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SUMMARY

An explosive waste incinerator (EWI) can be installed in the
existing Badger AAP contaminated waste processor (CWP). The
objective of this engineering study was to evaluate the
installation of a rotary kiln furnace in the CWP to dispose of
waste energetic material. Results were positive. Badger does not
currently have a method or facilities to dispose of energetic
production waste material and an EWI is required. Open burning is
not allowed.

A literature and document search was performed to £ind known proven
methods to safely destroy concentrated energetic materials. The
major survey method was to search the Knight Ridder Information,
Inc. (DIALOG®) computer databased information system. Hundreds of
citations were the result of the literature search. Ninety-seven
citations are referenced in this report’s bibliography. Research
has been summarized in five categories - current practice, design,
disposal alternatives, regulations and background information.

The literature search found many surveys, studies, papers and
reports on the current practices of hazardous waste incineration.
Incineration was the only developed disposal technology found other
than open burning. Data reveal that well operated incinerators are
capable of achieving 99.99 (the Resource Conservation Recovery Act
(RCRA) performance standard) to greater than 99.999 percent
destruction and removal efficiency (DRE). Also, it was found most
hazardous waste incinerators are rotary kiln furnaces and with
proper air pollution control, can meet the particle emission
standards of 0.08 grains per dry standard cubic foot (gr/dscf).

State of the art incineration design was reviewed. Operating EWI
burning waste similar to Badger AAP’s are located at three AAPs -
Radford, Lake City and Iowa. Each system is based on a rotary kiln
furnace - Radford is a Bartlett Snow and the others a Tooele APE
1236 modified model. The three incinerators’ equipment, control
system and operations were reviewed and found to be very similar.
Their propellant feed rates are: Radford 550 pounds/hr, Lake City
200 pounds/hr and Iowa 205 pounds/hr. .

Hazardous waste combustion devices are permitted and regulated
under RCRA and Wisconsin Administrative Code. Major performance
standards are a minimum DRE of 99.99 percent for designated
principal organic hazardous constituents, maximum particle emission
of 0.08 gr/dscf and fugitive emissions must be controlled. Trial
burns are an important aspect of the permitting process.




The existing Badger AAP CWP furnace cannot be used as an EWI. It
is a batch car bottom furnace capable of burning only 100 pounds of
contaminated (>1% energetic) waste per hour. The now laid away CWP
was operational from 1983 to 1987, burning a total of 195 tons of
waste. This waste was mostly contaminated demolition wood. But
the CWP building, site and control panel can be used for an EWI.

The new EWI must be capable of destroying 150 pounds/hr of
energetic waste. The waste to be incinerated was characterized as
being 30% double base rocket propellant, 38% double base BALL
POWDER® Propellant and 32% single base propellant. The major
ingredient will be nitrocellulose with nitroglycerin the second
most significant ingredient. Lead salts and dinitrotoluene are the
most significant hazardous ingredients of this waste.

It was also found the commercial incinerator business is very
bright, $2 billion being spent in 1994. Rotary kiln incinerators
continue as the most popular incineration technology.

The proposed EWI is a skid mounted modular rotary kiln furnace
system with secondary combustion chamber, air to gas heat
exchanger, cartridge particle collector and packed bed caustic
scrubber. Energetic waste will be manually fed via belt conveyors
in 5 pound increments at a rate of an increment every two minutes.
The EWI will be located at the northeast corner of the existing
CWP, exiting the existing building opposite the current batch
furnace. Estimated cost of the proposed EWI is $1.5 million
including trial burn and permitting fees. Predicted operating
costs range from $1.28/pound to $1.49/pound for three shifts and
one shift per day, respectively. Cost data is in 1995 dollars.

The proposed EWI could also be used to destroy low level (>1%
energetic) contamination in soils and cleanup wastes. Estimated
capacity is 2 cubic yards per hour of contaminated soil and a cost
of $100/ton.
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I. BACKGROUND

Explosive Waste Incinerator Need and Obijective

Badger Army Ammunition Plant (AAP) requires an explosive waste
incinerator to fulfill its Mobilization mission to produce
various military propellants according to a specific schedule.
The large quantities of production will generate significant
amounts of explosive waste to be disposed of. Badger does not
currently have a method or facilities to treat or dispose of
these explosive wastes. Open burning is not allowed.

The overall objective of the project is to evaluate the use of
Badger'’s existing Contaminated Waste Processor (CWP) to also
dispose of waste energetic compounds through the addition of a
rotary kiln furnace. Badger’s existing CWP is designed to burn
materials contaminated with less than 1% energetic compounds.
By adding a burner unit that is less susceptible to rapid gas
expansion damage, the explosive wastes from production could be
treated on-site.

Scope of Work (SOW)

The final product of the project is this engineering report
detailing the preliminary design for modification of the
existing CWP into a dual use facility to burn contaminated
material and also burn concentrated waste energetic materials.

The project study SOW includes the following tasks:

Task 1: Perform a document search on known proven methods to
safely burn concentrated energetic materials in
confined space and within current emission
requirements.

Task 2: Review existing equipment and new available commercial
equipment for adequacy to meet the process parameters
specifically for those types of energetic material
generated at Badger.

Task 3: Develop preliminary plans, specifications, and cost
estimates to convert the existing CWP into a dual use
facility. Prepare a PDB-1, a 1391, and IPM 319-R
funding document forms for final project development.

Task 4: Document the study in a final technical report.




Previous Badger AAP Work

Initial consideration of an explosive waste incinerator was in
1975 when certain regulations of the Clean Air Act of 1970, as
amended, revoked the regulation providing for open burnlng of
exp1051ves. A Military Construction - Army (MCA) project was
initiated then for construction in fiscal year 1979. The
project then was to ... "construct a 7 ton per day incineration
facility capable of destroying waste propellant and explosives

(Classes 2, 2A and 7). Design of the incinerator shall be
based on the deactivation furnace (APE 1236) used at Tooele
Army Depot ..." ! as per specific military direction. Cost was

estimated at $300,000.

The explosive waste incinerator project (T00400) has been
resubmitted into the MCA program in subsequent fiscal years.
By 1989, the project scheduled for fiscal 1996 had a new
number, 004478, and the cost had escalated to $1,150,000.
Currently, the project is considered a long range deferred
project scheduled for fiscal year 2010 funding. It is listed
in Badger AAP’s 1383 reports as project BAAP M0008 at a funding
requirement of one million dollars.

Also, conceived in 1975 was the Contaminated Waste Incinerator/
Processor (CWP). This incinerator or processor was funded
under the 1981 MCA program. Construction by the Corps of
Engineers was accomplished from June 1981 to August 1983. The
CWP was operational 29 August 1983. Actual incineration was
almost exclusively explosive-contaminated wood of which 195
tons were burned from 1983 to 1987. It was subsequently laid
away and mothballed in 1992 when destructlon of contaminated
waste was no longer required.

Both the EWI and CWP were first safety sited in 1976 and the
siting was revised 28 July 1978.2 The CWP was built as sited.

! DD Form 1391 (12 Oct 1976)
2 Department of the Army letter (SARBA-SE, 29 Dec 1976)
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Historical Background

Incineration as we know it today began slightly over 100 years
ago when the first municipal waste "destructor" was installed
in Nottingham, England. Incineration use in the United States
grew rapidly, from the first installation on Governor’s Island
in New York to more than 200 units in 1921. Until the 1950s,
incinerators and their attendant smoke and odors were accepted
as a necessary evil and their operations were generally under-
taken in the cheapest possible manner. However, as billowing
smoke stacks became less of a symbol of prosperity and air
pollution regulations began to emerge, incineration systems
improved dramatically. These improvements included continuous
feed, improved combustion control, and the application of air
pollution control systems.

Incineration has been employed for the disposal of industrial
chemical wastes (hazardous waste) for over 50 years. Initial
units borrowed from municipal waste technology, but poor
performance and adaptability of these early grate-type units
led to the subsequent use of rotary kilns. Many of the
earliest rotary kiln facilities were in West Germany. The
first rotary kiln unit for industrial wastes in the United
States was installed in 1948 at the Dow Chemical Company
facility in Midland, Michigan.?

The first U. S. Federal standards for the control of
incineration emissions were applied to municipal waste
combustors under the New Source Performance Standards (NSPS)
provisions of the Clean Air Act (CAA) of 1970. The NSPS
established a time-averaged particulate emission limit of 180
milligrams per dry standard cubic meter for all incineration
units constructed after August 1971 having charging rates
greater than 50 tons per day. On February 11, 1991, the U. S.
Environmental Protection Agency (EPA) promulgated more
stringent rules for all existing and new municipal waste
combustors (MWCs) with unit capacities greater than 225 metric
tons per day. This action required the use of good combustion
practice at all facilities, set lower partlculate emissions
limits to control metals and established emission limits on
nitrogen oxides (NO,), organics, hydrogen chloride (HC1),
sulfur dioxide (S80,) and opacity.*

3 Sercu (1959)

4 EPA (February 11, 1991)




The February 1991 MWC rules are to be modified to comply with
the prov151ons of the November 1990 CAA Amendments. These
revisions will include rules for facilities with capacities
less than 225 metric tons per day, emission limits for cadmlum,
lead and mercury, and requirements for the use of the maximum
achievable control technology.

Hazardous waste incineration performance standards were not
promulgated until after the passage of the Resource
Conservation and Recovery Act (RCRA). Technical standards for
incinerators were proposed in December 1978, under Section 3004
of RCRA. These standards provided both performance and
operating requirements. The performance standards included
requirements for acceptable levels of combustion efficiency,
destruction eff1c1ency for organic compounds, HC1l removal
efficiency and an emission 1limit for particulate matter.
Operational standards required semicontinuous monitoring of
process variables, such as carbon monoxide (CO), and specific
minimum temperature and combustion gas re51dence time levels.
Rules were promulgated in 1980 to 1982.°

The Federal Facility Compliance Act (FFCA) amending RCRA was
signed by President Bush on October, 1992. The most
significant prov151on of the FFCA was the waiver of sovereign
immunity. This waiver subjects Federal facilities to the same
"incentives" as the private sector for compliance. The
munitions Provision contained in Section 107 of the FFCa,
modifies Section 3004 of RCRA by adding a new subsection (y) on
Munitions. Section 107 requires the EPA to develop, after
consultation with the Department of Defense (DOD) and
appropriate State officials, regulations identifying when
military munitions (including conventional and chemical
munitions) become hazardous waste, and to provide for the safe
transportation and storage of such waste. The FFCA requires
EPA to promulgate the final "Munitions Rule" by October 6,
1994.° This date was not met. ‘

This historical background is continued and brought up to date
in the following various report sections.

5 EPA (24 June 1982)
¢ Todd A. Kimmell, et al (March 1994)
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IT. LITERATURE SEARCH

Literature Search Methods

A literature and document search was performed to find known
proven methods to safely burn or destroy concentrated energetic
materials. The major survey method was to search the Knight-
Ridder Information, Inc. (DIALOG®) computer databased
information systemn. Three major databases were accessed
through this system. These databases were searched using the
following key words: incinerator, hazardous waste, energetic

material, design, explosives, propellants, waste disposal and
demilitarization.

Most information was found in DIALOG®’s National Technical
Information System (NTIS) database. NTIS is produced by the
U. S. Department of Commerce and consists of summaries of U. S.
government-sponsored research, development, and engineering,
plus analysis prepared by federal agencies, their contractors
or grantees. It is the means through which unclassified
publicly available reports are procured from agencies such as
National Aeronautics and Space Administration (NASA),
Department of Defense (DOD), Department of Energy (DOE),

Department of Transportation (DOT), and some 240 other
agencies.

Another database from DIALOG® used was SCISEARCH®. This is an
international, multidisciplinary index to the 1literature
science, technology, biomedicine and related disciplines
produced by the Institute for Scientific Information of
Philadelphia, Pennsylvania. It indexes all significant items
(articles, review papers, meeting abstracts, editorials, book
reviews, etc) from approximately 4,500 major scientific and
technical journals.

The third major database accessed by DIALOG® was ENVIRONMENTAL
BIBLIOGRAPHY which provides access to the contents of more than
400 of the world’s journals covering the environment.

Although DIALOG® was the major search source, the other sources
searched were the University of Wisconsin-Madison, Wendt
Library Technical Reports Center, the Army Ammunition Plants
and our own Badger AAP files. Ammunitions plants contacted
were Iowa AAP, Lake City AAP and Radford AAP.




Another literature search source was a NTIS Published Search®
entitled "Remediation of Explosive Materials (Sep 85-Present)"
The bibliography contained 170 citations concerning the
reclamation of sites polluted with munitions wastes. Articles
discuss the remediation and degradation of such materials as
TNT, propellants, explosives and other energetic materials.’

Literature Search Bibliography

The literature search resulted in hundreds of citations on
energetic material disposal or related topics. Ninety-eight
citations are referenced in this report’s bibliography.
Bibliography is found at paragraph VI.

Research Summary

The literature research has been summarized in five categories
- practice, design, alternatlves, regulations and background
information. Category summaries are presented in the following
paragraphs. A table of literature citations has been compiled

for each category including a short description of the
citation.

1. Hazardous Waste Incinerator Practice

Current incinerator practice is briefly summarized in this
paragraph and more fully developed in paragraph and the
results discussed in paragraph III A. Specific literature
citations may be found in Table II -~1. Hazardous Waste
Incinerator Practice, Literature Citations.

Current practice was reviewed in four documents. A.
Trenholm et al, with the Midwest Research Institute
reported an early 1984 survey of eight hazardous waste
incinerators for the EPA. They found Destruction and
Removal Efficiencies (DRE) even then were generally above
99.99%.® The EPA conducted five regional seminars during
1992 on hazardous waste incinerator operating parameters
and published its regional experience and problems.’ Clyde
Dempsey and Timothy Oppelt, project officers of the EPA'’s
Risk Reduction Engineering Laboratory, prepared an
extensive review on the current state of knowledge for the
January 1993 issue of the Journal of Air & Waste

7 NTIS (November 1994)
8 A. Trenholm (May 1984)
Justice Manning (October 1993)
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TABLE II - 1

LITERATURE CITATIONS

HAZARDOUS WASTE INCINERATOR PRACTICE

Footnote Citation

8.

10.

11.

12.

13.

14.

A. Trenholm, et al, Performance Evaluation of Full-Scale
Hazardous Waste Incinerators, May 1984.

Report describes study to evaluate performance of incineration.
Data reviewed destruction and removal efficiencies.

Justice Manning, Operational Parameters for Hazardous Waste
Combustion Devices, October 1993.

Document presents experiences and problems associated with
hazardous waste combustion devices. Information based on five
seminars sponsored by the EPA.

C. R. Dempsey and E. T. Oppelt, Incineration of Hazardous
Waste: A Critical Review Update, January 1993.

Review examines the current state of knowledge in an effort to
put technological and environmental issues into perspective.

Clyde R. Dempsey and Donald A. Oberacker, Overview of
Incineration Performance, November 1988.

Performance review of fourteen hazardous waste incinerators.

F. L. Pfeffer, et al, Digposal Of Wagste Propellant From

Manufacturing Operations Using High Temperature Incineration,
30 Nov-2 Dec 1993.

The paper described the Radford Army Ammunition Plant (RAAP)
incineration system and its RCRA trial burn. RAAP employs
rotary kiln incinerators to destroy off-specification
propellant or propellant mixtures which have Dbecome
contaminated. The air pollution control equipment has been
upgraded to include additional particulate and metals removal
capability.

Edwin E. Muniz, Incineration of Energetic Materials at the
Chemical Stockpile Disposal Program, 21-24 March 1994.

Paper presented the results of Johnston Atoll Chemical Agent
Disposal Facility RCRA trial burn. Nitroglycerin was the
principle organic hazardous constituent selected for the rotary
kiln based incineration. DRE was at least 99.9988% for four
tests. DNT, RDX or HMX was not found in emissions.

Michael Johnson, et al, Pyrotechnics Incineration, 21-24 March
1994.

Paper presented on the test burns of a portable pyrotechnic
incinerator for thermal treatment of Navy colored smoke and
flare material. DRE efficiency of 99.999% was achieved with
hexachlorobenzene




15.

16.

17.

18.

19.

20.

21.

22,

R. G. Anderson, et al, Results of Trial Burn on Army
Deactivation Furnaces Upgrade to Meet RCRA, August 18-20, 1992.

Results of trial burns of Army’s hazardous waste incinerators
current progress of the use of waste energetic material as fuel
supplement and carbon dioxide blast/vacuum demilitarization
method discussed.

Larry M. Klinger and Perry L. Abellera, Joule-Heated Glass

Furnace Processing of a Highly Aqueous Hazardous Waste Stream,
March 17, 1989.

Explosive contaminated wastewater successfully treated by means
of glass furnace incineration but treatment method is not
economical.

Paul T. Scott, Source Emission Testing of the Munitions
Deactivation Furnace, Kadena Air Base, Okinawa, Japan,

March 1992.

Lead and particulate test results of munitions deactivation
furnace at Kadena AFB, Japan. Incinerator did not meet most
state criteria.

Irving Forsten, et al, Development Trends in the Incineration
of Waste Explosives and Propellants, May 1976.

Review of several incinerator systems with fluid bed
incinerator recommended over rotary kiln based on economics.

Robert Scola and Joseph Santos, Fluidized Bed Incinerator for
Digposal of Propellants and Explosives, October 1978,

Evaluation of fluidized bed incinerator for destruction of
propellants and explosives. Pilot plant data on material up to
22% concentrations.

R. A. Knudsen, Hazard BAnalysis of Pollution Abatement
Techniques, June 1994.

Analysis of fluidized bed incinerator for explosives and
propellants (M1, TNT, N5) is presented. Potential unacceptable
incident probability is calculated as 10%.

George Petino, et al, Flow Characteristics of Explosive Slurry
Injection System, April 1977.

Report of experimental program to investigate fluid flow
characteristics of aqueous, explosive slurries (25% TNT, Comp
B, M1l) which simulated conditions in a fluidized bed
incinerator.

Paul M. Lemieux, et al, Transient Suppression Packaging for
Reduced Emigsions from Rotary Kiln Incinerators, 1992.

Experiment to determine optimum container feed methods with a
recommended feed container design.




23.

24.

25.

26.

27.

28.

29.

30.

B. T. 2Zinn, et al, Controlling Mechanisms of Pulsating
Incineration Processes, 29 September 1994.

Investigation of pulsation effects on the incineration process.

Edward F. Peduto, Feasibility Study for Adapting Present
Combustion Source Continuous Monitoring Systems to Hazardous
Waste Incinerators, June 1984.

Study results indicate that commercially available monitors can
be adapted for incinerators.

Rachel K. Nihart, et al, Continuous Performance Monitoring
Techniques for Hazardous Waste Incinerators, August 1989.

The report gives the results of a study to determine the
feasibility of an incinerator performance measuring methodology
pased on real time continuous exhaust measurements of
combustion intermediates. Results suggest carbon monoxide
measurement can be used to monitor burner operation and
hydrocarbon analysis to shutdown as an indication of potential
waste release.

John W. Noland and Wayne E. Sisk, Ingineration of Explosives
Contaminated Soilg, 20-22 March 1984.

Successful mobil rotary kiln incineration of contaminated (9-
40% TNT) soil at an Illinois Army Installation.

John W. Noland, et al, Task 2. Incineration Test of Explosives
Contaminated Soilg at Savanna Army Depot Activity, April 1984.

Report presents results of comprehensive study to demonstrate
the effectiveness of incineration to decontaminate explosive
contaminated soils.

Charles Young, et al, Innovative Operational Treatment
Technologies for BApplication to Superfund Site - Nine Case

Studies, April 1990.

Relevant case study presented process description, performance,
operational and cost data for the soil incineration of
explosive contaminated soil (TNT, RDX) at Cornhusker AAP.

Thomas Reeves, On-gite Incineration of Contaminated Soil: A

Ml e L L e e e e R it

Study into U. S. Navy Applications, August 1991.

Discusses and recommends incineration as an acceptable proven
contaminated soil treatment.

Michael A. Major and John C. Amos, Incineration of Explosive
Contaminated Soil as a Means of Site Remediation, November
1992.

Recommends rotary kiln with secondary burner and air pollution
control for contaminated soil remediation.




31.

32.

33.

34.

3s.

3é6.

37.

38.

39.

Larry Waterland, Operations and Research at U. S. EPA
Incineration Research Facility, June 1993.

Results of rotary kiln incineration pilot tests at EPA
Jefferson AK Facility. Work included contaminated soil, fate
of trace metals and contaminated sludges.

Larry Waterland, Operations and Research at the U. S. EPA
Incineration Regearch Facility, June 1994.

Results of rotary kiln incinerator pilot tests at EPA facility
at Jefferson, AK. Work included trace metal fate determination
and low temperature operation evaluation.

DRE Technologies, Inc., Trial Burn Plan for Waste Propellant

Incinerator with Upgraded Air Pollution Control System at
Radford AAP, June 1992

Extensive incinerator system description and trial burn plan
for Radford AAP.

Lake City AAP, Explosive Waste Incinerator Training Program,
1994

Extensive incinerator description and waste characterization of
Lake City AAP system.

Iowa AAP, Hazardoug Waste Management Permit, EPA RCRA
ID #IA7213820445, 4 August 1994.

Incinerator operational description.

