Pinnion”, Advanced Incineration Training Workshop,
Philadelphia International Airport Holiday Inn, Philadelphia,
(April 20-21, 1993).

Dean, John A., 1985. Lange's Handbook of Chemistry , McGraw
Hill, New York.

ENSR 1990. “RCRA Handbook, Third Edition,” ENSR Consulting
and Engineering, (1990).

Exner 1993. Exner, Jurgen H., "Thermal Desorption," JHE
Technology System, Inc., (1993).

FMC Corporation, Materials Handling Systems Division.

“Environmental Geostatistics Software,” Geostat Systems
International, Golden, CO.

Hazen 1994. “Equipment and Service Brochure” Hazen Research
Inc., Golden, CO (1994).

Hilsel 1989. Hilsel, G., Alpenn, E. and Goen, “Engineering
Scale Evaluation of Thermal Desorption Technology for
Manufactured Gas Plant Soils,” Gas Research Institute,
Chicago, (November 1989).

Holman 1978. Holman, J.P. and Gadja, W.J., Experimental
Methods for Engineers Third Edition , McGraw Hill, NY, (1978).
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Lapple 1948. Lapple, C., "HDC-611, Interim Report, Stack
Contamination - 200 Areas,” (August 1948).

McGraw Hill 1978. Mark's Standard Handbook for Mechanical
Engineers, 8th edition , McGraw Hill, NY, (1978).

Metcalf and Eddy, Inc., 1991. Wastewater Engineering
Treatment Dispoal and Reuse , Revised by G. Tchobandlous an F.
Burton. McGraw Hill, New York (1991).

Patterson 1985. Patterson, James W., Industrial Wastewater

Treatment Technology , Butterworth Publishers, Stoneham, MA
(1985).

Perry 1984. Perry, Robert H., Perry's Chemical Engineers
Handbook, 6th Edition , McGraw Hill, NY (1984).

Petrucci 1982. Petrucci, Ralph, General Chemistry , MacMillan
Publishing, (1982).

Plog 1988. Plog, B.A., Benjamin, G.S., and Kerwin, M.A.,
Fundamentals of Industrial Hygiene , National Safety Council,
Chicago, lllinois (1988).

Pollution Engineering 1994. p. 17, Pollution Engineering,
(September 1994).

“Quinn Process Equipment”, Quinn Process Equipment, Denver,
(1994).

Stern 1977. Stern, Arthur, Air Pollution, Volume V.
Engineering Control of Air Pollution , Academic Press, New
York, (1977).

Tchobanolous 1991. G. Tchobanolous and F. Burton, Metcalf
and Eddy, Inc., Wastewater Engineering Treatment, Disposal and

Reuse, Mc Graw Hill, New York, (Revised 1991).

Terra Model Plus Ill Software, Terra Model Software, Atlanta,
GA.

“Bulletin 9011 and General Literature”, Tigg Modular
Absorbers, Pittsburgh, PA.

Troxler 1993. Troxler, W.L., Cudahy, J.J., Zinc, R.P., Yezzi
and Rosenthal, S.1., et al, “Treatment of Nonhazardous
Petroleum Contaminated Soils by Thermal Desorption
Technologies,” Air and Waste, Volume 43, (November 1993).
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Velazquez 1987. Velazquez, Luis and Noland, John, "Low
Temperature Stripping of Volatile Compounds”, Petroleum
Contaminated Soils , Lewis Publishers (1987).

Wagner 1991. Wagner, T.P., The Complete Guide to Hazardous
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Waste Regulations Second Edition , Van Nostrand Publishing,
(1991).

Willard 1974. Willard, Merritt and Dean, Instrumental

Methods of Analysis ,- Van Nostrand Publishing, (1974).

Yaws, Carl A., 1994. Handbook of Vapor Pressure Volumes 1-3

Gulf Publishing Company, Houston (1994).
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APPENDI X B
DESI GN CONS| DERATI ONS

1. Scope. Elenents discussed in this technical letter

i ncl ude principles of operation, predesign studies and
reports, design and performance requirenents, construction
pl anni ng and preparation, regulatory requirenents,
construction activities and managenent, operation and
monitoring of the unit, and closure of the site. This
docunent will focus on onsite thermal desorption technol ogy.
However, the principles of operation and critical operating
paraneters may al so be applied to offsite thermal desorption
t echnol ogi es.

2. Background. Thermal desorption has been used to treat
contam nated material containing organi c conpounds and ot her
organi c contam nants since the early 1980s. A thermal

desorber is designed to separate organi c conpounds from soils,
sl udges, sedinents and debris (typically after dewatering) by
the application of heat. Thermal desorption is a treatnent
technol ogy which is typically appropriate for renedi ation of
petrol eum and sone PCB contam nated materials. Materials
principally contam nated with toxic netals are not anenable to
t hermal desorption due to the partitioning and/or

vol atilization of netals with the process conponents of the
thermal desorption system The contam nated material is
heated (directly or indirectly) to a sufficient tenperature to
evaporate the volatile conpounds fromthe solid matrix into an
of f gas stream

I ncineration, on the other hand, is a conbustion process
that utilizes rapid oxidation, excess air and high tenperature
to produce a condition whereby waste constituents are
thermal |y broken down and destroyed.

In the md 1980s, thermal desorption increased in
popul arity because it was a thermal technol ogy that provided
simlar technical benefits to incineration w thout the
regul atory and public relations problens associated with the
use of incinerators at waste sites.

Thermal desorber technol ogi es have been devel oped by a
variety of conpanies and there is not a single, uniform
t hermal desorber design. Different designs will effect
proj ect econom cs, regulatory requirenents and performance
ef ficiencies.
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Ther mal desorption treatnent tenperature ranges from 150°
to 550°C (300° to 1000°F). Treatnent operating tenperatures
are dependant upon the volatility of the target contam nant(s)
present in the soil. A lowtenperature thermal desorption
unit <350°C (<650°F) is effective in treating soil contam nated
with a lighter volatile organic conpound with a relatively | ow
boiling point, (e.g. benzene boiling point 80°C (176°F)), a
hi gh tenperature thermal desorption unit >340°C (>650°F) is
suitable for treatnment of soil organic conpounds with | ow
volatility classified as sem -volatile with a heavier
contam nant such as chrysene (boiling point = 448°C (838°F)).

Currently there are nunerous commercially avail abl e thermal
desorption units. Each system contains uni que conponents.
Based on system design, thermal desorbers can al so be
classified into the followi ng general categories:

° Direct Fired Thermal Desorbers (e.g. Direct Rotary
Dryers, Conveyor Furnace Dryers);

° I ndi rect Heated Thernal Desorbers (e.g. Thernal
Services, Indirect Rotary Dryer);

° O f-gas handl i ng systens which condense the desorbed

constituents or off-gas handling systens which burn
t he desorbed constituents in an afterburner; and

° O f-gas handling systens which use carbon adsorption
or ion exchange technol ogy.

The design teamis not required to design or build a
thermal desorption unit, however inportant design analysis and
consi derations are necessary.

During the renedi ation of any HTRWsite the design engi neer
must keep in mnd that all project activities nust be
protective of human health (including onsite workers) and the
environment. Wth this in mnd, planning an effective program
for the renedi ation of contam nated material using a therma
desorber requires that specific attention be given to the
foll ow ng issues:

o Coordi nation with the appropriate regul atory
agenci es;

° Heal th and Safety (ER 385-1-92);

o Chem stry (ER 1110-1-263);

° Achi eving performance criteria or renediation
requirenents;

° Air em ssions controls;

° Site Cosure

° Provi ding conpl ete bid package for contractors;

o Construction Activities required to bring a therma

desorber to a site;
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In order to coordinate all the activities |listed above, the
design engineer will need to refer to a nunber of existing
Cor ps docunents.

The sites which the design engineer will encounter wl|

typically fall into two categories:
° Hazar dous waste site; and
° Non hazardous waste sites (typically fuel oil or

gasol i ne rel eases).

Renedi al activities shall be coordinated with the
appropriate state and federal regulators, regardl ess of the
site classification.

Based on | ocation and use, desorber units fall into the
foll ow ng two categori es:

° Onsite Units - these units include both skid nounted
and transportabl e thernmal desorbers;
° Ofsite Units.

The foll owm ng subsections discuss these types of units in
greater detail.

2.1 Onsite Thernmal Desorption Units. Under CERCLA, an onsite
thermal desorption unit would be defined as a unit which only
accepts waste fromthe site where it is |ocated. Under
Section 121(e) of CERCLA, the desorption unit would not be
required to have a RCRA permt, and once renediation is

conpl eted woul d be dismantled and transported to a different
Site.

2.2 Ofsite Thermal Desorption Units. An offsite thernal
desorber woul d be a unit which receives wastes fromnmultiple
sites and is permtted under RCRA. A facility m ght construct
a thermal desorber for a particular hazardous waste site and
then use the desorber to treat waste fromother sites. The
desor ber under those conditions would be considered an offsite
unit.

3. Theory. Thermal desorption is a process in which

contam nated material are heated and the noisture and organic
contam nants evaporated. This can be acconplished by heating
the contam nated material to a tenperature at which the
constituents wll not burn but will volatilize. Thermnal
desorption can al so be acconplished by heating the

contam nated material at higher tenperatures in an oxygen
deprived at nosphere that prevents conbustion (Troxler, Cudahy,
et al, 1993).
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Figure B-1 is a general schematic of the thermal desorption
process. |In nost cases, the contam nated material is agitated
i nside the desorber. The nost common desorber units are
rotary kilns (rotary dryers) and augers (thermal screw).

Systens can be directly fired, in which the contam nated
material is desorbed in the sanme zone as the heating flanme or
indirectly fired, in which the heat is applied to the outside
the shell of the desorber, with heat transferred to the
contam nated material by conduction (Troxler, et. al., 1993).

O 1 heated thermal screw systens consist of the follow ng
conponents: a solids pretreatnent and feed system an indirect
heat ed screw(or auger); a heat transfer fluid heating system
a cooling conveyor for treated solids; an off-gas treatnent
system and a water treatnent system The thermal screw
systens are heated by circulating a hot heat transfer fluid
(oil or steam through the covered trough in which the screw
rotates. The oil or steamis also circulated through the
hol | ow auger flights and subsequently returned to the holl ow
auger shaft to heat the transfer fluid system (Troxler, et.
al ., 1993).

Energy equal to the heat capacity of the contam nated
material nultiplied by the change in tenperature is used to
heat a specific organic contam nant to its boiling point.

Addi tional energy equal to the heat of vaporization of the
specific organic contamnant is used to boil off or volatilize
this contamnant. Prior to the volatilization of the specific
contam nant, initial energy is required at the onset of
treatment to vaporize water present in the contam nated
material. The noisture content of the soil will inpact the
energy required to heat the soil due to the initial energy
required to vaporize water; the heat of vaporization of the
wat er may be significant. Additional energy is also required
during the process to make up system heat | osses. This
process is continued until the organic contam nants are
distilled fromthe contam nated material. The off-gas is

mai nt ai ned bel ow t he conbustion threshold which is a function
of : tenperature, pressure, and oxygen concentration (US EPA,
1994) .

After volatilization, organic constituents are either
condensed, adsorbed or destroyed in a secondary device such as
an afterburner or catalytic oxidation unit. Systens that
condense and collect the volatilized organics produce a liquid
waste streamthat is generally treated or destroyed off-site.
Adsorption nmedia may be regenerated or incinerated, on or off-
site. Systens that destroy the volatilized organics in a
secondary device, such as an afterburner or a catalytic
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afterburner, nust be tested to ensure destruction of the
vol atilized constituents is performed in accordance with
applicable state and federal regulations. The off-gas can
al so be treated by adsorption on activated carbon or ion
exchange nedi a (EPA, 1988).

The critical design paraneters for thermal desorption
include required tenperatures and retention tinmes for adequate
treat nent and desi gn of gas phase control/recovery systens.
The required bed tenperature and residence tinmes depend to a
| arge extent on the types of contam nants and soil or solid
matri x bei ng desor bed.

3.1 Direct Fired Units. Direct fired desorber units can
supply heat to a waste using the foll ow ng nethods:

° Heat is supplied to a waste by contact with a hot
gas which is heated by a flanme; or
° Heat can be radiated (Infrared Thermal Desorber)

onto the contam nated materi al

Sonme infrared units use silicon carbide elenents to
generate thermal radiation beyond the red end of the visible
spectrum Materials to be treated pass through the unit on
belts and are exposed to the radiation. Of-gases pass into a
secondary chanber for further infrared irradiation and
increased retention tinme to volatilize any contam nated
particular matter present in the off gas.

3.2 Indirect Fired Units. Indirect fired desorber units can
supply heat to a waste using the foll ow ng nethods:

° A desorption chanber can be heated indirectly at its
surface by hot conbustion gases that do not contact
the contam nated material; or

° A desorption chanber can be heated indirectly by
contact with a thernmal screw that is heated with hot
oil or another heat transfer fluid such as nolten
salt.

In either case, the vaporized constituents are renoved by a
carrier gas such as nitrogen. |In nost indirectly fired
t hermal desorption systens, the carrier gas is recircul ated
(US EPA, 1994).

Soils are transported through indirect fired units (thernal
screws) by novenent along the flights of the spinning auger or
paddl es and the auger trough. Use of this nmaterial transport
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systemall ows for the m xing, novenent and heating of the
contam nated material (Troxler, et. al., 1993). Sone indirect
fired units radiate the heat into a thin | ayer.

3.3 Transportable Units. Wen considering a transportable
thermal desorption unit it should be understood that while the
unit has been designed, constructed, and in many cases
denonstrated to be effective at other waste sites, it is
subject to site or contam nant specific permtting

requi renents. The transportable unit which has denonstrated
its effectiveness to treat soil with a particul ar contam nant
at one site may face different regul atory requirenents hence
design or operational nodifications may be required at a
second site with the sane constituent. Furthernore, varying
contam nated material constituents fromsite to site may

i npact treatnent effectiveness and desorption unit
performance. As a result design changes to the unit may be
required to nmeet changi ng performance requirenents. It is not
uncommon to nodify the air em ssions control systemfromsite-
to site.

4. Definitions. Contam nated Material - Soil, sludge or

sedi nrent contam nated with hazardous and non- hazardous

chem cals. Chem cals which have been successfully treated
using thermal desorption are presented on Tables B-1 and B- 2.
The tabl es are based upon current avail able information
related to denonstrated effectiveness at sone scal e of
treatability testing or potential effectiveness of desorption
to effectively renove the contam nant fromthe nedia.

Renedi ati on Goals - Final concentrations of the
constituents remaining in the nedia. Renediation goals should
be established prior to starting design.

5. Objectives. The objective of this docunent is provide the
desi gn engi neer or construction manager with information which
is unique to the execution of a thermal desorption renediation
project. The letter is based on an extensive revi ew of
Departnent of Defense agency docunents, EPA, literature, and
contractor information.
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TABLE B-1
Ef fecti veness of Thernal Desorption on General
Cont am nant G oups for Soil, Sludge, Sedinents,
and Filter Cakes (for Low Tenperature Units)
Ef f ecti veness
Filter
Cont am nant G oups Soi | Sl udge | Sedi nents | Cakes
Organic Hal ogenat ed n A a n
Vol atil es
Nonhal ogenat ed n a A .
vol atil es
Organi ¢ cyani des A a A A
| norganic | Vol atil e u A A A
cyani des

= Denonstrated Effectiveness: Successful treatability test at
sone scal e conpl eted

» Potential Effectiveness: Expert opinion that technol ogy wll
wor k

X No Expected Effectiveness: Expert opinion that technol ogy has
no expected effectiveness for treatnment of the foll ow ng

contam nant groups: Organic corrosives, nonvolatile netals,
asbestos, radioactive materials, inorganic corrosives,

i norgani ¢ cyani des, oxidizers and reducers; contam nant groups
PCBs, pesticides and furans are nore appropriately heated in a
hi gh tenperature unit.

Source: EPA Engineering Bulletin. Thermal Desorption
Treatment. EPA/ 540/ 5-94/501.
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TABLE B-2

Ef fecti veness of Thernal Desorption on General
Cont am nant G oups for Soil, Sludge, Sedinents,
and Filter Cakes (for H gh Tenperature Units)

Ef fecti veness
Filter
Cont am nant G oups Soi | Sl udge | Sedi nents | Cakes
Organi c Hal ogenat ed O O A O
sem vol atil es
Nonhal ogenat ed O A A O
semvol atil es
PCBs O A O A
Pesti ci des X A A A
Di oxi ns/ Fur ans X A A A

O Denonstrated Effectiveness: Successful treatability test at
sone scal e conpl eted

» Potential Effectiveness: Expert opinion that technol ogy wll
wor k

X No Expected Effectiveness: Expert opinion that technol ogy
wi |l not work

Source: EPA Engineering Bulletin. Thermal Desorption
Treatment. EPA/ 540/ 5-94/501.
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APPENDI X C
PRI NCI PLES OF OPERATI ON

1. Overview. This section reviews the principles of therma
desorption system operation. The discussion enphasizes
conponents of desorption systens which are simlar regardl ess
of the manufacturer. Specifics of individual conponents and
operation will vary.

2. Miterials Handling and Pretreatnent. Pretreatnent is
dependant on both the type of contam nated material and
treatment systemutilized. Pretreatnment for the contam nated
material feed consists of two categories:

° particle size adjustnent;
o dewat eri ng.

Particle size adjustnent is included in material handling
activities. Materials handling includes the managenent of
soil excavation and materials preparation prior to therma
treatment, and backfilling and dust control after thernal
treat ment.

The success of thermal desorption is dependant on proper
materials preparation and handling prior to treatnent. The
contam nated material nust be conditioned to a size and
consi stency required by the sel ected desorption process.
Several desorption technol ogi es have size and consi st ency
limtations and are designed to accommbdate a honpbgeneous feed
st ock.

The materials handling operation of a thermal desorption
process may include one or nore of the foll ow ng conponents:

o Contami nated material excavation and transport to
and fromthe thermal desorption system

o Particle size reduction/sorting for renoval of
oversi zed and non honogeneous materials (via
screeni ng, shreddi ng, crushing, blending);

° Renoval of excessive noisture content by use of a
pretreatment dewatering operation (evaporation,
filtering, drying, centrifuge, thickening, chem cal
addition) to produce a suitable filter cake;

° Mat erial stockpiles are used to synchroni ze the

desorption process, to provide continuous feed, and
to provide a sanpling |ocation;
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° Control of fugitive em ssions with the use of dust
suppressants, negative air pressure systens, foans
or covered shelters.

Mat eri al s handling nmust be carried out properly to conply
wi th handling, storage and di sposal regulations and
contam nant specific health and safety requirenents.
Excavati on shoul d be conducted in a manner to prevent cross
contam nation. The area and volune to be excavated and
treated nust be established by the design teami ncl uding the
survey and investigative data. WMaterials involved in handling
operations include contam nated treated materials and treated
materials. Material handling is a very inportant conponent of
a successful thermal desorption renedial action. The design
engi neer and construction nmanager nust pay particul ar
attention to this design and operation conponent of a thernal
desorption technology. Control of runoff is critical to
mai nt enance of the excavation site. Measurenent and paynent
is generally based on in-situ neasurenent of vol une.

2.1 Material Excavation and Transport. Standard heavy
construction excavation equi pment used for the renoval of
| arge volunes of contam nated material froma renedi ation
site. Equipnent typically used includes the follow ng:

° Dragline - Crane operated excavator bucket used to
dredge soils bel ow surface depth and far reaches and
sl udge from | agoons, ponds or pits;

° Backhoes - Used for surface or subsurface excavation
of soils and sl udges;

° Mudcat - articul ated, tracked vehicl e/ equi prent used
for noving wet sludge like material in a swanp or
| agoon type area; and

° Heavy Eart hnovi ng Equi pnment - | nclude excavators,
bul | dozers and dunp trucks used for excavation and
transport. Common types of earth noving equi pnment
are summari zed in Table C 1.

Posi tive displacenent punps (e.g., air driven diaphragm
progressing cavity) may be used to transfer high density,
abrasive or high viscosity sludges. Sludges can then be
dewatered in a dewatering technol ogy such as a filter press
prior to thermal treatnent.



Type

Pri ne Movers
Crawl er Tractors

VWheel Tractors

Crawl er _Type
Devi ces

Bul | dozer s-
Crawl er Type

Loader - Craw er
Type

VWheel Tvpe
Devi ces
Bul | dozer s- Wheel

Type

TABLE C-1

Earth Movi ng Equi pnent

Descri ption

Track type prinme
nover
40- 500 HP

Range from snal
rubber tired units
to | arge diese
power ed types

Crawl er tractor with
a front nounted

bl ade. Straight,
angling and tilting
type bl ades are
avai |l abl e.

Track type prinme
mover with front
mount ed novabl e
bucket. Capacities
from0.5 to 4 cubic
meters (0.7 to 5.0
cubi ¢ yards).

Four wheel drive,
rubber tired tractor
with hydraulically
operated front
mount ed bl ade.
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Appl i cation

Used wth nount ed
bul | dozers, rippers,
W nches, cranes and
si de boons

Smal |l units used with
scoops, | oaders and
backhoes. Large units
used for propelling
wagons, scrapers and
bul | dozers

Pi oneering access
roads, boul der and
tree renoval, and
short haul earth
nmovi ng i n rough
terrain. Al so push-

| oads self propelled
scrapers and used with
rear nounted rippers
to loosen firm

mat eri al .

Di ggi ng ditches,

| oadi ng trucks and
hoppers, and pl aci ng,
spreadi ng and
conpacting earth.

Push | oadi ng self
propel | ed scrapers,
gradi ng cuts,
spreadi ng and

conpacting fill and
drifting | oose
material on firm

ground for distances
up to 150 m (500
feet).
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Type
Loader - Wheel Type

Scrapers-Tract or
Dr awn

Scr apers- Sel f
Propel | ed

Bot t om Dunp
WWagons

End Dunp Trunks

Sour ce: Mar ks'
8th Edition

St andard Handbook for

TABLE C-1 (cont)

Eart h Movi ng Equi pnent

Description

Four wheel ed rubber
tired prinme nover
with front nounted
hydraulically
oper at ed shovel .
Oten called a Pay
| oader. Capacities
from0.4 to 15
cubic neters (0.5
to 20.0 cubic

yar ds).

Four wheel ed rubber
tired trailers used
wth craw er
tractors. Capacities
from5 to 20 cubic
meters (7 to 27
cubi ¢ yards).

Scraper with
integral self
propell ed two or
four wheel tractor.
Al wheel drive self
| oadi ng types al so
avai |l abl e.

Avai l able in
capacities to
135, 000 Kg (150
short tons).

Heavy duty, diesel
powered truck with
rear dunp body.
Capacities of 11,000
to 320,000 kg (12 to
350 tons).

Appl i cation

Handl i ng and | oadi ng
mat eri al s of al
kinds on firm
sur f aces.

Loadi ng, haul i ng,
dunpi ng and spreadi ng
earth. One way noving
up to 300 m (1, 000
feet) or on terrain
unsui table for self
propel | ed scrapers.

H gh speed earth
novi ng.

Used in place of
scrapers on | arge
wheel tractors or
trucks for hauling
earth, sand or gravel
over |ong distances.

Used for hauling and
dunpi ng hard and

abr asi ve shovel | oaded
mat eri al s.

Mechani cal Engi neers,
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2.2 Waste Size Classification. Particle size distribution of
contam nated material is a physical characteristic that

i nfluences the applicability of desorption. Soils are
generally classified according to the Unified Soi
Classification System (USCS). The four nmjor divisions of the
USCS are: (1) coarse grained; (2) fine-grained; (3) organic
soils; and (4) peat. Coarse grained soils can be classified
according to grain size distribution, whereas, fine grained
soils are generally related to their plasticity.

The standard for classifying soils involves the use of a
74um si eve. Coarse grained soils have nore than 50% of their
mat eri al captured by a 74um sieve. Fine grained soils have
nmore than 50% of their material pass through a 74um sieve
(Troxler, et al., 1993).

Finely grained soils, such as silts, may becone entrained
in the off-gas stream of a thernal desorption system and not
achi eve proper residence tine at the required tenperature.
Between 5 to 30% of fine grained soils fed into a direct fired
t hermal desorber may becone entrained in the gas stream and
between 1 to 5% of the fine grained soils fed into an indirect
fired thermal desorber may becone entrained in the gas stream
The extent of particulate entrainment is a function of the
average particle size of the soil, the off gas velocity
through the unit and the type of material transport nechani sm
Gas velocities within a direct fired unit are typically
between 1.5 to 3 neters (5 to 10 feet) per second and between
0.3 to 1 meter (1 to 3 feet) per second within an indirect
fired unit. Estinmates of entrai nment are dependent on system
desi gn, however, entrainnment is proportional to the percentage
of finely grained soils and higher off gas velocities through
the system |In these cases, the entrained material may be
recycl ed back to the thermal desorber (typically through a
cyclone) with a corresponding loss in treatnent capacity (U S.
EPA, 1994).

2.2.1 Screening. Contam nated materials excavated from a
remedi ation site may vary wdely in aggregate size. Initially,
| arge size debris is separated fromthe other contam nated
materials. The smaller debris and materials can then be
directed to a screening nmechanismto further separate debris
greater than the maxi numtreatnent size fromthe materials.
The screening process is repeated until the required particle
size is achieved.

Ther mal desorption systens typically require that materi al
feed stocks be screened to a particle size of 2.5 to 5 cm (1
to 2 inches.)
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A variety of screening devices are commercially avail abl e;
the selection of an appropriate screening device is dependent
upon the degree of screening required. A conbination of one or
nore screeni ng devices may be used to achi eve a successive
reduction in particle size. Typical screening devices include
vi brating type screens, static screens and grizzlies.

Dependi ng on the contam nated material for treatnent,
oversize materials nmay or may not have to be tested to
determine if thermal treatnent is required. This is a
function of the nature and viscosity of the contam nants and
the perneability of the oversized material. For exanple if a
site contai ned 80,000 cubic neters (100,000 cubic yards) of
soil contam nated with PCBs that required treatnment and 95% of
the particle size of this soil was smaller than 5 cm (2
i nches), then 4,000 cubic neters (5,000 cubic yards) of
oversize material may need to be crushed to a size less than 5
cm (2 inches) prior to treatnent. The issue is whether or not

this oversized material requires treatnment. |If the
contam nated material to be treated consists of soil and rocks
and does not contain landfill debris or organic materials such

as wood, paper or other materials that readily absorb

contam nants, then the oversize material may not require
treatment. The design team should consult the regul ators and
determ ne whether or not such material requires thernal
treatnent or whether a | ess expensive solution would neet the
cl eanup st andards.

Fuel contam nated sites with large quantities of soil 2.27
x 107 kg (25,000 ton) have been treated for $65/1000 kg
($59/ton) while smaller sites less than 4.53 x 10° kg (5000
ton) have been awarded at $440/ 1000 kg ($400/ton). Presented
bel ow are exanpl es of the screening and crushing or
pul veri zing devices typically used on excavated materials
prior to thermal treatnent.

2.2.2 Shredding. Large sized debris and aggregate nateri al
can be pretreated with shreddi ng equi pnent. Shredders
typically enploy two or nore pairs of cutting wheel assenblies
or auger bl ades. The wheels or bl ades of each pair rotate in
opposite directions and the debris or aggregate material is
fed in between each pair and is broken up wth shearing
action. Shredders are available to handle a w de variety of
material s including sone clays (and abrasive clay clunps

and/ or cohesive clay balls), netal wood, rubber and concrete.

Debris such as netal druns and rubber tires may be
processed through these devices (note: if the drunms contain a
hazar dous waste then they would need to be disposed off-site).
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2.2.3 Crushing. Large aggregate material can be pretreated
with the use of crushing devices that reduce the size of the
material by direct inpact. Hanmmer mlls are devices used to
reduce the particle size of soft materials. |Inpact crushers
use rotating hammers or bars to break up materials containing
inmpurities and cracks. Tunmbling mlls enploy a rotating drum
filled wth balls, rods, tubes or pebbles to reduce the size
of rocks and other materials. Pulverizers reduce the size of
| arge aggregate such as concrete, stone or glass prior to
further crushing. Pulverizers also separate reinforcing bar
fromreinforced concrete.

2.2.4 Blending. Mechanical blending is a pretreatnent option
used to handl e contam nated materials with the foll ow ng

el evated paraneters: noisture content, plasticity, and/or
hi gh concentrations of volatile organics.

The | owest noisture content at which soil will deform
W t hout shearing is known as the plastic [imt. Thernmal
desorption of fine grained soils with noisture contents
exceeding the plastic limt is extrenely difficult due to
plastic soils conpacting into |arger particles when subjected
to pressure. The larger particles are difficult to heat
because of their |ow surface area to volune ratio. O her
probl ens associated with the treatnent of plastic soils
i ncl ude the follow ng.

Difficulty in renoval of debris and aggregate;
Adherence to material handling equi pnent;

Cl oggi ng the system and

Reduci ng the heat transfer efficiencies.

The noi sture content of plastic soils nmay be decreased
bel ow the plastic limt by m xing the contam nated materi al
with drier soil or other inert materials.

For contam nated materials with elevated |l evels of volatile
organi ¢ concentrations, nmechanical m xing may be used to
equalize volatile organic |oading and optim ze the feed rate
to the thermal desorber by blending inert materials or
materials of |ower volatile organic concentrations (Troxler,
et al., 1993).

Mechani cal m xi ng of contam nated material is done with
standard construction equi pnent such as backhoes, excavators,
and cl anshel |l s. Bl endi ng equi pnmrent such as bl aded rotating
bl endi ng heads for attachnent to standard construction
equi pnent is commercially avail abl e.
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2.3 Dewatering. Dewatering is a significant pretreatnent for
thermal desorption of contam nated nmaterial with an el evated
noi sture content. Mbisture content of contam nated materi al
will inpact the treatnment cost of thermal desorption.

Moi sture content is the percent by weight of water in soil,
and is calculated either using a dry weight basis or a wet

wei ght basi s.

For exanpl e:
If 1 kg, (2.2 I'b) of nmoist soil loses 0.2 kg (0.44 |b) of

wat er when dried in a furnace, the 0.8 kg (1.76 Ib)or the
1.0 kg (2.2 I b) can be used to cal cul ate the percent

wei ght .
0.2 kg (0.44 Ib) water/0.8 kg (1.76 I b) soil = .25 or 25%
wat er (dry basis)
or
0.2 kg (0.44 Ib) water/1.0 kg (2.2 Ib) soil = .2 or 20%

wat er (wet basis)

Dewatering is a physical process used to reduce the
noi sture content of contam nated materials. Dewatering can
fall into three categories:

o Nat ural dewatering which utilizes natura
evapor at i on;

° Mechani cal |y assi sted dewatering which uses a
mechani cal device to physically reduce the noisture
content of the contam nated material. The selection

of a suitable dewatering device is dependent on
materials to be dewatered. A sludge not anenable to
mechani cal dewatering could be dewatered on a sand
drying bed. Typical types of dewatering processes
include belt filter presses, recessed plate filter
presses, drying beds, and |agoons; and

° Dewat eri ng by heat addition.

The belt filter press is the nost effective nechani cal
devi ce used and nost conmon technol ogy for dewatering al nost
all types of solids. Since the belt filter press dewaters
solids relatively quickly, it is an effective pretreatnent
device for solids prior to treatnent in a thermal desorption
unit. A typical belt filter press consists of feed punps,
pol ymer feed equi pnent, a belt filter press, a sludge cake
conveyor, and m scel | aneous support systens. Depending on the
type of belt press used, a feed containing 1 to 10% solids can
be dewatered to 10 to 50% solids (Metcalf and Eddy, 1991).

In a plate and franme filter press, the solid is dewatered
by driving the water fromthe sludge under high pressure.
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This type of dewatering apparatus can produce a filter cake
with solids concentrations ranging from30 - 50% A typica
filter press consists of a series of rectangul ar pl ates,
recessed on both sides, that are supported face to face in a
vertical position with a frane. The franme has a fixed and a
nmoveabl e head. Each plate is generally covered with a filter
cloth. The slurry is punped into the spaces between the

pl ates, and pressure is applied and mai ntai ned for one or nore
hours. The liquid is squeezed out of the slurry and collected
beneath the press (Metcalf and Eddy, 1991). Design of filter
press applications is discussed in separate guidance. CEGS
11360 Plate and Frame Filter Press Systemis used to specify a
filter press for dewatering.