Tooele AD, Operation and Maintenance Manual for APE 1236M1
Deactivation Furnace Explogive Waste Incinerator
(Draft Manual), June 1994.

Iowa AAP incinerator description.

Tooele A D, Operational Manual for Contaminated Waste Processor
Small Unit T-526, September 1982

Operation and maintenance manual for existing Badger AAP
contaminated waste processor.

R. J. Priebe, Operation of Contaminated Waste Processor Small
Unit, 22 November 1985

SOP of existing Badger AAP Contaminated Waste Processor
Badger AAP, Wood Burning Records, CWP, 1983-87

Contaminated Waste Processor operating data.
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Management.!® Dempsey and Donald Oberacker of the same
laboratory had previously in 1988 reviewed performance of
fourteen hazardous waste incinerators.!!

Four citations presented at symposiums in 1992-94 describe
recent operations and RCRA trial burns of military
hazardous waste incinerators. Pfeffer’s paper describes
Radford AAP’s propellant incineration system.? The
Johnston Atoll Chemical Agent Disposal Facility trail burn
was discussed in a paper by Edwin Muniz, project manager
for the U.S. Army Chemical Material Destruction Agency.
They achieved a DRE of 99.9988% for nitroglycerin
destruction.? Michael Johnson et al, Navy project
engineer presented a paper of the June 1993 test burns of
the Navy pyrotechnic incinerator located at the Naval Air
Warfare Center, China Lake, CA. Their DRE of 99.999% was
achieved with Hexachlorobenzene.!* The fourth paper by
Robert Anderson of Tooele Army Depot reported on the status
of their APE 1236 deactivation furnace trial burns. DNT,
NG and DPA DRE’s were well above 99.998%.%

A waste stream produced as a by-product of an explosive
fabrication process was successfully destroyed in an
electric glass furnace as reported by Larry Klingler and
Perry Abellera for the U.S. Department of Energy’s Mound
operations. DRE for test burns were up to 99.999% for
principle organic hazardous constituent (POHC) methylene
chloride. But the cost of treatment was more expensive
than other disposal methods.!®

Emission from the destruction of lead contaminated small
arms munitions waste in the rotating kiln deactivation
furnace at the Kadena Air Base, Okinawa, Japan was reported
by USAF Captain Paul Scott. The deactivation incinerator
was found to not be in compliance with EPA particulate
emission standards. Particulate emissions were 0.70 versus

10

11

12

13

14

15

16

C. R. Dempsey and E. T. Oppelt (January 1993)

C. R. Dempsey and D. A. Oberacker (November 1988)
F. L. Pfeffer, et al (December 1993)

Edwin Muniz (24 March 1994)

Michael Johnson, et al (24 March 1994)

R. G. Anderson, et al (20 August 1992)

Larry Klingler and Perry Abellera (17 March 1989)
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the standard of 0.08 grains/dry standard cubic feet gas
(gr/dscf). During the September 1991 work the furnace did
not have wet air scrubbers or other control equipment.!

Several citations evaluated incinerator systems for
explosives and propellants. Irving Forsten and colleagues
of ARDEC Large Caliber Weapons Systems Laboratory in 1976
evaluated trends in incineration. They studied vertical
draft, rotary kiln, enclosed burning pad, wet air
oxidation, popping furnace and fluidized bed incinerator
systems. Their recommendation was to develop the fluid bed
incinerator because of economic considerations.®® Robert
Scola and Joseph Sautos also of ARDEC Large Caliber Weapon
Systems Laboratory continued the evaluation of fluid bed
incinerators in their 1978 work.® They recommended a
fluid bed incinerator over rotary kiln incinerator based on
economics and higher combustion efficiencies. R. A.
Knudson of Allegany Ballistics Laboratory in his 1974
pollution abatement hazard analysis work found unacceptable
incident probabilities of 10* for fluid bed incinerators.?

Incinerator feed systems were the subject of three
citations. An ARDEC Large Caliber Weapons Laboratory
experimental program evaluated the use of an explosive
slurry feed injection system for incinerators. The tests
proved that all materials (TNT, Comp. B, HMX and M1) can be
safely transported with the exception of 12 mesh or larger
M1 propellant particle sizes.? Paul Lemieux et al of the
EPA’s Air and Energy Engineering Research Laboratory,
studied batch feeding of rotary kiln incinerators and found
batch containers can be designed to reduce transient puffs
of incomplete combustion.? At Georgia Institute of
Technology, B. T. Zim et al, investigated, for the Office
of Naval Research, the mechanism through which pulsations
affect the incineration process.?®

17

18

19

20

21

22

23

Paul Scott (March 1992)

I. Forsten, et al (May 1976)

Robert Scola and Joseph Sautos (October 1978)
R. A. Knudson (June 1974)

George Petino, et al (April 1977)

Paul Lemieux, et al (1992)

B. T. Zim, et al (September 1994)
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Two studies were found of incinerator combustion monitoring
systems. Edward Peduto, completing a feasibility study for
EPA in 1984, found properly designed and maintained
commercially available continuous gas monitors are
adaptable to hazardous waste incinerators. Conventional
monitors provide the appropriate ranges and sensitivity
considering present requirements.® A more recent report
by Rachel Nihart et al suggests the following approach to
incinerator monitoring and control: Use carbon monoxide as
an indicator of flame performance, but not as an
incinerator shutdown criteria and use total hydrocarbon
analysis as a shutdown alarm to indicate potential waste
compound release.®

Numerous citations were found where rotary kiln
incinerators have been used to remediate explosive
contaminated soils. A 1984 report discussed the successful
mobile rotary kiln incineration of contaminated (9-40% TNT)
soil at a Savanna Army Depot.% A very comprehensive
report of the Savanna test burns was also reported later.?
Charles Young et al, reported the incineration of explosive
contaminated soil (TNT, RDX) at Cornhusker AAP.® TNT DRE
was 99.9999% with particulate emissions of under 0.0028
gr/dscf. A 1991 report recommended the U.S. Navy use on-
site rotary kiln incineration as a treatment option for the
clean-up of many of its contaminated soil sites.?® The
U.S. Army Biomedical R&D Laboratory also recommended a
rotary kiln primary combustor with a jet type secondary
incineration system to remediate contaminated soils.?® The
most recent rotary kiln practice citations are the EPA
Incineration Research Facilities annual reports.¥ %
Reports contain the results of their rotary kiln soil

25

26

28

29

30

31

32

Edward Peduto (June 1984)

Rachel Nihart (August 1989)

John Noland and Wayne Sisk (March 1984)
John Noland, et al (April 1984)

Charles Young, et al (April 1990)

Thomas Reeves (August 1991)

Michael Major and John Amos (November 1992)
Larry Waterland (June 1993)

Larry Waterland (June 1994)

13




treatment pilot tests. Trace metal fate and 1low
temperature operations were evaluated.

Information was requested of three AAPs known to have
explosive waste incinerators with waste material similar to
Badger’s waste. Data was received from Radford, Lake City
and Iowa AAPs. The waste propellant incinerator practice
of Radford AAP was cited in their Trial Burn Plan prepared
by DRE Technologies.® This plan provided a detailed
engineering description of their incinerator complex.
Waste characterization and trial burn description was also
reviewed. Lake City AAP explosive waste incinerator
practice was described in their Training Program Manual.¥
A detailed equipment description and waste characteristics
were presented. TIowa AAP’s explosive waste incinerator
practice was directed in their Hazardous Waste Management
Permit® and equipment described in their Operation and
Maintenance Manual.¥

Current practice with the existing Badger Contaminated
Waste Processor (CWP) is found in the CWP Operating
Manual,” Standard Operating Procedures® and Operations
Logbook .

Hazardous Waste Incinerator Design

Current incinerator design guidelines are briefly
summarized in this paragraph and more fully developed in
paragraphs V. Specific literature citations may be found
in Table 1II-2, Hazardous Waste Incinerator Design,
Literature Citations.

Calvin A. Brunner’s "Handbook of Incineration Systems" is
the only textbook found on design of incinerators.®

33

35

36

37

38

39

40

DRE Technologies (June 1992)
Lake City AAP (undated)

Iowa AAP (August 1994)
Tooele (June 1994)

Tooele (September 1982)

R. J. Priebe (November 1985)
Badger AAP (1983-87)

Calvin Brunner (1991)
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TABLE II - 2
LITERATURE CITATIONS

HAZARDOUS WASTE INCINERATOR DESIGN

Footnote Citation
40. Calvin A. Brunner, Handbook of Incineration Systems, 1991.

41.

42,

43.

45.

47.

48,

One volume reference that examines types of modern incinerators, describes analytical techniques, explains
principles and defines regulations.

L. Manson and S. Unger, Hazardous Material Incinerator Design Criteria, October 1979.
A review of major commercial facilities led to the selection of four incinerator types - liquid injection,

fluidized bed, multiple hearth and rotary kiln - for a detailed evaluation. Specific design criteria for each is
developed.

Blank and Wesselink & Associates, Explosive Waste Incinerator Facilities, 18 March 1977.

Study established a standard incineration design for Army Ammunition Plants based on the Tooele modified
APE-1236 deactivation furnace.

Stewart, Ben, et al, Point Source Pollution Engineering Study, March 1984,

Characterization of Badger generated wastewater.

Joan Kenney, RCRA Part B Permit, Feasibility and Plan of Operation Report for the Open Burning Thermal
Treatment Unit, July 1993.

Data on open burning bang box tests, Badger AAP wind and emission data, quantities and characteristics of
Badger generated hazardous waste.

Clarence A. Clemons, Bxperience in Incineration Applicable to Superfund Site Remediation, December 1988.
Document presents useful lessons applicable to the evaluation and selection process, guidance for good
operating practice and information useful in the planning and initiation of remedies.

EPA, Compilation of Air Pollutant Emission Factors for AP-42, February 1980.

Emissions data for explosive detonation sources.

Michael K. Sink, Control Technologies for Hazardous Air Pollutants, June 1991.

Document presents methodology for determining the performance and cost of air pollution control techniques
designed to reduce or eliminate the emissions of potentially hazardous air pollutants.

Katherine L. Heineken, et al, Subpart X Emissions Bvaluation for U. S. Air Force Munitions, 21-24 March
1994.

Paper presented to describe latest bang-box tests conducted at Dugway Proving Grounds to characterize the
emissions from open burning/open detonation of energetics. Data indicates 98% of emission from detonation
and 99% from burning go to carbon dioxide and water. Analysis of data indicates emissions generally fall
within Federal and State environmental standards.
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Mr. Brunner is a consulting engineer based in Reston,
Virginia. He has over 20 years of experience in the
incineration field, specializing in the design, operation,
and evaluation of incineration systems for industrial
installations, remediation sites, resource recovery
facilities, hospitals and wastewater treatment plants. His
one volume reference examines types of modern incinerators
describes analytical techniques, explains principles and
defines regulation.

The EPA’s Industrial Environmental Research Laboratory
sponsored a study to develop design criteria for four
hazardous material incinerator types having the widest
applicability for waste destruction. L. Manson and S.
Unger of TRW reported the study in 1979.# Criteria was
developed for liquid injection, fluidized bed, multiple
hearth and rotary kiln incinerators. General and specific
characterization was developed for each type.

Blank and Wesselink & Associates reported a study to
establish a standard design of facilities for disposal of
explosive wastes by incineration at Army Ammunition
Plants.® Their report was submitted to the Omaha
District, Corps of Engineers in March 1977. The standard
design was based upon the SITPA II (Modified APE-1236
Deactivation Furnace) equipment as provided by Tooele Army
Depot. Design criteria is included in the report.

The Point Source Pollution Engineering Study was an
exhaustive study to characterize and quantify all
wastewater generated at Badger AAP.*® This study published
in 1984 is to identify the extent of water pollution
generated during operations. Many flow sheets specifically
quantify waste generated in each building at Badger AAP.
Data presented is based on available historic production
information taken from prior operational records.

Badger AAP seeking a permit to continue operation of a
hazardous waste thermal treatment unit (open burning unit)
prepared in accord with Wisconsin Administrative Code a
RCRA Part B Permit titled "Feasibility and Plan of
Operation Report for the Open Burning Thermal Treatment
Unit."¥  This report characterizes and quantified Badger

41

42

43

L. Manson and S. Unger (October 1979)

Blank and Wesselink & Associates (March 1977)
Ben Stewart, et al (March 1984)

Joan Kenney (1993)
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AAP’s hazardous waste generation. Wind and emission data
is also presented. Appendix K of the report contains air
emission ‘"bang-box" data from the open burning/open
detonation of energetic materials. The bang-box data was
generated from field tests at Dugway Proving Grounds in
1989 and 1990 reported by Andrulis Research Corporation.

EPA’s Risk Reduction Engineering Laboratory and Center for
Environmental Research Information published a document
intended for use as a reference tool for hazardous waste
site remediation where incineration is a treatment
alternative.® 1Its purpose was to provide a collection of
information garnered from the experiences of those using
incineration. With an understanding of those practices
which were successful or which failed, the user can be
better prepared to avoid known pitfalls in future site
activities. The document presents useful 1lessons
applicable to the evaluation and selection process as it
pertains to incineration, guidance for good operating
practlce, and information useful in the planning and
initiation of remedies based on incineration technology.
The data and information used in the preparation of the
document were collected from personnel who have been
involved in the selection and application of incineration
techniques to hazardous waste disposal as well as from a
comprehensive literature search.

The EPA also published Supplement No. 10 to AP-42 in
February 1980. This supplement, "Compllatlon of Air
Pollutant Emission Factors" presents emission data for
explosive detonation sources in its Chapter 11. 3.4

The EPA has published a handbook incorporating information
from numerous sources into a single, self-contained
reference source focusing on the de51gn and cost of VOC and
particulate control techniques.¥ The objective of this
handbook was to present a methodology for determining the
performance and cost of air pollution control technlques
designed to reduce or eliminate the emissions of
potentially hazardous air pollutants (HAPs) from
industrial/ commercial sources. This handbook is used for
two basic purposes: to respond to inquires from prospective
permit applicants regarding the HAP control requirements
that would be needed at a specified process or facility,
and to evaluate/review permit applications for sources with

45

47

Clarence A. Clemons (December 1988)
EPA (February 1980)
Michael K. Sink (June 1991)
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the potential to emit HAPs. The document provides general
technical guidance on controls and does not provide
guidance for compliance with specific regulatory
requirements for hazardous air pollutants.

A last citation of incinerator design is Katherine L.
Heineken’s, et al paper on the Dugway Proving Grounds bang-
box data and its use as the best currently available data
to characterize explosive waste emissions.® Data
indicates 98% of emission from detonation and 99% from
burning go to carbon dioxide. Analysis of data indicates
emissions generally fall within Federal and State
environmental standards.

Hazardous Waste Disposal Alternatives

A review of disposal technologies has identified many
candidate alternatives whose time of appearance in
commercial scale varies from currently available to more
than five years in the future. This project review
concludes specific thermal treatment is the only technology
that could efficiently treat current and potential future
capacities in the range of 600 tons per year. Thermal
treatment alternatives of concentrated energetic materials
are also discussed in paragraph III D. A summary of
alternatives is presented in Table II-3. Hazardous Waste
Disposal Alternatives. State of alternative development is
noted in that table.

Alternatives found in the literature search are summarized
further in the following paragraphs and specific literature
citations are found in Table II-4. Hazardous Waste
Disposal Alternatives, Literature Citations. Several of
these citations are alternative summaries and assessments.

An early study of treatment alternatives was completed by
J. M. Genser et al, in 1977.%¥ Twenty-four hazardous waste
streams were studied of which three were explosive wastes.

"Rotary kilns were selected for nineteen streams including

explosive streams. Extensive cost estimates and economic
analysis were presented. Explosive disposal costs ranged
from 12¢ to 70¢ per pound.

48

49

Katherine L. Heineken, et al (24 March 1994)
J. M. Genser, et al (2 September 1977)
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Table II - 3

HAZARDOUS WASTE DISPOSAL ALTERNATIVES

Alternative

Status

Thermal Treatment

Open Burning/Open Detonation

Not Allowed

Incineration

Well developed designs

Wet Air Oxidation

Lab scale tests

Low Temp. Thermal Description

Pilot scale tests not
successful

Induction Coupled Plasma

Lab scale tests

Biological Treatment

Aqueous -~ Phase Bioreactor

Lab scale tests were mixed

Composting

Pilot scale tests were
successful

Land Forming

Pilot studies not successful

White Rot Fungus

Pilot studies were mixed

Physical/Chemical Treatment

Ultraviolet Oxidation

Only low concentrations

Activated Carbon

Only low concentrations

Reuse/Recycle Options

Not always possible or
developed

Solvent Extraction

Well developed, but costly

Supercritical Water Oxidation

Lab scale, expensive

Fuel Supplement

Small quantities

Cryogenic

Lab scale tests

Adams Sulfur Process

Lab scale tests

Dimethylsulfoxide

Lab scale tests

Base Hydrolysis

Lab scale tests

Molten Salt

Lab scale tests

Electrochemical Oxidation

Lab scale tests
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TABLE II =~ 4
LITERATURE CITATIONS

HAZARD WASTE DISPOSAL ALTERNATIVES

Footnote Citation

49.

50.

51.

52.

530

54.

J. M. Genser, et al, Alternatives for Hazardous Waste

Management in the Organic Chemical, Pesticides and Explosives

Industrieg, September 2, 1977.

Alternatives for treatment of 24 hazardous waste streams
including three explosive waste streams are discussed. Rotary
kilns were selected for the explogives stream treatment.

Fred L. Robson, Technical and Economic Asgessment of Solid
Propellant Digposal, December 1989.

Comparison of ammonium perchlorate propellant disposal methods
at Sierra AD. All methods considered equal in economics. No
recommended method.

W. O. Munson, et al, Task 1 Trade Study: Alternate Propellant
Waste Disposal Methods TD No. 8-(4C), 7 June 1991.

Study of ammonium perchlorate propellant disposal methods.
Decision analysis recommended wet reclamation over
inecineration.

Michael P. Madden and William I. Johnson, Installation
Restoration and Hazardous Waste Control Technologies,
November 1992.

Document provides a reference of current treatment
technologies.

G. Srinivasan and G. Beard, Design and Cost Assessment for
Compliance with Proposed EC Hazardous Wagte Incineration

Directive for Small-Scale Plant, April 1993.

Study of six pollution abatement technologies for hazardous
waste incinerators. Wet treatment is recommended based on less
technical risk rather than cost benefits.

Edwin Barth, Approaches for the Remediation of Federal Facility

Sites Contaminated with Explosive or Radioactive Wastes,
September 1993.

Biological, thermal and physical/chemical waste treatment
technologies are discussed. Description, background,
treatability and operational history are presented of various
treatment methods.
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et

55.

56.

57.

58.

59.

60.

6el.

S. C. Torma, et al, Environmentally Safe Processing and
Recycling of High-Energy Materials, 27 Feb-3 Mar 1994.

The paper reviews some of the technologies available for
recycling high-energy yield explosives loaded projectiles.
Explosives will be recycled to be used for industrial purposes
in the mining industry. Propellants (ammonium nitrate and
ammonium perchlorate) can be used in the agricultural industry
as fertilizer. Some of the excess explosive material recovered
may be incinerated to produce energy for steam production.
Furthermore, this article reviews the developments in the
bioremediation of explosive contaminated soils and industrial
effluents.

Larry Sotsky, Demilitarization R & D Technology for
Conventional Munitiong, 21-24 March 1994.

Paper discussed recent work with plasma arc furnace, super
critical water oxidation technology and recycle/reuse of red
phosphorus.

R. Eric Dotseth and David W. Ling, Munitions Demilitarization
Through Disassembly and Regource Recovery, 21-24 March 1994.

Paper describes methods of disassembly and energetic material
removal for cartridges, 90 mm through 106 mm.

Thomas J. Schilling, et al, Commercial Uses of Demilitarized
Energetic Materials, 21-24 March 1994.

Paper reviewed the reprocessing and reuse programs at Crane
Naval Surface Warfare Center in the development of commercial
uses for surplus explosives, propellants and their
constituents. Emphasis has been on RDX and HMX reuse in oil
field services.

Dan Burch and Mike Johnson, Reformulation/Reuse of Explosives
and Propellants, 21-24 March 1994.

Paper describes recent work of Naval Surface Warfare Center,
Crane Division. They have concentrated on reclaiming
energetics for commercial applications. Work has produced
commercial mining explosives, metal brazing explosive,
requalified RDX/HMX and use of gun propellant as a feed
supplement and fertilizer.

D. S. Wulfman, et al, The Management of Recovered Polymer
Bonded Explosives by Means of Reformulation, 21-24 March 1994.

Paper discusses the results of PBX reformulation studies.
Reformulation can be accomplished with minimal environmental
impact and results in "better" explosives than original.

Richard C. Doyle and Judith F. Kitchens, Composting of
Soilg/Sediments and Sludges Containing Toxic Organics Including

" High Energy Explosives, July 1993.

Describes laboratory and pilot experimentation to evaluate
composting of explosive contaminated soils.
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62.

63.

64.

65.

66.

67.

68.

69.

70.

S. Thiboutot, et al, Biodegradation of Energetic Compounds:
Application to Site Restoration, 21-24 March 1994.

This paper presented a Canadian study of biodegradation of RDX,
TNT, NC and GAP material. Successful degradation occurred in
concentrations up to 27,000 ppm in soil.