Dryi ng beds are used to dewater sludge. Drying beds fal
into four categories:

Conventi onal sand;
Paved:;

Artificial nedia; and
Vacuum assi st ed.

After drying the sludge in a drying bed, the dewatered
sl udge can be renoved and treated in the thermal desorber.
Dryi ng beds are generally capable of providing solids ranging
from1l0 to 35%final concentrations. The performance of
drying beds is inpacted by bad weather, precipitation and | ow
tenperatures (Corbitt, 1990).

Drying | agoons can be used as a substitute for drying beds
for dewatering sludges. Lagoons are not recomrended for
dewat eri ng untreated sludges, or sludges with a high-strength
supernatant due to their odor and nui sance potential. Lagoons
are nost effective in areas with high evaporation rates. Like
dryi ng beds, |agoon performance is affected by weat her
(Corbitt, 1990).

Rel ative cost effectiveness of the unit processes for
dewat eri ng and thernmal desorption should be evaluated prior to
design of a systemfor dewatering and thermal desorption.
Mechani cal dewatering can reduce noisture in contam nated
material to 50% noisture by weight. The cost of dewatering
ranged between $22/ 1000 kg and $44/ 1000 kg ($20 and $40/t on)
at 1994 prices. Thernmal desorption costs may double from $165
to $386/ 1000 kg ($150 to $350/ton) for a contam nated nateri al
cont ai ni ng 15-20% noi sture to $330 to $660/ 1000 kg ($300 and
$600/ton) for thermally treating a contam nated materi al
cont ai ni ng 50% noi st ure.
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2.4 Feed Hopper Systens. Feed hoppers collect pretreated
contam nated materials for feed into the thermal desorber.
Contam nated materials are generally | oaded fromthe stockpile
into the feed hopper by front end | oader or other simlar type
construction equi pment (Troxler, et al., 1993).

Sone hoppers are equi pped with a non vibratory screen at
the inlet to act as a final screening device for the
contam nated material. A feed screwor rotary air lock is
install ed below the feed hopper to nmeter the material into the
thermal desorber. Weigh hoppers consisting of a feed hopper
wi th weigh scale or weight sensor can be used to neter
material to the desorption device. Feed hopper systens can
use magnets to renove netal if the contam nated nmaterial was
excavated froman industrial area.

2.5 Conveyance Systens. Conveyors are used to transport
contam nated material into and treated material out of the
thermal desorber. Screw type conveyors are generally used to
transport the contam nated material fromthe outlet of the
feed hopper to the inlet of the desorption device. Belt or
screw conveyors are used to carry the treated material from
the desorber outlet to a truck or tenporary storage area.
Wei gh scales may be installed as part of the conveyance system
to weigh the treated material prior to disposal or on-site
backfilling.

The capacity of the conveyance systens selected is
dependent upon the throughput capacity of the thernmal
desorber. Variable speed conveyors may be selected to
accommodat e changes in processing feed rate.

3. Desorption of Contam nants. This section discusses types
of desorption units for renoval of organics fromsolids and
desorption theory.

3.1 Dryer Systens. Commercially available, dryer systens to
treat organic contam nated soil include: thermal screws,
rotary dryers, and conveyor furnace dryers. The nechanica
desi gn features and process operating conditions vary

consi derably anong the various types of systens. A brief
description of each of these technol ogies dryer systens is
provi ded bel ow.

3.1.1 Thernmal Screws. Thermal screws are available with
treatment capacities ranging from2,700 to 13,610 kg (3 to 15
tons) of contam nated material per hour. Thermal screw
systens are generally trailer-nmounted. The nunber of trailers
requi red depends on the size and capacity of the system- wth
two to four trailers being typical. Thernal screws are
typically classified as | ow tenperature thermal desorbers.

C 10
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Figure C1is a diagramof an indirectly fired thermal screw
A typical thermal screw process contains the follow ng major
conponent s:

° Indirectly heated screw or paddl e augers;
° Heat transfer fluid heating system and
° Treated solids cooling conveyor.

A thermal screw processor may consist of fromone to four
screw or paddl e augers. Augers can be arranged in series to
i ncrease solids residence tines, or in parallel to increase
contam nated material input capacity. The auger system
conveys, m xes, and heats contam nated material to volatilize
t he organi ¢ conmpounds which are then carried away via an
exhaust system Mst thermal screw systens are heated by hot

oil, nolten salt or with process steam sone systens utilize
molten salt. The heat transfer fluid heating systemis fired
wi th either propane, natural gas, or No. 2 fuel oil. The heat

transfer fluid is circulated through the jacket trough in
whi ch each auger rotates. The heat transfer fluid is also
circul ated through the holl ow auger flights and returned

t hrough the auger shaft (Troxler, et. al., 1993).

Conmbusti on gas does not contact the waste material and
normal |y can be discharged directly to the atnosphere w thout
em ssions control. A fraction of the flue gas fromthe hot
oil heating systemis recycled to the screw conveyor.

Recycl ed flue gas naintains the thernal screw off gas exit

t enper at ure above 150°C (300°F) so that volatilized organics
and noi sture do not condense. The recycled flue gas has a | ow
oxygen content (less than 2% by vol une) and provi des an
essentially inert atnosphere to m nimze oxidation of organics
(Troxler, et. al., 1993).

The maxi num tenperature to be attained in the thermal screw
systemis limted by the tenperature of the heat transfer
fluid and materials of construction of the system Hot oi
heat ed systens can achieve feed material tenperatures of up to
260°C (500°F); steam heat systens can heat soil up to 177°C
(350°F) (Troxler, et. al., 1993); nolten salt systens up to
370°C (700°F); electrically heated screws nay be hotter.

After the treated material exits the thermal screw, water
is sprayed on the treated material for cooling and dust
control. The water may be m xed with the hot treated materi al
in a screw conveyor or pugmll (Troxler, et. al., 1993).

Vapori zed organics, water, and inert off-gas are drawn from

t he screw conveyor under an induced draft and pulled through
the off-gas treatnent system A particulate control device,

C11
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such as a venturi scrubber, cyclone or bag filter, is comonly
used directly down stream of the thermal screw. O her devices
used to control em ssions fromthermal desorption units

i ncl ude cycl ones, afterburners, baghouse filters, ventur
scrubbers, scrubbers and activated carbon (Troxler, et. al.
1993). Most screw use a single- or nulti stage condensation
system conbi ned with other unit operations.

O f-gas volune fromthe primary thermal treatnent unit
operation of an indirectly heated, thermal screw nmay be a
factor of 2 to 10 tinmes less than the volune froma directly
heated systemw th an equival ent feed material processing
capacity. The correspondi ng exhaust treatnent systens for
indirectly heated thermal screws are relatively small unit
operations that are well suited for nobile applications.

I ndi rect heating systens all ow processing materials with high
organi c content by use of inert gas bl anketing which prevents
oxi dati on of desorbed organi c conpounds. Thernal screws are
typically used on the foll ow ng conpounds, solvents such as
TCE, gasoline, naptha and jet fuels within a distillation
tenperature range of 93°C to 88°C (200 to 550°F), (Troxler, et.
al ., 1993).

3.1.2 Thermal Screw Pilot System Contam nated material is
fed into the soil feed hopper. The soil falls into the

t hermal processor. The thermal processor consists of two
units, each containing four hollow screws. As the screws
turn, they churn the feed material, breaking it up and pushing
it fromthe feed end of the processor to the discharge end.

In the neantine, a hot liquid (oil typically) is punped

t hrough the inside of the screws. The constant churning of
the soil and novenent of hot liquid up and down the | ength of
the screws heat the feed material and volatilizes the volatile
organics. Additional heat is provided by the walls of the
processor which also contains flowng hot [iquid (USATHAVA G r
200-1-5). The thermal processor heats up to a maxi mum of
about 340°C (650 degrees Fahrenheit).

Once the volatile organics are vaporized, they flow through
piping into a burner or other neans of treatnment, such as a
scrubber or carbon adsorption system The off gas then passes
t hrough a di scharge stack nonitored for volatile organics.

In the neantine, the treated material which is now
virtually volatile organic-free, falls into the discharge end
of the processor, where it can be put back into the excavation
area. Figure C2 provides a schematic diagram of a thermal
screw pilot system

C 13
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3.1.3 Rotary Dryers. Rotary dryers are available as both
nmobi | e and stationary systens. Treatnent capacities range
from4,500 to 1.8 x 10° kg (5 to over 100 tons) of contani nated
material per hour (Troxler, et. al., 1993). Rotary dryers can
operate at |l ow or high tenperature. A typical rotary dryer
system contains the follow ng maj or process conponents:

° Rotary dryer (co-current or counter current);
° Treated soil cooling system and
° Air pollution control (cycl ones, baghouse filters).

Co-current firing in a rotary dryer involves the flow of
solids (contam nated material) through the dryer in the sane
direction as the off-gas, whereas counter-current firing is
the flow of solids (contam nated material) through the dryer
in the opposite direction of the off-gas. The follow ng
descri bes advant ages and di sadvant ages of co-current and
counter-current rotary dryer systens.

A rotary dryer systemuses a cylindrical netal reactor
(drum that is inclined slightly relative to the horizonta
position. A natural gas, propane or fuel oil fired burner
| ocated at one end of the dryer provides heat to raise the
tenperature of the feed material sufficiently to desorb the
organi c contam nants. Organic contam nants are renoved by the
off-gas. The flow of solids may either be co-current or
counter current to the direction of the off-gas flow. A
series of lifters inside the drumpick up the feed materi al,
carries it to the top of the drumand drops it through hot
conbustion gases fromthe burner. The intense m xing which
occurs in a rotary dryer enhances the heat transfer by direct
contact with the hot gases and allows feed materials to be
heated rapidly. As the drumrotates, the feed material is
conveyed t hrough the drum

The residence tinme of solids in the drumis controlled by
the rotational speed of the drum and the angle of inclination,
and the arrangenent of internal lifters. (Troxler, et. al.
1993) .

The maxi num soil tenperature in a rotary dryer is dependant
on the construction material for the dryer shell. Normally
these shells are constructed of carbon steel and operate at
soi |l discharge tenperatures of 149 to 316°C (300 to 600°F).
Rotary dryers are constructed of alloys which can heat
contam nated materials up to a tenperature of 650°C (1200°F)
(Troxler, et al., 1993). After the treated material exits the
rotary dryer, it is sprayed wwth water for cooling and dust
control
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Counter current rotary dryers are typically followed by wet
scrubbers, a cyclone, a baghouse, an ID fan, an afterburner,
and a stack. The off gas tenperature froma counter-current
rotary dryer is limted by the material of construction of the
bags in the baghouse. This tenperature limtation is normally
in the range of 260 to 350°C (500-660°F). A key advant age of
the counter current systemis that the off gas can go directly
to the baghouse w thout adding water or air for cooling.
However, because of the relatively | ow baghouse operating
tenperature, there is sone potential for high nolecul ar wei ght
organics to condense in the baghouse and contam nate the
baghouse fines or to blind the bags (Troxler, et. al., 1993).
Tenperature is limted to material of construction of the bags
in the baghouse (if a baghouse is used). Tenperatures can be
hi gher if a wet scrubber or water quench is used.

A comon equi pnent arrangenent of co-current rotary dryer
is a cyclone, an afterburner, an evaporative cooler, a
baghouse, an ID fan, and a stack. Rotary dryers that operate
in co-current node discharge off gas at a tenperature of 10 to
40°C (50 to 100°F) hotter than the soil discharge tenperature.
This results in exhaust tenperatures that may range from 200
to 540°C (400 to 1,000°F). (Troxler, et. al., 1993).

3.1.4 Bed Desorption Systens. A bed desorption systemis
essentially a desorption systemwhich utilizes a conveyor and
a bed. The systemis typically a transportable nobile unit
which is transported on flatbed trailers. The capacity of
this systemis 4,500 to 9,000 kg (5 to 10 tons) of soil per
hour. The conveyor furnace uses a flexible nmetal belt to
convey contam nated material through a primary heating
chanber. A 2.54 cm (one inch) deep |ayer of contam nated
material is spread evenly over the belt. A series of burners
fire into a chanber above the belt to heat the feed. This
system can heat materials to tenperatures ranging from 150
t0430°C (300 to 800°F). After the treated naterial exits the
conveyor furnace, it is sprayed with water for cooling and
dust control.

The off-gas exits the conveyor furnace and is treated in an
of f-gas treatnent system which consists of an afterburner,
guench chanber, and a venturi type scrubber. Wter di scharged
fromthe scrubber is used to cool the treated materi al
(Troxler, et. al., 1993).

3.1.5 Batch Processes. Batch thermal treatnment process
systens can renedi ate soil contam nated with volatile and

sem -vol atile organics to bel ow detectable limts. The
process does not alter the chem cal structure of contam nants,
which allows the contam nants such as petroleumto be
recovered and recycled. In many cases, the process is
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considered to be an enhanced vacuum extraction system and can
operate without air nmonitoring controls. On HTRWsites
activated carbon or quench, cyclone, and wet scrubbers have
been added as necessary. Depending on the type of contam nant
and the noisture content of the soil, batch treatnments can
remedi ate as nuch as 51 x 10°® kg (56 tons) of soil per hour,
per unit. The process is especially suitable for use in clay
medi a. Petrol eum hydrocarbons, chlorinated sol vents,
pesticides, PCBs and nercury have been treated successfully.
Arsenic in a chloride or organically bound formal so can be
handl ed. The process recently has been tested as a nethod for
extracting volatiles fromm xed waste (Pollution Engi neering,
1994) .

3.1.6 Low Tenperature Volatilization System The Low
Tenperature Vol atilization Systemis a batch type system used
to thermally treat contam nated soil at exit tenperatures

The primary thermal treatnment conponent of this systemis a
natural gas or propane fired, countercurrent rotary dryer with
internal flights. Contamnated material is fed into the dryer
where the internal flights lift and spill the soil through the
hot gas stream Treated material fromthe dryer exits into a
di scharge auger where it is water-cooled. The cool ed soi
drops onto a stacking conveyor and is conveyed to a tenporary
stockpile. The air pollution control systemconsists of a
baghouse, an afterburner quench, and packed bed scrubber.
Entrained particles in the thermal desorber off gas are
removed by the baghouse. Volatilized organic conpounds from
the thermal desorber off gas are destroyed in the afterburner.
Foll ow ng the afterburner, a wet air pollution control system
is used to remove HO and O 2 present in the off-gases. A

bl ock flow di agram of the Low Tenperature Vol atilization
Systemis shown in Figure CG3. The block flow di agram begi ns
where soil feed and auxiliary fuel are introduced into the

t hermal desorber and then traces the off-gases through the air
pol lution control system

3.2 Waste Contact with Heat Transfer Surface. The

vol atilization of the organics contam nants and water fromthe
soil is primarily dependent upon the physical and chem cal
characteristics of both the soil and the organic contam nants.

3.2.1 Volatilization of Organics. Volatilization processes
within this docunent are focused primarily on contam nants.
Toxic netals present in contamnated material may al so be

vol atilized and are subsequently partitioned between the
treated material and the off gas. (In general, materials with
toxic netals as the principal contam nants are not anenable to
t hermal desorption).
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Vol atilization of organics is dependant on the foll ow ng
physi cal and chem cal characteristics:

° Soil tenperature: the soil tenperature is a
function of the noisture content of the soil, heat
capacity, particle size of the soil, and the heat

transfer and m xi ng characteristics of the thernal
desor pti on devi ce.

° Exposed contact surface between soil and air or
ot her carrier gas.
° Cont ami nant Characteristics: the contam nant

characteristics of nost inportance include the vapor
pressure of the organic, and the concentration of
the organic in the soil.

Soi |l Tenperature

Soil characteristics such as size, noisture and plasticity
af fect the desorption of contam nants from soil

A major factor affecting the tenperature of the soil is its
specific heat or its thermal capacity. The noisture content
tends to buffer the soil fromrapid changes in tenperature.

The particle size of the soil indirectly inpacts the
vol atilization of organics. Fine-grained soil particles such
as silts and clay may becone entrained in the process gas and
pass through a thermal desorption device w thout adequate
residence tinme to allow desorption. The organics adhere to
fine particles and as a result becone entrained in the gas
stream This phenonenon inpacts both the performance of the
desorber and the air em ssions. Typically, the entrained
particles are recycled back through the desorber. (Brady,
1984))

Cont ami nant Characteristics

Table C-2 provides a list of physical and chem cal
characteristics and their relevance to thermal desorption.
The vapor pressure of the organic constituent is a key
paranmeter which influences the rate and tenperature at which a
contamnant is thermally desorbed.
The operating tenperature nust be bel ow the point where
conmbustion can occur. The conbustion of organics is a
function of tenperature and oxygen concentration; these
paraneters are controlled to prevent conbustion

Vapor pressure versus tenperature curves can be used to
determ ne the operating tenperature range to desorb organics.
When t he vapor pressure of an organic conpound is equal to
at nospheric pressure, the organic conpound begins to boil.
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Vapor pressures of organi c conpounds may be found in
references, such as Yaws (Yaws, 1994) or cal cul at ed. The
follow ng nodification of the O ausius-C apeyron equation
(Petrucci, 1982) is useful in the calculation of vapor
pressure:

log (P/Py) = -)H/ (2.308R) *((T, - T/ (T,T,))

wher e: T =1is expressed in Kelvin

dh,,, = heat of vaporization expressed in Kj/nol
P =1is expressed in nm Hg

R = 8.314 Jnol "K!?

<

Use of this equation requires the cal culation of the
tenperature for small changes in pressure (pressure difference
10 mmHg or less) in order to remain accurate. The pressure
and tenperature at the boiling point of is known for nost
organics (pressure = 760 mmHg). Therefore, the equation can
be solved iteratively for T, for a very small difference in
pressure. In the first iteration, P, should be equal to 750 mm
Hg. The calculations are easily executed using a conputer
program or a spread sheet.

Anot her equation which can be used to generate vapor
pressure vs. tenperature information is Antoine's equation:

Ln(VP) = A- (B/(T+0Q))

wher e: Ln(VP) = the natural |og of vapor pressure in nm Hg;
A = Antoine curve fit constant
B = Curve fit constant (in Kelvin)
C = Curve fit constant (in Kelvin)
T = tenperature in kel vin.

Ant oi ne's coefficients and other chem cal/physical
properties can be obtained froma standard source contai ni ng
properties of gases and |iquids.

Aut oi gni ti on Tenper at ure

The autoignition tenperature of a substance is the
tenperature at which vapors ignite spontaneously fromthe heat
of the environnent. (Bodurtha, 1980) The autoignition
tenperature, which may be found in references such as Lange’s
Handbook of Chemistry, is generally significantly higher than
the boiling point. For exanple, peat noss and highly volatile
organic materials possess | ow autoignition tenperatures and
could burn in the primary chanber of a thermal desorber
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TABLE C- 2
Cont am nant Characteristics
Characteristic Reason for Potential |npact
Physi cal Characteristics
Vapor pressure Cont am nant vapor pressure and

contam nant renoval rate increase as
soil treatnent tenperature increases

Boi | i ng poi nt

Rel ative indicator of degree of
difficulty for volatilizing a specific
conpound.

Mol ecul ar wei ght

Boi ling point tenperature generally

i ncreases as nol ecul ar wei ght

i ncreases, therefore, nolecular weight
is a good indicator of the degree of
difficulty of volatilizing a specific
conpound.

Cct anol / wat er Measure of relative distribution of a
partition coefficient, |chem cal substance between organic and
Kow aqueous phases (< 1 ng/kg).

Soil /water partition Measure of relative distribution of a
coefficient, K chem cal substance between solid and

aqueous phases. A higher value of K
represents a greater affinity for the
soil.

Aqueous solubility

Potential for |eaching soluble
conmponents into groundwater.

Aut oi gnition
t enperature

Conmbusti on of conpounds if
concentration in thermal desorber off
gas i s above | ower explosive Iimt and
sufficient oxygen is available to
support conbusti on.
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TABLE C-2 (cont)

Cont ami nant Characteristics

Characteristic

Reason for Potential |npact

Chem cal Characteristics

or organics in TCLP
extract

Concentration of netals |Untreated waste may be a RCRA

hazardous materi al .

Treated material nmay be classified as
a RCRA hazardous waste and require
stabilization. Most |ikely

contam nant is |lead from| eaded
gasol i ne.

Concentration of netals | Stack em ssions of netals are

regul ated on a state by state basis.
Most likely nmetals contam nants are

| ead, nickel, and vanadium \aste
lubricating oil may contain a variety
of metals. Some states al so have
criteria for maxi nrum al | owabl e
concentrations of netals in treated
soil.

BTEX Soil cleanup criteria established by
state standards.

Sul fur Potential air em ssions of sulfur
di oxi de are generally insignificant.
Regul ated on a state-by-state basis.

Ni t rogen Concentration of nitrogen oxides in

t hermal desorption system stack gas
are generally bel ow 100 ppmv. Stack
em ssions are regul ated on a state-by-
state basis. NOx generation could be
a concern due to nitrogen content
present in contam nated materi al
(soil) and or fuels especially in
direct fire units.

Organi c content of soi

Hi ghly organic soils (e.g. |oam
contribute BTUs to thermal desorption
system providing stronger bonds for
organi ¢ contam nants requiring higher
treat ment tenperatures

Organi ¢ gasol i ne
addi tives

Resi dual MIBE concentration is a
cl eanup paraneter in sone states.
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TABLE C-2 (cont)

Cont ami nant Characteristics

Characteristic

Reason for Potenti al

| npact

Cont ami nant Concentrati on

Lower Explosive Limt Maxi mum concentration of organics in
feed material to direct fired
t hermal desorbers nust be limted to
prevent the concentration of
organics in the off gas from
exceeding the | ower explosive limt.
Maxi mum pet rol eum hydr ocar bon feed
concentrations for direct fired
t hermal desorption systens are in
the range of 1 to 4 percent.

Soil treatnent tine Sel ection of required soil treatnent

and tenperature.

tenperature and residence tine to
meet soil cleanup criteria
establ i shed by state standards.

Afterburner auxiliary
fuel usage

| ncreasi ng concentration of organics
in feed soil reduces afterburner
auxiliary fuel requirenents if an
afterburner systemis used. High
concentrations of organics in feed
soil (greater than 2 to 4 percent)
may cause concentration of organics
in thermal desorber exhaust gas to
exceed afterburner thermal capacity.

Li qui d waste di sposal
costs

| ncreasi ng concentration of organics
in feed materi al increases organic
liquid waste di sposal costs if a
condensi ng type off gas treat nment
systemis used.

Sour ce: Troxl er,

et al.

1993.
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Tabl e C-3 provides boiling point, autoignition tenperature and
ot her characteristics of conpounds contained in petrol eum
product s.

Ther mal desorption operating tenperature is maintained
bel ow the auto ignition tenperature of the organics.

This paranmeter could play a key role in the selection of a
t hermal desorption system For exanple, assunme that soil has
been contam nated with the organics presented on Table C 3.
The tenperature range need to desorb the organics ranges from
0-450°C (32-838°F). The auto ignition tenperature ranges from
261-562°C (502-1,044°F). lgnoring the auto ignition
tenperature, the operating tenperature range for the desorber
woul d be cal cul ated using the procedure identified in the
di scussi on on vapor pressure. At 261°C (502°F), n-hexane wll
burn in an oxidizing atnosphere. In order to deal with this
conpl ex waste stream the engineer could either have multiple
chanbers with operating tenperatures increasing or use a
desorber which utilizes an inert sweep gas such as nitrogen.

Thermal desorption of a sem volatile organic conmpound is
assi sted by gas flow and can be acconplished at tenperatures
bel ow boiling. Provided the partial pressure of a substance
above the substrate is |ower than the vapor pressure, the
substance will evaporate. Rate of evaporation is slowed by
operation at bel ow boiling tenperatures.

3.2.2 Application of Physical Characteristics. An initial
i nput paranmeter for the thermal desorption process involves
the determ nation of soil characteristics such as noisture
content, particle size distribution and heat capacity.

The design team shoul d devel op a table containing both the
boiling point and the average soil concentration data for al
t he organi c conpounds targeted for treatnent. The energy
required to vaporize the organics with the highest
concentrations should be calculated. The first step involves
determ ning the energy needed to heat the soil to the desired
t emper at ure.

BASI S: 1.0 kg (2.21 Ib) dry soil mxed with 0.2 kg (0. 44
I b) of water both initially at 20°C (68°F) is passed
t hrough a desorber. The goal is to raise the
tenperature of the soil to 700°C (1292°F). Specific
heat of soil is 200 cal/kg°C (0.2 BTU I b°F) and
specific heat of water is 1000 cal/kg°C (1 BTU | b°F).
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TABLE C 3
Characteristics of Conpounds in Petrol eum Products

Lower
Boi | i ng Expl osi ve Aut oi gnition
Mol ecul ar Poi nt Limt Tenperat ure
Conpound For mul a Wi ght °C (°F) (% Vol une) °C (°F)
n- But ane C,Hio 58 0 (32) 1.9 405 (761)
1- Pent ene CH,o 70 30 (86) 1.5 273 (523)
Pent ane CH,, 72 36 (97) 1.4 309 (588)
Benzene GHs 78 80 (176) 1.4 562 (1, 044)
n- Hexane GHus 86 67 (156) 1.1 261 (502)
Tol uene CH; 92 111 (232) 1.4 536 (997)
o- Xyl ene GHi, 106 144 (291) 1.0 464 (867)
Et hyl benzene GHio 106 136 (277) 1.0 432 (810)
1,2, 4- CoHy, 120 169 (336) NA 521 (970)
Tri met hyl benzene
Napht hal ene CioHs 128 218 (424) 0.9 526 (979)
1- Met hyl napht hal ene C.,1Hp 142 240 (464) NA 528 (982)
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TABLE C-3 (cont)
Characteristics of Conpounds in Petrol eum Products
Lower
Boi | i ng Expl osi ve Aut oi gnition
Mol ecul ar Poi nt Limt Tenperat ure
Conpound For mul a Wi ght °C (°F) (% Vol une) °C (°F)

1, 4- CioHi 156 268 (514) NA NA
D net hyl napht hal ene
Phenant hr ene Ci.H, 178 340 (644) NA NA
Pyrene CisHio 202 404 (759) NA NA
Tri phenyl ene CisHis 228 425 (797) NA NA
Chrysene CisHi, 228 448 (838) NA NA
Peryl ene CoHi 252 400 (752) NA NA
NA - Not Avail able
Source (U.S. EPA, 1994)
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° The energy required to raise the tenperature of the
soil from20 to 100°C (68 to 212°F) is 1.0 kg (2.2 |b)
dry soil x 80°C (144°F) x 200 cal/kg°C (0.2 BTU I b°F) =
16, 000 cal (63.5 BTU)

o The energy required to concurrently raise the water
associated wth the soil from20 to 100°C (68 to 212°F)
is 0.2 kg (0.44 I b) water x 80°C (144°F) x 1000
cal/kg°C (1 BTU Ib °F) = 16,000 cal (63.5 BTU)

° The energy required to evaporate water is 0.2 kg (0. 44
I b) water x 5.4 x 10° cal/kg water (972 BTU I b) =
108, 000 cal (428 BTU

o The energy required to raise the dry soil from 100 to
700°C (212 to 1292°F) is 1.0 kg (2.2 Ib) x 600°C
(1080°F) x 200 cal /kg°C = 120,000 cal (476 BTU)

° Thermal energy required to raise the tenperature of the
soil at 20% noisture from20 to 700°C (68 to 1292°F) is
16,000 cal (63.5 BTU)+ 16,000 cal (63.5 BTU) + 108, 000
cal (428 BTU) + 120,000 cal (476 BTU) = 260,000 cal
(1,032 BTU)

For the relatively dry soil, nearly half of the energy is
used to raise the water tenperature and evaporate it. The
additional energy required to evaporate the organics is inversely
related to the vapor pressure and directly related to the
affinity of the organic material for the soil.

This information hel ps determ ne the power requirenents for
the systemand if the unit itself can provide the energy required
to raise the soil tenperature

The maxi mum concentrati on of petrol eum hydrocarbons that can
be treated by a thermal desorption device is dependent on gas
fl ow t hrough the device, the oxygen content of the off gas, the
type of hydrocarbon present, and the heat input.

3.2.3 Sweep Gas. As discussed in previous sections, the off-
gases may be inert or oxidative. An exanple of an inert gas is
nitrogen, and an exanple of an oxidative gas is | ow oxygen
content conbustion gas. For direct fired units, |ow oxygen
content conbustion gas is utilized. For indirect fired units,
inert gases are utilized. The maxi mum all owabl e organi ¢ content
of feed material is 1 to 2% organic contents (for gasoline
contam nation) and up to 3 to 4% for No. 6 fuel oil contam nation
for an oxidative thermal desorption system (US EPA, 1994).
Thermal screws and other indirect fired units nmay operate under
an inert or very |ow oxygen content atnosphere.
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Therefore, these types of units can accept waste with up to 50%
or gani ¢ conpounds.

3.3 Treatnment Tenperature. As discussed in the previous section
the thermal desorption treatnent tenperature is a function of
several paraneters:

° Mbi sture content;

o Heat capacity of the soil;

o Particle size of the soil;

° The tenperature range which the organics will desorb;
and

o The heat transfer and m xing characteristics.

As the solids progress through the reactor, they are
processed in the foll ow ng zones:

o Warm ng Zone - noist soil is heated to the boiling
poi nt of water 100°C (212°F);

o Drying Zone - soil is maintained at 100°C (212°F) until
t he noi sture has evapor at ed;

° Heat Up Zone - dry soil is heated from 100°C (212°F) to
the target treatnent tenperature; and

° Hol di ng/ Treat ment Zone - dry soil is processed at or

above the target tenperature to desorb the organic.

The energy requirenent for heating soil wll significantly
exceed the energy requirenent for solely heating the water
(wi thout evaporating it).

4. Secondary Treatnent. Thermal desorption of contam nated

mat eri al generates process residuals that require secondary
treatment. During the heating of contam nated materi al,

contam nants are transferred to the sweep gas, creating an off-
gas which contains particul ate, vaporized organic contam nants
and water vapor. Particulates are renoved fromthe off-gas prior
to off-gas treatnent. 1In addition to the particulate matter
generated, a wastewater streamis generated by the water vapor
present in the off-gas which condenses in the heat exchanger.

4.1 Of-Gas Particulate Renoval. Particulate matter is
typically the | argest em ssion factor (by weight or vol une)
generated fromthe thermal desorption unit. The particul ate
matter primarily consists of fines and dust which when entrained
into the sweep gas exit the desorption chanber. The particul ate
matter often has organic conpounds adhered to its surface which
require the renoval of particulate matter fromthe organics and
sweep gas. Conmmon control devices utilized for this process

i nclude settling chanbers, inertial separators (cyclones),
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I npi ngenent separators, wet scrubbers, fabric filters (bag
houses), and electrostatic precipitators. Wt scrubbers,

cycl ones and baghouses, in conbination or alone, are comonly
used to renove particulate fromthe off-gas of thermal desorbers.

TM 5-815-1 Air Pollution Control Systens for Boilers and
I nci nerators provides gui dance and procedures for selection of
control equi pnent.

4.1.1 lnertial Separators. An inertial separator uses
centrifugal force to separate |large particles (greater than 15
pm fromthe off gas. The smaller particles are typically
removed in scrubbers and filters such as baghouses. A cyclone is
the nost conmon type of separator used for thernmal desorption
systens. It is a lowcost inertial separator which separates
particles without the use of noving parts. The performance of a
cycl one separator is primarily dependant upon the particle size
of the particulate. The vortex required for particle separation
is created by injecting gas into the cylinder section. The
particle is then propelled into the cyclone along its walls and
at the point the vortex changes direction (Corbitt, 1990). The
pressure drop across the cyclone is the notive force for the
removal of particles fromthe sweep gas. Cyclone efficiency wll
increase with the foll ow ng paraneters:

° Decrease in gas viscosity (inversely proportional);

° I ncrease in cylinder dianeter (directly proportional);

o Increase in inlet duct wwdth or area (directly
proportional); and

° Increase in density difference betwen gas and

particul ate (directly proportional).