Lou D. Johnson and M. H. Spritzer, The Cryofracture Process for
Chemical Munition Demilitarization, 21-24 March 1994.

Paper describes well developed process for demilitarizing
chemical agent munitions. Rotary kiln thermal destruction was
used for an overall 99.9999% DRE.

C. A. LaJeunesse, et al,Supercritical Water Oxidation of

Colored Smoke, Dye, and Pyrotechnic Compositions, November
1993.

Describes supercritical oxidation ©process to replace
incineration of wastes.

L. L. Whinnery, et al, Processing Solid Propellants for
Recycling, May 18-25, 1994.

Describes "cryocyling" demilitarization process.

David S. Ross, Disposal of Energetic Materials in Near Critical
water, 21-24 March 1994.

Paper on laboratory study of super critical water oxidation of
energetic materials - AP, RDX, HMX, NG & TNT. Development
appears safe and economical. Operating costs estimated at
$700/ton.

James R. Hendricks and Joseph S. Klimek, Adams Process
Demilitarizes Energetics, 21-24 March 1994.

Patented process demonstrated by bench scale test program.
Process reacts organic materials in an atmosphere of elemental
sulfur at 400-600°C.

Randall W. Hurd and George L. Clink, Energetic Materials
Reclamation and Solvent Recycling, 21-24 March 1994.

HMX reclaimed by dimethylsulfoxide solvent recovery method
presented in a paper. Laboratory work produced HMX product of
99.3% purity.

Millard M. Garrison and John Serino, Jr, The Conversion_ of

Energetic Materials into Clean Alternate Commercial Enerqgy
Forms using Induction Coupled Plasma, 21-24 March 1994.

Paper describes thermal destruction treatment with argon
induction coupled plasma torch at 10,000°C. DRE is up to
99.9999%.

& 76. William D. Siuri, Incinerator Alternatives Aim to Replace
Flames, October 1994.

Article describes some new hazardous waste disposal methods
under development.
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71.

72.

73.

74.

75.

17.

78.

79.

T. M. Benziger, et al, Destruction of Waste Energetic Materials
Using Base Hydrolysis, 1993

Describes base hydrolysis test work to destroy high explosives.
T. Spontarelli, et al, An Engineered System Using Base

Hydrolysis for Complete Disposal of Energetic Materials,

21-24 March 1994.

Paper describes safe, simple and inexpensive method to convert
energetic material into non-energetic material. Material is
decomposed at 60 to 150°C after 4 to 5 hours. Decomposition
products include organic and inorganic salts with mostly
nitrous oxide gaseous emission.

W. M. Bradshaw, Pilot-Scale Testing of a Fuel Oil - Explosives

Cofiring Process for Recovering Energy from Waste Explosives,
August 1988.

Proof of principle bench scale results are presented.

Craig A. Myler, et al, Use of Waste Energetic Materials as a
Fuel Supplement, 1991.

Laboratory and bench scale work verify the principle while
economics show a positive advantage.

Craig A. Myler, et al, Use of Waste Energetic Materials as a
Fuel Supplement in Utility Boilers, 1994.

Laboratory and bench scale tests verify principle of mixing
energetic wastes (TNT, RDX) with fuel oil is feasible and has
an economic advantage.

Ravindra S. Upadhye and Bruce E. Watkins, Destruction of XM-46

(aka LGP-1846) Using the Motlen Salt Destruction Process, March
1994.

Describes a laboratory scale molten salt method to destroy high
explosives.

Ravindra S. Upadhye, et al, Energetic Materials Destruction
Using Molten Salt, May 23-25, 1994.

Describes a molten salt destruction process to destroy high
explosives.

Timothy J. Tope and Walker F. Howell, Alternatives for
Treatment of Waste Munitions Part I: The Role of Open
Burning/Open Detonation, Summer 1994.

Article discusses technologies currently applied and being
developed for demilitarization purposes, and an analysis of
advantages and limitations of these technologies.
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Fred L. Robson of United Technologies Research Center in
1989 prepared an assessment of disposal methods of its
ammonium perchlorate (AP) scrap waste at Sierra Army
Depot.* Six alternatives were considered - open burning,
rotary kiln incinerator, fluid bed incinerator, water AP
recovery, ammonia AP recovery and supercritical water
oxidation. Extensive cost data was presented. Disposal
costs ranged from $1.50/1b. for supercritical water
oxidation to 11¢/1lb. for on-site burning. No alternative
was selected.

A trade study on methods of space shuttle propellant (APz
disposal was conducted by Thiokol Corporation in 1991.%
Eleven technologies were considered in an attempt to reduce
open burning of waste and scrap propellant. Technologies
included waste minimization, two types of incineration,
biodegradation, supercritical oxidation, off-site
destruction and four types of reclamation. After
completing a decision matrix analysis and economic
analysis, the AP wet cake reclamation approach was
selected. Estimated disposal cost was 83¢/lb. The Tooele
AD 1236 incinerator was also considered at a disposal cost
of $1.05/1b.

The U.S. Army Corps of Engineers Toxic and Hazardous
Materials Agency published the third edition of their
handbook "Installation Restoration and Hazardous Waste
Control Technologies" in 1992.% The purpose of the
handbook is to provide a reference of pertinent and current
treatment technologies. Handbook information was derived
from personal interviews with personnel directly involved
in search, development and implementation of new and
effective methods to accomplish the following: restoration
of contaminated soils, groundwater and structures, and the
minimization of the generation of hazardous waste
materials. One hundred fifty-seven technical notes were
summarized with fifty-one pertaining to hazardous waste
control. Most of the notes referred to minimization,

~recovery and reuse.
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W. O. Munson, et al (7 June 1991)
Michael Madden and William Johnson (November 1992)
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W. S. Atkins Consultants Limited, Surrey, UK, studied
pollution abatement technologies for hazardous waste
incinerators.® Assessments and cost data for six gas
cleaning design schemes were studied. Schemes included
many combinations of process units -- adsorption, dry bag
and ceramic filters, wet scrubbing in void and packed
towers, spray drier, venturi scrubber, ionizing wet
scrubber and reaction vessels. Equipment was sized for
10,000 NM*/hr., at a cost from £ 590,000 to £ 923,000. Wet
treatment schemes were recommended with all schemes meeting
discharge criteria. Recommendation was based on less
technical risk and a proven system.

The EPA’s Center for Environmental Research Information
developed a publication of approaches for remediation.*
Two technology transfer seminars during 1992 and 1993 were
the basis for the publication. An overview of successfully
demonstrated technologies was presented with background
information, operation, applications, advantages and
limitations cited. Emphasis was on remediating soil and
groundwater contaminated with explosive. Chapter 5 lists
the many treatment technologies. Incineration has been
used at Cornhusker AAP, Louisiana AAP, Savanna AD and
Alabama AAP.

Steven Torma et al, presented a paper at the Annual Meeting
of the Minerals, Metals & Materials Society, reviewing some
of the technologies available for recycling energetic
projectiles.® Recycling technology involves dismantling
and separation of ammunition components into recyclable
nmetals, plastics, paper and explosive materials.
Explosives can be recycled to be used for industrial
purposes in the mining industry. Propellants may be used
in the agricultural industry as fertilizer or incinerated
to produce heating steam. Other technologies discussed
were supercritical water oxidation, plasma arc centrifugal
furnace, and cryofracture. Munitions demilitarization is
still mostly open burning/open detonation (82%) with
incineration as the next most utilized method at only 10%.
Other methods are used in less than 5% of the disposals.

The American Defense Preparedness Association sponsored an
international symposium on "Energetic Materials Technology"
March 21-24, 1994 at the Clarion Plaza Hotel, Orlando,
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G. Srinivasan and G. Beard (April 1993)
Edwin Barth (September 1993)
Steve Torma, et al (3 March 1994)
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Florida. Many papers were given on demilitarization
technology focussing on reuse/recycle methods. The next
five 1literature citations are papers given at the
symposium.

Larry Sotsky, Project Leader with the Explosives and
Demilitarization Section, U.S. Army Armament Research,
Development and Engineering Center presented a paper
describing three tasks developed to treat "difficult®
energetic materials.% A state-of-the-art plasma arc
furnace was used to destroy pyrotechnic munitions at a DOE
test site in Butte, Montana. Pyrotechnic compositions have
also been destroyed with DRE > 99.99+% using supercritical
water oxidation technology. The third task evaluated the
recycle/reuse of red phosphorus/butyl rubber smoke grenade
material. TInitial results are favorable.

R. Eric Dotseth and David W. Ling of Mason & Hanger-Silas
Mason Company, Inc. presented a paper to describe expanding
the demilitarization and disassembly capabilities of the
Iowa Army Ammunition Plant in support of the U.S. Army’s
efforts to move from open burning/open detonation toward
resource recovery.Y This effort to expand the
demilitarization capability included disassembly, energetic
material removal, confined detonation, controlled
incineration, and overall waste and hazard classification.
Several processes and methods have been developed to
perform this safely and environmentally. Their paper
described the methods of disassembly and energetic material
removal for high explosive and anti-personnel cartridges,
90mm through 106mn. These cartridges represent a
significant portion of the munitions inventory slated for
demilitarization, with a wide variety of explosive and
propellant loads. A description of the decision process
for determining the process for the demilitarization line,
and the actual end result was discussed. Additionally,
actual operating experience was described to show what went
as planned and what obstacles arose during extended
operation.

Thomas J. Schilling et al, presented a paper that reviewed
the reprocessing and reuse programs at Crane Naval Surface
Warfare Center in the development of commercial uses for
surplus explosives, propellants and their constituents.®
Emphasis was on RDX and HMX reuse in oil field services.
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R. Eric Dotseth and David W. Ling (24 March 1994)
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A high performance blasting agent for metal bonding
applications was developed. High valued HMX was extracted
for perforating charge applications. Recoverable yields
were > 98% with a purity > 99.5%. A surplus energetics
reprocessing pilot plant was being designed to manufacture
125 tons annually of blasting agent from surplus
explosives.

A paper was presented to describe how the Naval Surface
Warfare Center, has concentrated on reclaiming the valuable
energetics with subsequent reformulating for commercial
applications.® Technology Development Inc. (TDI), Rolla,
MO and TPL, Inc., Albuquerque, NM have demonstrated the
feasibility of using reclaimed military explosives as
commercial blasting agents on a lab/bench scale. TDI’s
efforts have concentrated on reformulation to produce a
commercial mining explosive, while TPL has concentrated on
producing a metal brazing explosive. In both cases,
various reclaimed PBXs and other explosives have been
reformulated and tested to produce explosives of equal or
superior performance to current commercial explosives.
Work has also been initiated to recover RDX and HMX from
military explosives and propellants and to qualify the RDX
and HMX for commercial applications. Tests conducted by
TPL, Inc. indicate that a feed supplement for ruminant
animals and a slow nitrogen release fertilizer can be
generated from surplus Navy gun propellants. The
feasibility of using surplus gun propellants in a novel oil
and gas well stimulation process was also demonstrated.

The last reuse/recycle paper cited presented at the
"Energetic Materials Technology" symposium was given by D.
S. Wulfman of D. S. Wulfman and Associates, Inc.® His
paper discussed the results of ongoing reformulation
studies begun in the late 1980s. Field applications of
polymer bonded explosives were described. Reformulation
can be accomplished with minimal environmental impact and
the resulting explosives are in may instances theoretically
"better" explosives than the original PBXs.

A report by Richard C. Doyle and Judith F. Kitchens for the
U.S. Department of Energy (DOE) describes laboratory and
pilot experimentation to evaluate compostin? of explosive
contaminated soils at DOE’s PANTEX plant.®® Laboratory
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studies were conducted using “C-labeled explosives (RDX,
HMX, PETN and TATB) contaminated soil loaded into horse
manure/hay composts at rates up to 40% by weight. Aall
explosives degraded rapidly and were reduced to below
detection levels within three weeks. Data from the pilot
scale studies generally were in agreement with the
laboratory studies.

A Canadian Armed Forces sponsored paper presented a study
on biodegration of energetic compounds (RDX, TNT, NC and
GAP) .% Successful degradation occurred in concentra-
tions up to 27,000 mg/kg. RDX mineralization rate reached
5 mg/kg/day when utilized as a nitrogen source under
aerobic conditions.

The method for demilitarizing chemical agent munitions
using the cryofracture process employs liquid nitrogen to
condition munitions prior to fracture in a hydraulic press.
A rotary kiln is used to destroy the munition cryofracture
debris in the current U.S. plant design as described in the
paper by General Atomics program manager Louis D. Johnson
and his colleague M. H. Spritzer.® The kiln exhaust
gases are routed to an afterburner with 2 second residence
time to ensure complete destruction of organic combustion
products. Afterburner off-gases are treated in a pollution
abatement system that removed acid gases and particulates.
Agent destruction exceeded the detection limits, resulting
in calculated DRE’s greater than 99.999%.

A Sandia National Laboratory report by Costanzo A. La
Jeunesse et al, describes the concept of a supercritical
water oxidation reactor to destroy colored smoke, spotting
dye and pyrotechnic munitions.® Process and equipment
operation parameters, process flow equations or mass
balances and utility requirements for wastes are developed
in this report. Two conceptual designs are developed with
all process and instrumentation detailed. Concept is based
on bench scale reactor work. Capital cost for a 20 lb/hr
plant is $789,500 (1993%). Another Sandia National
Laboratory poster presentation at the 1994 Joint USA-Russia
Energetic Material Technology Symposium in Livermore,
California on May 18-25, 1994 further described the
cryoclying demilitarization process.®
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SRI International has conducted a study on the destruction
of energetic materials in hydrothermal media near the
critical temperature of water.% The target materials
included AP, RDX, HMX NG, TNT, ADN and CL-20. The bench
scale work was conducted with liquid water at autogenous
pressures at temperatures over the range 70°-350°C. It was
found the simple reaction with water should provide a
process yielding 5-nines destruction at or below 350°C.
with residence times of 100-200 seconds. Preliminary cost
estimates for a 300 1lb/hr plant were $700,000 with an
estimated operating cost of $700/ton.

Burns and Roe, Defense and Aerospace Division has developed
the Adams Process, a potential chemical method that reacts
organic materlals in an atmosphere of elemental sulfur
vapor (typically 450° to 600°C).¥ In this process, the
organic materials are rapidly reacted to form a variety of
simple sulfur compounds. The gaseous products are readily
recovered or treated in conventional off-gas cleanup.
Gaseous emissions from cleanup can be recycled back to the
reactor. Bench scale tests on explosives has been
performed with destruction complete within a four hour time
frame. DRES’s could be as high as 99.9999%.

HMX reclaimed by a dimethylsulfoxide (DMSO) solvent
recovery method was discussed in a paper presented b¥
Randall W. Hurd of Mason & Hanger - Silas Mason C., Inc.%®
Laboratory work produced HMX product of 99.3% purity.

Millard M. Garrison of Alliant Techsystems, Inc. and John
Serino of Plasma Technology Inc. presented a paper that
described a thermal destruction treatment with an argon
induction coupled plasma torch at 10,000°C.%® DRE is up
to 99.9999%. No additional waste streams are generated.
Initial test work was done at Drexel University. Several
other groups of researchers are worklng on hot plasma
techniques.” The MIT Plasma Center in Cambridge, MA
houses two 30 Kw plasma arc furnaces where hazardous
material moves through a 10,000°C plasma arc developed by
graphite electrodes. Researchers at Georgia Institute of
Technology are working on a plasma torch to be used for in-
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situ disposal methods. It is felt these plasma techniques
can be cost competitive.

Two documents were found on base hydrolysis to destroy
energetic materials. The first is a paper given by T. M.
Benziger et al, of Los Alamos National Laboratory at the
1993 Incinerator Conference.”” The second paper on follow-
up hydrolysis work at Los Alamos was given by a colleagque
Terry Spontarelli et al at the 1994 ADPA Energetic
Materials Technical Symposium.” These papers describe a
safe, simple and inexpensive method to convert energetic
materials (RDX, HMX, TNT, NC, NG, and NQ) into non-
energetic materials. Materials were hydrolyzed with
aqueous sodium hydroxide or ammonia. Material was
decomposed at 60° to 150°C. after 4 to 5 hours.
Decomposition products include organic and inorganic salts
with mostly nitrous oxide gaseous emission. These products
will require further treatment.

Three documents were found describing waste energetic
materials used as a fuel supplement. The initial citation
is the 1988 report of W. M. Bradshaw of Oak Ridge National
Laboratory.” His bench scale work presented proof-of-
principle tests in a 300 Kw combustion furnace firing up to
40% TNT or 37% Comp B in Toluene/Fuel oil mixtures. The
second citation is an article in the Journal of Hazardous
Materials by Craig A. Myler et al.” Their laboratory and
bench scale work further verify the principle while
economics presented show a positive advantage. The last
fuel supplement citation also by Craig A. Myler presents
additional results of their test work.” Their most recent
work will utilize a 498 KW boiler.

Based on technology originally developed at Lawrence
Livermore National Laboratory, E. O. Systems, Inc. of Palo
Alto, CA has developed a promising technique referred to as
mediated electrochemical oxidation or MEO.”® MEO pumps
liquid wastes through a closed loop system and destroys it
in an acid electrolyte such as sulfuric acid. The waste
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materials are broken down into water and carbon dioxide.
Upon completion, the acid can be regenerated and reused.

The last hazardous waste disposal alternative citations
found were about the destruction of materials using molten
salt. Both citations on the molten salt were by Ravindra
S. Upadbye et al of Lawrence Livermore National Laboratory
bench scale work.” ™ The molten salts are typically
mixtures of alkali or alkaline earth carbonates and
halides. The salts provide excellent heat transfer and
reaction media, catalyze oxidation of organics and
neutralize acid gases by forming stable salts such as
sodium chloride. They have successfully and safely
destroyed slurries of 35% HMX, RDX, PETN and TATB in
mineral oil and 50% of the above in water. The temperature
of the molten salt is varied between 400° to 900°C. They
have also destroyed XM-46 liquid propellant. Destruction
rates were 500 to 1000 grams per hour.

This section on review of waste disposal technologies
concludes with an article by Timothy J. Tope and Walker F.
Howell of the Radian Corporation, Oak Ridge, TN.” Their
article presents the role of open burning/open detonation,
but discusses the disposal technologies currently applied
and being developed for demilitarization purposes, and an
analysis of advantages and 1limitations of these
technologies. Table II - 5, Treatment/Disposal Options for
Demilitarization of Ordnance summarizes their discussion.
A comparison of their treatment alternatives is presented
in Table II - 6, Comparative Analysis between treatment
technologies. This comparison was conducted using five key
criteria: Treatment effectiveness and application,
environmental impacts/regulatory concerns, safety concerns,
costs and degree of development. Table II - 6 indicates
that most alternatives are not capable of treating
explosive waste on a large scale bases.

The only developed technology other than open burning/open
detonation is incineration. Other options may be developed
but until there is a proven alternative incineration will
be used at Badger AAP to replace open burning/open
detonation for explosive waste disposal.
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Table II-5

Treatment /Disposal Options for Demilitarization of Ordnance

Treatment/Disposal Regulatory Limitations/ Status/
Alternative Constraints Advantages Disadvantages Peasibility
Open Burning/ ® Lack of specific ® Proven effectiveness ® Treatment does not ® A proven and

Open Detonation

regulations,guidance,
and policy.

® Permits are costly
and time-consuming to
obtain.

@ To date, no RCRA
permits have been
issued for OB/OD.

@ Permit may carry
extra burden of
investigation and/or
remediation of any
identified
SWMUs/AOCs

in treating the reactive
constituents of ordnance,
supported by extensive
testing and modeling
data).

@ Can be cost-effective.
® Generally results in
minimal impact to
environmental media.

® Provides treatment for
a wide variety of waste
munitions.

® Proven safety record.

destroy or reduce
toxicity components.

® Not an acceptable
technology for several
munitions items and
small arms ammunition.
® May require trans-
portation to remotely
located facilities.

effective alterna-
tive that has been
used for several
years under proce-
dural/guidance
regulations
developed by U.S.
Army.

Recovery/
Recycling

® Regulations
addressing

recyclable wastes apply
to specific materials and
processes which might
inhibit use for energetic
wastes.

® Environmental sound.
® Can be cost-effective.
® A top priority option
and required as part of
overall waste minimiza-
tion programs for DOD.

® Requires market and
other uses for waste
munitions.

® Recovery/recycling
technology currently
available on a limited
basis.

® Considered a vital
part of
environmental
compliance and
pollution prevention.
®Effectiveness/
viability of
technologies not
proven; R&D
programs in early
stages.

Separation and

® Hazardous waste

® Scveral variations of

® Limited application.

® Typically required

Disassembly treatment permit treatment processes ® Inherent risks to if treatment/disposal
required. including hot water workers; additional method is not
® Technical separation washout, steam-out, and | safety probelms may be OB/OD.
processes may trigger autoclaving. posed during attempts to ® Several
additional waste upgrade equipment. alternative methods
compliance obligations. ® Labor and energy for disassembly and
intensive. separation under
® Some processes can development,
generate abundant including high
hazardous waste streams, | pressure and solvent
Le., explosive contam- washout, super and
inated wastewaters. subcritical
® Very rarely the final extraction.
treatment step.
Incineration @ Requires trial burn ® Several variations of © High operating ® Several
(thermal and both hazardous incineration, including expense; requires incinerators around
destruction) waste (RCRA) and air rotary kiln, explosive pollution control the country already
permits. waste incinerator, and equipment. operational and
® Requires advanced fluidized bed. ® Most items to be permitted.
technical knowledge ® Results in the destroyed must first be ® Generally
which can make permit complete destruction of disassembled/separated associated with
review process difficult. | energetic materials. or processed to prevent manufacturing
® Several facilities undesirable detonations plants.

already permitted and
operational.

thus limited feed rates.
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Table II - 5 (continued)

Treatment/Disposal Regulatory Limitations/ Status/
Alternative Constraints Advantages Disadvantages Feasibility
Popping Furnace ® Requires trial ® Useful for ® Explosive nature of @ Fills the void of

burn and both deactivating various waste poses special providing addi-
hazardous waste munitions. problems in meeting tional treatment
(RCRA) and air ® Can be applied for Subpart O (Incinerators) | capability for ex-
permits. those munitions which requirements. plosive munitions.
® Must meet or cannot be treated by ® Somewhat limited

exceed the OB/OD. application.

regulatory and/or @ Requires air pollution

technical control equipment.

specification adopted

for incinerators.

Electrochemical ® Requires RCRA ® Can reduce @ Limited success and ® To date, there

Reduction hazardous waste explosive/reactive limited application (to has been minimal
treatment permit. compounds to more only a few select success using this

stable states or inert munition fillers). technology.
components.

Chemical ® Requires RCRA ® Can treat large ® Limited to the ® Very limited

Conversion hazardous waste batches of energetic chemical treatment by application.
treatment permit. material. neutralization of sulfur

trioxidechlorosulfonic
acid.

Cryofracture ® Regulatory ® May prove to be a ® Under development. ® R&D emphasis
require-ments quick, safe method for ® Fractured parts still on demilitarization
unknown since it is size reduction and require treatment. of lethal toxic
still under separation. chemical agent
development. munitions but may

be applicable
to conventional
ammunition.

Biodegradation ® Biodegradation ® Process can render ® Limited knowledge @ Under develop-

activities normally
require a RCRA
hazardous waste
treatment permit.

energetic materials as
less hazardous and/or
inert constituents.

® May be applied under
treatability study option.

for specific application
to explosive waste; only
field tested.

ment for use in
disposing of red
and pink water,
field tests
underway for
testing this method
on explosive-
contaminated
soils.
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Table II ~ 6

Comparative Analysis Between Treatment Technologies

Environmental
Treatment Impacts
Treatment Effectiveness Regulatory Safety Degree of
Technology & Application Concerns Concerns Costs Development

Recovery/ Limited, Dependent upon Poses a greater Requires R&D programs

Recycling reclamation process; potentially | risk to workers independent cost in early stages.
represents only an | more threatening; performing analysis but
intermediate step RCRA implications | operations. typically presents
in overall throughout process. greater costs than
recovery process OB/OD because

processes tends to
be labor and
energy intensive.

Incineration Limited despite Destruction Poses potentially Significantly higher | Developed
variations for efficiency less risk problem operating and technology but
waste munitions; comparable to because capital expenses. treatability
incineration has OB/OD; extensive destruction studies required
associated technical Pprocess is more for each waste
maintenance permitting. controlled. stream.
difficulties.

Popping More limited than | Destruction Poses potentially Higher capital and Further

Furnace OB/OD since feed | efficiency makes less risk problem operating expenses. | development
rate controlled this option since destruction required for feed
and designed for comparable to Pprocess is more systems.
small arms OB/OD for small controlled and is
munitions. arms; has some usually limited to

special regulatory smaller munition
concerns. items.

Reduction/ Options have Impacts from these | Controlled Limited data make | R&D programs

Conversion shown limited alternatives not Pprocesses pose cost comparison in early stages.
application or documented; less risk. difficult.
success. expected to be

slightly less of an
environmental
hazard.

Cryofracture Limited since Initial data Under Insufficient data to R&D programs
process is only an | indicates less of an | development; estimate operating in early stages.
intermediate step environmental safety factors costs; capital costs
in overall hazard; regulatory cannot be most likely higher.
treatment requirements evaluated at this

unknown. time.

Biodegradation Testing has Biodegradation is Does not involve | Limited data makes | R&D programs
included only generally thermal cost comparison in early stages.
selected reactive considered a low destruction; difficult.
wastes. impact alternative. would therefore

be expected to be
safer.
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Hazardous Waste Disposal Regulations

Current incinerator rules and regulations are briefly
summarized in this paragraph and more fully developed in
paragraph III-E. Specific literature citations may be
found in Table II-7, Hazardous Waste 1Incinerator
Regulations, Literature Citations.

The first citation was a 1988 booklet prepared by the EPA’s
Office of Solid Waste.®® The booklet provides answers to
questions that citizens may have about hazardous waste
incineration. Questions of incineration technical aspects,
regulations, permit process, permit process, general
standards and potential risks are answered. Focus of
information is its regulation under the Resource
Conservation and Recovery Act (RCRA). Seventy eight
questions are answered.

Todd A. Kimmell et al of the Argonne National Laboratory
presented a paper describing the Munitions Provisions of
the Federal Facility Compliance Act of 1992 which amended
RCRA. % This amendment subjects Federal facilities to
the same incentives as the private sector for compliance.
The paper reviewed several important Munitions Rule issues
and discussed the impacts of these issues.

Michael Valenti, Associate Editor’s article in the August
1993 issue of Mechanical Engineering discussed potential
tighter EPA hazardous waste <combustion emission
standards.® Proposed tighter particulate standards will
limit emissions to 0.015 grain per dry standard cubic foot
less than one-fifth the 0.08 grain now permitted. It will
be expensive to retrofit to this standard that could alter
the economics of incineration.

The EPA has prepared several documents to assist designer
and operators of hazardous waste incinerators. An early
citation from the EPA was a publication used at 1986
seminars for incinerator permit writers, inspectors and
operators.® The document is a compilation of papers
presented by seminar speakers and was intended for use by
those involved in the design, execution, reporting, and
evaluation of trial burns. An EPA QA/QC handbook defines
procedures for incinerator process monitoring, sampling and
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TABLE IXI - 7

LITERATURE CITATIONS

HAZARDOUS WASTE INCINERATOR REGULATIONS

Footnote Citation

80.

81.

82.

83.

84.

85.

86.

87.

Lori DeRose and Vanessa Musgrave, et al, Hazardous Waste

Incineration: Questions and Answers, 5 April 1988.

The booklet answers questions of incineration technical
aspects, EPA’s regulations, permit process, general standards
and potential risks.

Todd A. Kimmell, et al, The Munitions Provisions of the Federal
Facility Compliance Act, March 1994.

Proposed EPA rules for disposal of munitions waste.

Michael Valenti, Tougher Standards for Burning Hazardous Waste,
August 1993.

Tighter emission standards for hazardous waste combustion
proposed by the EPA may require design changes that could alter
the economics of incineration. Particulate 1limit <0.015
grain/ScCF.

Norm Kulujian, Permitting Hazardous Waste Incinerators,
September 1987.

Document is a compilation of seminar papers on permitting.

Justice A. Manning, Quality Assurance/Quality Control (QA/QC)

Procedures for Hazardous Waste Incineration, January 1990.

Procedures are defined for process monitoring, sampling and
analysis of the initial +trial burn and later continuing
operations.

Sonya M. Stelmack, Hazardous Waste Incineration Measurement
Guidance Manual, June 1989.

Document provides general guidance to the major elements of
incineration measurements via checklists, general discussion
and technical references.

E. Timothy Oppelt, Guidance on Setting Permit Conditions and
Reporting Trial Burn Results, January 1989,

Document provides guidance on reporting trial burn data and
translating this into operating conditions.

P. Gorman, et al, Practical Guide - Trial Burns for Hazardous
Waste Incinerators, July 1986.

Guide contains potential trouble spots based on experience
during EPA trials. Two major problems are burns take more time
and effort than planned and failure to meet trial requirements.
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88.

89.

90.

91.

92.

93.

94.

95.

96.

J. R. Albritton, et al, Audit Materials for Semivolatile

Organic Measurements During Hazardous Waste Trial Burns,
August 1990.

An inter-laboratory study to assess the accuracy and precision
of trial burn analysis. Variabilities agreed.

Robert E. Adams, et al, Evaluation of POHC and PIC Screening
Methods, January 1993.

Evaluation supports tiered approach to analysis of combustion
effluents. Target principal organic hazardous constituents
require individual analysis.

EPA, Standards Applicable to Owners and Operators of Hazardous
Waste Treatment, Storage, and Disposgal Facilities; Consolidated
Permit Requlations, 24 June 1982.

Final EPA regulations on incinerator in force today.

EPA, Standards of Performance for New Stationary Sources and
Final Guidelines; Final Rules, February 11, 1991.

Incinerator regulations of toxic materials.

40 CFR 264 Permitted Incinerator Standards, 1 July 1993

EPA regulations on incinerators.
40 CFR 270 Permitting Requirements, 1 July 1993
EPA regulations of incinerator permits and test burns.

40 CFR 272 Approved State Hazardous Waste Management Programs,
1 July 1993 )

EPA authorizes Wisconsin DNR to regulate incinerators.

Wisconsin Administrative Code, _Storage, Treatment and Disposal
Facility - General Standards, Chapter NR 630, 1 March 1991

General requirements that apply to the storage, treatment and
disposal of hazardousg waste.

Wisconsin Administrative Code, Incinerator Standards, Chapter
NR 665, 1 March 1991

Specify the requirements and standards that apply to
incinerators that burn hazardous waste.
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analysis of the initial trial burn and later continuing
operations.® The document emphasis is on quality
assurance/quality control with guidance on plan preparation
and analysis methods.

Another EPA handbook provides general guidance to reviewing
the measurement aspects of incineration permit applications
and trial burn plans.® The guidance deals specifically
with commonly required measurement parameters and
measurement methods of process monitoring, sampling and
analysis aspects of trial burns and subsequent operation.
This document introduces the major elements of incineration
measurement wvia checklists, general discussion and
technical reference. EPA also published a handbook
providing guidance on setting permit conditions, reporting
trial burn results and translating these data into
meaningful operating conditions.% Sample forms are
included. A previous 1986 EPA trial burn guide was also
reviewed.” The guide contains potential trouble spots
based on experience during EPA trials. Two major problems
are burns take more time and effort than planned and
failure to meet trial requirements. An EPA sponsored study
assessed the accuracy and precision of trial burn
analysis.® Variabilities between laboratories were in
agreement. The most recent EPA regulatory work was an
evaluation of principal organic hazardous constituents and
on products of incomplete computation.?® Evaluation
supports tiered approach to analysis of combustion
effluents. Target principal organic hazardous constituents
require individual analysis.

The specific explosive waste incinerator rules and
regulations are titled below. These specific federal and
state standards are the basic criteria for the facility.
The regulations are:

85
86
87
88

89

Justice A. Manning (January 1990)
Sonya Stelmack (June 1989)

E. Timothy Oppelt (January 1989)
Gorman et al (July 1986)

J. R. Albritton (August 1990)
Robert Adams et al (January 1993)
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o EPA - Standards Applicable to Owners and Operators of
Hazardous Waste Treatment, Storage, and Disposal
Facilities; Consolidated Permit Regulations®

° EPA - Standards of Performance for New Stationary
Sources and Final Guidelines; Final Rules®

° 40 CFR Part 264 Subpart O - Permitted Incinerator
Standards®

e 40 CFR Part 270 - Permitting Requirements®

o 40 CFR Part 272 - Approved State Hazardous Waste
Management Programs*

° Wisconsin - Stora?e, Treatment and Disposal Facility
General Standards’®

° Wisconsin - Incinerator Standards®
Hazardous Waste Incinerator Background Information

Some 1literature search was to develop background
information. These citations are discussed below.
Specific literature citations may be found in Table II-8,
Hazardous Waste Disposal Background, Literature Citations.

An important background citation is R. Wilcox’s paper
presented 27 May 1993 at the Annual Federal Environmental
Restoration Conference and Exhibition.” The paper
presented a broad sense of where explosive ordnance
disposal is headed and the technology being used. The
trend is away from open burning/open detonation toward
resource recovery and recycle. Another citation is a
report of the findings of the Military Munitions Waste

91

93

95

EPA (24 June 1982)

EPA (11 February 1991)

40 CFR 264 (1 July 1993)

40 CFR 270 (1 July 1993)

40 CFR 272 (1 July 1993)

DNR (1 March 1991) NR 630

DNR (1 March 1991) NR 665

R. Wilcox, et al (27 May 1993)
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TABLE II - 8
LITERATURE CITATIONS

HAZARDOUS WASTE INCINERATOR BACKGROUND

Footnote Citation
97. R. Wilcox, et al, Bxplosive Ordinance Disposal: The Problem and Opportunities, 25-27 May
1993.
The paper presented a broad sense of where explosive ordnance disposal is headed and the
technology being used. The first program is the ongoing effort by the Department of Defense
(DOD) to demilitarize unneeded portions of its massive stockpile of ammunition and explosives,
The trend is away from open burning/open detonation (OB/OD) and toward new demilitarization
technologies allowing resource recovery and recycling. The second force is the Defense
remediation of ordnance and explosives waste (OEW) from both active and formerly used defense
sites (FUDS).
98. Military Munitions Waste Working Group Report, Nov 30, 1993.
This report presents the findings of the Military Munitions Waste Working Group in its effort
to achieve the goals directed under the Federal Advisory Committee to Develop On-Site
Innovative Technologies for environmental restoration and waste management.
99, NTIS, Remediation of Explosive Materials, November 1994.
Survey of literature discussing remediation
100. Department of the Army, SARBA-SE Letter 29 Dec 1976, subject Safety Site Plan FY79
Site plan approved for explosive waste incinerator.
101. C. Sercu, New Incineration Facilities at Dow Midland, May 5-7, 1959.
Background on incineration in the United States.
102. F. I. Hones, et al, Disposal of Waste or Excess High Explosives, April 1973 - September 1975.
Progress in the development of full-scale closed-pit batch type incinerator for high explosives
(RDX, HMX, PBX) is reported.
103. J. L. Harrison, et al, Mound Facility Explosives Incinerator, 1980.
Description of small low cost incinerator.
104. John Krukowski, Incinerator Supply Lesson in Supply and Demand, Pollution Engineering,
December 1993.
Incinerator market will improve modestly.
105. Richard K. Miller, Industry Execs See Bright Future for Incineration, World Wastes, October
1994.
Incinerator future is bright according to 15 industry executives.
106. Barbara Katinsky, 21st Annual Buyer’s Guide, World Wastes, August 1994.

Extensive list of waste incinerator manufacturers.
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Working Group.”® These goals for innovative environmental
restoration and waste management goals are discussed.

National Technical Information Service performed a
literature search entitled, "Remediation of Explosive
Materials" that was used.”

Another background citation was the approval of Badge AAP’s
initial siting of an explosive waste incinerator on 29
December 1976.'®

Other background citations pertain to early use of
incineration and explosive waste incineration. Sercu
describes the initial waster incinerator.!® Progress by
Mason & Hanger, Silas Mason Company, Inc. toward explosive
waste disposal incineration was reported from 1973 to
1975.1% An initial low cost explosive incinerator was
described for the Department of Energy.!®

The availability of commercial waste incineration equipment
was investigated. Several citations were found on this
topic. Two recent market surveys were found - William T.
Lorenz’s survey of December 1993!* and Richard K. Miller’s
October 1994 survey.!® An extensive 1listing of waste
incinerator vendors was found in "World Wastes" August 1994
Buyer’s Guide Issue.!®

98

100

101

102

103

104

105

106

Military Munitions Waste Working Group Report (30 Nov 1993)
NTIS (November 1994)

DA, Government Letter (29 December 1976)

C. Sercu (7 May 1959)

F. I. Honea, et al (1973-1975)

J. L. Harrisbn, et al (1980)

John Krukowski (December 1993)

Richard K. Miller (October 1994)

Barbara Katinsky (August 1994)
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III. CURRENT INCINERATOR PRACTICE

Literature Search Results

The literature and document search found many methods and
practices to safely burn or destroy energetic materials.
Refer to paragraph II C 1. for details. Research citations
were divided into five categories as depicted in Table III -
1. Research Summary Table.

Table III - 1

Research Summary Table

| Research Category l Number of Citations J
Practice 32
Design 9
Alternatives 30
Regulations 17
Background 10

| Total 98 I

The literature search found many surveys, studies, papers and
reports on the current practices of hazardous waste

incineration. Table III -~ 2, Hazardous Waste Incinerator
Performance Data is a search summary of EPA data and military
data of current practice. The table summarizes certain

process operating parameters. More specific information on
the other AAPs are found in paragraph III C. These data
reveal that well operated incinerators are capable of
achieving 99.99 (the RCRA performance standard) to > 99.999
percent DREs. Another observation of the data is the large
portion of rotary kiln incinerators including most of the
military on-site incinerators. Achieving the RCRA particle
emission standard of 180 mg/dscm was a problem for a number of
incinerators. Eight of the twenty-eight failed the standard.
Five appear to need significant changes such as the Kadena Air
Force Base needs to have air scrubbers installed. It is
clear, however, that the particulate emission standard of 180
mg/dscm is achievable if proper air pollution control is
provided.
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TABLE III - 2

HAZARDOUS WASTE INCINERATOR PERFORMANCE DATA107 e
co DRE Particulate
Facility Type (ppm) (%) (mg/m’)
Commercial rotary kiln/liquid incinerator 6.2 99.999 152
Commercial fixed hearth, two-stage incinerator 6.9 99.994 400
On-site two-stage liquid incinerator 9.4 99.994 143
Commercial fixed hearth, two-stage incinerator 327.0 99.997 60
On-site liquid injection incinerator 11.9 99.999 186
Commercial two-stage incinerator 1.1 99.998 902
On-site rotary kiln incinerator 554.0 99.999 23
Commercial two-stage fixed hearth incinerator 26.8 99.996 168
On-site rotary kiln 794.5 | 99.998 184
On-site liquid injection 66.3 99.994 95
On-site rotary kiln incinerator 5.8 99.996 404
On-site rotary kiln incinerator 323.0 99.996 NA
On-site liquid injection incinerator 31.9 99.999 163
On-site liquid injection incinerator 1.0 99.996 40
On-site fluidized bed incinerator 67.4 99.996 259
On-site fixed hearth incinerator ND 99.999 93
On~-site liquid injection incinerator 358.0 99.995 99
On-sgite liquid injection incinerator 28.4 99.998 12
Commercial rotary kiln incinerator 8.0 99.999 172
On-site liquid injection incinerator 779.3 99.999 88
On-gite liquid furnace incinerator 56.3 99.999 4
On-site fixed hearth incinerator 5.0 99.599 150
Johnson Atoll rotary kiln incinerator NA 99.999 NA
Navy pyrotechnic incinerator NA 99.999 52
Lake City AAP rotary kiln incinerator 15.1 99.997 41
Iowa AAP rotary kiln incinerator 23.0 99.999 16
DOE electric glass furnace 50.0 99.999 450
Kadena AB rotary kiln incinerator NA NA 1500%*
Radford AAP rotary kiln incinerator <25.0 99,994 11
NA Not available

ND
*

Not detected
No air scrubbers installed
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Incinerator feed and gas monitoring systems were also found to
be readily and commercially available. Feed systems for
explosive waste can be either a slurry or solid batch feed.
The recommended approach to incinerator control and monitoring
is to use carbon monoxide monitoring as an indicator of flame
performance and use total hydrocarbon analysis as a shutdown
alarm to indicate potential waste compound release.'

Further current practice review found seven citations where
rotary kiln incinerators have been successfully used to
remediate explosive contaminated soils. Military sites have
used the rotary kiln type incinerator of which two sites
operating data are shown in Table III - 3. The two sites had
very different through put capacity but both DRES were for TNT
destruction.

Table III - 3

Rotary Kiln Soil Remediation % !

Remediation Site Rate-Ton/Hr Particulate Mg/m’ DRE - %

Savanna AD 0.2 1 99.9956+

" Cornhusker AAP 15.0 4 99.9999 “

107

108

109

110

111

112

113

114

115

116

C. R. Dempsey and D. A. Oberacker (November 1988)
Edwin Muniz (24 March 1994)

Michael Johnson, et al (24 March 1994)

Paul Scott (March 1992)

Larry Klingler and Perry Abellera (17 March 1989)
Lake City AAP (undated)

Iowa AAP (1995)

Rachel Nihart (August 1989)

John Noland, et al (April 1984)

Charles Young, et al (April 1990)
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Personnel from ARDEC Large Calibre Weapons Systems Laboratory
during the early 1970s studied various types of exp1051ve
waste incinerators. They recommended a fluid bed incinerator
over rotary kiln incinerator based on economics and higher
combustion inefficiencies. But Allegany Ballistics Laboratory
found the system unsafe. Currently few fluid bed incinerators
are used for explosive waste.

Incinerator Technology 'V

Different incineration technologies have been developed for
handling the various types and physical forms of hazardous
waste. The four most common incinerator designs are liquid
injection, rotary kiln, fixed hearth and fluidized bed
incinerators.