Table C-4 provides efficiency ranges for conventional and
hi gh efficiency cycl ones.
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TABLE C-4
Efficiency Range for Cycl ones
Particle Size Ef ficiency Range, wt % Col | ect ed
Range, pm
Convent i onal "High Efficiency"
Less than 5 Less than 50 50- 80
5-20 50- 80 80- 95
15-40 80- 95 95-99
G eater than 40 95-99 95-99
Source: Stern, 1977. Ar Pollution, Vol. IV Engineering
Control of Air Pollution, Academ c Press, NY. Ed by Arthur
Stern

4.1.2 Wet Scrubbers. Wt scrubbers are collection/renova
devi ces that wet particulate matter present in the off gas
stream The mmjor categories of wet scrubbers include the
fol | ow ng:

Pref ormed spray scrubbers;
Packed- bed scrubbers;

Pl at e scrubbers;

Venturi scrubbers;

Orifice scrubbers; and
Mechani cal scrubbers.

Wet scrubbers use water sprays to wash the off gas free of
particul ate. The wash water (bl owdown) would be incorporated
into the wastewater stream (Corbitt, 1990). Scrubbers can al so
be used to renove acid gases fromthe off gas.

4.1.3 Fabric Filters. The nost efficient device for renoving
particles is the fabric filter. Fabric filters have the
capability of renpoving particles 0.3 umand greater. The basic
design feature of fabric filter unit consists of woven or felted
fabric, usually in the formof tubes (bags) that are suspended in
a housing structure or baghouse. Unlike cyclones and scrubbers,
this systemoperates with a | ow pressure drop. Dependi ng upon
the contam nant | evels of the particulate, the collected
particul ate could either be added to the treated material or
reprocessed through the treatnent unit. Fabric filters may be
coated with line to react with acid gases.
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4.1.4 Electrostatic Precipitators. Electrostatic precipitators
are particle renoval devices where an electric charge is inparted
to a particle by exposing it to an electrostatic field of
sufficient strength (3000-6000 v/cm (5080 to 7620 v/ n), overal
potential 20,000 to 100,000 v). The charged particle then
mgrates toward the oppositely charged ground coll ection

el ectrode, where the charge is neutralized. Once "collected" on
the electrode, the particle falls to a collection hopper under
the force of gravity. Generally particles are renoved fromthe
collection or ground el ectrodes using nechanical "rappers”,
however they can al so be renpoved by water washi ng.

4.2 Of-Gas Organics Treatnment. After particulate renoval, off-
gas can be treated by condensing the contam nants into
concentrated fornms, burning the organic contam nants, or use of
carbon or ion exchange nedia bed to adsorb the contam nants.
Followi ng treatnent, the off-gas can be vented to the atnosphere.

4.2.1 Vapor lon Exchange. Regenerable ion exchange systens
maybe used to concentrate the off-gas prior to thernmal oxidation,
condensation or recovery of valuable materials.

4.2.2 Conbustion. Organic contam nants can be treated by
passing the off-gas through an afterburner or thermal oxidizer.

An efficient afterburner design must provide adequate dwell
or residence tinme for conplete conbustion, sufficiently high
tenperatures for volatile organics destruction and adequate
velocities to ensure proper mxing. Catalytic afterburners
operate simlarly except that a catalyst is used to |ower the
activation energy needed for conmbustion so that the catalytic
af terburner can operate at a | ower tenperature.

In afterburners, the volatile organics-1aden off-gas is
delivered to the refractory-lined burner area by a blower. The
conbustible matter is thoroughly mxed with the burner flane in
t he upstream portion of the chanber and then passed through the
remai ni ng portion where conbustion is conpleted. Residence tines
of 0.3 to 1.0 second at tenperatures ranging from538 to 871°C
(1,000 to 1,600°F) are generally required. Natural gas may be
used to ignite the mxture and maintain conbustion tenperatures.
Heat recovery efficiencies vary from35%to 70% destruction
efficiencies from95 to 99+%

The catalyst in catalytic afterburners are nade up of

platinumand its alloys, copper chromte, copper oxide, chrom um
manganese and nickel. These catalysts are deposited in |layers on
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an inert substrate, usually honey-conb shaped ceramc. For the
catalyst to be effective the active sites upon which the organic
gas nol ecul es react must be accessible. The percent LEL of the
gas stream nust be kept bel ow 20% to keep the tenperature bel ow
538 to 649°C (1,000 to 1, 200°F).

USACE Docunents that provide additional information regarding
desorption include Incinerators, General Purpose (CEGS 11181)
and Renedi ati on of Contam nated Soils and Sl udges by Incineration
(CEGS 02288).

4.2.3 Vapor Phase Carbon Adsorption. Contam nants in the off-
gas can be collected in a vapor phase carbon adsorption system
These systens are commercially avail able and wi dely used by

i ndustry. The off-gas nust be cooled, filtered and have noi sture
removed to bel ow 50% relative humdity for best results prior to
carbon adsorption. Data from vapor phase isotherns for the
contam nants of concern is used to design and size the system
The vapor phase isothermis the relationship between the parti al
pressure of the organic contam nant and the wei ght adsorbed by
the carbon. The isotherm assunes very |ow noisture in the vapor
phase. Vapor phase carbon systens are available in regenerable
and non-regenerable units. Non regenerable units are changed in
the field and the spent unit is returned to the supplier for
regeneration. Regenerable units may be selected if the degree of
contam nation is high, and frequent changing of the carbon units
is required. The type of system selected is dependant on project
econom cs.

Not e that off-gases have a relative humdity of 100% whi ch
greatly reduces efficiency and effectiveness of using carbon.
Carbon capture efficiency is between 80-95% where as conbustion
systens renove 95-99%

4.3 Of-Gas Condensation. Few thermal desorption systens
i ncorporate off-gas condensati on and di sposal .

Typically, in those thermal desorption systens that do
condense off-gas, an inert carrier gas transports the volatilized
wat er and organics to the off-gas handling system The off-gases
are condensed. Tenperature heat exchangers are used to
acconplish the condensation. The water is then separated from
the organic phase. The water is sent to a wastewater treatnent
pl ant and the organics are collected and di sposed offsite.
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4.4 Wastewater. The wastewater generated froma therm
desorption systemcan be treated with conventional wastewater
treatment technol ogi es such as chem cal precipitation and ion
exchange for netal and inorganics renoval, or carbon adsorption
for organic renoval and general polishing. |f necessary,

wast ewater may require additional treatnent using oil/water
separation techni ques such as coal escence and di ssol ved air
flotation technol ogies. Since netals and organics are generally
not volatile, they are not expected to be in wastewater fraction
at large concentrations. Metals precipitation may be ineffective
if nmetal concentration is low. The type of treatnent is
dependant upon the contam nants in the wastewater and the

di scharge limts either established by a regul atory agency or
treatnment authority (local wastewater treatnent plant).

TM 5-814-3 Donestic Wastewater Treatnment and TM 5-814-1
Sanitary and I ndustrial Wastewater Collection - Gavity Sewers
and Appurtenances provi de design gui dance for wastewater
treat ment systens.

4.4.1 Liquid Phase Carbon Adsorption. WAstewater generated by
the of f-gas condensation process is typically treated by using a
carbon adsorption process. Adsorption of organics from
wastewater is a treatnment technol ogy which is now w dely
accepted. The acceptance in part is based on its long history of
effectively renoving organi c contam nants from groundwat er and
wast ewat er systens.

The first consideration in the design of an activation carbon
systemis carbon selection. The waste water stream nust be
characterized, the contam nants identified, quantified, and
treatment goals established. A nunber of activated carbons are
comercially avail able, and selection is usually determ ned by
| aboratory or pilot testing of the particular carbon. The two
nmost inportant variables in carbon system design are contact tine
br eakt hr ough characteristics, and fl ow requirenents.

Br eakt hrough is defined as the point at which the contam nant
concentration exiting the adsorber exceeds the treatnent goal.
Contact tinmes may be varied by changi ng bed depth at constant
flow, which alters the tinme to breakthrough and may be determ ned
experinmentally with colum tests.

Downfl ow fi xed bed absorbers are the sinplest and nost w dely
used design for water treatnent application. The water enters
the top of the absorber, is distributed across the packed bed,
and is collected at the bottom of the vessel. The
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fixed bed can either be gravity or pressure driven. A fixed bed
pressure absorber is usually an ASME coded steel pressure vessel
W th corrosion resistant |ining.

Further information on carbon adsorption can be obtain from
the foll owm ng docunent (s):

EM 1110 1-501, Design Manual for Wastewater Treatnment
Evaluation Criteria Guide for Water

TM 5-814-8, Evaluation Criteria GQuide for Water Pollution
Prevention, Control and Abatenent Prograns

CEGS 11215, Liquid Phase Activated Carbon Adsorption Systens

4.4.2 Precipitation. Wen the wastewater contai ns netal
contam nants, precipitation or ion exchange can be enployed to
remove the netals fromthe wastewater.

Table C-5 lists the netals and the precipitation technol ogy
used to renove the netal. As indicated on Table G5, netals can
be renoved fromwater as one of several salts. The various forns
of precipitation are described briefly below Figure G4 shows
the solubilities of selected netal ions as hydroxide or sulfide
metal salts.

Hydr oxi de precipitation generally uses quicklinme (CaO or
hydrated linme (Ca(OH),) as a source of a hydroxide ion which
rai ses the pH of the water to the opti num pH for precipitation.
This optinmum pH varies with the target netal. Caustic soda
(NaOH) can be used instead of linme; the reagent costs are higher,
al t hough | ess sludge may be generated. A general formof the
hydroxi de precipitation reaction is:

M* + n(OH) = MOH),

Note that the solubility depends on the presence of chelate
in the water, as well as the pH

Car bonate precipitation generally uses sodi um carbonate or
cal cium carbonate to convert netals into an insol uble netal
carbonates. The general form of the carbonate precipitation
reaction is:

M* + (n/2) (007 = MCG) .

The treatnment efficiency depends on the pH of the water.
Car bonates are much | ess sol uble than the correspondi ng
hydr oxi des and as a result, |ower concentrations of the target
metals can be achieved in the treatnment plant effluent. For
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certain netals (i.e., lead and cadm un), carbonate sludge has
nore desirable settling and dewatering characteristics than the
hydr oxi de sl udge (Patterson, 1985).

Sul fide precipitation results when a sulfide ion reacts with
a netal ion to forman insoluble netal salt. A sinple form of
sulfide precipitation is witten bel ow

M* + (n/2)(S) = M,

Sul fides are | ess soluble than the correspondi ng hydroxi des
and carbonates, and | ower concentrations of the target netals can
be achieved in the treated water. Two processes used in sulfide
precipitation are:

° | nsol ubl e sulfide precipitation - sulfide is added as a
slightly soluble iron sulfide slurry;

° Sol ubl e sulfide precipitation - sodium sulfide or
sodi um hydrosul fide is added. Wth this process
overdosi ng of sulfide conpounds can produce toxic
hydr ogen sul fide gas; therefore, the reaction tanks
shoul d be covered and of f gasses should be treated
prior to discharge to the atnosphere.

4.4.3 Liquid lon Exchange. Liquid ion exchange is a process of
exchangi ng sel ected di ssol ved ionic conpounds with a set of
substitute ions. The exchange occurs on a synthetic or natural
resin. The target conpounds are renoved fromthe wastewater

t hrough direct contact with the resin. Once the resinis
saturated with the targeted ions, backwashi ng/ regeneration of
the resin is necessary to renove these ions fromthe resin.
Regeneration solutions generally consist of acids and bases.
Hence, the waste regenerant solution will typically contain a
concentrate of dissolved netals and have an undesirable pH

Li quid i on exchange requires suspended solids kept bel ow 50
mg/ |1, and total dissolved solids kept bel ow 5000 ng/l. Iron,
manganese, cal cium and hi gh organi c concentrati ons may
permanently foul the resins. Large organic nol ecules may cl og
pore species between in the resin.

| on exchange i s an expensive water treatnment technol ogy which
i ncludes a waste streamrequiring additional treatnment and/or
disposal. It is generally not recomended. However, if
stringent discharge limts are inposed by a regul atory agency,
i on exchange may be necessary to neet inorganic discharges.
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Ef fective Types of Precipitation for Sel ected Metal 1ons

Metal 1ons Hydr oxi de Sul fide Car bonat e
Precipitation Precipitation Precipitation

Ant i nony
Arsenic X X
Beryl i um X T
Cadm um X X
Chrom um X X
Copper X X
Lead X X X
Mer cury X
Ni ckel X X X
Sel eni um
Silver X T
Thal I'i um T
Zi nc X X T
I ron X X
Manganese X T
The effluent concentrations reported assunes the oxidation
states of the netal ion is anenable to precipitation.
X - indicates the process is applicable for the netal ion
removal .
T - indicates the process nay be applicable for the netal ion
removal . Bench scale or pilot studies are not avail able for
confirmation.
Source: United States Environmental Protection Agency, CERCLA
Site Discharges to POTWS Treatability Manual, USEPA 540/ 2- 90-
007, August 1990.
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5. Resi dual Handl i ng.

5.1 Treated Material Handling. Treated material will be
transported fromthe treatnent unit to a treated materi al

di scharge area by a conveyor belt system The treated nateri al
w Il be considered contam nated until |aboratory analysis
confirnms that the material has been treated to within specified
cl eanup standards. The treated material discharge area should be
designed to prevent cross-contam nation. Possible cross-
contam nation scenarios include: stormwater causing the

| eachi ng of contam nants the underlying soil, stormwater runoff
carrying contam nated material to the surroundi ng areas, and
contam nated material being blown to surroundi ng areas by the

wi nd. Common designs used to prevent cross-contam nation

i npl enent sonme conbi nation of the foll ow ng; HDPE |ining,
concrete slabs, sunps connected to the water treatnent plant,

i nper meabl e covers, berns, silt fencing and hay bal es.

| f | aboratory analysis indicate that the treated materi al
does not neet treatnent requirement for organics, the material
w Il be handl ed as contam nated and fed through the treatnent
unit again. The treated material discharge area would then need
to be decontam nated before sending nore treated material to it.
The evaluation of treated material should include a review of al
i norgani ¢ anal yses of the waste.

Vari ous guide specifications addressing |ayers and features
of landfill construction. For exanpl e CEGS 02445:
Solidification/Stabilization of Contam nated Material addresses
further treatnment that nay be necessary prior to placenent.

| f | aboratory analysis indicates that the treated materials
meet cl eanup standards, the treated material will be brought to
the backfill area or treated nmaterial stockpile area. To allow
the treatnment unit to operate continuously, nore than one treated
mat eri al discharge area is required. Wile waiting for
anal ytical results on treated material in one discharge area, the
treatment unit could be discharging into another area. |If the
treated material fails TCLP requirenents then, it may need to be
treated (stabilization and/or solidification) prior to
backfilling.

5.2 Particulate Dust Control System The particulate matter
both fromthe cyclone and the baghouse is managed based on the
concentration of organics and inorganic conpounds. |If the
particul ate matter contains organics, it is then generally
recycled through the unit for reprocessing. |f the particulate
matter renoved by air pollution control equi pnent does not
contain organic constituents, it can either be backfilled on
site, treated to immbilize inorganic constituents, or disposed
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of fsite (dependent on inorganic concentrations of particulate
matter). Particul ate managenent varies fromsite to site.
Therefore, the evaluation of particul ate managenent should al so
include a review all inorganic anal yses of the waste.

5.3 dean Of-Gas. After treatnent in the thermal desorption
unit, the clean off-gas is discharged to the environnent.

5.4 Spent Carbon. On sone projects, spent carbon units in
excess of 4530 kg (10,000 |Ib) can be sent back to the vendor for
regeneration. 1In the event the vendor is not capabl e of
accepting the carbon then the carbon nmust be di sposed at an
approved facility. Typically, projects and units using |ess than
4530 kg (10,000 Ib) canisters are not regenerated.

5.5 lon Exchange Residuals and Backwash Water. After saturation
of the ion exchange resins, backwashing/ regeneration of the
resin is necessary to renove the undesirable ions fromthe resin.
Regeneration solution generally consist of acids or bases. The
regenerant is classified as a liquid hazardous waste and nust be
di sposed of in an appropriate manner. Depending on the duration
of the project, the resin may need to be changed out when
regeneration is no |longer effective.

5.6 Oversized Material Minagenent. |If the oversized material is
hazardous a pug m |l or crusher can process |arge stones and
aggregate prior to thermal treatnent. Boards, plastic, and

m scel | aneous debris can be decontam nated and sent to a solid
waste landfill for disposal. The liquid generated and residue
can be treated in the wastewater treatnent plant.

If the oversize material is nonhazardous, all oversized
material can be sent off-site for disposal in a solid waste
landfill.

5.7 Condensate. |If condensers are used to treat off gas, both
concentrated contam nants and wastewater are generated. The
vapori zed organi c contam nants are condensed. A gravity decanter
or a centrifugal device facilitates separation of the condensate
into water and organi ¢ phases yielding a concentrated |iquid.

The concentrated organic liquids are then sent to a recycler for
recl amati on or di sposed of by incineration, typically off-site.
Recycling or additional treatnent is generally required prior to
di sposal of the water phase in a wastewater treatnent plant.
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APPENDI X D
THERVAL DESORPTI ON PREDESI GN

1. Predesign. The site investigations and deci sion nmaking
process to render a decision regarding the choice for
treatment should be conpleted prior to predesign. Further
eval uations may be necessary to validate the decisions and to
quantify the treatnent criteria for the renedi ati on contract.
O her gui dance docunents address the RI/FS process.

2. Technol ogy Evaluation. |Information regarding site
characterization, devel opnent of renediation goals, and
choosing an alternative can be found in EM 1110-2-502, CEGS
02288, CEGS 02445, EM 1110-3-176, Cooper and Alley,

Cross/ Tessitore and Associ ates, and John Pinnion. The site
investigation and feasibility study are essential in

determ ning the appropriate technology to renediate the site.
The first step in the process of investigating the site is to
review all records of operating procedure and di sposal
practices. A summary of existing site-specific and |ocal
environnental information should be prepared. The | ocal
information will be used to evaluate surface, subsurface, and
at nospheri c pathways for contam nant mgration and risk to
receptors. The regional information would al so help establish
background conditi ons which could be hel pful in deriving
remedi ation goals for the site.

Once the data has been coll ected and conpiled, the second
step in the site investigation process is to develop a plan to
identify the potential constituents of concern and site
investigation activities. Depending upon the |evel of
understanding of the site, the followwing is a list of
activities which are typically included in a site
i nvesti gati on.

o Safety and Health Pl an;

° Sanpling and Anal ysis Pl an;

o Non intrusive geophysical investigations;

° Sanpl i ng and environnmental anal yses;

° Soil and water (groundwater and surface water)
sanpling and environnental anal yses onsite, up
gradient of the site, and down gradient of the site;

o Air nonitoring and sanpling and environnental
anal yses;

° Wat er table neasurenments and aquifer
characteristics;

° Unsat ur at ed subsurface soil characterization

° Ecol ogi cal reconnai ssance and i npact studies; and
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° Basel i ne ri sk assessnment and contam nant fate and
transport nodeling.

The ultimate goal of the site investigation is to
characterize the nature and extent of site contam nation

The next step in the site investigation process is to
determ ne through a feasibility study the nost appropriate
remedi ation option for the site. The renediation can be as
sinple as installing institutional controls or as conplex as
excavation, treatnent, and disposal of contam nated nedi a.
The technol ogy used to renedi ate the site is dependent upon
remedi ati on goals devel oped for the site. Renediation goals
are typically derived fromthe information presented in the
baseline risk assessnent and/or based on established cl eanup
standards and gui del i nes.

There are generally three phases involved in devel opi ng
wast e managenent option (renmediation) during the feasibility
st udy process:

o I dentification of innovative/alternative
t echnol ogi es;

° Identification of all technol ogi es which can
treat/di spose of the waste stream

o Devel opnent of alternatives for site renmediation (it
shoul d be noted that an alternative will include al
measures and phases required to renediate the site);

° Detail ed evaluation of the alternatives with respect

to effectiveness, inplenentability, and cost.

When conpl eting an eval uati on under Superfund regul ati ons
the effectiveness evaluation is expanded to include the
consideration of the followng RI/FS criteria:

° Over all protection to human health and the
envi ronnent ;

° Conpliance with all applicable or relevant and
appropriate regul ati ons;

° Long-term effectiveness of the renediation;

° Reduction of toxicity, nobility, and volume of waste
t hrough treatnent; and

° Short term effectiveness.

The remaining RI/FS criteria are not gernmane to an
"effectiveness" consideration. The design team needs to focus
on the five criteria during the effectiveness evaluation. The
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ultimate goal of this evaluation is to select an alternative
which will cost effectively renmediate the site while being
protective of human health and the environnent.

3. Evaluation of Site Characterization Data. Once the site
investigation and feasibility study has been conpl eted, the
engi neer must review the data presented in the study to
identify any the data gaps. This is a critical step in the
process since typically 4-5 years nay pass between the
conpletion of the remedial investigation and the start of the
design process. It is the responsibility of the design team
to fill the data gaps in the predesign phase.

3.1 Review. The design team should endeavor to conduct an
objective review of the data. |In the event the eval uator
determ nes that a thernmal desorber would be unable to achieve
the renedi ati on goals, additional data would need to be
gathered in order to determ ne an appropri ate nanagenent
option. Table D-1 is a summary of the m ni num physical and
chem cal data needed for the screening of thermal desorption.

3.1.1 Site Geology. Inportant geol ogical characteristics to
review are the soil classification, noisture content, and
contanmi nant concentration in the soil. As discussed in

Appendi x C, waste up to 5 cm (2 inches) in dianmeter can be
processed in a thermal desorber. Soil characteristics which
may adversely inpact the performance of a thermal desorption
system i ncl ude the foll ow ng:

o Hi gh percent of clay or silts: results in high
| evel s of fugitive dust em ssions during handling.
This includes soils which have a hi gh percentage of
fines which pass through the No. 200 sieve (75
m cron size);

o Tightly aggregated soil: resulting in inconplete
vol atilization of contam nants fromthe soil

o Rock soil or Jacial till: Rocks fragnents interfere
W th processing;
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TABLE D-1

Physi cal
to Screen Ther mal

and Cheni cal

Dat a Requi red
Desorption System

Par anmet er

BTU I b (Heat Content)

Met hod
ASTM D240- 85

Ash ASTM D2974
Halides (C, Br, F) 300.0

Sul f ur 300.0
Moi st ur e Cont ent ASTM D2216- 80
Nitrogen, Nitrates & Nitrite-N 353. 2
Phosphor us 365. 3

pH

SW 846 90451 150. 1/ ASTM D4972

Gain Size (soil
cl assification)

ASTM D422M

Sieve (particle classification)

ASTM D2488- 84

Total Organic Carbon

SW 846 Met hod 9060/ 415. 1

TCLP

SW 846 Met hods 1311, (3015,
3051, 6010, 7470, 7471, for
Met al s) 8260, for volatiles
3550, 3510A, 8270 for

sem vol ati |l es

Ignitability

101D (fl ashpoi nt, Pensl ey-
Martens) or 1020 (Setafl ash,
Cl osed Cup)

Reactivity, Cyanide & Sulfide

9010 and 9030

Corrosivity

9040/ 9045 or
Met hod)

1110 (Coupon

Atterberg Limts/(Plasticity)

ASTM D 4318- 84

Source: ASTM 1994. Annua
ASTM Phi | adel phi a, PA

Book of ASTM St andar ds,

1994,

Col unmbi a Anal ytical Services, Inc., 1993. Colunbia Anal yti cal
Services, Inc. (CAS).
Price List effective March 5, 1993. Anchorage, AK
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° H gh noi sture content: As discussed in Appendi x C,
there is a high energy input required to volatilize
wat er. Dewatering may be required; and

o High plasticity: Materials can stick to the
screeni ng and conveyi ng equi pnrent. Cays, for
exanple, are difficult to screen crush and wll
stick to thermal desorption equipnent. Cays can
also renmold into large particles. Materials with a
liquid index greater than one can not be processed
in a thermal desorber w thout pretreatnent (EPA,
1994) .

USACE Techni cal Manual Soils and Geol ogy Procedures for
Foundati on Design of Buildings and O her Structures TM 5-818-1
provi des additional information about soils and geol ogy
concer ns.

3.1.2 Site Hydrogeology. The hydrogeol ogi c conditions which
can adversely inpact a thermal desorption remnmedi ati on process
i ncl ude the foll ow ng:

° Hi gh water table or seasonal fluctuations of the
wat er tabl e;

° Subsurface clay | enses which can perch water or non-
aqueous phase |i qui ds;

° Karst terrain solution channels that can hold

pockets of non-aqueous phase |i quid.

These factors adversely inpact the excavation and nateri al
handling of the soil. Wth any of the above conditions, the
noi sture content will generally be greater than normal (normal
is considered to be 20% noi sture). Pockets of non-aqueous
phase liquids also can significantly increase the
concentration of contamnant in the soil.

3.1.3 Contam nation. Contam nants that have been desorbed
and the theoretical vaporization tenperature range of each are
presented in Figure D-1. Table C 3 presented physical and

chem cal characteristics for chemcals listed in Figure D1
Cont am nated soils which are anenable to thermal desorption
treatnment include fine grained soils such as silts and

cl ays, peat and nost coarse grai ned sands. Coarse soils
consisting of gravels are not anenable to treatnment w thout
prior crushing.
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3.1.4 Buried Mterials. Excavation of buried materials (such
as liners and covers fromold landfills) is largely a
materials handling issue. Prior to screening of soils, large
debris such as rubber tires, car parts, foundations pieces
woul d have to be separated fromsnaller debris in a separate
staging area. 40 CFR 268.3, defines debris as solid materi al
exceeding a 60 mm particle size that has been manufactured, or

plant, or animal matter, or a natural geologic material. The
| arge debris woul d be washed and, if necessary, haul ed off
site for disposal. Waste water would be collected and treated

at the site wastewater treatnent plant. Debris is considered
to be hazardous waste if it exhibits toxicity characteristic
for one or nore of the constituents subject to U S. EPA RCRA
TCLP standards, or if it has been mxed with |isted hazardous
waste, or if listed hazardous waste is contained in the
debri s.

3.2 Supplenental Site Investigation. |In situations where
additional information is required to either better understand
site characteristics or further delineate site contam nation
suppl enental site investigations may be necessary. This is
particularly true if there has been a |ong period of tine

bet ween the renedi ation investigation and the start of the
design and/or if additional physical or chem cal paraneters
need to be collected to confirmthe thermal treatnent option.
Anal ytical data on netals is sonetines inaccurate for sites
where the primary enphasis has been on organi c contam nation
Suppl enental investigation activities generally fall into

t hree categori es:

° | dentification and delineation of contan nated areas
and depth of contam nation;

° Addi ti onal characterization of contam nated materi al
to establish performance criteria for therma
desorption; and

° Addi tional characterization of the site and
contam nated material for characteristics which
could interfere with, inpede or reduce the
ef fecti veness of thermal desorption renedi ation.

3.2.1 ldentification of Supplenental |Investigation
Activities. The need for supplenental sanpling and anal ysis
wi || depend upon the data derived fromthe site investigation.
| f further delineation of the site wastes is required,
sanpling activities may include the foll ow ng:

° Sanpling to further delineate the aerial extent of
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contam nation and establish the limts of the renediation
area. Field screening can be used as a prelimnary screen for
contam nation. A sanpling grid or identification of hot spots
is devel oped to determ ne where to coll ect environnental
sanples. The sanples are generally collected at predeterm ned
intervals until renediation goals are net.

° Sanpling to determ ne the depth of contam nation
Soi |l sampl es can be collected fromsoil borings or
test pits to ascertain contam nation depths in the
remedi ati on area. Sanples are collected at regul ar
and at various depths intervals until renediation
goals are net or the water table is encountered
(since contam nation below the water table is
general ly considered a groundwater renediation
i ssue).

| f additional characterization of the contam nated materi al
i's needed, sanpling activities will include collection of
contam nated material sanples to test for physical properties
(rmoi sture, grain size anal yses, percent fines, etc.).
Sufficient volume of representative soil sanples, m ninmm
twenty liters (five gallons), are generally coll ected using
trowel s and augers and are conposited into a plastic |ined 20
liter (5 gal.) pail.

3.2.2 Review of Analytical Data. Data are reviewed with
regard to conpl eteness of the package and conpliance with the
speci fi ed net hodol ogy. Care should be taken to note al

met hod detection limts and to establish renediation
requirenents for the conparison. Sone regulated sites have
had renedi ati on goals identified which were bel ow the net hod
detection limt. |If this occurs, the EPA should be contacted
to verify the method and detection limts and to discuss

i npl enentation of the remedi ation goals. Evaluations are
performed according to project specific protocols contained in
the Quality Assurance Project Plan (QAPP) incorporating the
accepted anal ytical nethods and produced in accordance with ER
1110- 1- 263 Chem cal Data Quality Managenent for Hazardous
Wast e Renedial Activities.

3.2.3 Renediation Quantities Delineation and Estimates.
Renedi ati on quantities can be estimated by either using CADD
or by hand cal cul ati ons.

° Concentrations of the constituents of concern are
plotted on a site plan. It is best to plot
constituent concentrations for sanples taken at the
sanme dept h.
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° Concentrations on the site plan are conpared with
the renedi ati on goal s.
° Sanpl e | ocations whi ch exceeded the renedi ati on goal
are mar ked.
° Sanpl e | ocations which are equal to and bel ow t he

remedi ati on goal are narked.

° The perineter of the renmediation site ,is
establ i shed by establishing points hal fway between
| ocati ons above and those bel ow the renedi ation
goal .

° Lines that join the points to form boxes encl ose
areas that exceed the renedi ation goal. Sanples
t hat equal the renediation goal should fall near
the |ines.

Prof essional judgenent will need to be exercised in areas
of uncertainty. Once the areas have been encl osed, cal cul ate
the area requiring renediation. Miltiply the area by the
depth to obtain volunes for renediation. The volune is
converted to tonnage by nultiplying volune by the bul k density
of the soil only when required for calculation. The materi al
to be treated is defined by |ocation.

Cenerally, classes of conmpounds are sunmarized by a single
point. For exanple, when trying to determ ne the renediation
area for pol ynucl ear aromati c hydrocarbons, the toxic
equi val ent (devel oped in the risk assessnent) of all the
pol yaromati ¢ hydrocarbons is represented by a single nunber
which is conpared to the renediation goal. Once a
suppl enmental investigation is conpleted and the site has been
del i neat ed, excavation quantities can be cal cul ated by using
CADD progranms. USACE Standards Manual for U S. Arny Corps of
Engi neers Conputer Ai ded Design and Drafting (USACE CADD)
provi des standards and procedures for use with CADD
applications (EM 1110-1-1807).

In addition to using CADD applications and/or hand
cal cul ations, renedi ation quantities and excavation vol unme
estimates can be determ ned using geostatistics coupled with
t hree-di nensi onal data analysis. Geostatistics applications
use nmeasurenents from one subsurface |ocation to estimate the
val ue at anot her sanpl ed subsurface |ocation. The correlation
of two or nore data |l ocation points is represented by a
vari ogram (an equation of the graph of the expected square
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error of an estimate versus distance and direction). After
definition of a variogram a technique called kriging is used
to estimate val ues at unsanpl ed | ocations to produce a map of
the sanpled variable. The variables used in this type of
geostatistical analysis include concentrations of constituents
of concern and depth. Software packages are avail abl e which
conbi ne geostatistical analysis, variography and kriging for
excavation esti mates.

4. ldentification of Data Gaps. Treatability studies are
typically based upon a prelimnary evaluation of soil/sedi nent
technol ogi es. The deci sion process used during the
prelimnary eval uation of technologies to determ ne the need
for treatability studies consists of the foll ow ng steps:

° Consi der site characterization data gaps;

o Determine if the existing site data or literature is
sufficient to evaluate the technol ogy in detail;

o Determine if the site-specific data in conjunction
with the available information on the technology is
sufficient to determ ne the performance, operating
paraneters, and relative cost of the renedi al
t echnol ogy; and

° Determine if atreatability study wll reduce the
uncertainty or risk of the use of a given technol ogy
to an acceptable | evel so that the best possible
remedy can be sel ect ed.

Uncertainties associated with the applicability of therma
desorption include:

° The ability of the technology to reach the site-
specific cleanup | evels;

° Tenperatures and solids retention tinmes required to
adequately treat the soils, and the energy
requirenents to hold and mai ntain these conditions;

o The inmpact of fine silts in the soils on the ability
of the technology to adequately treat the soils;

° The noi sture content of the waste;

° Renoval of and potential em ssions control

requi renents for netals;
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° | npacts of high concentrations of PAHin the soils
on the adequacy of treatnent; and
° Because sone thermal desorption technol ogies are

non-destructive, the characteristics of the
residual s, and subsequent managenent requirenents,
are uncertain.