The process of selecting and designing hazardous waste
incineration systems can be very complex. Fortunately,
considerable industrial manufacturing experience exists and
many useful design guides have been published. A generalized
review of the most prominent features of incineration systems
and important design factors will be helpful in understanding
a thermal destructor’s operation and emissions performance.

The four major subsystems which may be incorporated into a
hazardous waste incineration system are waste preparation and
feeding, combustion chamber(s), air pollution control and
residue/ash handling. The selection of the appropriate
combination of these components is primarily a function of the
physical and chemical properties of the waste steam or streams
to be incinerated.

1. Waste Preparation and Feeding

The physical form of the waste determines the appropriate feed
method. Liquids are blended, then pumped into the combustion
chambers through nozzles or via specially designed atomizing
burners. Wastes containing suspended particles may need to be
screened to avoid clogging of small nozzle or atomizer
openings. While sustained combustion is possible with waste
heat content as 1low as 4,000 Btu/lb, 1liquid wastes are
typically blended to a net heat content of 8,000 Btu/lb or
greater, if possible. To incinerate lower heating value
wastes, supplementary fuel will normally be required.
Blending may be achieved by either mixing the wastes before
they are fed to the combustion chamber or by using separate
nozzles for different types of waste, wherein the mixing
occurs in the combustion chamber.
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C. R. Dempsey and E. T. Oppelt (January 1993)

45




——

Sludges are typically fed using progressive cavity pumps and
water cooled lances. Bulk solid wastes may require shredding
for control of particle size. They may be fed to the
combustion chamber via rams, gravity feed, air-lock feeders,
vibratory or screw feeders, or belt feeders. Containerized
waste is typically gravity or ram fed.

2. Combustion Chambers

The physical form of the waste and its ash content determine
the type of combustion chamber selected. Table IITI - 4
provides general selection considerations for the four major
incinerator combustion chamber designs as a function of wastes
of different forms. Most incineration systems derive their
names from the type of combustion chamber employed.

Table III - 4

Applicability of Major Incinerator Tyges to Wastes
of Various Physical Form

Liquid Rotary Fixed Fluidized
Injection Kiln Hearth Bed
Solids:
Granular, homogeneous X X X
Irregular,bulk (pallets,etc.) X X
Low melting point (tars, etc.) X X X X
Organic compounds w/fusiable X X X
ash constituents
Unprepared, large, bulky X X
material
Gases:
Organic vapor laden X X X X
Liquids:
High organic strength aqueous X X X X
wastes
Organic liquids X X X X
Solids/liquids:
Waste contains halogenated X X X X
aromatic compounds
(2,200°F minimum)
Aqueous organic sludge X X

C. A. Brunner (1991)
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Liquid injection incinerators or combustion chambers are
applicable almost exclusively for pumpable liquid waste.
These units (Figure III - 1) are usually simple, refractory-
lined cylinders equipped with one or more waste burners.
Liquid wastes are injected through the burners, atomized to
fine droplets and burned in suspension. Burners, as well as
separate waste injection nozzles, may be oriented for axial,
radial or tangential firing. Improved utilization of
combustion space and higher heat release rates, however, can
be achieved with the utilization of swirl or vortex burners or
designs involving tangential entry.

Good atomization is critical to achieving high destruction
efficiency in liquid combustors. Nozzles have been developed
to produce mists with mean particle diameters as low as 1
micron, compared to typical oil burners which yield droplets
in the 10 to 50 um range. Atomization may be attained by low
pressure air or steam (1 to 10 psig), high pressure air or
stream (25 to 100 psig), or mechanical (hydraulic) means using
specially designed orifices.

Vertically downward oriented liquid injection incinerators are
preferred when wastes are high in inorganic salts and fusible
ash content, while horizontal units may be used with low ash
waste. In the past, the typical capacity of liquid injection
incinerators was roughly 30 X 10° Btu/h heat release.
However, units as high as 210 X 10° Btu/h are now in
operation.

Rotary kiln incinerators (Figure III - 2) are more versatile
in the sense that they are applicable to the destruction of
solid wastes, slurries and containerized waste as well as
liquids. Because of this, these units are most frequently
incorporated into commercial off-site incineration facility
designs and utilized for Superfund remediation. The rotary
kiln is a horizontal cylindrical refractory-lined shell that
is mounted on a slight slope. Rotation of the shell provides
for transportation of waste through the kiln as well as
enhanced mixing of the burning solid waste. The waste may
move either concurrent or countercurrent to the gas flow. The
residence time of waste solids in the kiln is generally 0.5 to
1.5 hours. This is controlled by the kiln rotation speed
(typically 0.5 to 1.0 revolutions per minute), the waste feed
rate, and in some instances, the inclusion of internal dams to
retard the rate of waste movement through the kiln. The feed
rate is also generally adjusted to limit the amount of waste
being processed in the kiln to at most 20 percent of the kiln
volume.
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The primary function of the kiln is to convert solid wastes to
gases, which occurs through a series of volatilization,
destructive distillation and partial combustion reactions. An
afterburner is necessary, however, to complete the gas-phase
combustion reactions. The afterburner is connected directly
to the discharge end of the kiln where the gases exiting the
kiln are directed to the afterburner chamber. Some more
recent systems have installed a "hot cyclone" between the kiln
and afterburner to remove solid particles that might otherwise
create slagging problems in the afterburner. The afterburner
itself may be horizontally or vertically aligned, and
essentially functions much on the same principles as a liquid
injection incinerator. In fact, many facilities also fire
liquid hazardous waste through separate waste burners in the
afterburner. Both the afterburner and kiln are usually
equipped with an auxiliary fuel firing system to bring the
units up to temperature and to maintain the desired operating
temperatures. On the other hand, some operators make it a
practice of firing their aqueous waste streams into the
afterburner as a temperature control measure. Rotary kilns
have been designed with a heat release capacity as high as 150
X 10° Btu/h in the United States. On average, however, units
are typically around 60 X 10° Btu/h.

Fixed hearth incinerators, also called controlled air, starved
air or pyrolytic incinerators, are the third technology in use
for hazardous waste incineration today. These units employ a
two-stage combustion process, much like rotary kilns (Figure
IIT - 3). Waste is ram fed or pumped into the first stage or
primary chamber, and burned at roughly 50 to 80 percent of
stoichiometric air requirements. This starved air condition
causes most of the volatile fraction of the waste to be
vaporized by the endothermic heat provided by the oxidation of
the fixed carbon fraction. The resultant smoke and pyrolytic
products consisting primarily of methane, ethane and other
hydrocarbons; carbon monoxide and products of combustion pass
to the second stage, or secondary chamber. Here, additional
air is injected to complete the combustion which can occur
either spontaneously or through the addition of supplementary
fuels. The primary chamber combustion reactions and turbulent
velocities are maintained at low levels by the starved-air
conditions to minimize particulate entrainment and carryover.
With the addition of secondary air, total excess air for fixed
hearth incinerators is in the 100 to 200 percent range.

Fixed hearth units tend to be of smaller capacity than liquid
injection of rotary kiln incinerators because of physical
limitations in ram-feeding and transporting large amounts of
waste material through the combustion chamber. These lower
relative capital costs and potentially reduced particulate
control requirements make them more attractive than rotary
kilns for smaller on-site installations.
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Fluidized beds have 1long served the chemical processing
industry as a unit operation and have been used to burn sludge
generated by municipal wastewater treatment plants. This type
of combustion system has only recently begun to see
application in hazardous waste incineration. Fluidized bed
incinerators may be either circulating or bubbling bed
designs. Both types consist of a single refractory-lined
combustion vessel partially filled with particles of sand,
alumina, calcium carbonate or other such materlals.
Combustion air is supplied through a distributor plate at the
base of the combustor (Figure III - 4) at a rate sufficient to
fluidize (bubbling bed) or entrain part of the bed material
(circulating bed). In the c1rcu1at1ng bed design, air
velocities are blown overhead, separated in a cyclone and then
returned to the combustion chamber. Operating temperatures
are normally maintained in the 1,400 to 1,600°F range and
excess air requirements range from 25 to 150 percent.

Fluidized bed incinerators are prlmarlly used for 1liquids,
sludges or shredded solid materials including soil. To allow
for good distribution of waste materials within the bed and
removal of solid residues from the bed, all solids generally
requlre prescreening or crushing to a size less than 2 inches
in diameter. Fluidized bed incinerators offer: high gas-to-
solids ratlos, high heat transfer efficiencies, high
turbulence in both gas and solid phases, uniform temperatures
throughout the bed, and the potential for in-situ acid gas
neutralization by 1lime, limestone or carbonate addition.
Fluidized beds also have the potential for solids
agglomeration in the bed, especially if salts are present in
waste feeds.

Regardless of the incinerator type selected, the chemical and
thermodynamic properties of the wastes determlne the sizing of
the combustion chamber and its operating conditions
(temperature, excess air, flow rates) and determine the nature
of air pollution control and ash/residue handling systems.
Elemental composition and moisture content data are necessary
to determine stoichiometric combustion air requirements and to
predict combustion gas flow and composition. These parameters
are important in determlnlng combustion temperature and
residence t1me, the efflclency of waste/fuel/air mixing, and
the type and size of air pollution control equipment. typical
operatlng temperatures, gas (and solid) residence times, and
excess air rates for each of the four major incinerator types
are indicated in Figures IITI - 1 to 4. It is important to
understand, however, that significant deviation from these
values has been observed in actual field practice without
detrimental effect on waste destruction and removal
efficiency.
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3. Air Pollution Control

Following the incineration of hazardous wastes, combustion
gases typically need to be further treated in an air pollutlon
control system. The presence of chlorine or other halogens in
the waste will generally signal a need for a scrubbing or
absorption step for combustion gases to remove HCI and other
haloacids. Ash in the waste 1is not destroyed in the
combustion process. Depending on its composition, ash will
either exit as bottom ash, at the discharge end of a kiln or
hearth for example, and/or as particulate matter suspended in
the combustion gas stream (fly ash). Particulate emissions
from most hazardous waste combustion systems generally have
particle diameters down to less than one micron and require
high efficiency collection devices to meet the RCRA or state
emission standards.

One of the most commonly employed air pollution control
systems for hazardous waste facilities is a quench (gas
cooling and conditioning) followed by high-energy venturi
scrubber (particulate removal), a packed tower absorber (acid
gas removal) and a demister (visible vapor plume reduction).

Facilities handling low ash, low halogen content liquid waste
streams have been able to operate without any control,

however.

Venturi scrubbers involve the injection of a scrubbing liquid
(usually water or a water/caustic solution) into the exhaust
gas stream as it passes through a high velocity constriction,
or throat. The liquid is atomized into fine droplets which
entrain fine particles and a portion of the absorbable gases
in the gas stream. The major advantage of venturi scrubbers
is their reliability and relative simplicity of operation. On
the other hand, maintaining the significant pressure drop
across the venturi throat (60 to 120 inches of water column)
required for efficient hazardous waste combustion particulate
matter control represents a significant percentage of the
total cost of operation of incineration facilities employing
venturi scrubblng Also, venturi scrubbers may not be very
effective in controlling the emission of fine partlculates
such as metal aerosols.

Acid gas removal is generally accomplished in packed bed or
plate tower scrubbers. Packed bed scrubbers are generally
vessels filled with randomly-oriented‘packing‘material such as
polyethylene saddles or rings. The scrubbing llquid is fed to
the top of the vessel, with the gas flowing in either
concurrent, countercurrent or cross-flow modes. As the liquid
flows through the bed, it wets the packing material and thus
provides the 1nterfac1a1 surface area for mass transfer with
the gas phase which is required for effective acid gas
absorption.
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Like packed bed scrubbers, plate scrubbers also rely on
absorption for the removal of contaminants. The basic design
is a vertical cylindrical column with a number of plates or
trays inside. The scrubbing liquid is introduced at the top
plate and flows successively across each plate as it moves
downward to the liquid outlet at the tower bottom. Gas comes
in at the bottom of the tower and passes through openings in
each plate before leaving through the top. Gas absorption is
promoted by the breaking up of the gas phase into small
bubbles which pass through the volume of liquid on each plate.

Packed bed or plate tower scrubbers are commonly used at
liquid injection incinerator facilities, where absorption of
soluble gaseous pollutants (HCI & sulfur oxides) is often most
important and particulate control is less critical. At rotary
kiln or fixed hearth facilities, or 1liquid injection
facilities where high ash content wastes are incinerated,
however, venturi scrubbers are often used in series with
packed bed or plate tower scrubbers.

Many designs have begun to incorporate waste heat boilers as
a substitute for gas quenching and as a means of enerqgy
recovery. Wet electrostatic precipitators, ionizing wet
scrubbers, collision scrubbers, spray dryer absorbers, and
fabric filters are also being incorporated into newer systems.
This is largely due to their high removal efficiencies for
small particles and lower pressure drop.

4. Residue and Ash Handling

The inorganic components of hazardous wastes are not destroyed
by incineration. These materials exit the incineration system
either as bottom ash from combustion chamber, as contaminants
in scrubber waters and other air pollution control residues,
and in small amounts in air emissions form the stack.
Residues generated from the incineration of hazardous waste
must be managed carefully.

Ash is commonly either air-cooled or quenched with water after
discharge from the combustion chamber. From this point, ash
is frequently accumulated on-site in storage lagoons or in
containers prior to disposal in a permitted hazardous waste
land disposal facility. Dewatering or chemical
fixation/stabilization may also be applied to meet the Land
Disposal Restriction regulations prior to disposal.

Air pollution control residues are generated from the
combustion gas quenching, particulate removal, and acid gas
absorption steps in an incineration system. These residues
are typically aqueous streams containing entrained particulate
matter, absorbed acid gases (usually as HCl), salts, and trace
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amounts of organic contaminants. These streams are often
collected in sumps or recirculation tanks where the acids are
neutralized with caustic and returned to the process.
Eventually, a portion or all of these waters must be
discharged for treatment and disposal. Many facilities
discharge neutralized waters to settling lagoons or to a
chemical ©precipitation step to allow for suspended
contaminants to be concentrated and ultimately sent to land
disposal. Depending upon the nature of the dissolved
contaminants and their concentration after treatment, waters
may either be returned to the process or discharged to sewers.
One alternative to the management of aqueous residue streams
is to use dry scrubber systems which do not generate any
wastewater.

Incinerators at Other AAP’s 19 120 121 12

Operating explosive waste incinerators burning wastes similar
to Badger AAP’s are located at three Army Ammunition Plants -
Radford, Lake City and Iowa. Each system is based on a rotary
kiln incinerator. Lake City and Iowa’s systems were derived
from the Tooele AD APE 1236 deactivation furnace. Radford AAP
has two identical rotary kiln incinerators, 440 and 441.

1. Incinerator Equipment

Radford incinerators are designed to incinerate off-
specification or waste production propellant mixtures. These
mixtures are brought from the production area to the grinding
building, where they are ground and mixed with water. The
resulting slurry is three parts water to one part propellant.
A pump system located in the grinding building supplies both
incinerators with this slurry feed on a continuous basis. The
incinerators are operated 24 hrs/day, 365 days/year with
minimal downtime. A wide variety of propellant mixtures are
burned in the incinerators. Each incinerator system has a
feed system, rotary kiln, afterburner, evaporative cooler,
fabric filter, gas precooler, packed-bed liquid scrubber,
exhaust fan, exhaust stack and brine system. A process
schematic and flow sheet is shown in Figure III - 5, Radford
Explosive Waste Incinerator Process Schematic and Figure III -
6, Radford AAP EWI Process Flow Diagram.
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Lake City AAP (undated)
Iowa AAP (1994)
Tooele AD (June 1994)

DRE Technologies (1992)
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Lake City’s explosive waste incinerator consists of an oil-
fired APE 1236 rotary kiln with an air pollution control
system. The rotary kiln is designed to incinerate conflgured
munitions and bulk exp1051ves. Incineration is not at
capacity all the time, nor is it a continuous operation for

some waste items. Wastes are fed at rates based on safety
requirements designed to eliminate any high-order detonations.
Over 50 types of munitions and explosives are typically
destroyed. The waste items enter the system at the cool end
of the kiln and move toward the burner end. Kiln temperature
is maintained by modulatlng the burner between low-fire and
high~fire. A screen is provided at the outlet to separate the
ash and scale from the recyclable metals. An after burner is
used to enhance combustion and to guarantee complete
destruction of explosives. The air pollution control system
is designed for removal of particulate and hazardous waste
constituents from the incinerator exhaust gases. This systenm
consists of two gas coolers, a cyclone, baghouse, exhaust fan
and stack. The cyclone removes the large particles and
baghouse removes the small particles. A process schematic is
shown in Figure III - 7, Lake City Explosive Waste Incinerator
Flow Diagram.

Iowa’s furnace/incinerator is also a Tooele design APE 1236
0il fired rotary kiln with an air pollution control system
similar to Lake City’s. The incineration system is designed
to demilitarize obsolete or unserviceable ammunition items and
to dispose of bulk propellants, explosives or pyrotechnic
wastes generated during the process of manufacture and
assembly. Waste is fed at a specific rate depending on the
item. Bulk materials are loaded into paper bags for placement
on the input conveyor. A feed monitor scale prevents feeding
over the allowed rate. Waste enters the rotary kiln via two
conveyors from the cold end as at Lake City. The kiln or
retort consists of four cast-steel sections bolted end to end.
Spiral flights within the kiln provide physical separation of

quantities of munitions or explosives. Normally bulk
explosives begin to burn in the first or second kiln sections
and are consumed by the third or fourth sections. Most

munitions should begin burning, deflagrate or detonate within
the middle sections. After processing through the kiln, ash
and metal components are discharged by conveyor. The Iowa AAP
air pollution control system consists of the same components
as the Lake City system. General arrangement of the
furnace/incinerator is shown in Figure III-8, Iowa AAP
Deactivation Furnace/EWI.
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2. Incinerator Equipment Comparison

The three explosive waste in incinerators are similar but also
very different. Table III - 5, Incinerator Comparison
presents the similarity and differences. Lake City and Iowa’s
incinerator is the 1long-time standard item in AMCCOM’s
inventory. The two systems are almost identical, especially
the air control systems and feed rate. TIowa has a one foot
larger diameter kiln and is fired with #2 fuel oil rather than
#1. Radford’s incinerator is significantly different than the
other two AAP’s. Waste feed is pumped to the incinerator as
water slurry at three times the rate of the other bulk solid
fed incinerators. The Radford kiln volume is three times
greater to conform with the increased feed rate and the
configuration is different - twice the diameter and one-half
of length. Natural gas is the primary Radford fuel with the
kiln having a 35% greater energy input. But the Radford
afterburner is much smaller, one-third of energy input of the
APE 1236 system. The balance of the Radford air control
system is also very different. An evaporator cooler rather
than air heat exchanger is used to cool the combustion gas.
Cooling media is brine versus air. Radford’s Bartlett Snow
system has a water spray gas precooler and packed bed liquid
scrubber but has no large particle separation cyclone. All
three AAP’s have a fabric baghouse, but Radford has 2% times
the baghouse collection fabric area, comparable to a three
times design feed rate.

Operating parameters of the three explosive waste incinerators
are different. Table III - 6, Incinerator Operating Data
presents a comparison of the different operating data. The
most significant difference is the Radford incinerator
operates at a hotter temperature than the two 1236
incinerators. Both kiln temperature and afterburner
temperature is hundreds of degrees hotter. Also the kiln
residence time is one-half but the afterburner residence time
is twice as long. The air flow rates are comparable. Another
difference is the exist temperature. It is different for all
three systens.
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Table III - 5

Incinerator Comparison

Comparison

Feed System

Type
Mode

Draft Fan

Exhaust Stack

Brine System

Design Propellant Feed

Packed Bed Liquid Scrubber

Radford

550#/hr
Water slurry
3.6 gpm metering pump

Vari System Model
VS-27-000 7’6" x 4°6"
glass packing

8,900 cfm
60 HP

24" & x 35 reinforced fiberglass

2 systems reinforced fiberglass
30 gpm & 120 gpm

Lake City

200 #/hr
Bulk solid
2 conveyors, scale, hopper

6700 acfm

24" x 30’
A36 C.S.

None

Towa

205#/hr
Bulk solid
2 conveyors, weigher,chute

Kiln Model Bartlett Snow 7A APE 1236 APE 1236
Diameter OD/ID 6’-6"/5'-5" 3’-0"/2’-6" 4'-2"/3’-6"
Length 12 fi. 20 f. 20 ft.
Shell Thickness 12" 23R 2%"3%"
Lining 6" Firebrick None None
Rotation rate 0.5 - 6 rpm 0.8 -2.8 rpm NA
Burner Model North American 65.14 Hauck Wide Range Hauck #783
Primary Fuel Natural gas #1 Fuel oil #2 Fuel oil
Secondary Fuel Propane Natural gas Propane
Burner Input 4.9 MM BTU/hr 3.6 MM BTU/hr 3.6 MM BTU/hr
Combustion Blower 1800 cfm N/A 740 acfm/S HP
Ash Removal Slide gate Conveyor - Conveyor
—————————e—————— e
After Burner Horizontal Cylinder Rectangular Box Rectangular Box
Dimensions 8'-6" x 5°-80 6’ x6 x14’ 6’x6 x 14
Lining Superduty Firebrick Ceramic Fibre Ceramic Kaowool
Burners 2 North American 6422-7A Hauck Wide Range Hauck #785
Burner Input 2.7 MM BTU/hr each 7.0 MM BTU/hr 7.0 MM BTU/hr
Primary Fuel Natural gas #1 Fuel oil #2 Fuel oil
Secondary Fuel Propane Natural gas Propane
Combustion Blower 1800 cfm @ 23.5 osi 1000 scfm 1000 scfm
Combustion Gas Cooler Vertical steel cylinder Two cross current heat Two cross current heat
spray evaporator cooler exchangers exchangers
Cooling Media Scrubber Brine Ambient Air Ambient Air
Cooling Area 5°-10"Q x 24’-7" 800 and 1570 SF 800 and 1570 SF
Cooling Air Fan None 26,300 acfm/40 HP 26.300 acfm/40 HP
17,100 acfm/20 HP 17,100 acfm/20 HP
Cyclone None Ducon VM Model 700/150 Ducon VM Model 700/150
Size 165 C.S. Size 165
Bag House
Size 8’ x 10’-5 x 40° Bags 414" x 8’ Bags 44" x 8’
# Bags 156 100 100
Bag Material Goretex® Goretex® Nomex
Fabric Area 2340 SF 950 SF 950 SF
Gas Precooler 314’ & x 10’ water spray None None

6700 acfm
50 HP

20" x 30°
A36 C.S.

None
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Table III - 6

Incinerator Design Operating Data

Data Element Radford Lake City Iowa
Design Propellant Feed Rate 550#/hr 200#/hr 205#/hr
Kiln Exit Gas Temperature 1200 -1400°F 600 - 1200°F 600 - S900°F
Kiln Residence Time 0.8 - 9.6 min 2 - 16 min NA
Afterburner Gas Temperature 1600 - 1800°F 1100 - 2200°F 1200 - 1800°F
After Burner Residence Time 2 gec 1 sec 1 sec
Gas Coolers Exit Temperature 350°F 250°F 250°F
Cooler Residence Time 2 sec NA NA
Gas Precooler Exit Temperature ~ 190°F ~ 150°F 200 - 280°F
Stack Gas Flow 7000 acfm 4000 scfm 4500 scfm

3. Incinerator Control Systems

Lake City’s explosive waste incinerator is controlled by a
Honeywell 620 Series programmable logic controller (PLC), five
Honeywell UDC 3000 loop controllers, and an IBM compatible 486
industrial computer. The Honeywell PLC is used to turn
equipment on and off. It continuously monitors data such as
temperature, pressures, etc. Should one of the various pieces
of data exceed a preset limit, it will activate alarms and
shutdown systems. Loop controllers control the temperature of
the kiln, afterburner, low and high temperature gas coolers
and duct pressure. Loop controllers work by modulating the
outputs to maintain at the set point. The industrial computer
is used to down load setpoints and operating limits to the PLC
and loop controllers. It is also used to retrieve, display
and record process data.

Radford’s explosive waste incinerator is controlled by a
system including a local process controller located at the
incinerator and a management station in the control room.
Measurement instruments and control valves are wired into the
local process unit. The management station provides operation
interface. A data highway allows communication between the
local process unit and management station. The control system
provides the following monitoring and control functions:
display of process parameters, continuous control of process
parameters interlocks, process alarms, trends and report

generation. Two multipoint strip chart recorders (Chessel and
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Honeywell) are used to record various process parameters. The
recorders continuously record process parameters versus time.
Flow rates are totalized and integrated over time and displays
a value indicating pounds burned.

The Iowa explosive waste incinerator 1is operated and
controlled by a Honeywell PLC similar to the Lake City
incinerator. The PLC program provides the operation and feed
rate parameters. The program also provides protection and
automatic shutdown if there is a system failure. Its control
system also includes five Honeywell UDC 3000 loop controllers
and an IBM industrial computer. The computer provides an
interface between the operator and the PLC and also provides
a data collection point. The operating software is a package
developed by Honeywell named the "Personal Computer Operating

Station". This software is a menu driven package allowing the
operator to move around twenty one different main display
screens. Screens depict operating state, alarm state,

history, set points, munition recipes, diagnostics, tuning,
startup and shutdowns. The control scheme is shown on Figure
III-9, Iowa AAP Functional Process Control Diagram.

All three explosive waste incinerator control systems are
extensively interlocked such that if any emergency should
occur, the waste feed is cut off. Certain process parameters
are critical for destroying the waste and scrubbing the
combustion gas. These critical parameters are interlocked so
that waste feed is automatically shut off if certain limits
are exceeded. Table III -7 Automatic Waste Feed Cut Off
Conditions, is a list of these critical parameters for each
location. Cut off parameters are similar for the three
systems, but the cut off limits are very different depending
on the RCRA permits.
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Table III - 7

Automatic Waste Cut-Off Conditions

Parameter Radford Lake City Iowa
Material Feed Rate >2000#/hr >set point >set point
Kiln Inlet Temperature <250, >450°F >1100°F

Kiln Exit Gas Temperature
Afterburner Temperature
Gas Cooler Temperature

Bag House Temperature
Bag House Pressure
Exhaust Carbon Monoxide
Exhaust Oxygen

Exit Gas Velocity

Exit Gas Temperature

<1200, >1400°F
<1600, >1800°F

<600, >1200°F
<1300, >1450°F
Low Temp <225,>400°F
High Temp >900°F
<225, >400°F

<350, >1500°F

<1500, >2000°F
Low Temp <215,>350°F
High Temp <350, >2000°F

<215, >300°F

<TBD >None <27, >6" w.g <1", >6" w.g.
>100 ppm >100 ppm >100 ppm
- >21% >21%

<300, >375°F

<30, >50 ft/sec

>0.1" w.g.

<25, >34 ft/sec

Kiln Pressure >0.0" w.g. -
Fuel Flow - - >35 gpm
Scrubbing Flow <90 gpm - -

Kiln Rotation >0 rpm >0 rpm >0 rpm
Kiln Burner Flameout Yes Yes Yes
Afterburner Flameout Yes Yes Yes
Any motor Failure Yes Yes Yes
Control System Failure Yes Yes Yes
Power QOutage Yes Yes Yes

D. Thermal Treatment Alternatives

The literature search found many treatment technologies. Most
of these are emerging technology and not fully developed.
These include biological, thermal, physical and chemical
treatments. A detailed discussion is found in paragraph II C
3. Various technology is summarized in Table II - 3,
Hazardous Waste Disposal Alternatives. The project review
concludes that specific thermal treatment is the only
technology that could efficiently treat current and potential
future capacities in the range of 600 tons per year of high
energetic waste.

Open burning/open detonation is not allowed and is not a
thermal treatment alternative for further consideration. Many
types of incinerators are well developed and mature thermal
alternatives. Several studies have been completed evaluating
incinerator systems. Studies at ARDEC'® % recommended a

123

Irving Forsten, et al (May 1976)
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fluid bed incinerator over a rotary kiln incinerator, but
fluid beds were later found to be unacceptable from a safety
standpoint.!”® Much rotary kiln development work has been
completed by the EPA Incineration Research Facility at
Jefferson, Arkansas!’® and earlier by Blank and Wesselink &
Associates.!” Blank and Wesselink & Associates established
a standard design for disposal of explosive wastes at Army
Ammunition Plants. The standard design is a rotary kiln as
provided by Tooele Army Depot. Standard design and operating
practice are very mature. The three similar explosive waste
incinerators now in operation are rotary kiln incinerators.
Badger AAP’s incinerator will also be a rotary kiln
incinerator based on the proven design from the three similar
facilities.

The rotary kiln is probably the most prominent type of
combustion system for incineration. These devices are popular
because they can operate in a wide range of conditions and
therefore can handle a wide range of wastes.'® Each rotary
kiln operates under different conditions generating different
emissions. For example, rotary kilns that devolatilize
contaminated soil operate at temperatures as low as 500°F,
while rotary cement kilns operate at temperatures as high as
2,800°F. Because of this variation, no single temperature is
characteristic of a rotary kiln. Rotary kilns typically have
fairly high entrainment. Entrainment occurs because solids
roll over and over again inside the kiln, and are continually
tumbled and reintroduced to the gas stream, providing multiple
opportunities for them to become entrained. In addition,
solids reside in the kiln a long time. Many rotary kilns are
charged discretely; often entire drums are fed into a kiln in
a single charge. This means that the temperature inside the
kiln is cyclical. The material may be at a much higher
temperature initially as the waste first begins to burn, and
then at a lower temperature as the waste burns out before the
next charge is added. Because of the temperature variability
inside the kiln, the volatility of material may be much higher
than would be expected from the average exit temperature. As
a result, a single time-averaged exit temperature is not
representative necessarily of the environment that materials
experience in a rotary kiln. Therefore, rotary kilns are
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E.

excellent explosive waste incinerators.

Current Rules and Requlations

Hazardous waste combustion devices are regulated under the
Resource Conservation and Recovery Act (RCRA) under the
following provisions:

e 40 CFR part 264, subpart O - Permitted Incinerator
Standards

® 40 CFR part 270 - Permitting Requirements

The RCRA regulations require that all hazardous waste
treatment, storage, and disposal facilities be permitted
before being constructed. An exception is that existing
facilities can continue to operate until EPA or "authorized"
states make permit decisions.

The State of Wisconsin is authorized to administer and enforce
a hazardous waste management program in lieu of the Federal
program in accord with RCRA.'” The Wisconsin program as
administered by the Department of Natural Resources was
approved by EPA effective on January 31, 1986, June 6, 1989
and January 22, 1990. Wisconsin has primary responsibility
for enforcing its hazardous waste program. However, EPA
retains the authority to exercise its enforcement authority
under RCRA. Wisconsin rules and regulations are contained in
Wisconsin Administrative Code under the following chapters:

. Chapter NR 630 - Storage, Treatment and Disposal
General Standards

o Chapter NR 665 - Incinerator Standards

Under section 40 CFR 264.340, certain incinerators that burn
waste defined as hazardous based only on ignitability,
corrosivity, or reactivity characteristics are exempted from
most of the incinerator permit requirements. If the waste has
either no or insignificant concentrations of hazardous waste
constituents, the facility can be exempted from all of the
permit requirements except for waste analysis and closure.

Three types of hazardous waste combustion devices are
regulated under RCRA: incinerators, boilers, and industrial
furnaces (BIFs). Different standards apply to incinerators
than to BIFs.

Only enclosed devices with a direct flame are considered
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only enclosed devices with a direct flame are considered
incinerators and are subject to subpart 0 incineration
standards. Thermal treatment devices that are not enclosed or
that operate without a direct flame and that are not BIFs are
regulated under subpart X, which requires that miscellaneous
units undergo an environmental assessment. Open burning/open
detonation is regulated under subpart X.

1. Incinerator Performance Standards

Regulatlons for hazardous waste incinerators apply to
emissions of organics, hydrogen chloride, and particulate
matter, as well as fugitive emissions. The performance
standards for hazardous waste incinerators require a
99.99 percent destruction and removal efficiency (DRE)
for designated principal organic hazardous constituents
(POHCs) . Since measuring the DRE for all organic
constituents in the hazardous waste is impractical, EPA
regulations specify that the DRE must be demonstrated on
a subset of organics, POHCs, that are considered
representative of the other organic constituents an
incinerator will burn. POHCs are chosen based on such
factors as difficulty of incineration and prevalence in
the waste feed.

Hydrogen chloride and particulate emissions also are
regulated. The required removal efficiency for hydrogen
chloride is either 99 percent efficiency or a maximum of
four pounds per hour emitted, whichever is greater. For
particulates, the emissions 11m1t is 0.08 grains per dry
standard cubic foot (gr/dscf) corrected to 7 percent
oxygen. This correction is required so that regardless
of the dilution factor (the more dilution the greater the
percentage of oxygen), the concentrations for different
combustion devices under different operating parameters
can be compared. EPA developed a new formula to
calculate the correction to 7 percent oxygen that
accounts for oxygen enrichment by allow1ng substitution
of the actual percentage of oxygen in the incoming air.
Note EPA is considering the potential to 1lower the
particulate standard to 0.015 gr/dscf.'

Fugitive emissions from the combustion zone also must be
controlled. The two control methods are (1) malntalnlng
negative pressure in the combustion zone so that air will
be pulled into the device rather than allowing pollutants
to escape before they go through air pollution control
equipment, and (2) totally sealing the combustion chamber
so that no emissions can escape to the environment. A
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delay time between an exceedance of the maximum
combustion chamber pressure limit and automatic cutoff of
the waste feed generally is not acceptable. Any delay
between a pressure exceedance and an automatic waste feed
cutoff potentially would result in fugitive emissions.

Incinerator Amendments

Requirements for metals and products of incomplete
combustion (PICs) were proposed in April 1990 in the
amendments to the incinerator requlations. The emission
limits for metals are site specific and risk based, while
the PICs regulations 1limit the carbon monoxide or
hydrocarbons in stack gas. A site-specific, risk-based
check on hydrogen chloride emissions similar in format to
the metals requirements also was proposed. These
incinerator amendments have been on hold. Nevertheless,
incinerator permit writers have been implementing them
since mid-1988 under the authority of the Omnibus
prov151on in section 3005(c) (3) of RCRA. The Omnibus
provision allows the permitting authority to impose
permit conditions as necessary to protect human health
and the environment. Both 51te—spe01f1c risk-based
metals emission limits and PIC emission limits have been
set in incinerator permits under the authority of the
Omnibus provision. EPA personnel initially developed
guidance on both metals emissions and PICs, but this
guidance is out of date and is being revised.

A very important aspect of the regulations is that
compliance with the operating conditions specified in the
permit is deemed to be compllance with the performance
standards. This provision exists because continuously
monitoring the concentration of emitted pollutants, with
the possible exception of hydrogen chloride, to evaluate
compllance with the performance standards is not possible
glven the current state of technology. The permit, which
is site specific, is based on the results of a trial burn
in which compliance with the performance standards as
well as key operating parameters, such as temperature,
are monitored. The operating conditions under which the
performance standards are met are specified as permlt
conditions. The regulations specify that a facility in
compliance with the permit conditions is deemed to be
complying with the performance standards. If, during the
life of the permit, EPA receives information that
indicates operating conditions no 1longer represent
compliance with the performance standards, EPA can
require a retest or can modify the permit.
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Operating Conditions

The regulations require the follow1ng operating
conditions to be specified in an incinerator permit
(NR6655.09) :

. Carbon monoxide level in stack exhaust gas

° Waste Feed rate and composition

° Combustion temperature

° Combustion gas velocity indicator

° Other requirements necessary to meet performance
standards

These conditions are self explanatory, except for the
requirement for a combustion gas velocity indicator and
the "other requirements." The combustion gas velocity
indicator is important because it indicates gas residence
time in the combustor.

To determine the other requirements, two questions must
be addressed:

° What other operating conditions should be set in
the permit to ensure long-term compliance with the
performance standard?

L How can these permit conditions be set from the
trail burn to account for variability such as
differences in operating conditions from one run to
the next?

Additional requirements under the incinerator regulations
include:

° Automatic waste feed cutoff (NR665.09(12))

° Records, training, inspections and monitoring
(NR665.09)
° Removal of hazardous waste and residues upon

closure (NR665.10)
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EPA developed guidance on setting permit conditions and
reporting trial burn results.!® EPA’s goals in
developing the guidance were to provide a standard set of
incinerator operating conditions that would ensure
maintenance of performance standards during incinerator
operation; eliminate unnecessary or redundant parameters
that would restrict flexibility of operation and make
monitoring to ensure compliance cumbersome; and include
both the regulatory and technical basis for each
operating condition. The basis for each operating
condition was included for three reasons. First, the
guidance was intended to be used as a training tool.
Second, because all incinerators are different, the
guidance would be difficult to apply in all situations
without detailed information. By providing the basis for
choosing permit conditions and determining how they are
set, EPA allows the permit writer to evaluate the
applicability of conditions to the particular incinerator
being evaluated and, if necessary, adapt these operating
conditions to a specific facility. Third, compliance
with the guidance is not regquired; the document is only
guidance. EPA concluded that permit writers were more
likely to implement the guidance if they understood its
bases.

Permitting Process

The permitting process for incinerators differs depending
on whether a unit is a new, as-yet-unconstructed unit or
an existing unit. For owner/operators of a new unit, the
first step in the permitting process is to submit Parts
A and B of the permit application. Part A is a standard
form that describes the types of waste management units
at the facility and the types and amount of waste the
units will be handling. The much more detailed
requirements for Part B are described in part 270 of the
regulations. Wisconsin regulations refer to Part A and
B as a Feasibility and Plan of Operation Report.
Wisconsin regulations are in NR665.06. The purpose of
the report is to determine whether the site has the
potential for use as a hazardous waste incinerator and to
identify and address any operating conditions which are
necessary for the proper operation of the facility.
After a facility has submitted Parts A and B, the
permitting authority reviews the application and prepares
either a draft permit or a draft denial. The proposed
decision then is released for public comment. A public
hearing will be held if requested during the public
comment period. Finally, the permitting authority
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incorporates the public comments, and, if the decision is
to issue the permit, issues a four-phase permit.

The facility must comply with a set of operating
conditions as per Wisconsin NR665.07 for each of the
following four phases of operation:

. Startup/shakedown-bringing the equipment on 1line
and resolving any problems.

° The trial burn-conducting the trial burn for
purposes of demonstrating compliance.

° The post-trial burn period-assembling, analyzing,
and reviewing the results of the trial burn.

. The final operations period-the rest of the
facility operation under the permit.

Although the conditions for the final operations period
are specified when the permit is issued, if the results
of the trial burn are different than those expected, the
conditions in that final phase of operation may be
modified.

Future Strategy

The EPA developed a Draft Combustion Strategy in October
1993 to serve as a catalyst for discussion on how to best
integrate hazardous waste source reduction and waste
combustion and on ways to better assure the public of
safe operations of hazardous waste combustion
facilities.!

The foundation of this draft strategy are the following
goals:

o To establish a strong preference for source
reduction over waste management, and thereby reduce
the long-term demand for combustion and other waste
management facilities.

° To better address public participation in setting a
national source reduction agenda, in evaluating
technical combustion issues, and in reaching site
specific decisions during the waste combustion
permitting process.
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° To develop and impose implementable and rigorous
state-of-the-art safety controls on hazardous waste
combustion facilities by using the best available
technologies and the most current science.

o To ensure that combustion facilities do not pose an
unacceptable risk, and use the full extent of legal
authorities in permlttlng and enforcement.

o To continue to advance scientific understanding
with regard to waste combustion issues.

These goals address the major issues surrounding
hazardous waste combustion today and provide an
appropriate framework for a broad assessment of how
source reduction and combustion of hazardous waste can be
integrated into a national waste management program.

Specific relevant actions proposed by the draft strategy
include the following short-term actions: Give low
priority to new permits, finalize waste minimization
program, use site specific risk assessments, and reduce
particulate standard to 0.015 gr/dscfm. Some long term
actions are reduction of sources, setting annual
reduction goals and upgrade rules to reflect state-of-
the-art advancements.
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A.

IV. EXISTING FACILITY FEASIBILITY

Existing Contaminated Waste Processor

1.

General

Badger AAP has a small unit, contaminated waste processor
(CWP) that was constructed in 1981-83, becoming
operational in August 1983. It was subsequently laid
away, mothballed in 1992. The CWP is a system designed
to incinerate explosive contaminated combustible material
or to flash explosive contaminated metal. The system
consists of a carbottom furnace, batch feed system
including an overhead trolly, and an air pollution
control system (APCS). The system was designed to burn
300 pounds of waste per hour or flash 8000 pounds of
metal per hour while meeting state and federal air
pollution control standards. Actual incineration rates
have been under 250 pounds/hour. Refer to drawings in
Appendix for more information.

Furnace

The furnace is of a single chamber, self-moving carbottom
type with a capacity for loading a 6 foot high by 6 feet
wide by 13 foot long load of 10,000 pounds gross weight.
It was manufactured by Wellman Thermal System. The
nominal interior dimensions are 6 feet high by 6 feet 11
inches wide by 13 feet long. The furnace operates at a
1800°F maximum continuous working temperature with a
capability of withstanding intermittent temperatures of
2000°F. #2 fuel oil fires the furnace. The furnace is
operated as an induced draft furnace in conjunction with
a dry-type air pollution control system. Included with
the furnace is an unfired afterburner to provide a
residence time of approximately 0.4 to 0.5 seconds for
the exhaust gases at 1600°F. There is a stack above the
unfired afterburner and a lateral connection from this
stack to duct the exhaust gases to the air pollution
control system (APCS). The stack is closed off above the
lateral connection during normal operations by a
butterfly damper. This damper will be opened and the
stack used only when the APCS is shut down.

Batch Loading System

The batch loading system uses a 6 feet wide by 12 feet
long by 2 feet high loading basket with a holding tray
below. The basket is placed on the standard carbottom
with an overhead traveling trolley loading system. The
loading basket is fabricated of steel with wire braided
sides and enclosed pan to catch the ash and residue.
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Large metal scrap can be placed directly on the
carbottom, for batch processing. This is accomplished by
using the overhead trolley with a sling or a forklift (if
carbottom is cold). Trolley is designed to carry a
10,000 pound load. The smaller scrap will be placed in
the baskets with the contaminated wastes to be processed.
These baskets will be loaded in the loading area, then
picked up and transferred to the furnace by the overhead
trolley. Remote controlled quick release hooks are used
to load and unload the baskets, thus insuring the safety
of the operator.