Metals will not be adequately treated by thernma
desorption. The thermal desorption process could alter the
condition of the treated soils (e.g., concentrate netals) and
possibly require the inplenentation of netals control
technol ogi es, such as stabilization of residuals.

5. Recommendations for Treatability Studies. Prior to the
sel ection of thermal desorption as a renediation technol ogy,
treatability studies are required for the foll ow ng reasons:
to ensure that a selected treatnent technology is applicable
for waste characteristics; to ensure that cleanup goals can be
obtai ned, and to provide data which supports the selection and
i npl enentation of the remedial alternative. |nplenentation of
treatability studies for thernmal desorption applications
addresses the five RI/FS primary bal ancing criteria:

° Overall protection of human health and the
envi ronnent ;
° Conpl i ance with applicable or relevant and

appropriate requirenments (ARARs);

| mpl ement ability;

Reduction of toxicity, nobility or vol une;
Short term effectiveness;

Cost; and

Ef f ecti veness.

Appendi x J includes a treatability study scope of work.
Addi tional information required includes a description of a
typical treatability unit, data to be collected fromthe unit,
met hods to anal yze data, and procedures for extrapol ati on of
this data for either the system design and or the operation of
a full scale unit.

Three levels of treatability studies exist which are:
remedi al screening, renedial selection and renedi al design.
Renedi al screening treatability studies establish the ability
of the technology to treat a waste and typically, have a | ow
cost ($30,000 in 1994 dollars). Renedial selection
treatability studies identify technol ogy performance for a
specific site and require higher precision with increased
QA QC for sanple handling and anal ysis. Renedial design
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treatability studies provide quantitative perfornmance, cost
and design information for a specific thernmal desorption unit.
Renedi al screening treatability study tests provide the
followng information: tenperature, treatnent tines, initial
contam nant concentration, and treated contam nant
concentration. Selection type treatability studies provide
the followng information: expected full scale through put,
mat eri al handling system design requirenents, air pollution
control system design requirenents, and requirenents for air
pol lution control neasures during excavation, preparation and
handl ing (Cross/ Tessitore and Associates, P. A, 1993).

Each of the three levels of treatability studies nmust be
i ncorporated into both the project schedul e and budget at the
onset of a renediation project. Initiation and planning of
treatability studies can begin as early as the site
characterizati on phase of a project and continue through the
t echnol ogy screening and into the renedi al design phase of a
project. However, treatability studies are not required when
data on sim |l ar applications of the technology is avail able
(Cross/ Tessitore and Associates, P. A, 1993).

The |l evel of quality assurance (QA) and quality control
(QC) increases accordingly throughout the treatability studies
process. Since the renedial screening phase of a treatability
study is concerned primarily with the ability of a technol ogy
to treat a waste, analytical requirements are focused on
representative indicator paraneters (such as npbst conmon
contam nant or nost hazardous). Renedial selection
treatability study analytical requirenments will require nore
stringent QA QC requirenents. QA/QC requirenents during the
remedi al selection testing could require duplicate or
triplicate analysis to confirmreproducibility and
verification of nmeeting established cleanup goals
(Cross/ Tessitore and Associates, P. A, 1993). For nore
specific information regarding data quality and quality
control, refer to ER 1110-1-263 Chem cal Data Quality
Managenment for Hazardous WAste Renedial Activities and CEGS
01450 Contractor Chem cal Data Quality Control

Thermal desorption treatability studies can be conducted in
either a laboratory or field setting. Laboratory equi pnent
avai l able for |aboratory treatability studies includes nmuffle
furnace equipnment and rotary quartz kiln applications.

Muffl e furnace equi pnent provide a rudi nentary genera
determ nation of the ability of thermal desorption to
adequately treat a specific waste stream whereas rotary
quartz kiln applications are nore suitable for the renedial
selection |level of treatability studies. O her types of
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t hermal desorption equi pment which can be used for
treatability studies include static tray tests, differential
bed reactors (DBR), fixed bed reactor, rotary kiln simulators
whi ch depending on site specific concerns, could be used for
on-site pilot scale denonstrations (Cross/ Tessitore and
Associ ates, P. A, 1993).

Typically, the treatability study objective determ nes the
sanpling and analysis requirenents during a thermal desorption
treatability study. Prior to any treatability study activity,
a site specific sanpling plan consisting of sanple |ocation,
depth, collection techni que and honogeni zati on procedures
should be in place. Treatability sanpling of identified hot
spots is typical if the treatability study is focused on
testing the technology ability to handl e worst case
contam nant concentrations. Conposite sanples (average
sanples for an entire site) are collected when the test
objective is determne the ability of the technology to treat
a representative honbgenous waste (Cross/ Tessitore and
Associ ates, P. A, 1993).

Treatability studies are primarily conducted to reduce the
uncertainties discussed in the previous paragraph. Typically
testing can be perforned by using bench scale or pilot scale
techni ques. Bench scale testing is usually perforned in a
| aboratory, in which conparatively small vol unes of
contam nated nmaterial are tested for individual paraneters.
Presented below is a description of different types of
treatability studies.

5.1 Bench Scale Tests. Thernmal desorption bench-scal e data
is generally used to establish the viability of the technol ogy
to treat various contam nated materials. The data wll also
provi de sone approxi mate cost information and operating
conditions for the technology. Positive bench scale test
results indicate that a technology is feasible, subject to
scal e-up and materials handling limtations. Negative results
are generally inconclusive; Additional pilot scale testing is
general ly necessary to confirma technol ogy's effectiveness
and/ or provide design data if it is selected for

i npl enent ati on.

Typi cal goals of the bench scale treatability study would
be to:

o Make an initial determnation of the ability of the

technol ogy to reduce concentrations under site-
speci fic conditions;
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o Provide initial input into the determ nation of
energy and utilities requirenents for full scale
operations; and
° Provide initial input into system design paraneters,

such as required solids retention tinmes and
t enperat ures, thereby maki ng possible estimtes of
treatnent rates and cl ean-up cost estinates.

The results of these tests should establish the
effectiveness of thernal treatnment to reduce concentrations of
the contam nants in the soil under |aboratory conditions and
the likely operating conditions necessary to achieve this
renoval .

Bench scal e test equi pnment used for thermal desorption
include a muffle furnace, or rotary quartz kil n/tube.
Conceptually, small quantities of the soil sanples wll be
exposed to a contam nated material of tenperature and
residence tinmes in a rotary quartz kiln tube or muffle
furnace. These tenperatures and residence tines represent
operational range typical of commercial thermal desorption
systens. Treated soils wll then be analyzed to determ ne the
effectiveness of the treatnent. Paraneters to be determ ned
in conparing treated versus untreated soils would be:

[ Concentrations of individual contam nants; and
° Loss of total organics.

Rotary quartz tube kilns are al so used as bench scal e
devices for thermal desorption applications. This system
utilizes a rotary batch quartz kiln, a drive notor, and
tenperature controls. Soil sanples are placed into a rotating
quartz kiln while the tenperature of the nediumis uniformy
mai nt ai ned by a tenperature control system Process gases
generated fromthernmal desorption unit processes are passed to
a thermal oxidation unit, condensers or a carbon adsorption
colum. Data such as tenperature, retention tine, system
pressure and process gas conposition can be nonitored and
recorded during bench scale testing (Hazen Research
I nc., 1994).

Advant ages of using rotary quartz tube kiln devices for
t hermal desorption bench scale testing include the foll ow ng:
simulation of soil mxing and system turbul ence (found in
rotary dryer applications); nmeasurable, controllable and
recordabl e tenperatures and retention tines throughout
testing; and process gas conposition and em ssions can be
determ ned and anal yzed (Qui nn Process Equi pnent, 1994).
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Muf fl e furnace devices used for bench scale testing offer
significant initial cost advantages (the cost of nuffle
furnace equi pnent (~$2000- 3000 in 1994 dollars) is
significantly cheaper than a rotary quartz tube kiln system
(~$17000 to 20000 in 1994 dollars), however data generated
froma rotary quartz kiln test is typically nore conplete and
representative of full scale treatnent, allowing for better
estimates of treatnent costs, tines and tenperatures.

5.2 Pilot Scale Tests. Pilot scale tests are intended to
simul ate the physical and chem cal paraneters of a full scale
process. The volune of soil required for a pilot scale unit
is much greater than that for a bench scale tests. Pilot
scale tests are intended to serve as a practical testing
approach for full scal e operation.

Pilot units operate in a manner as simlar as possible to
the operation of a full scale system Mst contractors of
thermal desorption units have pilot scale systens which are
used to determ ne the design and operation criteria for a
successful system operation. Exanples of information provided
frompilot scale testing include:

o Effects of m xing on the system
° O f-gas em ssions expected fromthe system and
° Actual power requirenents for the system

The Waterways Experinent Station (WES) has a pilot scale
thermal screw that may be avail abl e.

6. Treatability Test Run. A treatability test run utilizing
a rotating quartz kiln system can substantiate the sel ection
of thermal desorption as the remedi ati on process. Results of
a treatability test run can include information regarding

mat eri al s handling, feed systens, tenperature, retention tine,
system pressure, and process gas conposition. A rotary quartz
kiln systemallows for the soil sanple tenperature to remain
uniform Process gases exit the kiln to either a therma

oxi dation unit, condensers or a carbon adsorption colum for
deconposition or collection of vaporized contam nants.

6.1 Treatnent Tenperature. As discussed in the previous
par agr aph, the thermal desorption treatnent tenperature is a
function of several paraneters:

Particle size of the soil;

Moi sture content;

Heat capacity of the soil;

The tenperature range which the organics wll
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desorb; and
o The heat transfer and m xi ng characteristics.

As the solids progress through the reactor, they are
processed in the foll ow zones:

o WArm ng Zone - soil is heated to the boiling point
of water 100°C (212°F);

o Drying Zone - soil is maintained at 100°C (212°F)
until the noisture has evaporat ed;

° Heat Up Zone - soil is heated from 100°C (212°F) to
the target treatnent tenperature; and

° Hol di ng/ Treat nent Zone - soil is processed at or

above the target tenperature to desorb the organic.

It is inportant to renenber that the energy required to
heat the soil will be substantially greater than heating only
the water (w thout evaporating it) contained in the soil.

6.2 Residence Tine. Residence tine for soils in a thermal
desorber systemis a function of the shape of the treatnent
unit, rotational speed of the soil conveyor (shell or auger)
and the angle of the treatnment unit (U S. EPA, 1994, EPA/ 540-
594/501). Typically, soil residence tinmes range from3

m nutes to over an hour (U. S. EPA 1994, Troxler, et. al.
1993). Based upon results generated fromtreatability
studies, information such as tinme of treatnent and
correspondi ng tenperature to neet clean up levels for
particul ar contam nant(s) can be included in the contract
speci fications.

6.3 O ganic Renoval Efficiencies. Organic renoval
efficiencies of the thermal desorption test run are cal cul ated
using the foll ow ng equation:

Organic Renoval Efficiency (% =

1- (Organic Concentration after Treatnent) x 100%

(Initial Oganic Concentration before
treat ment)

where organi c concentrations are expressed as a dry wei ght
basi s.

Renoval efficiencies are typically greater at high

tenperatures; at |ow tenperatures, renoval efficiency is
dependent on the volatility of the organic conpound.
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Resi dence tinmes required are al so reduced at higher
t enper at ures.

6.4 Corrosive Effects on Selected System Corrosive effects
on a selected thermal desorption system are dependent on the
type of purge gas used (oxidative or inert), on the type of

t hermal desorption systemutilized (direct fire or therma
screw), and on the contam nants present in the soil.

Typically, conmbustion gas fromthe burner of a direct fire
unit serves as a purge gas. The allowable organic content of
the soil in a direct fire systemis limted due to the excess
oxygen contained in the purge gas and the potential of
supporting conbustion within the unit. Thermal screw systens
operating with an inert gas such as nitrogen can treat soils
and sludges with higher organic concentrations due to limted
presence of oxygen to support conbusti on.

Cont ami nated materials containing chlorinated and
fluorinated hydrocarbon as contam nants can create
hydrochl oric and hydrofluoric acids during treatnment. The
acids wll devel op because of the volatilization of sulfides,
chlorides and fluorides and evaporation of soil noisture in
the unit causing corrosive damage to the carbon stee
structures present within the treatnent unit.

6.5 Energy Input Required. Energy input required for a
thermal treatnment desorption treatability test run is energy
required to heat the thermal device used to sinulate therma
desorption unit (oven, furnace, incinerator, asphalt m xing

pl ant) and energy requirenent for the off gas collection

devi ce (hood, vent, vacuun). Power requirenents for hoods and
vents conprising the off gas collection device are directly
related to the product of the fluid pressure loss nmultiplied
by the volunetric flowrate for the systemin watts (ft-
Ib/mn). The relationship is valid provided the volunetric
flowrate and pressure | oss are determ ned at the sane
conditions wwthin the off gas collection device. Fans provide
required energy to nove gas and air through the hoods of the
collection system Fan performance is indicated on "fan
curves" which identify the relationshi ps between airfl ow,
static pressure delivered, nechanical efficiency, and brake
hor sepower (Cooper and Alley, 1986).

Energy input required for a full scale thermal desorption
treatnent systemis a function of operating tenperature,
retention tinme, type of system (direct fire, indirect fire, or
thermal screw) and the extent of air pollution
control /em ssions equi pnent present on a full scale system
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6.6 Suitability of Treated Materials for Backfill or Di sposal
Pur poses. The use of thermally treated materials for backfil
purposes is primarily a function of the nateri al
characteristics, specifically, in the case of soils, the USCS
Soil Cassification and noi sture content. The nost suitable
soil type for use as backfill would be those coarse grained
soils (SW SP, SM SC) with | ow noisture content because of

m ni mal pretreatnment requirenents and good heat transfer
characteristics. Materials not suitable for backfill would be
fine grained soils M, OH M, CL, and Pt. These materials
woul d reduce system capacity due to particulate carry over
(U.S. EPA, 1994a).

Specifics regarding suitability of soils for desorption,
backfill operations, USCS Soil C assification, and soils
stabilization/solidification can be found in the foll ow ng
Arny Corps of Engi neers Docunents:

CEGS 02228 Renedi ation of Contam nated Soils and Sl udges
by I ncineration

CEGS 02445 Solidification/ Stabilization of Contam nated
Mat eri al

ETL 1110-1-158 Treatability Studies for
Solidification/ Stabilization of Contam nated Materi al

TM 5-818-1 Soils and Geol ogy Procedures for Foundation
Design of Buildings and Other Structures (except Hydraulic
St ructures)

TM 5-818-4 Backfill for Subsurface Structures

6.7 Presence of Volatile Metals. Volatile nmetals such as
arsenic, nmercury and |l ead may be renoved fromthe soils during
thermal desorption treatability test run. Recovered
particul ate and organics froma treatability test run can
contain elevated concentrations of volatile nmetals such as
mercury, arsenic and lead. The treated soils may contain
concentrated | evels of netals due in part to the volune |oss
as a result of volatilized organics. Soil treatnment may
increase the leachability of netals and the potential for
failure of the toxic characteristic |eachate procedure (TCLP)
anal ysi s.
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APPENDI X E
DESI GN AND PERFORMANCE CRI TERI A

1. Pretreatnent. As discussed in Appendi x C, pretreatnment
essentially includes two categories:

° Dewat eri ng
° Particle size adjustnent

1.1 Particle Size Adjustnment. A variety of size-reduction

equi pnent is available. 1n general, size reduction equipnment can
be classified into the way in which forces are applied, as
fol | ows:

° force applied between two surfaces as in crushing and
sheari ng;

° force applied only on one surface (inpact);

° non- mechani cal size reduction (thermal shock, explosive

shattering).

Tabl e E-1 shows a practical classification of crushing and
grinding equi pnent. Selection of the appropriate equipnent is
based on feed size and hardness and is summari zed on Table E-2.
Addi tional information on particle adjustnment can be found in
Perry's Chem cal Engi neers' Handbook (sixth edition, Perry,
1984) .

1.2 Dewatering.

1.2.1 Belt Filter Presses. Belt filter presses are the nost
common devi ces used for dewatering sludges. A typical belt
filter press dewatering systemconsists of sludge feed punps,
pol ymer feed equi pnent, a sludge conditioning tank, belt filter
press, sludge cake conveyor, and support punps. Several
paraneters affect the performance of belt filter presses,

i ncl udi ng:

° Sl udge characteristics (includes viscosity, specific
gravity, and % wei ght noisture);

° Unit differential pressure;

° Machi ne configuration;

° Belt porosity, speed and w dth.

Belt filter presses are available in sizes from0.5 to 3.5 m
(1.5 to 12 ft.) in belt wdth. Sludge-loadings rates vary from
90 to 680 kg per neter of belt with per hour (60 to 450 | b per
foot of belt per hour) depending on the sludge type and feed
concentration. Hydraulic throughput based on belt w dths ranges
from1l.6 to 6.3 L/ms (7.7 to 30 gal/ft mn). Safety
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TABLE E-1
Types of Size-Reduction Equi pnent

A. Jaw crushers:

1. Bl ake
2. Over head eccentric
3. Dodge
B. Gyratory crushers:
1. Primry
2. Secondary
3. Cone
C. Heavy-duty inpact mlls:
1. Rot or breakers
2. Hammer mlls
3. Cage i npactors
D. Roll crushers:
1. Snooth rolls (doubl e)
2. Toothed rolls (single and doubl e)

E. Dry pans and chaser mlls

F. Shredders:
1. Toot hed shredders
2. Cage disintegrators
3. Disk mlls

Rotary cutters and dicers

I(®

Media mlls:

1. Bal |, pebble, rod, and conpartnment mlls:
a. Bat ch

b. Cont i nuous

Aut ogenous tunbling mills

Stirred ball and sand mlls

Vibratory mlls

~ESIN

di um peri pheral -speed m | s:
Ring-roll and bow mills
Roll mlls, cereal type
Roll mlls, paint and rubber types
Buhr st ones

gh- peri pheral -speed ml|s:
Fi ne-grinding hamrer mlls
Pin mlls
Colloid mlls
Wbod- pul p beaters

| ui d-energy superfine mlls:
Centrifugal jet
Opposed j et

Jet with anvil

WhETIAWONETIAWONE

Source: Perry"s Chemical Engineers Handbook, 6th ed.
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TABLE E-2
Guide to Selection of Crushing and Gindi ng Equi pnent
Size Har d- Size Reduc- Types
Reduc- ness tion of
tion of Ma- Range of Feeds Range of Products Rati o Equi p-
Oper a- terial cm(in.) cm (in) ment
tion
Max. M n. Max. M n.
Crushi ng
Primary | Hard 150 (60) 30 (12) 50 (20) 10 (4) 3tol [Ato D
50 (20) 10 (4) 13 (5) 2.5 (1)
Secon- Har d 13 (5) 2.5 (1) 2.5 (1) 0.5 (0.2 5tol [Ato F
dary 4 (1.5) 0.6 (0.25) 0.5 (0.19) 0.1 (0.03)
Sof t 50 (20) 10 (4) 5 (2) 1 (0.4) 10to1|Cto G
Grindi ng Pul veri zi ng
Coar se Har d 0.5 (0.19) 0.1 (0.03) 0. 006 (0.02) 0.008 (0.003) |10 to 1 |Dto |
Fi ne Har d 0.12 (0.05) 0. 015 (0.006) 0. 008 (0.003) 0.01 (0.0004) |15 to 1 |Hto K
Di si ntegration
Coar se Sof t 1.3 (0.5) 0.17 (0.07) 0. 057 (0.02) 0.008 (0.003) |20 to 1 |F, |
Fi ne Sof t 0.4 (0.16) 0.05 (0.02) 0. 008 (0.003) 0. 001 50 to 1|l to K
(0.0004)

* 85%y weight smaller than the size given.

Source :

Perry’s Chei cal

Engi neers Handbook,

6t h ed.

Val ues have been rounded and netric equival ents added.
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consi derations which should be addressed in the design include
adequate ventilation and to prevent | oose clothing from being
caught between rollers (Metcalf and Eddy, 1991). Caution should
be exercised in sizing the filter or any other equi pnent based on
a nmuni ci pal sludge application since this is an industrial waste
application and nmay not produce a waste streamwth
characteristics simlar to nunicipal sludge. Table E-3 shows the
advant ages and di sadvantages of belt filter presses.

1.2.2 Plate and Frane Press. Plate and frame press advant ages
and di sadvantages are listed on Table E-4 (Perry, 1984).

1.2.3 Sand Drying Beds. Sand drying beds are constructed of
with fine to coarse-graded sand and gravel |ayers which cover an
open-j oi nt pipe drainage system Figure E-1 is an exanple of a
type of drying bed | ayer system Table E-5 lists the design
advant ages and di sadvantages of using drying beds. Table E-6
presents typical design criteria for drying beds.

2. Unit Design Criteria.

2.1 Feed Storage and Conveyance. Feed storage and conveyance
are integral conponents of the thermal desorption system
mat eri al s handl i ng operation. Feed hoppers are used to coll ect
and store contam nated materials for feeding into the thernal
desorption unit. Conveyor systens are used to transport solids
into and out of the desorption unit.

2.2 Feed Hopper Systens. Feed hopper systens are generally used
wi th nobile construction equi pment such as front end | oaders and
bul | dozers to |l oad and tenporarily store contam nated material s
for conveyance into the thermal desorption unit. Surge hoppers
may al so be installed at the desorption inlet and used with a
conveyor to feed material into the desorption.

Feed hopper conponents are generally commercially avail abl e
as preengineered units. The choice of a proper feed hopper
systeminvol ves consideration of many factors that are to be
consi dered when choosi ng a conveyor system Material properties
such as particle size, noisture content and tenperature are
i nportant because they affect the ability of a material to flow
and hence the geonetry and configuration of the hopper system
Vol unetric capacities of the hoppers nust be sufficient to
accommodat e the t hroughput capacities of the conveyor system and
t hermal desorption unit.

Conmponents may be added to feed hoppers to assist and control
flow fromthe hopper to the conveyor system or process equipnent.
Slide gates are available in both manual and automated designs.
Bin vibrators and vibrating bottons may elimnate materi al

E-4
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TABLE E-3
Advant ages and Di sadvant ages of
Belt Filter Presses

BELT FILTER PRESS

After chem cal conditioning, the sludge is deposited onto the
nmoving belt. The readily drainable water is renoved in the
gravity drainage section. Pressure is applied to the cake,
squeezing it between the two belts, and the cake is subjected
to flexing in opposite directions as it passes over the various
rollers. This action causes increased water rel ease and al |l ows

greater conpaction of the sl udge.

Advant ages

Di sadvant ages

Hi gh pressure machi nes are
capabl e of producing drier
cake than any machi ne except a
filter press

Very sensitive to incom ng
feed characteristics and
chem cal conditioning

Low power requirenents

Machi nes hydraulically limted
i n throughput

Low noi se and vi bration

Short nedia (belt) life as
conpared with other devices
using cloth nmedia

Qperation is easy to
understand for an

i nexperi enced operator because
all parts are visible and
results of operational changes
are quickly and readily

appar ent

Wash water requirenents for
belt spraying can be
signi ficant

Process controls can be
adj usted for optinmm
dewatering of a variety of
sl udge types

Frequent washdown of area
around press required

Cont i nuous operation

Can emt noticeable odors if
the sludge is poorly
stabilized
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TABLE E-3 (cont)
Advant ages and Di sadvant ages of
Belt Filter Presses
Advant ages D sadvant ages
Media |ife can be extended Requi res greater operator

when applying low belt tension |attention than a centrifuge

Condi ti on and adj ust nent of
scraper blades is a critical
paraneter that should be
checked frequently

Probably requires a chem cal
pol ymer systemin order to
work well, and typically
requires greater polyner
dosage than a centrifuge

Requires a skilled operator

Source: Perry's Chem cal Engi neers Handbook, 6th ed.

feeders, when nmounted bel ow feed hoppers, serve as effective
devices for netering material to the conveyor or desorption.
Sel ection of sonme common feeder types on the basis of materi al
characterization is summari zed in Table E-7. Feed hoppers nmay
al so be equi pped with weigh scales or sensors to neasure the
wei ght of the material fed.
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TABLE E-4
Advant ages and Di sadvant ages of
Plate and Frane Filter Presses

PLATE AND FRAME FI LTER PRESS

Afilter cloth is mounted over the two surfaces of each
filter plate. Conditioned sludge is punped into the filter
press and passes through holes in the filter plates al ong
the length of the filter and into the chanbers. As the

sl udge cake fornms and builds up in the chanber, the
pressure gradually increases to a point at which further

sl udge injection would be counter-productive. The pressure
is maintained for a one- to four-hour period, during which
nore filtrate is renoved and the desired cake solids
content is achieved. The filter is then nmechanically
opened, and the dewatered cake dropped fromthe chanbers
for renoval

Advant ages D sadvant ages
Filter presses yield higher Large quantities of
cake solids concentration than i norgani ¢ condi tioni ng
any ot her class of dewatering chem cal s are commonly
t echnol ogy used for filter presses
Can dewat er hard-to-dewater Pol ymer alone is generally
sl udges, although very high not used for conditioning
chem cal conditioni ng dosages due to problens wth cake
or thermal conditioning may be rel ease and blinding of
required filter media
Very high solids capture Presses are |arge and

conpl ex

Only nechani cal devi ce capabl e H gh capital cost

of producing a cake dry enough especially for diaphragm
to meet landfill requirenents filter presses

in sone | ocations

Does not require a skilled Labor cost may be high if
oper at or sl udge is poorly
conditioned and if press
IS not automatic

Repl acenent of the nedia
is both expensive and tine
consum ng

Noi se | evel s caused by
feed punps can be very
hi gh

E-7
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TABLE E-4 (cont)
Advant ages and Di sadvant ages of
Plate and Frane Filter Presses

Advant ages D sadvant ages

Use of precoat and filtration
aids result in nore sludge
for disposa

Bat ch operation

Large area requirenents

Source: Perry's Chem cal Engi neers Handbook, 6th ed.
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15 ecm (6 in) fine sand

7.5 cm (3 in) coarse sand

7.5 cm (3 in) fine gravel

15 cm (6 in) coarse gravel

Liner System

~— 15 cm (6 in) open joint
underdrain pipe

Pipe bedding /

5 ¢cm (2 in) coarse sand
7.5 em (3 in) medium gravel

FIGURE E-1

SAND DRYING BED
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TABLE E-5

Advant ages and Di sadvant ages of Sand Dryi ng Beds

Advant ages

Low capital cost
(excl udi ng | and)

Low operational |abor and
skill requirenent

Di sadvant ages

Weat her conditions such as rainfal
and freezi ng weat her have an i npact
on useful ness

Low ener gy

Requires |l arge | and areas

Low mai nt enance materi a
cost

Hi gh | abor
r enoval

requi renent for sludge

Little or no chem cal s

required

May be aesthetically unpl easing,
dependi ng on | ocation

Hi gh cake solids content
possi bl e

Potential odor problemwth poorly
stabilized sl udge

Sour ce:

St andard Handbook of Envi ronment al
Robert A. Corbitt,

Engi neering by

MGaw H Il 1990.

E- 10
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TABLE E-6

Sand Drying Bed Design Data

Par amet er

M ni rum nunber

Typi cal Val ue

Two

Shape Rect angul ar
Lengt h 6-12 m (20-200 ft)
W dth 96 m (20 ft)
Sand | ayer
Dept h 23 cm (9 in)
Ef fective size 0.3-1.0 mm

Uniformty coefficient

Less than 4.0

G avel |ayer

Dept h 30 cm (12 in)

G adi ng 3.2-25 mm (0.12-1 in)
Underdrai n system

Pi pe size 10 cm (4 in) mnimum

Spaci ng Less than 6.1 m (20 ft)

Sl ope 1%

Freeboard above sand

30-45 cm (12-18 in)

Area requi renents

Open
Cover ed

0.09-0.18 nt¥/cap (1-2 ft? cap)
0.06-0.13 nt¥/cap (0.7-1.5 ft?/ cap)

Appl i cation depth

20-30 cm (8-12 in)

Sour ce: St andard Handbook of Environnental Engi neering, by
Robert A. Corbitt, McGaw H I, 1990.

E-11
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2.1.2 Conveyor Systens. Pre-engineered conveyor system
conponents are comercially available in a variety of
standar di zed designs. The common conveyor types used in therm
desorption systens are screw auger and belt type conveyors.
Dragline conveyors are al so used on sone systens.

Sel ection of a conveyor suitable for the material to be
handl ed in a specific application involves the consideration of
many factors. Listed below are several inportant design
consi derations in choosing a conveyor system

° Capacity- System throughput requirenments may determ ne
the type of conveyor utilized. Belt type conveyors
because of their larger size and higher operating
speeds are capable of transporting |larger quantities of
material then screw type feeders. Screw conveyors are
avail able with capacities up to 283 n¥ (10,000 cubic
feet) per hour. Belt conveyors can transport up to 142
nt (5,000 tons per hour) (Perry, 1984).

° Mat erial Properties- The physical and chem cal
characteristics of the material to be handl ed may
di ctate conveyor type and/or materials of construction.
Aggr egate size, abrasiveness, corrosion effects,
resistance to flow, density, tenperature and noisture
content are several key material characteristics to
consider in choosing a conveyor.

o Length- The length of travel may limt the choice of
certain types of conveyors. Belt and screw conveyors
are capable of relatively longer travel |engths than
pneunmatic or vibrating conveyors.

° Lift- Belt and screw type conveyors generally can be
arranged to accommpdate the vertical travel required in
the design of thermal desorption systenms. Were only
vertical travel is required, bucket elevators or
speci al |y designed screw conveyors nmay be consi dered.

° Speci al Processi ng Requirenents- Screw conveyors are
particularly adaptable to a variety of processing
operations such as heating, cooling, mXxing,
dewatering, and the transport of sticky and wet
materials. Screw conveyors are susceptible to jamm ng
if oversize material is fed into the conveyor.

Sel ecti on of comon conveyor types on the basis of function
is provided in Table E-8. Auxiliary equi pnmrent can be added to
conveyor systens to satisfy particular requirenents. Both
el ectrical and nmechanical type torque limting devices are

E-12
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avai l able to prevent overloads due to jamm ng. Wi gh scal es or

|l oad cells can be installed to weigh material transported into or
out of the desorption unit. C eaning devices are available to
hel p all eviate problens associated with sticky or non flow ng
materials. Safety cut off devices such as pull cords may be
installed. Screw conveyors may be encl osed or the conveyor

equi pped with em ssions control devices in applications involving
transport of materials having a | arge anount of air borne
particul ates. Table E-7 provided a general guide to conveyor

sel ection. Table E-8 provides information on feeder sel ection.
Table E-9 provides a material classification coded |ist.

2.2 Desorption Design/Performance Evaluation Criteria.

To specify an appropriate desorption unit, the designer needs
to specify the follow ng design and performance criteria:

° Treatability study results;

o Mat eri al throughput capacity kg/hr (1b/hr);

° Characterization of feed stock (type, noisture
criteria, organic criteria); and

° Renedi ati on requirenents.

Usi ng the above infornation, desorption efficiency paraneters
can be devel oped. These critical paraneters include:

° system operating tenperature for the primary desorption
chanber;

° turbul ence induced in the primary chanber;

o solids retention tinme at the desorption tenperature;
and

° sweep gas flows through the primary chanber.

Wil e sonme wi de ranges for these paraneters are provided in
this docunent (see Table C2), the specific application wll
require site-specific data to determ ne adequate val ues for each
In sonme cases, these paraneters cannot be nonitored directly, and
| ess-than-full scale treatability studies or full scale
denonstration tests should be used to determ ne val ues for
i ndi rect neasurenent that provide an indicator of adequate
per f or mance.

For instance, although nonitoring the tenperature of
treatment effluents (e.g., treated soils) is recommended and
desirable for nonitoring tenperature of the treatnent system
this is not currently possible. Research in use of color
pyroneters indicates that nonitoring solids tenperature may be
possible in the near future. This requires the nmeasurenent of
anot her paraneter (e.g., kiln wall tenperature or gas
tenperature). In this case, a pilot or full scale study is

E- 13
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TABLE E-7

Conveyors for

Bul k Materi al s*

Functi on

Conveyor Type

Conveying material s Apron, belt, continuous flow,
hori zontal |y drag flight, screw, vibrating,
bucket, pivoted bucket, air
Conveying materials up or Apron, belt, continuous flow,
down an incline flight, screw, skip hoist, air

El evating materials

conti nuous
air

Bucket el evator,
flow, skip hoist,

Handl ing materials over a

Conti nuous flow, gravity-

collecting materials from

conbi nation horizontal and di scharge bucket, pivoted
vertical path bucket, air
Distributing materials to or [Belt, flight, screw, continuous

flow, gravity-discharge bucket,

Source: Perry's Chem ca

bi ns, bunkers, etc. pi vot ed bucket, air

Renmoving nmaterials fromrail Car dunper, grain-car unl oader
cars, trucks, etc. car shaker, power shovel, air
*From FMC Cor poration, Material Handling Systens D vision.

Engi neers Handbook, 6th ed.
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TABLE E- 8
Feeders for Bulk Material s*
Mat eri al Characteristics Feeder Type
Fine, free-flowing materials Bar flight, belt, oscillating
or vibrating, rotary vane,
screw
Non- abr asi ve and granul ar Apron, bar flight, belt,
materials, materials with sonme [oscillating or vibrating,
| unps reci procating, rotary plate,
screw
Materials difficult to handle | Apron, bar flight, belt,
because of being hot, oscillating or vibrating,
abrasive, |lunpy, or stringy reci procating
Heavy, |unpy, or abrasive Apron, oscillating or
materials simlar to pit-run vi brating, reciprocating
stone and ore

*From FMC Cor poration, Material Handling Systens D vision.
Source: Perry's Chem cal Engi neers Handbook, 6th ed.
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TABLE E-9
Cl assification Systemfor Bulk Solids*
Mat erial Characteristics Class
Si ze Very fine - <149um (100 nesh) A
Fi ;1e - 149umto 3.18 mm (100 nmesh to s B
in
Ganular - 3.18 to 12.7 mm (% to % in) C
Lunpy-containing lunmps >12.7 mm (% i n) D
Irregular - being fibrous, stringy, or H
the like
Fl owabi lity Very free-flowing - angle of repose up 1
to 30°
Free-flow ng - angle of repose 30 to 2
45°
Sl uggi sh - angl e of repose 45° and up 3
Abr asi veness Nonabr asi ve 6
M I dly abrasive 7
Very abrasive 8
Speci al Cont am nabl e, affecting use or K
characteristics |[salability
Hygr oscopi ¢ L
Hi ghly corrosive N
Ml dly corrosive P
G ves off dust or funes harnful to life R
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recomended to define the adequate tenperature ranges for the
applicabl e paraneter. Information regarding treatability studies
is provided in Section D.5 of Appendi x D.

Each of the four paraneters and its effect on desorption
efficiency is discussed briefly bel ow

2.2.1 Tenperature. A key paranmeter in ensuring the required

mat eri al desorption is achieving material tenperature. WMaterial
tenperatures are always associated with a material treatnent
time. The paraneters are dependent on each other for any

di scussion of thermal desorption. As the concentration of
organic increases, the treatnent tinme and/or tenperature required
to nmeet the cleanup requirenent increases. The optinal
tenperature for desorption should be determ ned through previous
treatability testing, and operation tenperatures can be neasured
at one of three points:

° The soil discharge tenperature, generally in the range
of 150-650°C (300-1200°F). Sone systens may have
problens in nonitoring this paranmeter since neasuring a
flow ng solids tenperature on a continuous basis is not
presently possible.

o Kiln or dryer wall tenperature, generally in the range
of 150-650°C (300 to 1200°F). This provides an
i ndirect means of neasuring the solids tenperature on a
conti nuous basis, however, because the neasurenent is
indirect, the assunption nust be nmade that the thernal
transfer to the soils is adequate for volatilization.
Agai n, the data gathered during a denonstration or
smal l er scale treatability test should be used for
determning the optimal tenperature for an indirect
nmeasur enent .

° O f gas tenperature, generally 150-760°C (300-1400°F).
As wth nonitoring tenperature of the desorption device
itself, nonitoring off gas tenperature provides an
i ndirect nmeans of neasuring the solids tenperature on a
conti nuous basis, nmaking the sane assunption on energy
transfer. The data gathered during a denonstration or
smal l er scale treatability test should be used for
determning the optimal tenperature for an indirect
nmeasur enent .

The thermal desorption system should be nonitored for
mal function (e.g., inadequate auxiliary firing, poor heat
transfer due to fouling, excess sweep air flow and the waste
feed adjusted accordingly. Should excessive tenperatures be
detected by the systemcontrols processing should cease to
protect equipment.

E-17
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2.2.2 Turbulence. Turbulence of the media in the primry
chanber inpacts volatilization of the contam nants through two
mechani sns:

o By increasing contact tine of each particle of the
media with the heated portions of the primary chanber,
t her eby enhancing transfer of thermal energy to the
medi a.

° By increasing contact tine of each particle of the
media with the sweep gas, both increasing heat transfer
fromthe gas to the nmedia and driving the vapor
phase/ adsor bed phase equilibriumtowards the vapor
phase.

In rotary dryer/rotary kiln type systens, the novenent
resulting fromrotation of the kiln is used to enhance this
i nt erphase transfer and heat transfer effectiveness. Rotational
speeds shoul d be maintained at sone prescribed mnimumto all ow
uni npeded heat and material transfers. As with the tenperatures,
this rotational speed should be determned in a denonstration
test or in smaller scale treatability testing. It should be
realized that kiln rotational speed also inpacts retention tine
inversely (i.e., the faster the rotational speed, in general the
shorter the solids residence tine). Therefore, both m ni num and
maxi mum ki | n speeds shoul d be specified based on the results of
the treatability tests. Treatability and pilot scale testing
utilizing rotary quartz kiln tubes (described in Appendi x D)
assist in the determ nation of operating paraneters for ful
scal e operation. Rotary quartz kiln tubes typically have
refractory lined kilns with variable rotational speeds and
adj ust abl e sl opes. Rotational speeds vary from1l to 12
revol utions per mnute, and slopes of the kiln range fromO to
5.5% The rotational speed and slope of the dryer is then
adjusted to obtain the required solids retention tinme for a known
fixed length of a reaction zone (Hazen Research Inc., 1994).
This data is then translated to full scale operation by process
engi neering principles.

Thermal screw systens rely on direct contact of the nedia
with the auger to transfer heat, mnimzing the need for heat
transfer fromthe sweep gas. Wth these systens, turbulence is
i nduced by the heated augers and serves to increase the contact
of each particle with the auger (facilitating heat transfer) and
i ncreasing contact tinme with the sweep gas (facilitating the
vapor/solids transfer). As with rotary kiln/rotary dryer
systens, an inverse relationship exists between residence tine
and auger speed, and optinmal auger speeds shoul d be determ ned
during treatability tests.
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2.2.3 Solids Retention Tine. Retention tine is the effective
residence tine that the soil feed remains in the desorption unit
and inpacts the treatnent tinme for the nmedia. Shorter than
adequate retention tinmes will result in inconplete desorption of
the contam nation due to the | ack of adequate tinme for heat
transfer to the soils or mass transfer to the sweep gas to occur.
Typical retention tines are from3 to 90 m nutes dependent on the
type of desorption, feed rate and kil n/auger/conveyor speeds.

Solids retention tine is directly related to the kiln
rotational speed (for rotary kiln/rotary dryer systens) and to
auger speeds (for thermal screw systens). The designer or
construction manager should also realize that particles of
differing size will nove at different speeds through the system
(for instance, in general, larger particles will nove nore
qui ckly through a rotating kiln than smaller particles) nmaking
absol ute definition of retention tinme difficult. Al though
approximate retention tinmes can be determned initially using
dyes, retention times may be difficult to nmonitor directly during
operations and the operators may need to rely on indirect
controls, such as auger speed or kiln rotational rate.

The required solids retention tinme and correspondi ng
tenperature should be determned by treatability testing or
denonstrati on studi es.

2.2.4 Sweep Gas. Sweep gas (a | ow oxygen carrier gas or air)
acts as a carrier to renove volatilized materials fromthe
desorption chanber, driving the solid/vapor equilibriumtowards
t he vapor phase. Sweep gas carrying the soil contam nants is
then carried to the gas conditioning systemand then either
exhausted or recycled to the desorption chanber. As a secondary
function, in sonme systens the sweep gas serves as a heat carrier
and transfer agent to heat the soils, as, for instance, in a
fluidized bed type system

Al t hough each system shoul d be capabl e of adequately handling
a wde range of gas flowrates, the rate is critical in affecting
the performance of the system A lowflowrate will not allow
adequat e sweeping of the system and the solid/vapor equilibrium
may favor the solid phase. A flowrate too high may not provide
adequate heat transfer tine between the gas and solid and hi gher
| evel s of particulate may be entrained into the gas, overl oadi ng
the control system Again, an adequate sweep gas flow shoul d be
determined in treatability studies.

Determ nation of the sweep gas flow rate is dependant on the
type of thermal desorption unit (direct fired or indirect fired),
type of sweep gas (oxidative or inert) used, the purge gas oxygen
concentration, contam nants present in soil, and noisture content
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of the soil. Specifically, the sweep rate can be determ ned
using the volune or capacity if the thermal desorption, the

di aneter of the purge gas inlet, and know ng the percent turnover
rate within the chanber. Actual sweep rate can be neasured using
a calibrated rotaneter

Sweep gas flow rates are highly dependent on the specific
systemin use and a range for acceptable sweep gas flows should
be determ ned during the treatability studies or denonstration
testing.

2.3 Particulate Control. As discussed in Appendix C,
particul ate control devices primarily consist of cyclones, bag
houses, and Venturi Scrubbers. The type of particulate control
and unit efficiency is dependant on the amount and size of
particles entering the system Methods to estinmate what type of
particul ate control can be determ ned by know ng both the
concentration of influent particulates and the associ ated size
distribution. Note that with the proposed EPA standards of 0.015
gr/cu ft, baghouses may be the only particulate control device
capabl e of neeting this requirenent in the future. Table E-10
provi des associ ated efficiencies and particle sizes for cycl ones,
baghouses and Venturi Scrubbers.

2.3.1 Cyclones. The two main classifications of cyclones are
based on efficiency:

° Hi gh-efficiency cycl ones; and
° Hi gh-through put cycl ones.

Hi gh-through put cyclones are typically used to renove
particle sizes greater than 50 um and generally have | arge
di aneters. High-efficiency cyclones have small dianeters (I|ess
than 0.3 m (1 foot)).

The factors typically considered when desi gning cycl ones
i ncl ude the foll ow ng:

° Dust size distribution, particle density, shape,
physi cal chem cal properties such as aggl onerati on,
hygr oscopi ¢ tendenci es, stickiness, etc.;

° Cont am nat ed gas streamtenperature, pressure,
hum dity, condensabl e conponents, density, etc.

° Process vari abl es such as dust concentration, gas fl ow
rate, allowable pressure drop, size to be separated;
and

° Structural limtations, tenperature and pressure
rating, materials of construction, and space
limtations.
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TABLE E- 10
Collection Efficiencies for Particulate Control Equi pnent
Per cent age
Efficiency at
Equi prent Type 50 pm S um |1 pm
Medi um ef fici ency cycl one 94 27 8
Lowresi stance cel lul ar cycl ones 98 42 13
Hi gh-efficiency cycl one 96 73 27
Venturi scrubber, nmedi um energy 100 >99 97
Venturi scrubber, high energy 100 >99 98
Shaker-type fabric filter (Bag house) >99 >99 99
Reverse-jet fabric filter (Bag house) 100 >99 99
Source: Lapple, C, InterimReport: Stack Contam nation - 200
Areas, HDC-611, August 6, 1948.

It is inportant to understand the factors that affect the
performance of cycl ones which are the foll ow ng:

° Secondary effects: This includes the nmass transfer
rel ated i ssues which decrease the efficiency of the
cyclone. An exanple of this type of effect is the
bounci ng back of particles into the inner vortex of the
cycl one;

° Proportional D nensions: Hi gh efficiency cycl ones have
certain dinensional proportions which are based on the
results of extensive investigations. Table E-11 is a
summary of the performance trends based on cycl one
changes. Figure E-2 provides a sketch of the
di nensi ons of a single cyclone separator.

o Physi cal properties: The physical properties which
affect the performance of a cyclone include the
specific gravity of the carrier gas, particle size, and
viscosity of the carrier gas.

° Process variables: The effect of changes in gas
vel ocity, tenperature, dust loading is indicated in
Table E-12. It should be noticed that an increase in

efficiency also tends to increase the pressure drop.
Excessi ve pressure drop affects the collection
efficiency.
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TABLE E-11
Performance Trends Based on Cycl one Changes
Per f or mance Trend
Pressure Effic- Cost
Proportional Change Loss i ency Trend

| ncrease cycl one size Down Down Up
Lengt hen cyl i nder Slightly | Up Up

| ower
I ncrease inlet area - Down Down -
mai ntai n vol une
I ncrease inlet area - Up Down Down
mai ntain velocity
Lengt hen cone Slightly | Up Up

| ower
| ncrease size of cone Slightly |[Up or down -
openi ng | ower
Decrease size of cone Slightly |Up or down -
openi ng hi gher
Lengt hen cl ean gas Up Up and/ or Up
outlet pipe internally down
| ncrease cl ean gas Down Down Up
outl et pipe dianeter
Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991. EPA-625-691-014.
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2.3.2 Baghouses. As discussed in Appendi x C baghouses or fabric
filters are the nost efficient nmeans of separating particles from
a gas stream |Inportant process variables considered in baghouse
design include the fol |l ow ng:

Fabric type;

Cl eani ng net hods;

Air-to-cloth ratio; and

Equi prent configuration (i.e., forced draft or induced
draft).

The fabric type, cleaning nethod, and air-to-cloth ratio al
shoul d be sel ected concurrently. Equi pnment configuration is of
secondary i nportance unless the space for the equi pnent is
[imted. The operating paraneter usually nonitored is the
pressure drop across the system Typically baghouses are
operated within certain pressure drop range, which is determ ned
based on site experience.

The data required for the design consists of the follow ng:

Flow rate actual nt/s (acfm;

Moi sture content (9;

Tenperature °C (°F);

Particle nean dianeter (um;

SO, content (ppm;

Particul ate content pg/n? (grains/scf); and
Organic content (9.

Table E-13 is a summary of the characteristics of several
fibers used in fabric filtration. Table E-14 is a conparison of
fabric filter cleaning nmethods. Table E-15 is a sumary of
recommended ranges of air-to-cloth rations by typical bag filters
for a variety of dusts and funes.
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Ef fect of Physi cal

TABLE E- 12
Properties Process Variables on Efficiency

Pressure | Effic-

Loss i ency Cost Trend
Gas Change
| ncrease velocity Up Up Initial cost down,

operating cost up

| ncrease density Up Neg Slightly higher
| ncrease viscosity Neg Down -
| ncrease tenperature Down Down -
(mai ntain vel ocity)
Dust Change
| ncrease specific - Up -
gravity
| ncrease particle - Up -
si ze
| ncrease | oadi ngs - Up -

Source: Control Technol ogies for
June 1991. EPA-625-691-014.

Hazar dous Air Pol |l utants,

E- 26




Characteristics of Several

ETL 1110-1-173

TABLE E-13

31 MAY 96

Fi bers Used in Fabric Filtration

Resi st ance®

Max.
Fi ber Operating M ner al Organi c
Type? Tenp. Abr asi on Aci ds Aci ds Al kalis | Sol vent
Cot t on® 82°C (180°F) VG P G P E
Wol ¢ 93°C (200°F) FI G VG VG P/ G G
Modacryl i c¢ 71°C (160°F) FI G E E E E
(Dynel ™
Pol ypr opyl ene® 93°C (200°F) E E G
Nyl on Pol yam de® | 93°C (200°F) E F F E E
(Nyl on 6 & 66)
Acrylicd 127°C G VG G FI G E
(260°F)
Pol yest er®
( Dacr on™ 135°C VG G G G E
(275°F)
(Creslan™ 121°C VG G G G E
(250°F)
Nyl on Aromati c¢ 191°C E F G E E
( Normex ™ (375°F)
Fl uor ocar bon¢ 232°C FI G E E E E
(Tefl on™ TFE) (450°F)

Characteristics of Several

TABLE E- 13 (cont)
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Resi st ance®
Max.

Fi ber Oper ati ng M ner al Organic

Type? Tenp. Abr asi on Aci ds Aci ds Al kalis | Sol vent
Fi ber gl ass® 260°C FI & G G G E

(500°F)

Cer ami cS' 480+°C
(Nextel 312™ (900+°F) - - - - -

a3Fabric limted.

resi stance, and E =
excel |l ent resistance.

‘Wven fabrics only.

WhHven or felted fabrics.

The nobst chemically resistant of all these fibers.
SAfter treatnment with a | ubricant coating.
hDacron™di ssol ves partially in concentrated H,SO,.

information on long term
resi stance, and acid and al kali performance has been docune

Source: Control Technol ogies for Hazardous Air Pollutants,
625- 691-014.

PP = poor resistance, F = fair resistance, G = good resistance, VG = very good

eConsi dered to surpass all other fibers in abrasion resistance.

'The ceranmic fiber market is a very recent developnent. As a result, little

nt ed.

June 1991. EPA-
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TABLE E- 14
Conmparison of Fabric Filter Bag C eani ng Met hods
Cl eani ng Met hod
Rever se Pul se-j et Pul se-j et
Mechani cal Ar | ndi vi dual Conpart nent ed
Par anet er Shake flow Bags Bags
Cl eani ng on- Of-line Of- On-1line Of-line
or off-line l'ine
Cleaning tinme | H gh Hi gh Low Low
Cl eani ng Aver age CGood Aver age CGood
uniformty
Bag attrition | Average Low Aver age Low
Equi prent Aver age Good Good Good
ruggedness
Fabric type? Wven Wven Fel t/ Wven? | Fel t/ Wven?
Filter Aver age Aver age | High Hi gh
vel ocity
Power cost Low Low to High to Medi um
Medi um Medi um

Dust | oadi ng Aver age Average | Very high Hi gh
Maxi mum Hi gh Hi gh Medi um Medi um
t enper at ur e®
Col |l ection Good Good Good°® Good°®
efficiency

Wth suitabl e backing,

felted.

woven fabrics can performsimlarly to

®PFabric |imted.
‘For a properly operated systemw th noderate to | ow pressures,

the collection efficiency may rival other nethods.
Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991. EPA-625-691-014.
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TABLE E- 15
Air-to-Cloth Ratios?
Shaker / Wven Pul se
Dust Rever se- Ai r/ Wven® Jet/ Fel t®
Al um na 0.76 (2.5) 2.4 (8)
Asbest os 0.91 (3.0 3.1 (10)
Bauxite 0.76 (2.5 2.4 (8)
Car bon bl ack 0.46 (1.5 1.5 (5)
Coal 0.76 (2.5) 2.4 (8)
Cocoa, chocol ate 0.76 (2.5) 3.7 (12)
C ay 0.76 (2.5) 2.7 (9)
Cenent 0.61 (2.0) 2.4 (8)
Cosneti cs 0.46 (1.5 3.1 (10)
Enanel frit 0.76 (2.5 2.7 (9
Feeds, grain 1.07 (3.5) 4.3 (14)
Fel dspar 0.67 (2.2) 2.7 (9)
Fertilizer 0.91 (3.0 2.4 (8)
Fl our 0.91 (3.0) 3.7 (12)
Fly ash 0.76 (2.5 1.5 (5)
G aphite 0.61 (2.0) 1.5 (95)
Gypsum 0.61 (2.0) 3.1 (10)
lron ore 0.91 (3.0) 3.4 (11)
| ron oxide 0.76 (2.5) 2.1 (7)
Iron sulfate 0.61 (2.0) 1.8 (6)
Lead oxi de 0.61 (2.0) 1.8 (6)
Leat her dust 1.07 (3.5) 3.7 (12)
Li e 0.76 (2.5) 3.1 (10)
Li mest one 0.82 (2.7) 2.4 (8)
M ca 0.82 (2.7) 2.7 (9)

TABLE E-15 (cont)
Air-to-Cloth Rati os?
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Shaker/ Wven Pul se
Dust Rever se- Ai r/ Wven® Jet/Felt®
Pai nt pignents 0.76 (2.5) 2.1 (7)
Paper 1.07 (3.5) 3.1 (10)
Pl astics 0.76 (2.5) 2.1 (7)
Quart z 0.85 (2.8) 2.7 (9)
Rock dust 0.91 (3.0 2.7 (9
Sand 0.76 (2.5) 3.1 (10)
Sawdust (wood) 1.07 (3.5) 3.7 (12)
Silica 0.76 (2.5) 2.1 (7)
Sl ate 1.07 (3.5) 3.7 (12)
Soap detergents 0.61 (2.0) 1.5 (5)
Spi ces 0.82 (2.7) 3.1 (10)
Starch 0.91 (3.0) 2.4 (8)
Sugar 0.61 (2.0) 2.1 (7)
Tal c 0.76 (2.5) 3.1 (10)
Tobacco 1.07 (3.5) 4.0 (13)
Zi nc oxi de 0.61 (2.0) 1.5 (5)

aceneral ly safe design val ues -
consideration of particle size and grain |oading.

application requires

PA/C ratio units are (n¥/ mn)/nt of cloth area [(ft?/min)/ft? of

cloth area]

Sour ce: Contr ol

Technol ogi es for

June 1991. EPA-625-691-014.

Hazar dous Air

Pol | ut ant s,
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2.3.3 Venturi Scrubbers. Venturi scrubbers are designed to
collect particles between 0.5 to 5.0 pmin dianmeter. The data
necessary to perform design consists of the follow ng:

Fl ow rate actual n¥/sec (acfm;

Moi sture content (9% ;

Tenperature °C (°F);

Particle nean dianeter (um;

Required collection efficiency (9%;
Particul ate content pg/nt (grains/scf); and
Organic content (9.

The tenperature range for venturi scrubber should be within 5
to 38 °C (50 to 100 °F). If the tenperature does not fall within
the stated range then pretreatnent of the stream nmay be necessary
(1.e., streamcooling).

The two nost inport considerations for evaluating a venturi
scrubber are the pressure drop across the scrubber and the
mat eri al of construction. Typical pressure drops for ventur
scrubbers for a variety of applications are listed in Table E-16.
Materials of construction for various industries are listed in
Tabl e E-17 and serve as a general guide as to the types of
material used in the industry.

2.4 Ar Pollution Control Devices Design and Performance. Air
pol lution control devices are designed to renove organi cs/ THC
VOC/ POHC fromthe thermal desorption unit discharge gas flow.
These unit operations include:

Thermal afterburners
Catal ytic afterburners
Adsor ption

Baghouses

Wet scrubbers

Performance is based on criteria developed to neet stack
em ssion (regulatory requirenents) criteria and/or process
recycl e requirenents.

This section details the design and performance of these unit
oper ati ons.

2.4.1 Afterburners. To ensure satisfying stack em ssion
requi renents, thermal or catalytic afterburners may be required.
The process principle involves the conbustion and oxi dati on of
hydrocarbons/VOC s. The unit design (process and equipnment) is
based on the follow ng four key criteria:
TABLE E- 16
Pressure Drops for Typical
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Venturi Scrubber Applications
Pressure Drop
Appl i cation kPa in HO
Boi l ers
Pul veri zed coal 3.7 - 10 15 - 40
St oker coal 2.5 - 3 10 - 12
Bar k 1.5 - 2.5 6 - 10
Conbi nati on 2.5 - 3.7 10 - 15
Recovery 7.5 - 10 30 - 40
I nci nerators
Sewage sl udge 4.5 - 5 18 - 20
Li quid waste 12.4 - 13.7 50 - 55
Solid waste
Muni ci pal 2.5 -5 10 - 20
Pat hol ogi cal 2.5 -5 10 - 20
Hospi t al 2.5 -5 10 - 20
Ki | ns
Li me 3.7 - 6.2 15 - 25
Soda ash 5- 10 20- 40
Pot assi um chl ori de 7.5 30
Coal Processing
Dryers 6.2 25
Crushers 1.5 -5 6 - 20
Dryers
CGeneral spray 5- 15 20 - 60
Food spray 5- 7.5 20 - 30
Fluid bed 5- 7.5 20 - 30
Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991

EPA-625-691-014.
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TABLE E-17
Construction Materials for Typical Venturi Scrubber Applications

Construction

Application Mat eri al
Boi |l ers
Pul veri zed coal 316L stainless steel
St oker coal 316L stainless steel
Bar k Car bon st eel
Conbi nati on 316L stainless steel
Recovery Carbon steel or 316L stainless steel
| nci nerators
Sewage sl udge 316L stainless stee
Li qui d waste Hi gh nickel all oy
Solid waste
Muni ci pal 316L stainless steel
Pat hol ogi cal 316L stainless stee
Hospi t al Hi gh nickel all oy
Kil ns
Li ne Carbon steel or stainless steel
Soda ash Carbon steel or stainless steel

Pot assi um chl ori de Carbon steel or stainless steel

Coal Processing
Dryers 304 or 316L stainless steel
Crushers Car bon st eel

Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991. EPA-625-691-014.
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Tenperature: for a thermal unit a range of 760-982°C
(1400-1800°F) is required to support the destruction of
t he hydrocarbon nol ecul ar structures; for a catalytic
unit a range of 320-650°C (600-1200°F) is adequat e;
however, tenperatures of 1204°C (2200°F) have been used
for difficult-to-oxidize organics.

Residence tinme: wunit sizing is based on providing
residence tinmes ranging fromO0.5 to 2.0 seconds - this
allows for the tinme required for conplete conbustion

Cat al yst and contact turbul ence: thorough gas m xi ng
to insure gas phase interaction and tenperature
uniformty is required - this is achieved by proper

sel ection of chanber velocities 3.05 - 6.1 nisec (10 to
20 ft/sec), burner arrangenent in the chanber to all ow
for flame/gas flow interaction (which may reflect a
direct or tangential entry) and the use of pinch points
(narrow ng/ obstruction of the gas flow path).

Oxygen concentration: to ensure proper
reacti on/ conversi on, m ni mum oxygen concentrations of
3-5% shoul d be maintained in the flue gas with the
sources being the desorption flue, burner supply and
suppl enentary air fan as needed. Maxi mum val ues of 7-
9% O, shoul d not be exceeded due to the generation of
excess flue gas flow

Design of the afterburner chanber should include, consistent
with the above criteria, the foll ow ng considerations:

Chanber vol une based on the maxi mum gas fl ow and

maxi mum required residence time, with the wwdth of the
chanber conputed fromthe gas velocity and the chanber
| engt h.

Afterburners may be provided in horizontal or vertical
configurations. Vertical is the preferred arrangenent
shoul d solids drop out be a concern. Provisions for
removal of solids should be provided (i.e., bottom
hopper, manway access).

Afterburner chanbers are typically refractory-1ined
units wwth the shell being of a carbon steel. The
selection of a refractory type should widen (a) the
operating tenperature constructed including the
tenperature profile at the burner zone which may
dictate refractor type due to elevated fl ane
tenperatures, (b) the presence of acid gases or

E-35



ETL 1110-1-173
31 MAY 96

corrosive materials, and (c) material thicknesses
including insulation, if required, to maintain a shel
tenperature of |less than 260°C (500°F).

o To conserve energy, heat exchange between the influent
and effluent streans may be incorporated including (a)
recirculating a portion of the exit flow and m xi ng
this flowwth the inlet streamand (b) using a non-
contact heat exchanger, internal to the afterburner
unit, or as a separate stand al one devi ce.

A burner arrangenment should be selected to support the above
design criteria (e.g., tenperature requirenents). The burner
design may include the follow ng considerations:

° Use of an appropriate fuel supply (fuel oil, natural
gas and/ or propane).

° Use of single or multiple units for back up.

o Burner thermal duty with consideration given to the

flue gas inlet flowrate, flue gas conposition
(conplimenting conbustion of the organics present) and
t he maxi num desi gn conbustion m x tenperature.

° Fl ame/gas flow interaction (e.g., direct, tangential)
and gas phase turbul ence to pronote the conbustion
reaction.

o Use of a | ow NQ, desi gn.

Wthin the limts of the overall air pollution control system
train, thermal afterburners need to achieve the foll ow ng
performance criteria:

° Organi cs/ THC VOCO/ POHC.  destruction and renoval
efficiency (DRE) of 95-99.9+% or 10-100 ppnv
concentration.

o CO  2-100 ppmv (rolling average).

o Ni trogen oxides (NQ): Iess than 100 ppnv.

The performance of afterburners should also neet the specific
operational requirenents - nost notably conmbustion zone
tenperature, gas di scharge oxygen |l evels, and negative pressure
(via the APL systemID fan) to neet regulatory requirenents.

2.4.2 Catalytic Afterburner. To neet stack em ssion

regul ations, catalytic afterburners may be required. Catalytic
afterburners use a noble netal catalyst to pronote the rate of
reacti on and decrease the activation energy needed for oxidation,
all om ng operation at |ower tenperatures and thereby yielding

| oner fuel usage.

Key matters to note regarding the application of catalyst
afterburners are:
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° Catal yst materials normally used are plati num
pal | adium and rhodium Qhers include copper chromte
and the oxides of copper, chrom um manganese, ni ckel
and cobal t.

° Common conmerci al ly avail abl e catal yst configurations
include mat (simlar in appearance to an air filter),
porcel ai n assenblies and plates with connected rods and
honeyconb (ceram c or refractory) supported catal ysts,
where the catalyst material is deposited in |ayers on
an inert substrate.

The gas stream should be free of particulate matter to
protect the catalyst fromfouling. |In addition, catalysts are
sensitive to many substances, including platinumpoisons (heavy
metal s), suppressants (halogens), and fouling agents (iron
oxi des) .

The design of catalytic afterburners is based on the
follow ng four key criteria:

° Tenperature: to support ignition and conbustion an
operating tenperature range of 320-650°C (600-1200°F)
is required - achieved through the conbustion reactions
and auxiliary fuel firing.

° Resi dence tine: wunit/catalyst bed sizing is based on
residence tinmes ranging from0.08 to 1.0 seconds to
allow tinme for conplete reaction

° Tur bul ence: the shell and catal yst should be
configured to provide intimte m xing of the gas phase
fl ow and contact with the catal yst structure.

° Oxygen concentration: sufficient oxygen nust be
present to insure oxidation of the contam nants;
m ni mum | evel s of 3-5% O, should be maintained in the
gas flow with the sources being the desorption flue
burner supply and supplenmentary air fan as needed, and
maxi mum oxygen concentrations of 7-9% shoul d not be
exceeded due to the generation of excess flue gas flow

The precise value of each of these paraneters is dependent on
the catal yst enpl oyed plus the flue stream properties.

Desi gn of the afterburner chanber shoul d consi der

° Cat al yst vol ume based on the maxi nrum gas fl ow and
maxi mum requi red residence tine.
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Chanber construction for operating tenperatures: bel ow
540°C (1000°F) heat treated steels have been used
successfully, at tenperatures near 540°C (1000°F)
stainless steels may be use, and above 540°C (1000°F)
refractory |linings are used.

To conserve energy recuperative heat recovery schenes
may be provided integral to the afterburner unit or as
a separate stand al ong device including:(a)
recirculating part of the exit flow and mxing with the
inlet streamand (b) using a non-contact heat

exchanger.

Nobl e metal catal ysts are susceptible to the

fol | ow ng: poi sons (arseni c conpounds, hal ogens,
phosphat es and heavy netal s); fouling agents
(silicones, iron oxides and alumna dusts); and
suppressants (hal ogens and sul fur conpounds) ( Brunner,
1988) .

A burner arrangenment should be selected to support the above
design criteria (e.g., tenperature requirenents). The burner
desi gn shoul d consi der

Use of an appropriate fuel supply (fuel oil, natural
gas and/ or propane).

Use of single or multiple units for back up.

Burner thermal duty with consideration given to the
flue gas inlet flowrate, flue gas conposition
(conpl i nmenting conbustion of the organics present) and
t he maxi num desi gn conbustion m x tenperature.

Fl ane/ gas flow interaction and gas phase turbul ence and
pronote the conbustion reaction

Use of a | ow NQ, design

Wthin the limts of the overall air pollution control system
train, catalytic afterburners typically need to achieve the

foll ow ng
[ J

performance criteria:

Organics (THC VOO POHC):  destruction and renoval
efficiency (DRE) of 90-99%

CO  2-100 ppmv (rolling average).

Ni trogen oxides (NQ): Iess than 100 ppnv.