Air Pollution Control System (APCS)

The APCS, consists of a gas cooler, cyclone, baghouse,
exhaust fan, and exhaust stack. The furnace exhaust gas
(4000 scfm) will be maintained at nominally 1600°F to
assure combustion of the wastes. Dilution air will be
added to the 1600°F exhaust gas to provide 900°F air at
the gas cooler inlet. Gas cooler is an Interel/Luhr 2
module type model, 10 feet in length, 7/-1" in width and
25’ tall. The gas cooler will cool the furnace diluted
exhaust gas (900°F, 7810/24446 ACFM) to provide gas
temperature (250°F, 12,762 ACFM) conditions within the
operating limits of the baghouse. The gas cooler is used
to minimize the exhaust fan power requirements as well as
exhaust gas processing requirements. The exhaust gas
will then pass through the cyclone to remove particulate
down to approximately the 10 micron size followed by the
baghouse for removal of particulate to 0.1 micron size.
It is expected that better than 99% of the emitted
particulate will be removed by the cyclone/baghouse
combination. Cyclone is size 165, type VM model 700/150
manufactured by Ducon Company. Dust collects in the
bottom of the cyclone where it is continually removed by
a double tipping valve. The baghouse is a National Air
Systems, Inc. Model RJ-TN-100-12-10 with 10 feet 1long
Nomex, 14 oz. bags. The unit is 10 feet long, 9 feet
wide and 27’-6" in height. Incoming gases are filtered
through the bags leaving the particulate residue on the
exterior of the bag. The residue is then removed by
backflushing at regular intervals. The residue is blown
off the bag and falls to the bottom of the collector.
The baghouse exhaust gases (250°F) will then pass through
the induction fan, which provides a negative draft on the
CWP system, and exits out the exhaust stack. Stack is
20" in diameter and 21 feet tall.

System Controls

The control system for the CWP is divided into three
major sections including the material handling section,
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incineration section and the exhaust treatment section.
Figures IV - 1, control logic flow chart, and IV - 2,
control schematic are provided to aid the understanding
of the control system.

6. Building and Grounds

The furnace and loading system are housed in a 30’ x 80’
steel insulated panel, preengineered building 18 feet
tall at the eave. Building drawings are in the Appendix.
Partly enclosed, the furnace comes out the southeast
corner of the building connecting to the APCS systen,
which is entirely outside. One end of the buildings is
a 800 SF control room where the carbottoms are loaded.
It also contains a toilet room. A 12 inch concrete blast
wall with 12 feet by 20 feet blast door separates the
control room from the furnace room. Two large 14 feet
wide by 12 feet high electric roll-up doors are on each
gable end of the building. Concrete floors are sloped
and guttered with drainage to a 1400 gallon concrete
sump. An auxiliary 10’ X 20’ X 10 compressor building
is located, 40 feet from the main building, amidst the
APCS system. Facility has electricity, water and
sanitary sewer services. A 10,000 gallon fuel oil tank,
pumps and piping were located underground 100 ft north of
the building. This underground tank was removed in
August 1993. The building is sited in the center of a
50,000 SF area entirely surfaced with bituminous and
concrete. Surfaced area is further centered in an 8 acre
fenced off complex. An 18 foot wide paved road serves
the complex.

Current Operations

The CWP is not currently in operation. It was laid away in
1992. Operations discussed are as of the last operation.
Only contaminated materials, such as cardboard boxes, paper,
wood as well as small quantities of metal items which may be
contaminated with explosives may be burned. Material with
contamination levels over 1% may not be burned. This is not
an explosive waste incinerator. Any other materials other
than those listed above may not be burned. For example, PCBs,
uncontaminated treated wood, waste oil and solvents may not be
burned.

Personnel and explosive limits have been established for the
CWP operation. Personnel 1limits are 2 operators and 4
transient people. Waste is limited to only two loaded trolley
baskets in the load/control room and one basket in the furnace
room. Each basket may only contain one pound of concentrated
propellant waste or five pounds of distributed propellant
contaminated waste. There will also be only 15 pounds
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explosives in the sump. A maximum quantity of approximately
500 pounds of loosely piled wood or paper can be burned in one
basket.

Operation of the CWP will first require a start-up, and then
operation will be automatically or manually remote controlled
from the central control panel. Once a flame has been
established in the furnace, the waste materials can be fed to
the cooling area of the furnace room, and into the furnace via
the trolley hoist and carbottom.

The CWP can be operated as a batch (automatic or manual
system) or flash (manual only system) for large size materials
that cannot be placed in a basket, and for which a continuous
furnace flame is applied. See Figure IV - 3, Process Flow
Diagram.

1. Batch System

With the flame established in the furnace, contaminated
waste is placed in the basket located in the loading area
of the control room. By operating the central control
panel, the trolley will pick up the selected basket,
transfer it through the blast wall opening and deposit it
on the carbottom. The car bottom will enter the furnace,
and after burning has been completed (approximately 1%-2
hrs) will exit the furnace. The trolley will then pick
up the basket from the carbottom and place it on a
designated location for cooling. The trolley will then
return to the loading room and pick up another basket,
that was loaded with contaminated waste while the
preceding load was being burned, and repeat the cycle.
When all baskets in the cooling room have cooled, and the
furnace and related pollution control systems have been
shut down and cooled, the residual scrap metal will be
removed and collected separately before each basket is
reloaded. The baskets and carbottom will be cleaned at
least once each week or sooner, if conditions require
more frequent cleaning.

2. Flash (Manual) System

Contaminated items are loaded directly into the basket on
the carbottom, or carbottom itself and placed into the
furnace before the furnace burns on high flame
continuously for a prescribed time. The car bottom is
then removed from the furnace and cooled and cleaned of
residual material. The trolley hoist is not used for
this mode of operation.
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Propane forklifts are used to move contaminated waste
dumpsters and ash drums around the facility. Operators
wear flame resistant coveralls, safety glasses, safety
shoes, hard hats and gloves. A full-face respirator with
ultra fine, type H filters or full-face respirators with
filtered fresh air supply are worn when cleaning baskets
and floors of ashes, and any other time ashes may become
airborne.

The CWP was operational 29 August 1983. Specific
operations on a regular basis began in October of 1983
and continued until October 1987. The 1last burn was
October 15, 1987. Operations were almost daily except
for three periods when insufficient waste material was
available. These idle periods were: April and May 1984,
August 1984 to February 1985, and March to August 1986.
Hazardous waste material was almost exclusively explosive
contaminated wood from Badger’s ongoing maintenance
activities. Less than 1% was other waste material.
Operational Data is summarized in Table IV - 1, CWP
Operational Data. Total incinerated tonnage was 195.

Safety directives were issued in 1985 which limited the
number of baskets burned to two per 8 hour day. Overall
actual incineration rate is therefore only approximately
100 pounds of explosive contaminated material (wood) per
hour. Incineration time is 3 to 4 hours per day for a
direct incineration rate of 225 pounds per hour.

Table IV - 1

CWP Operational Data 3

Weight

Year Operating Days Incinerated - lbs | Rate - 1lbs/hr
1983 26 12,000 57.7

1984 47 36,300 96.5

1985 138 109,600 99.3

1986 99 75,280 95.1

1987 187 157,520 105.3

Total 497 390,700 98.3 I

133

Badger AAP (1983-87)

81




—

Hazardous Wastes To Be Incinerated

The explosive wastes to be disposed of are generated within
the Badger AAP boundaries, primarily from the manufacture of
propellants. The quantity and type generated will vary month
to month. Currently Badger is in standby status and small
amounts of waste are being generated from ongoing activities
such as maintenance, propellant storage, and research
projects.

In the event of surge production, when propellant manufacture
will be undertaken, a larger quantity of reactive wastes from
the production 1lines will be generated. The estimated
guantity is up to 3,600 pounds per day of wastes at maximum
proposed production rates under this scenario.

1. Waste Generation

Badger AAP produces single base and double base
propellants and has production facilities for
nitrocellulose and nitroglycerine. There is no
production facility for nitroquanidine at this location,
but triple base propellant could be produced if
nitroguanidine was brought in from another production
plant.

The wastes generated at Badger AAP include off-
specification and potentially unstable propellant and the
wastes generated during the manufacturing of these
propellants that cannot be recycled. Contaminated
reactive components of propellants such as unusable
nitrocellulose, nitroglycerine, and chemical mixtures
containing these bases are also generated. Other sources
of reactive wastes are laboratory testing of propellants,
and research and development projects involving
propellant production and investigations of environmental
controls for that production. Routine maintenance,
cleaning and demolition activities also discover reactive
wastes that must be treated.

The propellants stored in the magazines at Badger AAP are
reviewed periodically. These materials are produced at
the installation. When declared off-specification from
testing or exceeded shelf 1life, or are otherwise
determined to be unusable, these materials are classified
as wastes. Procedures to destroy these wastes are then
initiated.

The classification of the materials as waste is made in
accordance with military specifications, historical data
and ordnance publications. Specific chemical propellant
formulations known or expected to be produced or stored
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at Badger AAP are provided in Tables IV - 2, Explosive &
Propellant Chemical Formulations.

Waste Characteristics

Explosives are substances or mixtures capable by chemical

reaction of producing gas at high temperature and

pressure. Explosives can include hlgh exp1051ves, low

explosives, propellants, igniters, primer, initiating and
pyrotechnic compositions. For explosives, a
fast reaction produces a very high pressure
shock in the surroundlng medium capable of
causing significant disruption or damage to
that medium.

In propellants, a slower reaction produces lower pressure
over a longer period of time. This lower sustained
pressure is used to propel objects or to power auxiliary
devices. Propellants can be distinguished from high
explosives by the chemical rate of reaction. Propellants
characteristically react (burn) at a rate that is much
lower than the reaction rate of explosives. It is
difficult to distinguish between propellants and
explosives based on chemical composition alone.
Propellants are characterized by the ability to be made
to burn at reproduc1b1e, controllable, and predetermined
rates. This is accomplished by the addition of compounds
to stabilize and/or deter combustion rates. When
confined to the breech and barrel of a gun, the evolved
gases produce high pressures, which provide the
propulsion for the projectile. Under certain conditions,
however, the propellants can be made to detonate.

Pyrotechnics evolve large amounts of heat, noise, smoke,
light, or infrared radiation but much less pressure than
propellants or explosives. Pyrotechnic chemical
reactions are generally non-explosive, relatively slow,
and self-sustaining.

Propellants can be grouped into four classes. A given
propellant composition may be suitable for use in several
applications.

. Single-base propellant compositions are used in
cannons, small arms, and grenades. These
compositions contain the propellant nitrocellulose
as their chief ingredient. In addition to
containing a stabilizer, they may also contain

- inorganic nitrates, nitro-compounds, and
nonexplosive materials such as metallic salts,
metals, carbohydrates, and dyes.
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Table IV - 2

Explosive & Propellant Chemical Formulations

NAME CHEMICAL FORMULA
Nitrocellulose C,;H,s(ONO,) ,O¢

Nitroglycerine C,HN;0,

BALL POWDER® Propellant WC846

Nitrocellulose C,,H,s(ONO,) ,O,
Nitroglycerine C;H,N;0,
Dibutylphthalate : C4H,(COOCH,),
Diphenylamine (Cets) NH
Calcium Carbonate CaCo,
BALL POWDER® Propellant WC870

Nitrocellulose C,2H,5(ONO,) ,O¢
Nitroglycerine C,HsN,0,
Dibutylphthalate CgH, (COOC H,),
Diphenylamine (CeHs) .NH
Calcium Carbonate CaCo,
Potagsium Nitrate KNO,

Tin Dioxide Sno,

BALL POWDER® Propellant WC844

Nitrocellulose C,,H,6(ONO,) ,O¢
Nitroglycerine C,H,;N,0,
Dibutylphthalate CeH, (COOCH,) ,
Diphenylamine (C¢Hy) ,NH
Calcium Carbonate CacCo,

Nitroguanidine CH,N,O,

DIGL-RP
Nitrocellulose C,H,6 (ONO,) 4O
Diethylene Glycol Dinitrate CHgOsN,
Ethyl Centralite C,H, ( C6Hs ) NCON ( C¢Hs) C,H
Methyldiphenyl Urea {CsH;) NH
Carbon (Graphite) (o]
Magnesium Oxide Mgo

JA2
Nitrocellulose CoH6(ONO,) ,O6
Nitroglycerine C,HN,0,
Diethylene Glycol Dinitrate C,H;OsN,
Methyldiphenyl Urea (CeHs),NH
Carbon (Graphite) c

Magnesium Oxide - MgO
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PERCENTAGES

85%
10.8%
4.5%
1.3%
.2%

81%
10.8%
6.0%
1.2%
. 2%
. 9%
.9%

85%
10.8%
4.5%
1.3%
2%

60.5%-65.5%
35.7%-37.7%
.20%-.50%
.30%-.75%
.05%
.03%-.05%

5§9.11%
15.45%
24.64%
7%
.06%
.04%




Slotted Stick M31A1lE
Nitroguanidine
Nitroglycerine
Nitrocellulose
Dibutylphthalate
Ethyl Centralite
Potassium Sulfate
Carbon Black

N34 Rocket Propellant
Nitrocellulose
Nitroglycerine
Diethylphthalate
2-Nitrodiphenylamine
Lead Hexoate
Lead Salicylate

M37 Propellant
Nitrocellulose
Nitroglycerine
2-Nitrodiphenylamine
Glycerol Triacetate
Lead Salicyclate
Lead 2-Ethylhexoate
Candelilla Wax

AA2 (Mk90)
Nitrocellulose
Nitroglycerine
2-Nitrodiphenylamine
Di-n-propyladipate
Candelilla Wax
Triacetin
Lc-12-14

{Lead Salicylate

{Copper Salicylate

M1l Propellant
Nitrocellulose
Dinitrotoluene
Diphenylamine
Potassium Sulfate
Dibutylphthalate

NACO Propellant
Nitrocellulose
Ethyl Centralite
Lead Carbonate
Butyl Stearate
Potassium Sulfate

Mé Propellant
Nitrocellulose
Dinitrotoluene
Dibutylphthalate
Diphenylamine
Potassium Sulfate

Table IV-~2 continued

CHN,0,
C3H;sN;0,
Ci2H,6(ONO; ) 406
Cell4, (COOCH,) ,
C,H; ( CeH; ) NCON ( CgH; ) C,H;
K;S0,

C,2H,6(ONO, ) ;O
C,H,N,0
CeH(COOCH,) ,
CoH{NHCH,NO,
(CeH,,0,) ;Pb
Pb (OOCC(H,0H) ,. H,0

C12H6(ONO,) 406
C,H;N,0
CeH;NHCH NO,
CoH,406
C,4H,i06Pb
CSHIGOZ. pr
unknown

C,zH,6(ONO,) ;06
C;HN,0
CeHsNHCH,NO,
C12H»0,

unknown
C;H; (OCOCH, ) ,

C,.H,,0sPb
C,4H,2,CU,0,

Cy,H,6(ONO;) 4O
CeH,CH; (NO,) ,
(CeH;) ,NH
K,S0,
CeHy(COOCH,),

C,zH,6(ONO,) 4O
C,H; (CgHs ) NCON ( CgH; ) C,H
PbCoO,
Cy7HysCOOC H,
K,S0,

C,2H,6(ONO,) 4O
CH;,CH, (NO, ) ;
CgH,(COOC,H,),
(Cetls) NH
K,S0,
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54.7%
18.0%
21.5%
3.0%
1.5%
1.25%
.05%

50%
35%
10.6%
2%
1.2%
1.2%

50%
36.2%
1.0%
9.7%
1.5%
1.5%
-1%

51%
38.6%
2.0%
1.6%
0.1%
2.7%
4.0%

83%-87%
8%~12%
.9%-1.2%
< 7%-1.3%
4%-6%

93.5%
1.0%-1.4%
.98%-1.2%
2.7%-3.3%

.95%-1.55%

85%-89%
8%-12%
2%-4%
.9%-1.2%
.7%-1.3%




Lo

L Double-base propellant compositions are used in
cannons, small arms, mortars, rockets, and Jjet
propulsion units. This term generally applies to
compositions containing both nitrocellulose and
nitroglycerine. They can also be defined as a
propellant containing nitrocellulose and liquid
organic nitrate which will gelatinize
nitrocellulose. Additives are frequently used in
addition to a stabilizer.

o Triple-base propellant compositions are used in
cannon units. This term is applied to propellants
containing three explosive ingredients, with
nitroguanidine as the major ingredient and the

other two usually nitroglycerine and
nitrocellulose.

° Composite propellants contain neither
nitrocellulose nor an organic nitrate. They are

usually a physical mixture of a fuel such as
metallic aluminum, a binder (which is normally a
synthetic rubber that is also a fuel), and an
inorganic oxidizing agent such as ammonium
perchlorate. Composite propellants are used
primarily in rocket assemblies and chemical fuel
jet propulsion units and are not normally present

at Badger.
A detailed chemical breakdown of all the propellant
ingredients is provided in Table IV - 2 to demonstrate a

representative sample of the waste propellants. This table
gives the chemical composition of each propellant that could
be treated in the explosive waste incinerator.

3.

Production Processes

BALL POWDER® Propellant

The BALL POWDER® Propellant is a spherical propellant
ranging in grain size from 0.009 to 0.032 inches in
diameter. The gravimetric density ranges from 0.950
gm/cc to 1.000 gm/cc. The nominal composition of BALL
POWDER® Propellant consists of 80% nitrocellulose, 10%
nitroglycerine and 10% other ingredients. The shape is
spherical, or reduced to a flattened, "M&M" shaped
grain. Production starts out when nitrocellulose is
dissolved in ethyl acetate, stabilized with
diphenylamine and any acid from nitration is neutralized
with chalk. The nitrocellulose/ethyl acetate "lacquer"
is dispersed into small spheres or balls by adding a
protective colloid and stirring under controlled
conditions. The solvent is boiled off and recovered.
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The hardened balls have their density regulated by
removing osmotically, part or all of the water they
still contain. The powder is then screened into several
size fractions which are individually coated with
nitroglycerine and a deterrent to control the burning
rate. The powder 1is dried, screened, coated with
graphite, and finally blended with other batches.

Single Base

Single base propellants can be produced in sizes for
small arms up to cannon size grains (.05 -.5 inches in
diameter). The grains are rod shaped with perforated
holes through the center of the grains running the
entire length of the rod. For single-based propellant
the nominal composition is 85% nitrocellulose, 10%
dinitrotoluene, and 5% other ingredients. The shape is
cylindrical with 0 - 19 perforations. The production
process starts with 30% water wet nitrocellulose (NC)
which is weighed into tubs at the NC Final Wring House.
The contents are put into the material baskets at the
dehydration press and alcohol is introduced under 1low
pressure to displace the water. The excess alcohol is
pressed out under high pressure leaving enough alcohol
for the mixing operations. The NC is then discharged
from the press in the form of cylindrical blocks. The
blocks are then split in half and charged into a mixer
with diethyl ether, diphenylamine, dibutylphthalate,
dinitrotoluene, remix and rework powder. A macerator
then provides more intensive mixing. The resulting
powder is then pressed into densely consolidated, air
free blocks. The blocks are put through a vertical
hydraulic extrusion press to form perforated strands
which are cut into precise lengths. Inspections then
identify suspect material which is removed from the
production stream and returned to the Mix Houses. Next,
at the Solvent Recovery Houses, warm inert gas is
circulated through the grains to extract a large
percentage of ether and alcohol. The solvents are
condensed, collected and reused. The hard propellant is
pumped in a slurry by water jet streams over shaker
screens into water dry tanks. The grains are then dried
by blowing warmed air over the propellant beds.

Double Base Solventless

Double-base solventless propellant is produced in a very
similar fashion to single-based propellant with the
exception that double-base contains a nitroglycerine and
single-base contains no nitroglycerine. To begin
production, process water, nitrocellulose and
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nitroglycerine with prepared chemicals are added to a
pre-mix tank. After proper agitation the slurry is
pumped to the Final Mix House where additional chemicals
may be added. After agitation the slurry is pumped to
wringers for water removal down to 30% and then it is
bagged. The wet paste is air dried to about 8% for 72
hours then blended for uniformity. Ballistic modifiers
are blended into the paste and then the paste is moved
to the Roll Houses and weighed into smaller amounts for
rolling. Blanket roll sheets are then cut and rolled
into carpet rolls in preparation for extrusion. The
carpet rolls are then extruded into raw grains in the 15
inch presses, then inspected prior to removal. The
grains are then heated (annealed) to relieve internal
stresses and stabilize physical dimensions. The raw
grains are then fluoroscoped and x-rayed for lot
acceptance to find hidden defects. The grains then pass
through a double sawhead milling machine to be cut to
exact specified 1length. After milling, an ethyl
cellulose disc with the hole slightly larger than the
major inside diameter of the grain is cemented or
"inhibited" to each end of the grain. Elba solvent is
used as a bonding agent. The grains are then turned in
the dowel rod machine to insure uniformity and proper
bonding of the spiral wrap inhibitor. Three strands of
clear ethyl cellulose tape is spirally wrapped and
cemented on the peripheral surface of each doweled grain
to form an integrally bonded inhibitor jacket six layers
thick. An inspection is made of each grain before it is
sent to the coning machine for machining the "coned end"
to prescribed dimensions. After final inspection, the
grains are packed and stored for shipment.