The performance of catalytic afterburners should al so neet
the specific operational requirenents; nost notably of which are
reaction zone tenperature, gas di scharge oxygen concentrations
and negative pressure (via the APC systemID fan) to neet
regul atory requirenents.
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2.4.3. Adsorption. Vapor phase activated carbon or resin
adsorption may be enployed within the APC train to further renove
organic constituents in the cooled flue gas stream and satisfy
em ssion requirenents.

Characterization of the organic contamnants is a key
consideration in the selection of an appropriate adsorbent.
Organic contam nants are characterized as foll ows:

Conmpound nane

Formul a and/ or nol ecul ar wei ght
Specific gravity

Inl et concentration

Boi | i ng poi nt

Vapor pressure curve

Adsor ption isotherns
Refractive i ndex

| mpurities and safety nust be considered (e.g., dust may clog
t he adsorbent bed, ketones may oxidize or polynerize, both of
which will liberate heat wwth a potential for ignition of the
adsor bent).

In addition to the above, to select an appropriately sized
adsorption unit the following criteria nust be known:

Air flowrate n¥/s, (cfm

Air pressure atm (psig)

Air relative humdity, %

Tenperature, °C (°F)

Capture efficiency, %

Characterization of constituents of concern

Design considerations for the selection of a carbon absorber
are:

° Rel ative humdity of off-gas. Of-gas normally has a
relative humdity of 100% Uncontrolled humdity
reduces the efficiency and effectiveness of carbon
adsor pti on.

° Materials of construction for the vessels and internals
are lined (high solids epoxy, polyethylene) carbon
steel, stainless steel, fiberglass, polypropyl ene, etc.
and that the fabrications are readily available to the
Site.

° Arrangenent of air distributors to nmaximze fl ow
patterns to support interphase contact and reduce the
gas side pressure drop.

° Cl ean and foul ed pressure drops to support the system
draft profile.
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o Upf |l ow, downfl ow or crossflow configuration
requirenents.

° Pre-filters to avoid unwanted fugitive particul ate
build up in the adsorbent bed.

° Accessories such as blowers or fans, prem xing, skid
nmounting, control panels, post-filters, flane
arrestors, sanple ports, lifting lugs, pressure relief
val ves, rupture disks, condensate traps, separators,
dehum difiers.

° Code requirenents (e.g., ASME pressure testing) and/or
| eakage testing.

° Provi sions for carbon repl acenent.

° Provi sions for carbon regeneration

° Regeneration systemrequirenents (e.g., boilers, heated

pressure air/steamflow, stripped material collection
and separation, treatnent and routing).

Wi | e dependent on the overall air pollution control system
train, the adsorption systemneeds to achieve the performance
criteria for organics (THC VOO POHC) of 50 to 99% renova
primarily as a function of the outlet tenperature, chem cal
types, inlet concentration, adsorbent bed depth and bed velocity.

Addi tional performance criteria may al so be required to
conformwi th regulatory requirenments (e.g., inlet tenperature).

2.5 Treated Material Handling. Thermal desorption systens
typically enploy screw or belt type conveyor systens to transport
treated material residuals fromthe desorption outlet to a truck
or storage area. Conveyor arrangenents nay include a single
conveyor or nultiple conveyors involving changes in both

hori zontal and vertical direction.

The design criteria used in the selection of an appropriate
solids effluent conveyor systemis generally simlar to that for
the desorption inlet conveyor system Material tenperatures,
however, warrant closer consideration in selecting conveyors for
solid effluents. Soil discharge tenperatures of certain types of
t hermal desorbers may approach 650°C (1200°F) and may affect the

mat erials of construction and/or type of conveyor chosen. In
rotary dryer and thermal screw type desorption systens, water may
be sprayed unto the hot soil in a screw conveyor for cooling and

dust control.

As wth the desorption inlet conveyor systens, auxiliary
devi ces may be added to satisfy particular requirenents.

2.6 Oversized Material Handling. Depending on the

hazar dous/ nonhazardous nature of the oversized material, there
are several managenent options available. |[If hazardous, stone
clunps and aggregate can be reprocessed in a pug mll or crusher

E- 40



ETL 1110-1-173
31 MAY 96

and then treated in the desorption unit. Boards, plastic, and
m scel | aneous debris can be decontam nated and sent to a solid
waste landfill for disposal. The liquid generated and residue
can be treated in the facility wastewater treatnent plant.

| f nonhazardous, all oversized naterial can be sent off-site
for disposal in a solid waste landfill.

3. Process Controls. This section will present (1) the
instrunmentation and control elenents used in a thermal desorption
system design, (2) different degrees of automation and (3) a |ist
of m nimal process control conponents that nmay be used in a

t hermal desorption system

3.1 Description of Design Elenents. A full thermal desorption
systemdesign will include, at a mninmum the follow ng process
control elenents:

3.1.1 Process Flow Diagram Flow and material bal ances show ng
t he general arrangenent of the equipnent, the flow rate of each
process stream the operating tenperature and pressure for each
unit process, and the conposition of materials on each process
stream

3.1.2 P& Diagrams. Piping and instrunmentation di agrans show
the interrel ati onship between process conponents, piping and
process control devices. |SA and ANSI standards (ANSI/ | SA-S5.1)
govern the preparation of P& diagrans. These diagrans show all
maj or process conponents organi zed according to process flow
The instrunmentation synbols are shown in "bubbles."

3.1.3 Electrical Wring Diagram This diagramshows the wiring
of all physical electrical devices, such as transforners, notors
and lights. |If appropriate, the diagramis organized in | adder

| ogic form

3.1.4 Description of Conponents. The specifications nust
i nclude a description of instrunentation and control conponents
including installation and nounting requirenents.

3.1.5 Sequence of Control. The sequence of control nust be
included in both the design submttal and the operation and
mai nt enance manual. Control information concerning systemstart-

up, system shutdown and response to mal functions nust be
i ncl uded.
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3.1.6 Control Panel Layout. A control panel |ayout nust be
designed. This drawing will show, to scale, all electrica
conponents and the associated wiring. This control itemis
normal ly submtted as a shop draw ng.

3.1.7 Logic Diagram |If the process control logic is not
apparent fromthe P& Di agrama |ogic diagram should be incl uded.
The di agram shows the |ogical (and, or, nor, if-then)

rel ati onshi ps between control conponents but does not show

i nterconnecting process flow. For exanple, the diagram may show
that if swtch #2 is placed in the on position and there are no
alarm conditions, then the blower will turn on and activate a
green indicator |ight.

3.1.8 Legend and Standard Synbols. The set of docunents nust
have a | egend to explain the synbols used. Despite the existence
of the | egend, standard synbols nust be used wherever applicable.

3.2 Degrees of Automation. The degree of automation is
general ly dependent on the conplexity of the treatnent system
the renoteness of the site, and nonitoring operations, and
control requirenments. Typically, there is a trade off between
the initial capital cost of the instrunentation and control
equi pnrent, and the | abor cost savings in system operation.

Cenerally, there are three fornms of process control: | ocal
control, centralized control, and renote control. 1In a |ocal
control system all control elenents (i.e., indicators, swtches,
relays, notor starters) are |l ocated adjacent to the associated
equi pnent. In a centralized control system the control elenents
are nounted in a single location. These systens may include a
hard-wi red control panel, a progranmable |logic controller (PLC
or a conputer. Renote control can be acconplished several ways
i ncl udi ng by neans of nodens or radio telenetry.

To sel ect the appropriate control schene, the advantages and
di sadvant ages of each control schene nust be considered. A
| ocal i zed control systemis |ess conplex, |ess expensive and
easier to construct. For exanple, if a level switch in a tank is
controlling an adjacent discharge punp, it would obviously be
sinpler to wire fromthe tank directly to the adjacent punp than
to wire fromthe tank to the centralized control panel and then
fromthe panel back to the punp. As the control system becones
nmore conplex, it quickly beconmes advantageous to | ocate the
control conponents in a central location. Centralized contro
systens are al so easier to operate. Instrunent interlocks can be
used for both safety and equi pnent protection considerations.
Centralized data acquisition and control may include the use of
conmputers or PLCs.
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TABLE E- 18
| nstrunent ati on Sunmmary
Equi pnent Par anet er | nst runent
Desor ber Tenper at ure Ther nocoupl e or
| nfrared Sensor
Pressure Pressure Transducer
Rot ati onal / Li near AC Vari abl e Speed
Speed Drive or Sensing Head
N, Concentration N, Anal yzer
Fuel Feed Rate Vol unetric Fl owreter
Gas Resi dence Aver agi ng type pitot
Ti me/ Sweep Gas t ube
Vel ocity
Condenser Tenper at ure Ther nocoupl e/ Level
Switch
Particul ate Differential Differential Pressure
Renoval (Cyclone) |Pressure Transducer
Air Pollution
Contro
Af t er bur ner Tenperature Ther nocoupl e or
(1 f used) infrared sensor
Fuel Feed Rate Vol unetric Fl owret er
O, Concentration Zi rconi um Oxi de
Bur ner Contr ol Bur ner Managenent
System
Quench Chanber Tenper at ure Ther nocoupl e
Li quor Fl ow Vol unetric Fl owret er
Scr ubber Differential Differential Pressure
Pressure Transducer
Tenper at ure Ther nocoupl e
pH (Neutralization pH Cel
Tank)
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TABLE E- 18
| nstrunentati on Sunmmary
Equi pnent Par anet er | nst runent
Scr ubber Density Density Meter
(Cont.) (Neutralization
Tank)
Baghouse Tenper at ure Ther nocoupl e

Differenti al
Pressure

D ff Press Transducer

Car bon Adsor ber

Tenper at ure

Ther nocoupl e

Differential Presure

Differential Presure

Tr ansducer

HC Concentrati on

HC Anal yzer

Material Handling |Waste Feed Rate Vari abl e speed drive
Desor ber
Load cel |, weight
sensor
Programmabl e Logic
Controller
Resi dual Di scharge Load cel |, weight
Feed Rate sensor
Progranmmabl e Logic
Controller
St ack CO Concentration I nfrared Anal yzer
SO, Concentrati on Utra Viol et
Phot onetri c Detector
NQ, Concentration Chem | um nescent
Anal yzer
Total HC CEMS
Opacity OQpacity Meter
Tenper ature Ther nocoupl e
Speci al Equi pnent | Regenerate Flow Rate |Volunetric Fl owneter

| on Exchange Unit
(Wast ewat er)

Conductivity

Conductivity Cel

Tenper at ure

Ther nocoupl e or RTD

Pressure

Pressure Transducer
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The greater the nunber of control inputs, the nore worthwhile
it is to use conputer or PLC control. For thermal desorption
systens, the inputs may include signals fromspeed indicators,
pressure switches or thernocouples. The threshold for using PLCs
or conputers is generally between five and ten inputs, dependi ng
on the type of input and operator background. Oten plant
operators will be nore famliar with traditional hard-wred
control logic than with control logic contained in software.
However, process logic contained in software is easier to change
than hard-wiring. Therefore, if extensive future nodifications
to the proposed system nay be antici pated, avoid hard-wiring the
process | ogic.

Modens and radio telenetry can be used to control these
systens renotely. Radio telenmetry is typically used over shorter
di stances when radio transm ssion is possible. Mdens are used
Wi th conputerized control systens. Systens can al so be equi pped
with auto dialers to alert the operator of a malfunction by
t el ephone or pager. Considerations such as site |ocation,
capi tal cost, standardization, operator background and system
conpl exity govern the selection of these devices.

3.3 Process Control Conponents. A listing of typical process
control conponents typically installed in a thermal desorption
system can be found in Table E-18.

3.4 Feed Storage and Conveyance.

3.4.1 Feed Hopper Systens. Bin level controls may be used on

| arger hoppers to nonitor the contents of the hoppers. Rotary
airl ocks and feeders may be equi pped with speed and torque
overload controls simlar to those used on conveyor systens.

Vi brating bottons may be controlled manually or automatically via
preset tinmers. Signals fromweight sensors together with bin

| evel and feeder speed and torque overload sensors may be
processed t hrough programmable |ogic controllers to provide for

t he conpl ete automati on of wei ghing, feeding and conveyi ng

functi ons.

3.4.2 Conveyor Systenms. Process controls are installed on
conveyor systens to nonitor and control one or nore of the
foll om ng paraneters

3.4.2.1 Conveyor Speed. Conveyor systens can be equi pped with
both fixed speed and vari abl e speed drives. Fixed speed drives
are used when the speed of the conveyor does not require

adj ust ment during operation. Fixed speed drives may include the
use of notor speed reducers alone or in conbination with chain
and sprocket drives or V-belt drives. Fixed drives are used when
maj or changes to processing feed rates and high feed rate
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accuracies are not required. Variable speed drives will yield a
much greater accuracy and variability in processing feed rate and
speed adjustnent than fixed speed drives. Variable speed drives

i ncl ude vari abl e frequency drives for use with AC i nduction
motors and silicone controlled rectifiers for use with DC notors.
DC drives are preferred when speed adjustnents are required over
a Wi de range at extrenely accurate settings.

3.4.2.2 Material Wight. Conveyor systens can be equi pped with
sensing elenents (e.g., load cells, strain gauges or weigh belts
or platforns) to weigh materials during processing. Mterial

wei ghi ng may be done on a batch or continuous basis. Batch
weighing is effective when material densities are constant and
uni form fl ow can be mai ntai ned. Batch wei ghing devices such as
addi tive weight and | oss of weight scales can achieve accuracies
of + 0.1 percent under such conditions and when they are
augnented with proper flow controls. Continuous wei ghing devices
such as weigh platforns sense both material flow rate and changes
in flowrate. Continuous wei ghing devices are suitable for

conti nuous processes and can achi eve wei ghing accuracies of + 1
percent .

3.4.2.3 Mterial Feed Rate. Wth the use of automated process
control devices such as programmable | ogic controllers, signa
out puts from wei ghing devices can be conbined with those of the
conveyor speed controls to yield highly accurate neasurenent and
control of material feed and di scharge rates.

3.4.2.4 Torque Overload. Torque overload devices are installed
on conveyor systems to prevent damage to conveyor conponents in
the event the conveyor janms. Torque overl oad devices nay be
mechani cal or electrical in design. Mechanical devices such as
shear pins and slip clutches provide an i medi ate positive

di sconnection of the conveyor and drive. The conveyor system nust
remai n i noperative, however, until the shear pins are repl aced.

El ectrical devices include notor current sensing devices; these
devi ces may not shut the conveyor down immedi ately upon increased
torque and thus may not be suitable protection in sone
appl i cations.

3.5 Desorption Design/Performance Evaluation Criteria. Four
basi ¢ paraneters can be used to nonitor the performance of a
t hermal desorption on a continuous (or intermttent) basis.
These paraneters are:

° system operating tenperature for the primary desorption
chanber;

° t urbul ence induced in the primary chanber;

° retention tinme (can be estimted); and

° sweep gas flows through the primary chanber.
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Tenperature of the nedia in the primary chanber is ideally
nmoni tored by direct neasurenent of the treated material s,
however, this is not possible on a continuous basis. Two
alternate tenperature nmeasurenents are suggested:

o Kiln or dryer wall tenperature; or
° Exhaust (i.e., back end of the desorption chanber) gas
t emper at ure.

Agai n, each of these provides an indirect neans of neasuring
the solids tenperature on a continuous basis, but because the
measurenent is indirect, the assunption nust be made that the
thermal transfer to the soils is adequate for volatilization.

No direct manner of measuring turbul ence or solids retention
time can be made, however, indirect turbul ence nonitoring can be
performed by nmonitoring kiln rotational speed or auger speeds
(for a thermal screw system). Again, m ninum and maxi num speeds
shoul d be established during the treatability or denonstration
t esting.

Sweep gas flow rates may be neasured via feed fl ows,
recirculating gas flows and/or thermal discharge flue rate -
using line velocities to determ ne mass and volunetric rates.

3.6 Particulate Control. The primary process control paraneter
nmoni tored for cycl ones, bag houses, and Venturi Scrubbers is the
pressure drop across the unit. Differential pressure may be
sensed by a diaphragmor simlar type pressure transducer.

Tenperature is also nonitored in the baghouse to ensure that
damage to the fabric filter does not occur.

Tenperature is nonitored using thernocoupl e sensors.

3.7 Ar Pollution Control Devices Controls. Air pollution
control devices provided to renove organi cs/ THC VOO POHC from t he
t hermal absorber unit discharge gas flow include the follow ng:

Thermal afterburners
Catal ytic afterburners
Adsor bers

Baghouses

Wet scrubbers

Monitoring and controls are provided for each operation and
anong the overall processes to support performance and safety.

This section details the nonitoring and controls of these
uni t operations.
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3.7.1 Thermal Afterburners. Process controls required to
nmoni tor and control the thermal afterburner unit performance
i ncl ude the foll ow ng:

° Tenperature: to support conmbustion, a m ni mum
tenperature (e.g., 650°C (1200°F) nust be nmi nt ai ned.
Al so, to protect equipnment and conserve fuel, a nmaxi mum
tenperature is established (e.g., 980°C (1800°F)). For
nmoni toring, generally redundant back-up thernocoupl es
are provided in the conbustion zone. This tenperature
range i s achieved by nodul ating the burner firing rate
for heat input and the supplenental air fan (danpers
may be enpl oyed) for cooling control

° Oxygen: To support reaction chem stry a m ni num oxygen
level is desired (e.g., 3% and to limt the mass fl ow
generated a maxi num oxygen concentration (e.g., 9% is
set. Mnitoring is provided via the use of oxygen
sensors in the conbustion zone. Control within this
concentration range is achi eved by nodul ating a
suppl emental air fan arrangenent (danpers may be

enpl oyed) .

° Draft: A proper systemdraft/pressure profile shall be
mai nt ai ned by nonitoring different point(s) along the
process train: where one of these |ocations may be the
afterburner. M ninmum pressure should be maintained to
ensure a negative draft profile in the entire systemto
avoid fugitive rel eases via a nodul ati ng danper
arrangenment on the fan. The required draft is
dependent on the system design with the afterburner
itself generally requiring a 0.01 to 0.5 kpa (0.05 to 2
i nch water colum) pressure drop

° Car bon Monoxi de.

° Burner fuel use - an in-line flow nmeasuring device is
typically included to provide flow rate and
totalization data for overall operational evaluation
and inventory control purposes.

To insure the protection of the equi pnment, a waste feed cut-
off to the thermal desorption unit should be initiated upon the
foll owm ng occurrences:

| ow or high tenperature
| ow oxygen concentration
| ow draft and

rel ated power failure.
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3.7.2 Catalytic Afterburners. Specific process controls for the
catalytic unit are required to nonitor and control the operation
of the unit. These include the follow ng:

Tenperature: To support initiation of reactions, a

m ni mum tenperature (e.g., 316°C (600°F)) nust be

mai ntained. In addition, to protect the catalyst and
equi pnent (recogni zing their respective design
tenperatures) and conserve fuel, a maxi num tenperature
is set (e.g., 649°C (1200°F)). For nonitoring,
general | y redundant back-up thernocoupl es are provided
in the catalyst bed zone. This tenperature range is
achi eved by nodul ating the burner firing rate for heat
i nput and the supplenental air fan (danpers may be
enpl oyed) for cooling control

Oxygen: To support reaction chem stry a m ni num oxygen
level is desired (e.g., 3% and to limt the mass fl ow
generated a maxi num oxygen concentration (e.g., 9% is
set. Mnitoring is provided via the use of oxygen
sensors in the catal yst bed zone. Control within this
concentration range is achi eved by nodul ati ng a

suppl enmental air fan arrangenent (danpers may be

enpl oyed) .

Draft: A proper systemdraft/pressure profile shall be
mai nt ai ned by nonitoring different point(s) along the
process train where one of these |ocations may be the
afterburner. M ninmum pressure should be maintained to
ensure a negative draft profile in the entire systemto
avoid fugitive rel eases via a nodul ati ng danper
arrangenment on the fan. The required draft is
dependent on the system design with the afterburner
itself generally requiring a 0.0 to 0.5 kPa (0.00 to 2
inch WC) pressure drop.

Monitoring of the catalytic afterburner operation shal

i ncl ude -

in addition to the above control paraneters -the

foll ow ng key itens:

Burner fuel use - an in-line flow nmeasuring device is
typically included to provide flow rate and
totalization data for overall operational evaluation
and inventory control purposes.

CO nonitor - an on-line analyzer shall be | ocated at
t he di scharge of the catalyst to indicate |oss of
catal yst effectiveness (e.g., due to poisoning,
fouling) chanber.
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To protect the equipnent, a waste feed cut-off to the therma
desorption unit can be initiated upon the follow ng occurrences:

| ow or high tenperature

| ow oxygen concentration

| ow draft

hi gh CO di schar ge

hi gh pressure drop in the baghouse and
rel ated power failure.

3.7.3 Adsorption. Adsorption systens are typically provided
Wi th process controls to nonitor and control performance.
Conmponents may include the foll ow ng:

° Saturation Indicators: analyzers may be provided at
t he absorber(s) discharge to indicate the presence of
organi cs and adsorbent bed saturation, hence the need
for replacenent/regeneration. Should parallel or
series unit arrangenents be provided, analyzers at the
different unit discharge points can dictate gas routing
or flowto allow for absorber servicing.

° Pressure Monitoring: pressure indicators may be
provided on the inlet and outlet flow lines of the
absorber or alternatively differential pressure
i ndi cation may be specified.

o Tenperature Mnitoring: tenperature indicators (wWth
thernmowel I s) may be placed in the absorber beds - the
nunber required dependent on the unit size and design;
the purpose is to indicate the high tenperatures (due
to adsorption exotherns, contam nant oxi dati on,
pol ynmeri zation reactions, etc.) which could | ead to bed
fires. Set points should be established which initiate
on high (energency) condition an alarm activation of
the fire suppression water system and purging of the
absor ber bed.

Series and parallel absorber unit arrangenents can be
provided to allow for placing individual units out-of-service for
regeneration and to maintain overall operation on-line
avail ability.

3.8 Treated Material Handling. Process controls for the treated
mat eri al handling conveyor systens are generally simlar to those
of the desorption inlet conveyor systens with the addition of
flow controls for water sprays, if used. Control may be manua
via a hand valve in applications where material throughput and
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tenperature vary infrequently during processing; autonmated fl ow
controls may be needed in applications where these paraneters
requi re frequent adjustnent.

4., Site Requirenents.

4.1 Equipnent Plot Requirenents. Space requirenments for the

t hermal desorption processing equi pnent are generally |less than
45 mby 45 m (150 feet by 150 feet) exclusive of materials
handl i ng equi pnent (EPA, 1994). Site areas required for
conveyance and heavy construction equi pment wll vary depending
upon the capacity of the treatnment systemand the conplexity of
the renedi ati on operation. The space available for materials
handl i ng and the | ocation of treatnent and support facilities can
be determ ned fromthe pre-construction survey.

4.2 Material Stockpiles. An adequate stockpile of contam nated
material is necessary to allow for continuous operation. A
treated material stockpile is required to allow for sanpling and
anal yses prior to final placenent.

4.3 Construction Zones. Refer to ER 385-1-92 Safety and
Cccupational Health Docunment Requirenents for Hazardous, Toxic
and Radi oactive Wastes (HTRW which covers construction zones to
the extent required for investigation, design and construction.

4.4 Easenents. Easenents may be required fromthe | ocal

muni ci palities having jurisdiction over the site area. Permts
and site inspections may be required for the construction of
bui | di ngs and the connection to electrical, gas, water and
sanitary sewer facilities.

4.5 UWility Requirenents. Uility requirenents (electric power,
water, fuel, air, steam etc.) will be site and contractor

speci fic and dependent upon the capacity, type and conplexity of
the treatment systemused. Applicable codes (mlitary or state
and | ocal) governing the installation of utilities wll be

I ncor por at ed.
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APPENDI X F
TREATMENT SYSTEM OPERATI ONS

1. Facility Operations Plan. The facility operations plan is
prepared by the contractor if required by the Contract. Prior
to systemstart-up and operation, the operations plan should
be thoroughly revi ewed and understood by all operations
personnel. The facility operations plan generally includes
information relating to equi pnent set-up, and system start-up,
normal operation, normal and energency shutdown procedures and
routi ne mai ntenance requirenents. Installation, operation and
mai nt enance manual s for equi pnent itens, if available, should
al so be incorporated into this plan.

2. Uility Requirenents. Uility requirenents and
consunption rates are site specific and dependent upon the
desorption systemthe Contractor selects. Uilities required
at the renmediation site to support the thermal desorber unit,
air pollution control system materials handling equipnment and
auxiliary facilities:

° El ectric power (440 volt three phase service is
typical for thermal desorber units).

° Water, used typically for cooling of the processed
solids and for quench and scrubber makeup.

° Fuel , typically natural gas, propane or fuel oil for
supply to burners.

° Conpressed air for operation of construction
equi pnent, air driven punps and process controls.
I nstrunent air nust be dry and oil free.

° Ni trogen, purge gas used by sone units.
° Chem cal s: Line or caustic soda for wet scrubbers.
° Activated carbon, if used for polishing of off gas

or wastewater streans.

The literature of several manufacturers or desorption
contractors should be reviewed to estimate the utility
requirenents.

3. System Start-up. Prior to systemstart-up, adequate
mat eri al s handl i ng procedures shoul d be established.
Materials handling is discussed in Appendi x C 2.
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3.1 System Check-Qut and Debugging. Thermal desorption
systens are generally preassenbled and prew red, and
transported on flatbed trailers. Most systens are conprised
of three primary conponents: a desorber unit, a particulate
renoval device and an gas pollution control system

Check-out and debuggi ng of the thermal desorption system
woul d generally involve inspection and verification of utility
tie-ins, and interconnecting piping, wiring and ductwork.
| nspection and verification of proper set-up of itens unique
to a particular thernmal desorption systemwould al so be
performed at this time. A summary of process control elenents
can be found in Appendix E. A summary of representative
checklist itens for thermal treatnent systens |ocated in the
foll ow ng docunents can be used to devel op a checklist for
incorporation in the thermal treatnent specification:

° CEGS 02288 Renmedi ati on of Contam nated Soils and
Sl udges by Incineration

3.2 Start-Up Procedures. The detailed start-up procedures
are included in the contractor prepared operations plan.
Start-up procedures define the step by step sequence of
activities required to bring the thermal desorption system up
to normal operating conditions. The sequence of activities
typically would include the foll ow ng

° Powering up of system equi pnent and controls.

° Adj ust nent of speed controls.

o Setting of control devices to their normal operating
poi nts.

° Adj ustnment of feed rate valves to normal operating
set points (e.qg.: fuel, water, etc.).

° Adj ust ment of mechani cal conponents for normal
operation (e.g.: danpers, pressure regulators,
etc.).

° Operation of the systemin both manual "hand" and

autonmati c "auto" node.

o Monitor and verify normal operation of the system

F-2



ETL 1110-1-173
31 MAY 96

3.2.1 Pre Start-Up Inspection. Prior to the start-up of the
thermal desorption systemleak testing should be perfornmed on
each of the systemval ves; valved segnents of piping and
ductwork; drain valves; secondary contai nnent systens; and
punps. Val ves shoul d be checked to ensure that they remain
closed. Spill response supplies are to be inspected and

rest ocked when needed.

Prior to systemoperation, it is necessary to verify the
follow ng itens:

° Feed material is appropriately conditioned and
characterized;

° Adequat e supplies of fuel, makeup water and cyli nder
gases exi st;

° Adequat e storage space for treated materials and
resi dual s; and

° Cl eanl i ness of material handling equi pnent (feed
system off-gas treatnent system and condensate
t anks).

A generic start-up procedure follows: The desorber and
of f-gas treatnent systens are to be started in a sequence that
does not all ow contam nant rel ease. Specifics of dryer
startup involve establishing flane in the furnace of the
dryer, warmng the cylinder to the desired operating
tenperature, and charging the feed system The off-gas
treatnent system startup procedure should be initiated at
| east one hour prior to the start of feed to the dryer. A
speci fic sequence of starting the off-gas treatnent systemis
to be observed. The sweep gas systemis started first, then
the gas nonitors (CO Oganics, and O) should be started to
allow for a warmup period. Specifics regarding the sequence
of the off-gas treatnent unit are system specific and
dependent on the system design.

Start up procedures for a thermal desorption systemare
established to ensure that operation of the treatnent system
does not conprom se the safety of the personnel, of the
process, or create any danage to the system

CGeneral conponents of a thermal desorption system which
require specific procedures for start-up include the
fol | ow ng:

El ectric power source;

Fuel sources/supply;

Sweep gas suppl y/system

O f gas bl owers;

Tenperature al arnms and nonitors;

F-3



ETL 1110-1-173

31 MAY 96
° Pressure al arns and nonitors;
° Oxygen al arnms and nonitors;
° O f-gas treatnment alarns and nonitors for pressure
and t enperat ure;
° Product handling system and
o Dryer system

System specific detail ed operating procedures for therm
desorption unit startup, normal operation, shutdown and
energency situations are established by the thermal desorption
contractor and or unit manufacturer. The system operating
manual shoul d be made avail able at the site.

3.3 Start-Up Sanpling Plan. CEGS 01450 Chem cal Data Quality
Control should be edited to include the appropriate
requirenents for start-up. Sanpling to verify the norma
processing rates and contam nant concentrations of waste feed
to the thernmal desorber unit and the normal production rates
and cont am nant concentrations of process residuals should be
performed prior to placing the thermal desorption systeminto
conti nuous operation. The frequency of routine quality
control sanpling may be reduced during continuous operation on
materials fromthe sanme contam nated area.

Start-up sanpling may include the foll ow ng:
° Sanpling and analysis of waste feed stockpile.

° Sanpling and anal ysis of residual solids at the
stockpile. Treated materials should be analyzed in
accordance with the Toxicity Characteristic Leachate
Procedure (TCLP) for the presence of netals above
threshold limts as defined in 40 CFR 8§ 261.

° Sanpling and anal ysis of scrubber bl owdown and
fabric filter solids.

° Sanpling and anal ysis of the stack gas.

° Sanpling of all tenperatures, pressure, flow rates
(where possible) and chem cal analysis of the
solids, liquids and gases at the inlet and outlet of

each unit in the process. This will be used to
determine if each unit is operating as designed.

| f anal ysis of any of these streans indicates that the
desorption systemis not neeting performance requirenents, the
appropriate adjustnents can be nade to the control set points
before placing the systeminto normal operation.
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ER 1110-1-263, Chemi cal Data Quality Managenent for
Hazar dous Waste Renedi al Activities; and EM 200- 1- 3,
Requi rements for Preparation of Sanpling and Anal ysis Pl ans
contain requirenments governing quality assurance requirenents
for sanpling and anal ysis.

4. Treated Materials Managenent Plan. Treated materials not
found to be a characteristic hazardous waste by toxicity may
be used for backfill on-site or disposed of in a non hazardous
landfill. Treated materials that fail the TCLP netals w |
need to be stabilized by solidification and/or disposed of at
an approved RCRA landfill. Applicable requirenents regul ating
the transport of such materials nust be net.

5. Site Safety and Health Plan. CEGS 01110 Safety Heal th and
Emer gency Response (HTRW UST) contains the Contract
requirenents for the Site Safety and Health Pl an.

Information relating to USACE safety and health
requi renents can be found in the foll ow ng docunents:

° Safety and Health Requirenents Manual : EM 385-1-1

° Safety and Cccupation Heal th Docunent Requirenents
for Hazardous Toxi c and Radi oactive Wastes: ER-385-
1-92

The safety and health plan will incorporate requirenents

for enpl oyee training, protective equipnment, nedical
surveillance, and the contingency plan for workers entering
t he excl usion and contam nation reduction zones.

6. Shutdown Procedures.

6.1 Normal Shutdown. Normal shutdown procedures will vary
with the particular thermal desorption system selected and are
generally included in the facility operations plan. Nornal
shut down procedures define the detail ed sequence of activities
required to cease waste feed, fuel feed and power to the

t hermal desorption system and enable the thermal desorber to
safely cool down.

6.2 Energency Shutdown. Energency shutdown procedures are
generally included in the facility operations plan and
typically consists of the foll owm ng sequence of activities:

° Shut off of both feed and burners (If a hot kiln is
stopped fromrotating, it could warp).

° Sound the appropriate facility energency al arns.
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° Di sconnect the nmain power feed to the thernma
desorption system
o Follow the Site Safety and Heal th Pl an.
° | nvestigate and report the cause of the incident.
° Modi fy operations in accordance with the incident

findi ngs and recommendati ons

7. Labor Requirenents. Construction and operating | abor
requi renents are site specific and will vary dependi ng upon
the size and conplexity of the thermal desorption system
sel ected and the quantity of contam nated material to be
treated. Labor requirenments may include the foll ow ng:

o Mobi | i zati on and denobili zati on.

° Erection and set-up of processing equi pnent and site
auxiliary facilities.

° Excavation and transport of contam nated materials
and transport of process residuals.

o Feed operati on.

° Start-up and operation of processing equipnent.

° Mai nt enance of processing equi pnent and auxiliary
facilities.

° Sanpl e col l ection, preservation, shipnent and
anal ysi s.

o Backfill operation.

° Construction Quality Assurance.

° Security personnel.

° Supervi sory personnel .

° Site Safety and Health O ficer.

8. Sanpling Plan. The sanpling plan should be detailed
enough to nonitor the operation of the thermal desorber and to
denonstrate conpliance with applicable regulations. Sanpling
prograns for thermal desorbers are not required to be as

conpr ehensi ve as sanpling prograns for incinerators.
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A thermal desorber quality control sanpling plan may
i ncl ude:

Process Control Monitoring - The process controls required
to maintain quality during the renedi ation include pressure
nmeasurenents, flow nmeasurenents, tenperature nmeasurenents,
and air pollution control sanpling and neasurenents.

Data acquisition and collection systens col |l ect data,
process it in a desired fashion, and record the results in a
formsuitable for storage, presentation, or subsequent
pr ocessi ng. For exanple, a record potentioneter is a sinple
data acquisition systemthat may be used for collecting
tenperature data fromthernocoupl es.

9. Analytical Accuracy. Data evaluation should be conducted
according to project specific plans (contractor and
government) produced in accordance wth CEGS 01450 and ER
1110-1- 263.

10. Corrective Action Plan. Corrective action procedures are
i npl emented for on activities which do not neet the
specifications outlined in the design and construction
package. Corrective actions are usually addressed on a case-
by-case basis for each project. The need for corrective
actions is based on predetermned |imts for acceptability.

For exanple, activities which result in the inplenentation of
a corrective action plan include the follow ng:

° Sanpl es which do not neet the specifications;

° Activities are substantially behind schedul e;

° Treated soil does not neet specified requirenents;
or

° I nci dents causing injury or down tine.

The corrective action would include activities to rectify
the problem A corrective action should include resanpling
and reanal yzi ng sanples for analytical problens and retreating
contam nated materials that contain residual organics. The
Corrective Action Plan Report would outline activities to be
executed to rectify the specified problemand to preclude
recurrence.

11. Maintenance Requirenents. Equipnment operation and
mai nt enance instructions will generally include information
regardi ng routine mai ntenance and troubl eshooti ng. These
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instructions should be incorporated into the overall facility
operations plan.

The frequency of routine maintenance will vary dependi ng
upon the type and t hroughput of the materials handl ed and the
conplexity of the equipnent item

11.1 deaning. Mintenance procedures may specify the
periodi c cleaning of the desorber inlet and discharge ports
and transport belt, if furnished, residue collection devices,
conveyor belts and screws, feed hoppers and neters,
particul ate renoval devices and filter nedia.

11.2 Lubrication. Mintenance procedures wll typically
specify the periodic lubrication of rotating and noving parts
of equi pnment and machi nery conponents includi ng bearings,
shafts, chain drives, gearing, and any friction producing
conponent s.

11.3 |Inspection. Routine inspection procedures will vary

wi del y dependi ng upon the thermal desorption system sel ect ed.
Operations personnel should refer to the facility operations
pl an for details.

11.4 Media Regeneration or Replacenent. Routine maintenance
procedures will typically include instructions for the
periodi c regeneration of ion exchange nedia and the
regeneration or replacenent of activated carbon if such

equi pnent is incorporated into the particular thermal
desorption system used.

11.5 Spare Parts. The operation and mai nt enance instructions
furnished by the contractor will generally include recommended
spare parts lists. The inventory of spare parts that nust be
mai ntai ned at the renediation site will depend upon the
conplexity of the particular thermal desorption system used
and the projected Iife of the renediation project. Parts of
the technol ogy that are prone to break down or have hi gh wear
and tear demands shoul d have readily avail abl e repl acenents
onsite or in a nearby locations. Parts associated with

mat eri al s handling, such as auger or screw conveyors that nove
soil in and out of the unit, are particularly susceptible to
break down.

F-8



ETL 1110-1-173
31 MAY 96

APPENDI X G
DESI GN AND CONSTRUCTI ON PACKAGES

The Corps design team or an A/ E under contract, prepares the
Desi gn and Construction package which consists of the Design
Anal yses and the Contract Docunments (plans and specifications).
Contractor requirenents regarding the preparation of
docunentation are incorporated into the specifications prepared
fromthe appropriate CEGSs.

Thi s Appendi x provi des guidance for the type of information
required, for preparation of a design and construction package
for a thermal desorption renediation project. As discussed in
the Introduction, it is not the intent of this docunent to
provi de a step-by-step procedure of this package, but rather to
provi de general guidance on the type of information that should
be provided in this package. The docunents used to prepare
specifications fall into two categories: <criteria (TMs, ER s
ETL's) and specifications (CEGS). Criteria docunents (TMs, ER s
and ETL's) are used to help prepare plans and specifications for
t he package and edited CEGSs are used in the construction
contract.

Al'l activities previously conducted on a project culmnate in
the preparation of a design and construction package. Since
thermal desorption specifications are generally performance based
rat her than design based, the anount of detail provided in the
package is subject to the discretion of the design engi neer
managi ng the project. There may be portions of the project that
are design based such as civil engineering conponents.

1. Design Analysis. The design analysis is prepared by the AE
or Corps design teamto docunent the design decisions. ER 1110-
345- 700 Design Anal ysis, establishes the requirenents and
procedures for preparation of design analyses for mlitary
construction projects. For the purposes of this docunent a
design analysis is defined as an assenbly of all functional and
technical requirenents, and all design provisions and

cal cul ations applicable to the project design.

The Design Analysis is produced concurrently with the project
Specifications, and is conplete prior to the contract being
awarded. Therefore, the Design Analysis should include only
generic thermal treatnent unit specifications, such as; types of
contam nants treated, range of feed rates, types of systens, and
generic renoval efficiencies of various contam nants will be used
to conduct the eval uation.
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Site specific selection criteria to be used in the design
anal ysis of a thermal desorption treatnent systemincl ude:

pretreatnment requirenents of the soil, concentrations and types
of contam nant(s) of concern in the soil, noisture content of the
soil, heat value of the soil, USGS soil classification,
origin/source of the contam nated soil, quantity (tonnage) of

soil to be thermally treated, analytical tests confirm ng status
of the soil as either hazardous or nonhazardous waste, treatnent
criteria for each paraneter/contam nant of concern after therma
desorption renedi ation, disposal requirenents for treated soil,
and anal ytical nethods required for each paraneter (U S. EPA,
1994). Al so, the Design Analysis should include criteria such as
thermal treatnent unit and support equi pnent | ocation,
pretreatment equi pnent |ocation, soil staging areas (treated and
untreated), and availability of utilities.

2. Treatability Studies. |In order to provide additional
information to potential bidders, a Treatability Study, or pilot
scale test, may be perforned on the site soils. These studies

i ncor porate various conbi nati ons of tenperature, retention tine
and contam nant renoval rates. Depending on the type of thernmal
desorption unit/process selected for non-fuel contam nated soils,
a treatability study, consisting of pilot scale test burn of the
soil material would be required to identify the exhaust gasses
resulting fromthe thermal process.

Results fromthe treatability studies are used to establish
system performance criteria to be net by the designated thernma
contractor. Based on this information, nodifications of an
existing thermal desorption unit's system operating paraneters
can be optimzed to neet the specified performance criteria.
System performance criteria is included in the performance
specification for the thermal treatnent unit for any and al
contractors to bid on.

3. Plans for Bidding and Construction. This section reviews
drawi ng i nformati on needed for preparation of a design and
construction package. For a thermal desorption renedi ation
project, the followi ng types of drawi ngs are essential for

bi ddi ng and constructi on:

° Title Sheet, and I ndex of draw ngs

o Vicinity Map and Location Pl an,

° Site Plan show ng existing ground el evations and
cont ours,
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° Site Plans showi ng | ocati ons of adjacent buil dings,

utility line | ocations, wetlands, and surface water

bodi es,
° Pl ans and Cross Sections showi ng extent of

contam nation, groundwater flow, direction and

el evati on,
o Plan indicating the |ocation of thermal treatnent

system soil stockpile storage, staging area for
treated and untreated soils, pretreatnent area
(materials handling), office trailers, other necessary
support equi prent,

° Pl an and Cross Sections showi ng the area and depths of
excavati on,

° Soil Stockpile Details,

° Pl an and Cross Sections showing the site after

remedi ation with final grading after backfill.

° Fl ow Di agram of the thermal treatnent process including
all pre/post treatnent process steps and all pre/post
sanpling points

EM 1110-1-1807 (Standards Manual for U S. Arny Corps of
Engi neers Conputer Ai ded Design and Drafting CADD Syst ens)
provi des standards and procedures for CADD uses and applications
and ER 1110- 345-710 (Draw ngs) details the requirenents and
procedures for preparation and approval of drawings for mlitary
construction projects.

In addition to the previously listed drawi ngs required for
preparation of a design and construction package, the anal ytical
test methods used to illustrate conpliance with: performance
specifications for soil treatnent, residuals fromthe therm
desorption treatnent system and air nethods to denonstrate
conpliance with air em ssions should also be identified. Table
G1lis a summary of typical nethods used in sanple analysis and
the appropriate nmethod required for the renedi ati on project
shoul d be included in CEGS 01554 Sanpling and Anal ysis
Requi renent s.
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TABLE G 1

Typi ca

Met hods

for Sanpling and Anal ysis

Consti t uent

Speci fications

Anal ytical Method

Solids Methods to Denonstrate Conpliance with Perfornmance

Tot al Petrol eum Hydr ocar bons

TCLP Extract Concentration

EPA 418.1
EPA 1311 (extraction), EPA
6010/ 7000 (netals), EPA of

metal s or organics 8240
(vol atile), EPA 8270 (sem -
vol atile), EPA 8080/8150
(pesti ci des/ her bi ci des)

Metal s Concentrati on

EPA 3050 (acid digestion), EPA
6010 (netal s)

(As, Ba, Cd, Cr, Pb, Hg, Se, Ag)

PCB EPA 8080
Mbi st ure Cont ent ASTM D 2216
Soil Bulk Density ASTM D 2937, or ASTM D 1556
or ASTM D 2922, or ASTM D 2167
USCS Soil Cdassification ASTM D 2487
Air Methods to Denonstrate Conpliance with Air Em ssions
St andar ds

CO, CO,, O,, Opaci ty, HC, NOx, SOx

Stack em ssions (continuous):

Cont i nuous Em ssions Mnitors

Stack em ssions (routine):

Mul tiple Metals Train by EPA
Met hod 29

Arsenic (total)

EPA Met hod 7060/ 7060 SW 846

Lead (total)

3020/ 7421

Stack em ssions (conpliance):

Mul tiple Metals Train by EPA
Met hod 29

Total Arsenic 7060/ 7060
Total Barium 3005/ 7080
Total Cadm um 3005/ 7130

G4




ETL 1110-1-173
31 MAY 96

TABLE G- 1 (cont)
Typi cal Met hods
for Sanpling and Anal ysis

Consti t uent Anal ytical Method
Total Chrom um 3005/ 7190
Total Lead 3020/ 7421
Total Mercury 7470/ 7470
Total Sel eni um 7740/ 7740
Total Silver 7760/ 7760

Particul ate

EPA Met hod 5

HC EPA Method 5 with Na,CO,
i npi nger
Vol atil e VOST/ 0030, SWB46 5040

Base Neutral /Acid

EPA nodi fied Met hod 5/ 0010

Extract abl e SW846 3540/ 8270 | npi nger
(water) catches to be retained

for analysis

Pesti ci de EPA nodi fied Met hod 5/0010
SW846 3540/ 8080 I npi nger

(wat er) catches to be retained
for anal ysis

Di oxin (2,3, 7, 8- TCDD) EPA Modified Method 5/ 0010

SW846 3540/ 8280

Di oxi ns and Fur ans EPA Met hod 23

Ambient Air/Quality
Testing/ TWA Monitoring:

Benzene NI OSH 1501
Tol uene NI OSH 1501
Xyl enes NI OSH 1501
Napht hal ene Nl OSH 1501
Lead Nl OSH 1501
Arsenic NI OSH 1501
Chl or dane NI OSH 1501
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TABLE G 1 (cont)
Typi cal Met hods
for Sanpling and Anal ysis

Consti t uent Anal ytical Method
Ambi ent Air, Conpliance (EPA)

Vol atil e TO 14

Napht hal ene TO 13

Chl or dane TO 10

Di oxi ns TO-9

Lead 40 CFR 50 Appendi x G
Arseni c 40 CFR 50 Appendi x G
Particul at es 40 CFR 50 Appendi x G

4. Specifications. Specifics regarding the preparation,
processi ng and obtai ning approval for specifications are set
forth in ER 1110-345-720 Construction Specifications. A
publication entitled Index to Standard Specifications for G vil
Works Construction is issued quarterly as an aid in checking such
references in the civil works guide specifications. Three

i ndexes, Civil Wrks, Mlitary, and Abridged Mlitary are
avai |l abl e for CGuide Specifications. Depending on project

requi renents, these indexes could serve as an additional

i nformation source.

4.1 Corps of Engineers Guide Specifications and Criteria
Docunents. The project Specifications will be devel oped in
accordance with, but not limted to, the followng Iist of guide
specifications (CEGS). A guide specification for therm
desorption wth the CEGS nunber 02289 is currently (April 1996)
under devel opnent.

01110 Safety, Health, and Energency Response (HTRW UST)
01440 Contractor Quality Control
01450 Chem cal Data Quality Control
02210 G ading;
02288 Renedi ati on of Contam nated Soils and Sl udges by
I nci neration;
02445 Solidification/ Stabilization of Contam nated Materi al .
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USACE criteria docunments which provide detail for thermal
desorption renedi ation projects include, but not limted to, the
fol | ow ng:

° T™M 5-818-1 Soils and Geol ogy Procedures for
Foundati on Design of Buil dings and
Q her Structures (Except Hydraulic
St ruct ures)

° T™M 5-818-4 Backfill for Subsurface Structures

° ER 1110-1- 263 Chem cal Data Quality Managenent
for Hazardous Waste Renedi al
Activities

° ER 1110-345-700 Desi gn Anal ysi s

4.2 Specification Requirenents. The submttals requirenents of
the specifications should require the contractor to provide
technical information on the execution of the project including a
summary of experience and the technical approach to conpleting
the follow ng plans. After award of contract, the contractor
obt ai ns necessary permts and conpletes the project. The
followng bulleted itenms are relevant to the operation of therma
treatnent units and nay be part of a Renedial Action Wrk Plan.

° To ensure that the selected contractor addresses al
chem cal quality control nmanagenment details associated
with the site, and that all technical data generated is
accurate and representative, contractor submttals
regardi ng chem cal data quality should be produced in
accordance wth 01450 - Chemical Data Quality Control
Anal ysis prograns may include, but are not limted to
the following: soil sanpling program sanpling and
anal ysis of feed material, sanpling and anal ysis of
residuals fromtreatnent system sanpling and anal ysis
of thermal unit by products (e.g. scrubber water),
sanpling and anal ysis of exhaust gases, sanpling and
anal ysis of anbient air conditions at the perineter of
the site, sanpling and analysis of all of al
foundations or structures utilized in the renediation
before disposal, and characterization of soils for
restoration of the site.

As part of the SAP, the Contractor shall prepare a
Field Sampling Plan and a Quality Assurance Project
Plan in accordance with the USACE docunent EM 200-1-3
Requi renents for the Preparation of Sanpling and

Anal ysis Plans. These two itens shall provide a
conprehensive sanpling plan for all matrices sanpl ed,
identify the procedures to be used to obtain
representative data. The plan should contain a
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conprehensive sanpling plan for all matrices sanpl ed,
identify the procedures to be used to obtain
representative data. The plan should contain
descriptions of sanpling equi pnent, sanple containers,
sanpl e size, sanple preservation, sanple shipnment, and
sanpl e program organi zati on. The QAPP shall al so
describe the Quality Managenent Organization which wll
define the organi zation, and the authority and

responsi bility of persons perform ng quality managenent
activities.

Site, Safety and Health Plan. (CEGS 01110 Safety,
Heal t h, and Emergency Response (HTRW UST))

Contractor Quality Control Plan (CQC Plan CEGS 01440
Contractor Quality Control). This is a contractor
suppl i ed docunent which organi zes all neasurenent and
testing phases of the renediation starting fromthe
poi nt the contractor receives authorization to proceed.
The CQC Plan may be broken down into the foll ow ng
subsections: excavation, thermal desorption unit
erection (if on-site), thermal treatnent of

contam nated soils, backfilling, site restoration, site
closure, and quality control and quality assurance
oper ati ons.

The CQC Pl an nust denonstrate an understandi ng of the
site renedi ation project and sunmari ze the contractors
deci si on maki ng processes that inpact the eventual

cl eanup and cl osure of the site.

Thermal Treatnent Unit Operation. The Specifications
shal | include the conditions under which the thernal
desorption unit shall operate, as determned in the
Treatability Study or Denonstration Test. The
contractor is required to operate the thermal
desorption unit under conditions that are proven to
nmeet performance standards. The plan is broken down
into the follow ng subsections: normal operation,
systemoperating limts, waste feed cut-off system
normal start-up and shut-down procedures, energency
shut - down procedures, and systemalarns. The
Contractor shall also provide a Denonstration Test Pl an
whi ch details the procedures for conducting the Denp
Test, and the associ ated sanpling requirenents.

Material s Handling Plan. The contractor shall identify

and address issues concerning the handling procedures
for the residuals fromthe thermal treatnment unit which
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include: treated and untreated soil, scrubber water,
decon water, pretreatnent process water, stabilization
chem cal s, and APC resi dual s.

4.3 Project Specifications. In addition the follow ng
specifications are al so required:
o Concrete structure construction specifications (TTU
pad, decon pad, pre-treatnent pad),
° Desorption performance criteria (see Appendi x E)
anal ytical equi pnent, and process controls (see
Appendi x E)
° Cl osure (see Appendi x H)

The civil related specifications such as the excavati on,
backfill, pavenent and concrete structure construction are
detailed in the Corps of Engi neers CGuide Specification (CEGS)
seri es.

4.3.1 Support Systens and Utilities. Support systens required
for thermal desorption renmediation activity include: trailers for
contractor personnel and equi pnment, parking space for contractor
and site personnel, portable toilets, site security (if

requi red), communications (tel ephones, conputers, and fax

machi nes), contingency area for additional storage of soi
stockpil es, decontam nation area and a hazardous materials

st orage area.

Uility requirements include tel ephone Iines to the trailers,
el ectrical connection for thermal desorption treatnent process
power requirenents, heating, lights and conputers, and water for
decontam nati on and treatnent purposes, and natural gas
connections for thermal treatnment fuel requirenents.

4.3.2 Reporting Requirenents. Detailed reporting requirenents
shoul d be included in the appropriate project specifications
descri bed above. Reporting requirenents during the construction
activities should include, but not be limted to:

o Contractor Weekly Data Quality Control Report - This
report should contain as a mninum a discussion on the
| ocation of work, weather information, quality
managenent inspections and results, problens identified
during the work week and any corrective actions.

° Notification of Problem Report - This report should be
witten in the event a problemat the site occurs which
results unexpected in deviation fromthe schedul e.
Types of problens include unexpected difficulties with
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excavation and anal ytical |aboratory conflicts. The
report is intended to define the problem present a
corrective action plan, and identify inpacts on the
schedule. The report should be typically be witten
within 2 to 3 days of a significant incident.

Health & Safety Incident Report - This report should be
witten in the event an OSHA reportabl e accident or
i nci dent occurs.

Backfilling Reports - This report shall provide
execution details of the systematic plan devel oped in
the CQC Plan in which soils will be deened safe for
backfilling on site.

Thermal Treatnment Unit Bi-weekly Progress Reports -
These reports should docunment the contractor's progress
during all stages of thermal treatnent operations (i.e.
start-up, shakedown, and production burn). The
contractor shall also submit nonthly operating data
reports docunenting the operating data captured during
the nonth of operation.

Denonstration Test - These reports shall docunent the
findings and anal ytical results of the denop test.
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APPENDI X H
CLOSURE

1. dosure Requirenents. Upon conpletion of waste treatnent,
the site wll undergo closure activities. Cl osure can be
separated into two categories: "clean closure” and "closure in

place.” Clean closure signifies that all waste was renoved
fromthe site and clean fill substituted to restore the site
toits original condition. "Cosure in place" signifies that

sone anount of hazardous waste or residue remains at the site.

Typical information included in a closure plan are:

° Cl osure requirenents;

° | nventory of hazardous wastes at the site;

° Met hods for di sposing hazardous waste and treatnent
resi dual s;

° Procedures to decontam nate facility equi pnent;

o Pl anned nonitoring activities (nonitoring is
required for 30 years for Superfund and RCRA sites);
and

° Estimate of closure costs.

In some cases conpletion/closure of one activity wll
prepare the site for the next activity. For many site
closures this may include a possible groundwater renediation
phase. Activities may al so i nclude decontam nation, if
necessary, and denobilization of the desorber unit, water
treatnent unit, buildings, foundations, equipnment and support
facilities. To properly manage any treated residuals
remaining at the site after conpletion of closure activities,
a conbination of deed restrictions, institutional controls and
ground cover can be used to limt future site access and | and
use.

2. Disposal of Treated Materials and Residuals. Therma
desorption processes are ineffective for renoving inorganic
conpounds and nost netals fromcontam nated solids. The
treated nmaterial nust be analyzed in accordance with the
Toxicity Characteristic Leachate Procedure (TCLP) for the
presence of nmetals above threshold limts as defined in 40 CFR
8 261. Residues generated from managenent of air em ssions
woul d only have to conply with |and di sposal restrictions if

t he ash/dust exhibits a hazardous waste characteristic,

regardl ess of whether the original soil exhibited a
characteristic. This would be the case because the air

em ssions residues could be considered to be a newly generated
waste rather than the original treated soil. Even if the
original soil was non-hazardous, there is the potential that
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treatment residues may exhibit one or nore hazardous waste
characteristic, principally the netallic TCLP characteristics.
As concentrations could vary by residue source, the treated
soils should be anal yzed separately fromair em ssions

resi dues.

3. Backfilling of Treated Solids On-site. Providing that the
treated solids neet all cleanup criteria and any applicable

| and di sposal restrictions, it may be used on-site as
backfill. This will avoid additional costs associated with
transporting off-site backfill to the site and transporting
and di sposing of the treated solids. Also, to limt the anount
of treatnment residuals leaving the site, it is preferable to
use the treated solids on-site as backfill.

Conmpacti on specifications adhered to during backfilling
activities will depend on the future use of the site. It is
possi ble that there will be no conpaction requirenents if the
site has future land use restrictions. The backfill area nust

be graded to provide stable slopes and to allow for adequate
surface water drainage. Even if treated solids are used as
backfill, off-site soil may still be required as a suppl enent
to provide the desired grades.

Refer to the follow ng docunent for guidelines on
conpaction and grading activities:

° TM 5-803-8, Land Use Pl anni ng, August 26, 1994.
Thi s manual provides guidance for Arny personnel and
consulting firns that prepare | and use plans at Arny
I nstall ati ons.

° TM 5-818-4, Backfill for Subsurface Structures, June
1983. Manual provides guidance for design, planning
and execution of earthwork around deep seated or
subsurface structures.

4. Landscaping. G avel covering may be required to prevent
envi ronmental or human exposure to treated materials and
remedi ated areas. A gravel cover is also used to pronote
surface water infiltration into the ground to facilitate a
groundwat er renedi ati on system A clay cap may be required if
there is any material left on-site which does not neet cleanup
criteria. The clay cap would prevent surface water from
carrying contam nants fromthe materials into the groundwater.
Uncovered areas and slopes, in particular, may have | oam and
seed applied to themfor erosion and dust control. Wetl ands
whi ch were di sturbed or destroyed during renedi ati on
activities nmust be restored by bringing in approved backfill
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and plants. Non-wetland areas that were disturbed by
remedi ation activities may be restored with plantings for
community relation purposes.

Refer to the follow ng docunent for guidelines on planting:
° TM 5-803-13, Landscape Design and Pl anting, August

1988. This manual provides planting design
gui del i nes

° CEGS 02110 d earing and G ubbing
° CEGS 02210 Grading
° CEGS 02935 Turf
° CEGS 02950 Trees, Shrubs, G ound Covers and Vanes
° CEGS 02955 Crown Vetch
5 Denpbi lization. Denobilization will include activities

required to di sassenbl e and renove the desorber unit,
bui | di ngs, foundations, equi pnent, supports and all auxiliary
facilities fromthe site. |If renediation work (e.qg.
groundwater renediation) is to continue at the site, sone

equi pnent and buil dings may be | eft behind after the
denobi l i zati on phase. Institutional controls, such as fencing
and lighting, may be required around the perineter of the
site. These institutional controls wll provide security for
future renmediation activities and to help prevent trespassers
fromcomng in contact wwth renedi ated materi al s.

6. Site and Equi pnent Decont am nation. Denobilization wll

i ncl ude the decontam nation of any buil dings, foundations ,
supports or equi pnent that were |located within the exclusion
zone. The decontam nation stations will be left intact until
all necessary decontam nation is conpleted. Once the water
treatnment unit, if any, is taken out of service, al

decontam nation water will need to be transported off-site for
di sposal

7. Long Term and Short Term Monitoring Requirenents.
Monitoring requirenents are generally determned on a site-by-
site basis. Conpliance nonitoring occurs when hazar dous

wast es constituents have been detected in groundwater down
gradient of the site. Mnitoring wells may be required within
and outside of the site if groundwater contam nation is a
concern. The frequency, duration and type of nonitoring wll
depend on the extent and type of contam nation at the site.
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| f groundwater nonitoring is required, periodic reports
showi ng anal ytical and depth to water data will need to be
submtted to the appropriate agencies.

In addition to the groundwater nonitoring, the site should
be nonitored to assure that the perineter fencing and |ighting
are in good condition. Gavel or soil coverings should not
have any damaged areas. |[|f any of the institutional controls,
gravel covering or clay caps are damaged, repairs should to be
made.

Restored wetl ands woul d require periodical nonitoring
i nspections by regul atory agencies. To assure that an
adequat e percentage of the plantings are surviving, these
i nspections will include vegetati on coverage estinates.
Phot ogr aphs are generally taken to docunment the progress of
the restoration.
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APPENDI X |

DESI GN EXAMPLE FOR THERMAL DESORPTI ON ACTI VI Tl ES

1. Overview. Followng is a typical approach and basic
information that is useful for design considerations and
decisions for a thermal desorption application.

2. Quantity. Determne the quantity of soil in place
requiring treatnent.

G ven:

° A site with soils contam nated with pol yaromatic
hydrocarbons. An investigation consisting of soil
borings and anal ytical sanpling was conducted at the
site to delineate the areas of contam nation. Based
on information collected fromthe site
i nvestigation, the site has been divided into the
follow ng discrete areas of contam nation

Area | D nensions Dept h of

No. Cont am nati on

1 76.2 mX 76.2 m 0.6 m(2 ft)
(250 ft X 250 ft)

2 76.2 mX 76.2 m 6.1 m (20 ft)
(250 ft X 250 ft)

3 76.2 mX 61 m 0.6 m(2 ft)
(250 ft X 200 ft)

4 36.6 mX 137.2 m 0.6 m(2 ft)
(120 ft X 450 ft)

5 45.7 m X 45.7 m 5.5 m (18 ft)
(150 ft X 150 ft)

6 152 mX 15.2 m 0.6 m(2 ft)
(50 ft X 50 ft)

Sol uti on:

o I n- Pl ace Vol une of Contam nated Material (soil):

56, 600 nf (74,000 cy)

3. Unit Treatnent Tine. Determ ne the treatnent time for an

on-site thermal desorption unit to desorb the organic
contam nants fromthe contam nated material, collect and
condense the organic vapor.
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G ven:

56, 600 cubic neters (74,000 cy) of contam nated
mat eri al

Unit process rate of 81,600 kg/day (90 ton/day)
Down tinme of 30%

Density of contam nated material 1780 kg/n¥ (1.5
ton/ cy)

Assunpti ons:

Sol uti on:

Feasibility study of site identified in (a)

concl uded on-site thermal desorption nost effective
t echnol ogy for renediating 56,600 nt (74,000 cy) of
contam nated materi al .

Contractor submtting the lowest bid will utilize a
thermal desorption unit capabl e of processing 81, 600
kg/ day (90 ton/day) of contam nated materi al

Density of contam nated material is 1780 kg/n¥ (1.5
ton/ cy)

Functional operation of the unit is 70% of rated
capacity.

100. 748 X 10° kg (111,000 ton) contam nated materi al ;
[ (100. 748 X10° kg)/ (81,600 kg/day)] = 1,234 days

wi t hout downtine. I|ncluding downtine: 1,234 days *
1.3 = 1,604 days

Treatnent time for thernmal desorption unit: 54
nmont hs

4. Unit Power Requirenent. Determ ne the power requirenent

to thermally desorb 100.748 X 10° kg of contami nated material .
Contam nant to be thermal desorbed: benzo(a)anthracene.

G ven:
o
o

Process rate of 81,600 kg/day (90 ton/day)
Wat er content of soil 25%

Boi | i ng point of benzo(a)anthracene 435°C (815°F)
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° Initial Tenperature of Soil 20°C (68°F)
° Specific heat of soil 200 cal/kg°C
° Specific heat of water 1000 cal/kg°C
° Installation of heat recovery limted by tenporary
nature of system
Sol uti on:
° Energy to heat 1 kg of soil to 100°C

(1 kg) (100°C-20°C) (200 cal / kg°C) = 16, 000 cal

° Energy to heat water (at 25% to 100°C
(0.25 kg) (100°C-20°C) (1000 cal /kg°C) = 20,000 cal

o Energy to boil off water
(0.25 kg water) (5.4 X 10° cal/kg water) = 135,000 cal

° Energy to bring dry soil at 100°C to
benzo(a) ant hracene boiling point (435°C)
(1 kg) (435°C-100°C) (200 cal/kg°C) = 67,000 cal

o Total energy to raise 1 kg of soil to boiling point
of benzo(a)ant hracene
16, 000 cal + 20,000 cal + 135,000 cal + 67,000 cal =
238,000 cal per kg soi

Condensati on and condensate cooling systemrequirenents

° To condense wat er
(0.25 kg water) (5.4 X 10° cal/ kg water)
= -135, 000 cal

° To cool water to 20°C

(0.25 kg) (20°C - 100°C) (1000 cal / kg°C) = - 20, 000 cal

Due to the field set up with consequent energy recovery
l[imtations, this energy will not be recovered.

Total energy requirenent

° Total power required for 81,600 kg/day (90 ton/day)
operation
(81, 600 kg/day) (238,000 cal/kg)(4.168 J/cal)
(2.7778 X 107 kWhr/J) (1 day/ 24 hr) = ~
942 kW

Assunpti ons:
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Feasibility study of site identified in (a)

determ ned benzo(a)ant hracene as the poly aromatic
hydr ocar bon conpound of concern present in

contam nated site soils which exceeded applicable
cl eanup goal s.

Data on the ability of |ow tenperature therma
desorption to treat poly aronmatic hydrocarbons
reported the following results for an indirectly
fired kiln: total poly aromatic hydrocarbons were
reduced from approxi mately 4500 ng/ kg to bel ow 1.58
nmg/ kg and benzo(a)ant hracene concentrations were
reduced from 175 ng/ kg to bel ow 0. 023 ny/ kg.

Contractor data exist indicating successful thermal
treatnent of simlar contam nated materi al
(benzo(a)ant hracene) using unit capable of treating
81,600 kg/day (90 ton/day)

5. Process Residual Conponents. Determ ne the process

resi dua

conponent s:

5.1 volume of water recovered fromthermal desorption

tr eat nent

5.2 wvolune of organics (polyaromatics) recovered fromthermal
desorption treatnent

5.3 flowrate to wastewater treatnent plant

G ven:
o
o

100. 748 X 10° kg (111,000 ton) contam nated materi al
25% npi sture content for contam nated nateri al

Aver age concentration of polyaromatics present in
contam nated material 5000 ng/kg

54 nonths of operation

density of water 1000 kg/n?

Assunpti ons:

Condensate fromthermal desorption treatnent
cont ai ns 90% organi cs and 10% wat er by vol une

Wastewater flows to treatnment plant during operation
of thermal desorption systemonly
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Sol uti on:

o wat er present in soi
(0.25 kg water/kg soil) (100.748 X10° kg soil)
/ (1000 kg/nf) = 25,187 n? (6.66 X 10° gal) water

° condensat e generated
(0. 005 kg organic/kg soil)(100.748 X10° kg)
/ (1000 kg/ n¥) = 504 n? (133,000 gal) organics

° total liquid
25,187 n? water + 504 n? organics
= 25,691 n? (6.73 X 10° gal) liquid

° vol une of organics recovered
(504 n¥)/0.9 = 560 n? (148,000 gal) organics

° vol ume of water recovered
25,691 n? - 560 n?¥ = 25,131 n? (6.64 X 10° gal) water

° flowrate to wastewater treatnent plant
(25,131 n?¥/ 1620 day) =~ 11 |/mn (2.8 gal/mn)
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1. Gener al .

1.1 Ceneral Statenent of Services. The U S. Arny Corps of

Engi neers (USACE), [__ ] District, is contracting for services,
i ncludi ng anal ytical support, to execute a treatability study for
desorption of HTRWcontam nants fromthe contam nated materials
from[__ (site nane)] and to prepare a treatability study
report.

1.2 CQualifications.

1.2.1 Laboratory Validation/Certification. |
(certification for contam nants of concern)]

1.2.2 Chief Chemst. Qualifications of the chief analytical
chem st designated oversee the anal ytical work shall be included
in the work plan submttal. The chief chem st(s) shall have a
m ni mum of six (6) years of experience, including four (4) years
of organic chem cal anal yses.

1.2.3 Bench Chem sts and Laboratory Technicians. Qualifications
of the chem sts designated to work on these tasks shall be
included in the work plan submttal

1.2.4 Quality Assurance lLaboratory Validation/Certification.
[ (certification for contam nants of concern)] shall be
included in the work plan submttal

1.2.5 Chem cal/Environnental /Process Engineer. Qualifications

of the chief engineer designated to oversee these tasks shall be
included in the work plan submttal. The engineer shall have a

m ni mum of six (6) years of experience.

1.2.6 Project Manager. This scope will be assigned a project
manager (PM), to serve as the single point of contact for
submttals, schedules and information regarding the status of the
wor k. Devi ations, changes, inadequacies of any kind, and any
questions related to conpliance with this delivery order shall be
i medi ately reported to [ ], at the [ ] District ([ ]
AC) [ -1 ] (CH -1 -1 1).

2. Reference Docunents and Publications. Cuidance and
publ i cations containing pertinent information include the
fol | ow ng:

ETL 1110-1-173 Thernmal Desorption

EM 385-1-1 Safety and Heal th Requi renents Manua

ER 385-1-92 Safety and Occupational Heal th Docunent
Requi renents for Hazardous, Toxic and
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Radi oactive Waste (HTRW Activities
ER 1110-1-12 Qual ity Managenent
ER 1110-1- 263 Chem cal Data Managenent for Hazar dous
Waste Activities

3.0 Information.

3.1 Quality. Quality managenent shall be in accordance wth ER
1110-1-263 and ER 1110-1-12. The AE is responsible for

conpl eteness and accuracy of work perfornmed under this scope, and
for conpliance with all parts of the scope. Conprehensive
quality control reviews shall be perfornmed for accuracy,

conpl eteness of the work, conpliance with the scope and

sati sfaction of the scope requirenents.

3.1.1 Conpleteness of Whirk. Al deficiencies identified by the
quality control review and/or by the Governnent shall be
corrected.

3.1.2 Accuracy of Wrk. Al data shall be verified and al

cal cul ations shall be checked in the quality control review. The
| naccuracies and errors identified either by the Governnent or
the quality control review shall be corrected.

3.2 Confidentiality. Docunents and information devel oped or
obtained in performance of the work shall be considered
privileged information of the United States Governnent.

I nformation shall not be released to anyone other than the

of ficers, enployees and agents who need to have access to the
information to performthe work and U S. CGovernnent officers
desi gnated by the POC. Requests for release of any of the
information shall be referred to the POC for reply. The
obligation to maintain the confidentiality of this information
shal | extend beyond the conpletion of this scope until released
by the POC or determ ned by a federal court of conpetent
jurisdiction.

3.3 Conflict of Interest. Prior to proposal subm ssion, AE and
subcontractor(s) enployees with access to the informati on and
docunents shall identify any potential conflicts of interest
(CA) with the requirenents of this scope. Any past or on-going
wor k conducted by, or involving, the Contractor,
subcontractor(s), or respective personnel, for the Corps of

Engi neers, EPA, or other regul atory agencies regardi ng services
required by this scope, may be considered as a CO. |If the
potential for a conflict exists, the USACE nust be notified when
it is discovered for a determnation of eligibility for award of
this scope. A statenent on the potential for conflicts nust be
provided with the initial proposal for this scope.
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3.4 Services and Materials. Al labor, travel and work
described in the scope shall be supplied. Al services,

supplies, materials, materials, equipnent, plants, |abors, and
travel necessary to performthe work and render the data required
under this scope are required to be furnished. Included are

| aboratory equi pnent, mcro conputers, comrercial software
packages, nodens and facsimle (FAX) nmachines required to perform
t he work.

4.0 Progress and Paynents. Progress reports show ng schedul ed
and actual performance and task conpletion dates shall acconpany
each paynent request. Each listed task shall be conpl eted and
approved prior to comencing work on the next |isted task. Final
paynment on delivery orders will be made after all work is
conpleted in conpliance with the delivery order, after al

requi red docunentation has been submtted, and after al
government audits and reviews have been conpl et ed.

5.0 Submttals, Meetings and Travel. Personnel nmay be required
to travel to attend neetings scheduled at the [ ] Ofices, [__
__(city)], [ (state)], as part of this delivery order.

Responsi bl e representatives, approved by USACE for participation
in the pilot study, shall attend the indicated neetings. The
representatives shall annotate comments and prepare neeting notes
for each review neeting. Costs associated with travel shall be
separately itemzed in the delivery order cost. The AE shal
assune, for purposes of negotiation, that two people fromthe
firmw Il attend each neeting.

5.1 Task 1: Treatability Study Wirk Plan. The work plan w ||

i ncl ude an execution plan for devel opnent of the treatability
study in accordance with the criteria with explanatory text and
notes and a detailed outline of the suggested technical

requi renents for each of the sections. The plan shall identify
t he equi pnment and personnel for acconplishing each effort.

5.2 Task 2: Treatability Study Wirk Pl an Revi ew, Coordi nati on,
and Meeting Nunber 1. Appropriate personnel shall attend a
review neeting to address various subjects pertaining to the
treatability study after receiving USACE comments on the work
plan. Comments will be forwarded in advance to all ow annotation
prior to the nmeeting. A copy of the annotated coments shall be
forwarded along with major points requiring discussion prior to
the review neeting. Appropriate personnel shall make a
presentation of the plan, the outline, total effort, content and
the work acconplished to date. Appropriate personnel shal
participate in discussion designed to ensure understandi ng of the
agency goals. The result of this neeting will be further USACE
gui dance and direction to proceed. Responsible team personnel
shall be identified to be approved in this prelimnary neeting.
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Revi sions to the execution plan may be required as a result of
this nmeeting.

5.3 Task 3: Task 3: Sanple Collection, Preservation,
Transportation, Treatability Study Execution and Draft Report.
The study shall be performed and a full draft of the treatability
study report shall be prepared, in accordance w th gui dance and
direction received at the initial submttal neeting, which shal
be submtted for USACE review and approval .

5.4 Task 4: Draft Review,  Coordination, and Meeting Nunber 2.
Appropriate personnel shall attend a review neeting to address
vari ous subjects pertaining to the treatability study after

recei ving USACE conmments on the draft report. Comments will be
forwarded in advance to allow annotation prior to the neeting. A
copy of the annotated comments shall be forwarded along with
maj or points requiring discussion prior to the review neeting.
Appropriate personnel shall make a presentation of the report and
participate in discussion designed to ensure understandi ng of the
agency goals. Revisions to the report may be required as a
result of this neeting. Technical personnel shall participate in
di scussion wth USACE personnel regarding comments and revisions
to the draft report. The neeting will result in USACE direction
for the AE to conplete the final report.

5.5 Task 5: Final Treatability Study Report. The report shal

be conpleted for inplenentation and record purposes in
accordance with this scope of services. The final report wll

i ncorporate all approved comments generated by review of previous
submttals, any revisions in the format, technical content,
grammar or as otherwi se required to ensure the docunents are in

t he proper form

5.6 Schedul e.

Schedul ed Task Day of Required
Conpl eti on
Notice to Proceed CD[___ ]
Task 1: Work Pl an CO[___ ]
Task 2: Work Pl an Revi ew, Coordi nati on, col_ ]

and Meeting Nunber 1
Task 3: Sanple Collection, Preservation, cO[__ ]

Transportation, Treatability Study
Execution and Draft Report
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Task 4: Draft Review, Coordination, and CD[__ ]
Meeti ng Nunmber 2
Task 5: Final Report col_ ]
Total cal endar days [ ]

6.0 Format and Presentations.

6.1. A cover page shall identify the Corps of Engineers, |
District, Control Nunber and the date.

6.2 This statement of work shall be attached to the work plan
and draft reports. Submttals shall include incorporation of al
previ ous review comments and the disposition of each conment.
Subm ttals shall be conplete and not just copies of affected
pages. Disposition of coments submtted with the fina
submttals shall be separate fromthe docunents.

7. Technical Requirenents. (See attached outline)

8. Proj ect Records and File.

8.1 Project File. Al nenos and records obtained or devel oped
in the performance of this scope shall be assenbled with a
conplete index at the conpletion of this scope. Records shall be
organi zed using a chronol ogical nethod with a supplenentary topic
index. Oiginals of project records, including the index, shal
be placed in secure boxes, marked with the control nunber and
sent to the POC. Copies of any of the correspondence and records
shall not be retained without witten perm ssion from USACE

8.2 Meeting Notes. Notes and reports for neetings shall be
prepared in typed formand the original furnished tothe POC
(within ten working days after the date of the neeting) for

concurrence and distri bution.

Meeting reports shall include the following itens as a
m ni mum
° Project name and control nunber.
° Date and | ocation of the neeting.
o At tendance |ist including each nane, organization,
t el ephone and FAX nunbers.
° Witten cooments with the action noted shall be

attached to each copy of the report. Action shall be
"A" for an approved comment, "D' for a disapproved
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coment, "W for a comment that has been w t hdrawn by
t he governnent with the approval of the comenter, and
"E'" for a cooment that has an exception noted.

° Di scussion itens.

8.3 Record Menns. A record or file nmeno of each contact,

meeti ng, conference, discussion, telephone conversation, or
verbal directive regarding the subject docunents irrespective of
who the other participants may have been will be prepared.
Records and nenos shall be dated and shall identify participating
personnel , subjects discussed and concl usi ons reached. Menos
shal | be nunbered sequentially and shall be incorporated in the
project file. Any distribution of these nenos shall be made by

t he Governnent.

8.4 Correspondence. A record of each piece of witten
correspondence related to the performance of this Delivery O der
shall be kept. The pieces of correspondence shall be nunbered
sequentially and shall be incorporated in the project file as
described in paragraph 8.1. Any distribution of said
correspondence shall be made by the Governnent.

8.5 |Issues. Issues requiring Corps action or response and
i ssues regarding the schedul e shall be highlighted by a letter to
t he POC.

9. Docunent Distribution. Unless otherwi se directed, submittals
and review material shall be submtted to the follow ng
addr esses:
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Nunber Item Addr essee
of
Copi es
[ ] Menos  Commander

Wor k U S. Arny Engineer District, [____ ]

Pl an ATTN:. | ]

Draft [ 1 [ 1 [ ]

Final [ (Gty)], [— (St)] [ 1-1 ]
[ ] Menos  Commander

Wor k U S. Arny Engineer District, [____ ]

Pl an ATTN:. | ]

Draft | (O ]

Final [ (Gty)], [— (St)] [ 1-1 ]

(Encl osure 12 ETL 1110-1-154)
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10. Treatability Studies And Treatability Studies Reports

R R I b Sk S b S b b S b b b I b b S b Rk b Sk S b S b b b b S b b S b S AR bk S b I b b S b S b b S

Treatability studies are perfornmed as necessary and
appropriate for the waste materials and eval uati on of treatnent
options. If any treatability studies are perfornmed, the report
shoul d be conpl eted and submtted, even if the recommendation is
not to use the process. Contracting for treatability studies is
difficult and inappropriate before the contam nants and
contam nated nedia are identified and quantified. It is a good
idea to include an option for treatability studies in nost
predesi gn scopes. Treatability studies are not always required.

See the EPA "CGui dance for Conducting Treatability Studies
Under CERCLA," EPA/ 540/ R-92/071a Cctober 1992 for general
gui del i nes.

The process engi neer (either an environnmental engineer with
process design experience or a chem cal engineer with design
experience), the geologist (if the treatability study woul d be
testing the withdrawal of ground water or soil vapor), the
geot echni cal engineer (if the contamnated nedia is soil), and
the chem st need to be involved in devel opnment of the scope of
any treatability study.

R R I b Sk S b S b b I b S S b I b b S b b S R R Sk I b S b b b b S b b S b S R R bk S b I b b S b b

1. ldentifying Sources for Results of Previous Treatability
Studies on Simlar Mterials
1.1 Literature Search/ Expert Judgnment

R R I b Sk S b S b b S b S S b I b Sk S b b S R R Sk S b S S b b b S b b S b S R R bk S b b b S b b b

Reports and Docunents

Qui dance for Conducting Renedial Investigations and Feasibility
St udi es

Superfund Treatability C earinghouse Abstracts

The Superfund I nnovative Technol ogy Eval uati on Program

Technol ogy Profiles

Summary of Treatnent Technol ogy Effectiveness for Contam nated
Soi |

R R I b Sk S b S b b S b Sk S b I b b S b b S R R Sk I b S b b b S S b b b S b R bk S b b b S b bk S

1.2 Electronic Data Bases

R R I b Sk S b Sk b b S b S S b I b Sk S b b S R R Sk I b S b b b b S b b b S b S R bk S b b S S I bk

Al ternative Treatnent Technol ogy Information Center (ATTIC)
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Comput erized On-Line Information System (COLI S)
OSVER El ectronic Bulletin Board System (BBS)
RREL Treatability Data Base

R R I b Sk S b S b b S bk b b I b b S b b Rk b b S b S b b b b S b S R S b S bk S b b b S b b

1.3 EPA Personnel Consultations through EPA RPM

R R I b Sk S b Sk b b S b S b I b b b b b Rk bk S b S S b b S S b b S R IR R I bk S b I b b S b bk S

Robert S. Kerr Environnmental Research Laboratory G ound-Wter
Fate and Transport Techni cal Support Center Ada, K

Ri sk Reduction Engi neering Laboratory Engi neering Techni cal
Support Center Cincinnati, OH

R R I b Sk S b S b b S b S S b I b b b b b S R Rk I b S b b b b S b b b S bk S S Rk kb Sk S b b b S

2. Treatability Study Work Plan Qutline

R R I b Sk S b Sk b b S b S b b I b b S b b S R R Sk I b S b b b b S b b b S b S R R bk S b I b b S b b

The treatability study Wrk Plan should be submtted and
approved before initiation of the sanpling for treatability
studies. Chem sts, geol ogists, geotechnical engineers,

i ndustrial hygienists, process design engineers, and regul atory
per sonnel should review the Work Plan for a treatability study.
This plan woul d be considered an attachnment to the project Wrk
Plan and would not, to the extent practical, reiterate
information presented in the project Wrk Pl an.

R R I b Sk S b S b b S b S S b I b b S b b S R R Sk I b S b b b b S b b S R R Sk S bk S b b Sk S bk

2.1 Background
2.1.1 Project Description

R R I b Sk S b Sk b b S b S b I b b b b b S R R Sk S b S b b b b S b b b S bk R Rk S b b b S b S bk S

This should be presented in the project Wrk Plan unless the
treatability study is scoped separately.

R R I b Sk S b S b b S b S S b I b b S b b S R R S I b S S b b b S b R Rk b b S b S b b S S b b

2.1.2 Renedial Technol ogy Description and Process Fl ow
Di agr ans

R R I b Sk S b Sk b b I b S S b I b b S b b S R R S I b S S b S b b S b b S Rk S b S b S b b S S R S bk

Consi der the consequences if the sequence of unit process is
rearranged. Consider the ultimte di sposal requirenents of

all phases and all side streans. Cross nedia transfer w thout
neutralization of the toxicity is discouraged by the National
Cont i ngency Pl an.
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R R I b Sk S b S b b S b S b b I b b S b b Rk bk S b S S b b b S b S S R b S b S b S b b b S b bk S

2.1.3 Previous Results with Simlar Influent Materials

R R I b Sk S b S b b S b S S b I b b S b b Rk bk I b S S b b b S b b S R R R I bk S A b b S b S b

Li st references and describe the limtations of simlarity.

R R I b Sk S b S b b S b S b I b b S b b Rk b Sk S b S b b b b S b b S b I R R bk S b I b b S b b b S

2.2 Treatability Test Objectives

R R I b Sk S b S b b S b Sk b b I b b S b b S Rk bk I b S b b b S b b S b R bk S b b S R bk

Refer to section 1 of the RI/FS outline for the appropriate
approach to determ ning objectives. Also refer to section 2.1 of
the RI/FS for information on scoping Contractor involvenent in
devel opi ng objectives. See Enclosure 11, Alternative Devel opnent
and Sel ecti on.

R R I b Sk S b S b b S b S b I b b S b S S bk b S b S S S b S I bk S bk bk S kI bk S b S bk

.1 Renedy Screening - Qualitative

.2 Renedy Selection - Quantitative

3 Establishing Data Quality Objectives (D0s) -
Preci sion, Accuracy, Representativeness,
Compl et eness, and Conparability (PARCC)

3 Approach

.4 Reporting Requirenments

5 Schedul e and Level of Effort

.5.1 Schedul e

NI
NN N

R R I b Sk S b Sk b b I b S b I b b S b S S bk b S b S S b S b bk S bk Sk I b Sk S kI bk S b bk

The draft treatability study should be submtted for review
and comrent before disassenbly of the equipnent. Bench scale
tests should be perfornmed before the ROD is prepared.

Bench scale test: |aboratory validation of treatnent
processes. Tests are normally batch or equilibrium adaptations
of the steady state processes. Tests may be perfornmed on actual
or sinmulated waste material. Spiking of actual waste or
sinmulation is frequently necessary to test for worst conditions.

Screening tests should be perforned early in the alternative
devel opment process. There are sone new, quick and inexpensive,
met hods and facilities available for prelimnary screening at EPA
RREL in Cncinnati. |If these EPA facilities are considered, RREL
may have an SOP that is adequate for the scope. Ask for a copy
and review it to see if it neets the needs of the project.

O her batch tests should be perforned after the site has been
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characterized, late in the Rl or early in the FS, for appropriate
sanpl e sel ection.

Anal yses for interferences are easily performed in the batch
nmode. Most divalent netal ions interfere with continuous
operation of oxidation processes and air stripping. Accuracy of
plus or mnus 0.05 ppmis appropriate for the preval ent cations
and har dness.

Pilot tests are denobnstration tests that sinmulate a process

cl osely enough to determ ne design paraneters for full scale unit
operations. A pilot test is normally conducted on actual waste
material, although sonme spiking is used to determ ne capacity or
to sinulate worst anticipated field conditions. Pilot tests
often attenpt to sinulate worst conditions. Pilot studies may be
performed to determ ne equi pnent capacity and range of operation
paraneters (i.e. concentration, tenperature, contact, residence,
or detention tinme) required to obtain the performance objectives.

R R I b Sk S b S b b S bk S b I b b S b b Rk b b S b S S b b S S R R Ik S bk S b S bk S b b b S b S Sk I

2.5.2 Level of Effort

R R I b Sk S b S b b S bk S b I b b S b b Rk b Sk S b S S b b b S b b S R R R bk S b I b b S b b b b

Renmedy screening

St udy scal e: bench

Dat a generated: qualitative

Process type: batch

Waste stream vol une: snal

Nunber of replicates: single/duplicate
Time required: days

Cost range: $10, 000- $50, 000

Renmedy sel ection

St udy scal e: bench-ful

Dat a generated: quantitative

Process type: batch or continuous
Waste stream volunme: nediumto | arge
Nunber of replicates: duplicate/triplicate
Time required: days/nonths

Cost range: $50, 000-$250, 000

R R I b Sk S b S b b S b S b I b b S b b Rk b b I b S S b b b S b I SRk bk b b S bk S b b b S b b b S

2.5.3 Budget
2.6 Experinental Design and Procedures

R R I b Sk S b S b b S b S b I b b S b b S Rk Sk I b S S b S b b S b b S R R R I bk S b b b S b i b b b

Treatability studies should be designed to obtain the data
that is needed to assess the effectiveness of a specific process
in renediation.
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R R I b Sk S b S b b S b S b b I b b S b b Rk bk S b S S b b b S b S S R b S b S b S b b b S b bk S

2.6.1 Experinental Design
2.6.2 Detailed Qutline of the Procedures

R R I b Sk S b S b b S b S S b I b b S b b Rk bk S b S S b S b b S b b S b I R R bk S b I b b S b b S

The treatability study Work Pl an shoul d i ncl ude step-by-step
detail of the procedures to be used in performng the
treatability study.

R R I b Sk S b Sk b b S bk b b I b b S b b S Rk bk S b S b b b S S b b S R R R I bk S b b b S b bk b

Met hods

Pr ocedures

Sanpl e Material Handling
Treated Material Handling
Process Resi dual s Handl i ng
EqU|pnent and Materials

NSISISISIN
OarhWNE

NN
N OO0

R R I b Sk i b Sk b b S b Sk b b I b b S b b S R Rk I b S S b I b b S b b b S bk S S Rk b b b S b S bk

Equi prent and instrunmentation to be used in the treatability
study should be conpletely identified.

R R I b Sk S b S b b I b S b I b b S b b S R R Sk O b S S b b b S b R bk S b S b Sk R b Sk S b bk

Equi prent
On-line Monitors
.3 Oher Instrunmentation

NINTN
NN~
N

R R I b Sk S b Sk b b S b S b I b b S b b S R R Sk I b S S b b b S b b b S b S R R b Sk S b b b S b bk

Field type instrunmentation is satisfactory for nost pil ot
scale work with full |aboratory data quality managenent
i npl emrented only on sel ected sanples before and after treatnent.
The Work Pl an should indicate the instrunentation to be used.

Measure paraneters that affect field inplenentation; ultimte
di sposal ; nechanical stability of residual solids; effects of
freeze thaw cycl es; dust generation; water absorption or |oss pH
and pH changes; tenperature and tenperature changes; heat | oss;
heat gai n.

R R I b Sk S b S b b S b Sk S b I b b S b b S R R Sk O b S S b b b S b b S Rk b I bk S b b S S b b

2.8 Chem cal Data Acquisition Plan/Sanpling and Anal ysis
Pl an ( SAP)

R R I b Sk S b S b b S bk b b I b b S b b S R S S b S b b b b S b b R S b S bk S b b b S b S bk S
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This does not replace the RI/FS sanpling requirenments, it
merely cites special considerations for treatability studies.
This plan will essentially incorporate the elenents of the EPA' s
Field Sampling Plan, Quality Assurance Project Plan, and Data
Managenent Pl an. Depending on the nature of the field activities
needed for the treatability study, a Monitoring Well Installation
and Drilling Plan may be required.

The handling of gross sanples should be as simlar as
possible to the handling of the analytical sanples. See
Encl osure 13: Chem stry Techni cal Requirenents.

As an option, the sanple collection section and the sanple
anal ysis and validation sections can be broken out as separate
tasks. Gven the limted nature of the sanpling in many studies
and the inmportant role chem cal analysis may have in treatability
studies, they are discussed under the treatability study task.

The chem st should consult with the process engineer to
determ ne what anal ytical paraneters are to be nonitored during
the treatnment process. Analytical levels II, Il1l, IV, or V may
apply to these studies. Data reporting format and turnaround
time may need to be specified in this section, dependi ng upon
users needs.

Field sanples may not represent the predicted worst case.
Anal yze portions of the sanples before shipnment to the
treatability study |aboratory. At a mninum treatability
testing should be perfornmed under worst case conditions and under
typical or average conditions. It may be necessary to provide
suppl enent al cont am nants.

Vol une estimates on the anmobunt to be treated should be
provided or a cross reference to the appropriate part of the
treatability study plan be provided.

Field sanpl e waste streans for characterization and testing,
conduct treatability tests, analyze sanples of treated naterials
and residuals

The SOW shoul d have the Contractor estimate the projected
vol une of material to be treated to determ ne equi pnment capacity.

For appropriate sanple selection, pilot tests should be
performed after overall site characterization (QV QC
docunent ati on need not be conplete), concurrent with alternative
sel ection and ROD devel opnent, before initiation of design.
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Final Treatability Study Reports may be submtted
concurrently wwth the RI/FS or separately.

For Quality Assurance issues, coordinate with and refer to
the project Wrk Plan quality assurance section. Quality
assurance needed for renmedy screening is the |east stringent;
for renmedy sel ection, noderately stringent QA is appropriate.

For data analysis and data interpretation, see Enclosure 11
Al ternative Devel opnent and Sel ection for a discussion of
al ternatives

R R I b Sk S b Sk b b S b S S b I b b S b b S R R Sk I b S b b b b S b b b S bk R Rk S b I b S S b b b S

2.9 Site Safety and Health Plan/ Health and Safety Pl an

R R I b Sk S b Sk b b S b S S b I b Sk S b b S R R Sk O b S b b b b S b b b S b S R R bk S b I b b S b b b

The site safety and health plan for the R characterization
activities may cover all of the types of activities required.
Append new procedures to the existing plan.

R R I b Sk S b Sk b b S b S S b I bk S b b S R R Sk I b S S b b b S b b b S b S R bk S b I b b S b bk S b

2.10 Residuals Managenent and Conpliance with the Regul atory
Requi renent s

2.10.1 Residuals Managenent

2.10.1.1 On Site

2.10.1.2 Of Site

R R I b Sk S b S b b S b S S b I b b S b b S R R Sk I b S b b b b S b b S R R Sk S bk S b b Sk S bk

The regul atory specialist nust confirmthat off-site |ab
facility to run treatability tests is permtted or plans to
operate under the RCRA treatability exclusions in 40 CFR 261.4
(e) and (f). If the treatability exclusion is to be used, state
regul ati ons nust be considered and the CFR nust be carefully read
to mnimze adverse inpacts on the project. Sone inpacts can be
handl ed t hrough scopi ng.

R R I b Sk S b S b b S b S S b I b b S b b S R R S I b S S b b b S b R Rk b b S b S b b S S b b

2.11 Community Rel ations

R R I b Sk S b S b b S b S b I b b S b b S R R Sk I b S S b b S S b b S Rk b b I bk S b b S S S Ak

The community relations plan for the pilot study nmust be in
concert with the project community relations plan.
Renedy screening: low profile/few activities
Renmedy selection off site: generally not controversial and | ow
profile/few activities

An on site renedy sel ection may be controversial and high
profile/significant activities.
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R R I b Sk S b S b b S b S b b I b b S b b Rk bk S b S S b b b S b S S R b S b S b S b b b S b bk S

2.12 Managenent and Staffing
2.13 CQutline for the Treatability Study Report

Treatability Study Report Format Qutline
| nt roducti on
.1 Site Description
.2 Waste Stream Description
.3 Treatnent Technol ogy Description
.4 Previous Treatability Studies at the Site
Concl usi ons and Reconmendati ons
Concl usi ons
Recommendat i ons
Treatability Study Approach
Test (Objectives and Rational e
Experimental Design and Procedures
.1 Design
.2 Procedures
.3 Discussion of any Variations fromthe Wrk Pl an
Equi prent and Materials
Sanpling and Anal ysi s
.1 Analyses or Reference to the Appropriate Report
.2 QA/QC Report or Reference to the Appropriate Report
Dat a Managenent
Derivatives fromthe Wrk Pl an
Resul ts and Di scussion
Data Anal ysis and Interpretation
Qual ity Assurance/ Quality Contro
| dentification of Additional Testing Needs
Cost/ Schedul es for Performng the Treatability Study
Key Contacts

N -

WWWWWWWWWWWWWWWWWWwwowowwwwww
CURARMBRWNNNNE

PRRRRRAVWNNNWRRWWWWNNNE R R R

GhWNE

R R I b Sk S b Sk b b I bk S b I b b S b b Rk b Sk S b S b b b S S R Ik S bk S b i bk S b b b S b bk S

Al'l Superfund/ NPL treatability reports are submtted to the
RREL Treatability Data Base Repository, organized by the EPA
O fice of Research and Devel opnent.
Attn: M. denn Schaul
RREL Treatability Data Base
U.S. EPA ORD Ri sk Reduction Engi neering Laboratory
26 West Martin Luther King Drive
G ncinnati, OH 45268

R R I b Sk S b Sk b b S b S S b I b b S b b S Rk Sk O b S S b b b S b b S SRR Sk I bk S b b b S b bk

3.4.6 References

3.4.7 Standard Qperating Procedures

3.4.8 Data Summari es

3.4.9 Al Side Notations from Laboratory Books
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R R I b Sk S b S b b S b S b b I b b S b b Rk bk S b S S b b b S b S S R b S b S b S b b b S b bk S

These notes may have significant val ue.

R R I b Sk S b S b b S b S b b I b b S b b Rk b Sk S b S S b b b S b b S R IR R I Rk S b I b b S b S b

Appendices to the Treatability Study
Sanpl e Cal cul ati ons Show ng
Use of generated Data
Identification of all Variables
Measur ed
.1 Range of Experinentally Determ ned Val ues for the
Vari abl es.
1.2 Sensitivity to Variation
.2 Calcul ated
3 Assuned

RPRRPRPR

1
2
. 2.
2

L

.2 Unknown

Process Fl ow Di agrans

.1 Flow Di agram

.2 Material Balance Showi ng Average Val ues
Summary of the Data

Scal e-up Consi derati ons

.1 Performance

.2 Operation and Mintenance

Identification of the Limts of the Process as
I ndi cated by the Results

PRABRRAARBEAEAE BAAABD

5. Specific Process Recommendati ons
5.6 Thermal Desorption/lncineration

R R I b Sk S b S b b S b S b I b b S b b Rk b Sk O b S S b b b S b I Rk bk b b e bk S b b b S b b b S

CEVEES has a |l ow tenperature pilot unit and will perform
treatability studies. Obtain a copy of the WES protocol to get
an understandi ng of how they will do the study and what the
report will be like. The Contractor and the design district
process engi neer both need to understand what WES will do and if
the information wll be adequate for design. |If there are any
Contractor requested changes to the WES protocol the district
process engi neer should be involved in the changes.

"Quide for Conducting Treatability Studies under CERCLA:
Thermal Desorption Renmedy Sel ection" is being prepared by EPA
contract.

(bt ai n an adequate and representative sanple. The Contractor
shoul d be responsible for sanple collection, packagi ng and
shipping to WES if WES does the study.

Characterizel/ anal yze a sanple of the sanple prior to
shi pment. Consider paraneters that affect VOC renoval rates
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Undi st ur bed noi sture content of sanple
BTU content of sanple

Tenperat ure

Air and/ or oxygen flow

Resi dence tine

Ti me and tenperature curves

Consi der probl ens

Slag formation

Partitioning of the netals: Keep track of where the netal
are. Materials handling: Soil characterization including
liquid limt, plastic limt, etc.

If the feed material contains significant amounts of heavy
metal s, produce enough ash for solidification/stabilization tests
while the thermal treatnent test is going. Provide adequate
material for the unit to achieve steady state before
measurenents are nmade to determ ne the operating paraneters.
Enough sanples to represent the entire site should be processed.

R R I b Sk S b Sk b b S b S b I b b S b b S Rk b Sk S b S b b b b S b b S SRR Sk I bk S b b S b b
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