N 34 Rocket is one specific solventless double-base
propellant with a nominal composition of 50%
nitrocellulose, 40% nitroglycerine and 10% other
ingredients. The shape is cylindrical small or large
rods, depending on the product being produced.

At any point during production these propellants could
be declared scrap as a result of analysis. At that
point the scrap propellant is either returned for rework
or collected as waste for disposal. The waste will
always consist of nitrocellulose and may or may not
contain nitroglycerine and other ballistics material,
depending on the point during production that it is
scrapped and the production line it comes off from. The
extruded rocket grains will be broken into chips prior
to waste treatment. BALL POWDER® Propellant is not
altered for waste treatment.
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Changes In Propellant Formulations

The use of lead and dinitrotoluene (DNT) in propellant
formulations produced at Badger AAP has been questioned,
and the suggestion made that Badger AAP discontinue such
production. This decision cannot be made at Badger AAP.
Production requirements at Badger AAP are determined at
a higher level, to meet specific requirements of the U.
S. Armed Forces. These requirements are for materials
that have been developed and type classified by the
various military services. The lead compounds and DNT
used in certain formulations are required to adjust burn
rates of the propellant to meet specific ballistic
performance needs in a given type of ammunition
application. These specifications are set by the U. s.
Armed Forces.

The U. S. Armed Forces are slowly moving away from the
use of propellants containing lead and DNT, and this has
been evident in the requirements set for Badger AAP
under mobilization conditions. 1In the past, 100% of the
propellant produced in the rocket area would have had
lead in the formulation. The current proposed
requirement from the rocket area only requires 55% of
the propellants to contain lead in the formulation. The
rocket manufacturing area is the only place at BAAP
which uses lead in the formulation of the propellant.

Substitutes for DNT in single base formulations have
been suggested. Dimethylphtalate and dibuthylphtalate
have been used to replace some DNT requirements.

Waste Minimization

During the manufacture of propellant materials at Badger
AAP there are occasions when off-specification materials
are produced or materials are contaminated with dirt or
other foreign materials. Since propellants are also
stored at Badger AAP after manufacture there are
occasions when the stored propellant is no longer usable
for ammunition 1loading due to the material being
unstable or obsolete. When this occurs, Badger AAP’s
first approach is to follow the Army’s "3Rs" directive -
- Recycle, Recovery, Reutilization. Therefore initial
efforts are to recycle the material back into the
manufacturing process. If there is a large quantity of
material, such as the rejection of a complete lot due to
obsolescence, Badger AAP works with Army headquarters to
find a reutilization route for the material.
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When it is not possible to recycle or reutilize the
material, it must be classified as a hazardous waste
because of its reactive nature. As discussed in former
paragraphs, various alternates have been investigated
for disposal of this material. To date, incineration is
the disposal method of choice, since the material is
destroyed with minimal formation of other forms of
hazardous waste. For the propellant wastes generated as
part of the manufacturing process at Badger AAP, burning
via incinerators is the only proven means of
destruction.

Badger AAP is committed to a program for the recycling,
recovery, or reutilization of as much material as
possible, and thus the reduction or elimination of
hazardous waste generations. The Badger AAP facility is
proud of the record that was achieved during the last
operation when it was possible to reduce by 75% the
amount of material classified as waste from the rocket
area by when equipment was put on line that allowed the
material to be recycled. By process changes, it was
also possible to reduce by 50% the material considered
as waste from the BALL POWDER® Propellant area.

Generally, the material that cannot be used and must be
classified as a waste would be material that is in-
process, that has not been completely stabilized, or
material that has aged and is of questionable stability.
For safety and environmental reasons this material must
be disposed of as soon as possible by trained personnel
in a responsible manner.

Changes In Generations

Since Badger AAP does engage in various research
projects, it is possible that additional reactive
compounds or PEP items may be generated at some time in
the future. If the materials required for these studies
are substantially different from the compounds already
in use at this installation, approval for disposal of
the new materials will be requested.

If the process or operation generating the hazardous
waste changes, Badger AAP will submit the new operation
procedures which will contain sampling and analysis
plans to ensure the waste analysis is up to date.

Badger AAP does not receive shipments of hazardous waste

from off-site and therefore requirements for inspections
of waste shipments received from off-site do not apply.
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7. Contaminated Soil Incineration

Badger AAP has contaminated surface and subsoils in the

quantities shown in Table IV - 3, Contaminated Soil
Inventory. These soils have been characterized and
remediation methods studied. In some cases,

incineration has been proposed to decontaminate the
soil. The soil has been contaminated with the following
contaminants are various concentrations depending on the
area: benzene, dinitrotoluene, diphenylamine, lead,
zinc, nitroglycerin, nitrocellulose, mercury and
trichloroethylene.

Table IV - 3

Contaminated Soil Inventory'

Area Volume - CY
Propellant Burning Ground 26,540
Deterrent Burning Ground 5,700
Nitroglycerin/Paste Ponds 17,500
Nitroglycerin Ditches 55,000
Settling Ponds 232,000
Drummed Waste Soil 152

Total 336,892

The proposed incinerator could be slightly modified to
destroy the contamination. Modification would only
consist of a more efficient conveyor feed and ash (soil)
removal. Estimated remodel cost is a nominal $50,000.
It is anticipated the rotary kiln could destroy 2 cubic
yards of soil (2 tons) per hour.

8. Explosive Waste Incinerator Design Capacity

Incinerator capacity is based on the historical waste
generation record modified to account for the waste
minimization program. A summary of historic data is
presented in Table IV - 4, Propellant Burning Grounds
Monthly Summary. This data was collected from monthly
Production, Planning & Inventory Control Records (OB 707
and OB 97). The amount of waste was a weighted amount

*  ABB Environmental Service (August 1994)
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of scrap as daily generated and collected for burning
ground disposal.

Table IV ~ 4

Propellant Burning Ground Monthly Summary'*
Units - lb/mo

Rocket BALL POWDER Propellant Single Base

Year Waste Production Waste Production Waste Production
1968 21,700 925,800

1969 | 23,000 947,100 39,900 1,480,600 39,500 7,361,900
1970 25,000 977,000 27,400 1,377,400 25,500 4,049,000
1971 24,700 1,197,200

1972 7,000 220,300 12,500 1,005,000

1973

1974 | 20,900 635,900
Highest % 3.28 2.69 0.63
Average % 2.73 2.11 0.57
Lowest % 2.40 2.00 0.54

With the above historical data, the rate of waste
generation was calculated based on Badger’s current
facility production design capacity using the highest
generation rates and then assuming a waste minimization
rate of 33% reduction. The calculations are:

Single Base Propellant- 8x10° #/mo x 0.0063 x.67

33,800 #/mo

BALL POWDER® Propellant- 2.5x10° #/mo x 0.0269 x.67 = 45,100
Rocket Propellant- 1.5x10° #/mo x 0.0328 x.67 = 33,000

111,900 #/mo

Considering a 30 day month - 24 hour per day operation the hourly
waste disposal rate is:

111,900 # x mo X day = 155 #/hr ~ 150 #/hr
mo 30 day 24 hr

An operating factor or operation efficiency, such as 80%
operations time, was not used in the design capacity

135

Badger AAP (1968-74)
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calculation because it is unlikely the plant production
capacity will be approached. Even during World War II,
Korean Conflict, or Vietnam Incident less than 75% of
production capacity was utilized.

9. Explosive Waste Incinerator Design Basis

Incinerator design will be based on the rates and
composition found in Table IV - 5 Incinerator Waste Feed
Rate and Composition. These rates are of a design
capacity using a typical waste mix of 30% AA2 Double
Base Rocket propellant waste, 38% WC870 BALL POWDER®
Propellant Waste and 32% M6 Single Base Propellant
Waste. Typical mix is from historical records.

Table IV - 5
Incinerator Waste Feed Rate and Composition

Material Design Rate* Design % Max. Rate*»*
Nitrocellulose 2620.0 1lb/day 72.78 94 %
Nitroglycerin 564.4 15.68 : 40
Dibutylphtalate 116.7 3.24 6
Dinitrotoluene 115.2 3.20 12
Lead/Copper Salicylate 43.2 **x 1.20 4
Diphenylamine 30.2 .84 2
Triacetin 29.3 .81 3
2-Nitrodiphenylamine 21.6 .60 2
Di-n-proyladipate 17.3 .48 2
Potassium Sulfate 13.9 .39 2
Potassium Nitrate 12.2 .34 1
Tin Oxide 12.2 .34 1
Calcium Carbonate 2.6 .07 .5
Candellia Wax 1.2 .03 .1

Total 3600.0 1b/day 100.00%
%
* Material rate is as bone dry constituent. Actual material is fed to

the incinerator with approximately 20% weight water. Material is a
solid waste of approximately 70 lb/cf density.

** Material may be present occasionally at up to this concentration. Example
- Nitrocellulose 94% of 3600 lb/day = 3384 1lb/day.

*** Lead/copper salicylate analysis:

Copper 11.5%
Lead 37.6%
B-Resorcylic Acid 13.8%
Saliecylic Acid 37.1%

100.0%
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Commercial Equipment Available

Commercial incineration equipment is readily available.
Market analyst William T. Lorenz in December 1993 predicted
the incinerator market will improve only "modestly. "1
Richard K. Miller of Future Technology Surveys, Inc. by
October of 1994' was suggesting certain market sectors would
diminish and other sectors will grow. Incinerator
construction remains a large business for U. S. - based
companies, according to a recent survey of incinerator
construction executives. 1In spite of public resistance and
regulatory challenges, $2 billion was spent to construct or
purchase new incinerators in 1994. 1In addition, $500 million
was spent to upgrade incineration equipment. The future of
the incineration industry is bright, according to 15
executives who participated in a study sponsored by Future
Technology Surveys Inc., Lilburn, GA. New incinerator
markets, for example, have been forecasted to reach $3 billion
in 1999 and owners are expected to spend an additional $2
billion to upgrade and modernize incineration equipment.

Within the last five years, the industry has seen advances in
air pollution control and monitoring, computer process
controls, automatic feeding systems and improved combustion.
The next five years are likely to produce advances in ash
handling, improved energy efficiency and design features that
will allow greater use of diverse feedstock as well as
pollution abatement and automation. Rotary kiln incinerators
will continue as the most popular incineration technology.

A recent listing of rotary kiln high temperature incinerator
vendors in World Waste’s, August 1994, Buyer’s Guide issue is
shown in Table IV - 6, Incinerator Vendors.'® This list is
proof there will be no problem purchasing a competitive priced
rotary kiln hazardous waste incinerator system.

%6 John Krukowski (December 1993)
7 Richard K. Miller (October 1994)
¥ Barbara Katinsky (August 1994)
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Table IV - 6

Incinerator Vendors

| Vendor I Address

ABB Raymond

Advanced Combustion Systems, Inc.
Allis Mineral Systems, Inc.

BSP Thermal Systems, Inc.

Chermont Engineering, Co., Inc.
CIL Incineration Systems, Inc.
Congsertherm Systems, Inc.

DRE Technologies, Inc.
Environmental Elements Corporation
Euthenergy Systems, Inc.

Ferrara, N, Inc.

Ford, Bacon & Davis, Inc.

Interel Corporation

International Incinerators, Inc.
IT-McGill Pollution Control Systems, Inc.
Joy Energy Systems, Inc.

M & S Engineering & Mfg. Co.
Outobumper Eco Energy, Inc.
Surface Combustion, Inc.

Thermal Process Construciton Co., Inc.
Vulcan Iron Works, Inc.

Zelcron Industries, Inc.

Naperville, IL
Bellingham, WA
Milwaukee, WI
San Carlos, CA
Eagle, PA
Blaine, MN

South Windsor, CT
Franklin, TN
Baltimore, MD
Sandford, MI
Somerset, MA
Duluth, GA
Englewood, CA
Columbus, GAa
Tulsa, OK
Charlotte, NC
Broad Brook, CT
Owings, Mills, MD
Maumee, OH
Dover, NJ
Wilkes—-Barre, PA
Melville, NY
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A.

V. PROPOSED INCINERATOR FACILITY

General Proposed Plan

Badger’s existing Contaminated Waste Processor (CWP) can be
used to also dispose of waste energetic compounds through the
addition of a rotary kiln furnace. The literature search and
review of existing equipment found rotary kiln furnaces are the
best choice of an energetic disposal furnace and can be
installed in the existing CWP facility with minimal effort.

1.

Siting

The proposed explosive waste incinerator will be located at
the existing CWP facility as sited on Figure V - 1, Safety
Site Plan. It is properly sited in accord with AMC-R 385-
100, Safety Manual.™ This plan is similar to the Safet

Site Plan of 1978 except there is only one incinerator.!

Although most of the energetic waste material is waste
propellants with a hazard class of 1.3 (mass-fire) there
could be a small quantity of hazard class 1.1 (mass-
detonating) energetic waste present. When it is present,
all the energetic material must be classified as 1.1 (ie.
nitroglycerin). The existing CWP is 430 feet from the
closest inhabited building, Building 420-7, Waste Water
Treatment Plant. This distance will allow a quantity of
almost 300,000 pounds of class 1.3 material and up to 500
pounds of class 1.1 material to be within the CWP
structure. Quantity limits will be set at four hours of
disposal capability or 600 pounds of class 1.3. But when
class 1.1 material is present, the quantity limit will be
lowered to 100 pounds. Most of the energetic waste
material will be in the control room awaiting a sorting and
loading into 5 pound increments. These increments will be
conveyed through the firewall into the rotary kiln furnace
at the rate of one 5 pound increment every 2 minutes. No
energetic material will be stored at the incineration site.
Waste will be periodically collected from the generation
sites, brought to the incinerator and quickly disposed.

Military Guidance

Research as reported in paragraphs II and III indicate a
rotary kiln furnace with associated air pollution abatement
is the only proven mature method to dispose of energetic
waste. Open burning/ open detonations are not allowed.

133 AMC-R 385-100 (1994)

W pepartment of the Army Letter (SARBA-SE, 29 Dec 1976)
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Blank and Wesselink & Associates established a standard
design with rotary kiln for Army Ammunition Plants.
Their further design guidance which was incorporated into
the CWP facility is as follows:

¢ The work area of the feed building (control room) will
be for handling, processing and feeding explosive waste
to the incinerator. The processing to be performed
consists only of transferring the explosive waste as
delivered to the feed building into containers which
can be fed to the incinerator.

e Waste will be received and stock piled with a maximum
amount of explosive waste to be allowed in the facility
at any one time is a four hour incinerator supply.

e The processing will consist of transferring or placing
the waste into containers holding 5 pounds.

e The feeding will consist of 1loading the 5 pound
containers into a positive feed mechanism for feeding

into the incinerator. The maximum feed rate is 5
pounds at thirty second intervals or 600 pounds per
hour. :

The proposed design follows the above guidance except the
feed rate is reduced to 5 pound containers fed at a rate of
only one every 2 minutes or 150 pounds per hour. A sketch
of the feed operation is shown at Figure V - 2, Proposed
Explosive Waste Feed Operation.

Blank and Wesselink & Associates guidance was based on the

Tooele designed rotary kiln. The proposed design is a
conventional rotary kiln, commercially available, as
installed at Radford AAP. Badger waste is similar to

Radford rather than the munitions typically disposed of at
Tooele kiln sites - Lake City and Iowa AAPs. These sites
demil more munitions rather than dispose of propellant and
explosive waste. Kilns are readily commercially
available.!¥?

Proposed Commercial Incinerator

The proposed explosive waste incinerator is based on a
commercial vendor quotation and proposal.® A request for
proposal was sent to several incinerator manufacturers.
The proposed design was selected because the design was
similar to the incinerator design at Radford AAP and

¥l Blank and Wesselink & Associates (March 1977)

142 Barbara Katinsky (August 1994)

143 ABB Raymond (16 March 1995)
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FIGURE V - 2 PROPOSED EXPLOSIVE WASTE FEED OPERATION




supplied by the same vendor. Vendor has proposed a Model
500 packaged rotary kiln incinerator similar to that shown
in Figure V-3 Proposed Incinerator. Many other vendor
designs could have been chosen for use in this report. But
all incinerator designs would have been similar.

Proposed Explosive Waste Incinerator (EWI) Facility

The proposed EWI will be installed in the existing contaminated
waste processor building as shown on Figure V-4, Equipment
Layout. Proposed installation is further depicted in Figures
V - 5 thru 7.

1.

Incineration System Design Data

The Incineration System is designed to incinerate specific
wastes, while still giving a feed input flexibility. The
systems estimated performance is based upon operating
conditions as defined below. Waste feed descriptions are
based upon the information of Table IV - 4, Incinerator
Waste Feed Rate and Composition.

The design energy and mass balance information is given in
Table V-1. Data are listed appropriately at each of the
major process points. What is developed from the design is
a "performance envelope", within which the incineration
system is expected to perform.

The design maximum heat release rating of the Incineration
System is 5 MM Btu/hr. This heat release rating
constitutes the heat release from the combustion of waste
feeds, as well as the auxiliary fuel required to maintain
design operating temperatures. Additionally, the
combustion flue gas throughput quantities for the system
are limited by the flue gas cleaning system capacity. The
exact relationship between heat release and gas volume is
dependent upon many variables . (e.g. hydrogen-to-carbon
ratio in the waste feed, exact water content, varying
excess air requirements, etc.). Thus, to operate within
the design rating and the flow limitations, the waste feed
proportions may differ from the proposed design should
compositions be altered significantly.
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Table V -

1

Mass and Energy Balances!#

CASE 1 UNITS
KILN INLET
Waste Feed Rate 150 Ib/hr
Waste Combustion Air 770 b/hr

Waste Heat Release

389,145 btu/hr

Auxiliary Fuel 20 Ib/hr
Aux. Fuel Combustion Air 58 Ib/hr
Aux. Fuel Heat Release 437,775 btu/hr
KILN OUTLET

Kiln Gas Outlet Velocity 123 FPM
Gas Temperature 1,600°F
Gas Volume Flow Rate 871 ACFM
Gas Mass Flow Rate 685 1b/he
Ash/Residue Flow Rate 0 Ib/he
Solids Residence Time 40 minutes
Volumetric Loading 1%
SCC BURNER

Auxiliary Fuel 37 Ib/hr
Aux. Fuel Combustion Air 588 Ib/hr

Aux. Fuel Heat Release

815,766 btu/hr

Retention Time 3.11 Seconds

SCC OUTLET

Gas Temperature 1,800°F

Gas Mass Flow Rate 1,880 Ib/hr

Gas Volume Flow Rate 1,819 ACFM

Gas Composition (By Volume)
Oxygen 68,071 PPM
Carbon Dioxide 96,602 PPM
Water 124,387 PPM
Nitrogen 710,939 PPM
Hydrogen Chloride O PPM
Sulfur Dioxide O PPM

14 ABB Raymond (16 March

1995)

106




Table V - 1 continued

AIR TO GAS HEAT

EXCHANGER

Gas Temperature 400°F
Gas Mass Flow Rate 1,880 Ib/he
Gas Volume Flow Rate 698 ACFM
BAGHOUSE OUTLET

Temperature 380°F
Gas Mass Flow Rate 1,995 Ib/hr
Gas Volume Flow Rate 657 ACFM

PACKED TOWER OUTLET

Gas Temperature 141°F
Gas Mass Flow Rate 1,995 Ib/hr
Gas Volume Flow Rate 657 ACFM
Recirculation Flow Rate 30 GPM
Makeup Water Flow Rate (Fresh) 2 GPM

2. Equipment Description!®
a. Waste Feed Handling System

Waste will be delivered to the EWI via truck in containers
holding 50-100 pounds. The maximum amount of explosive
allowed at the facility at any one time is a four hour
incinerator supply. The waste will be placed on a table,
manually sorted and loaded into containers holding 5 pounds,
then manually fed to a belt conveyor. This conveyor will
feed the containers through a fire door in the blast wall
separating the control and furnace rooms. The belt conveyor
then moves the 5 pound containers across the furnace room to
the EWI furnace at the rate of one container every 2 minutes.

b. Waste Feed System
Small containers, nominally 6" on a side, are delivered to

the feed system at approximately 10’ elevation. The charge
is delivered by the belt conveyor system. The charge is off-

45 ABB Raymond (16 March 1995)
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loaded into the charging hopper, by a pneumatic side pusher.
The charge enters a hopper which aligns it with the feed
chute. Two pneumatic isolation gates are provided on the
feed chute. The uppermost of the two isolation gates opens
and the charge falls into the charging chamber. The upper
chute door closes. The charge is now isolated from both the
kiln and ambient environment. The lower isolation gate opens
and the charge enters the feed chute. See Figure V - 8.

The feed chute is provided to gravity feed waste from the
charging chamber to the rotary kiln. Electrical interlocks
are used to prevent improper sequencing of the gates and side
pusher. Each complete charge cycle, including loading of
material, typically requires one minute.

c. Rotary Kiln

The primary component in the solid waste incinerator is the
variable speed rotary kiln. The revolving cylinder imparts
a mixing action to the waste material that continually
exposes new material to the combustion atmosphere and results
in a more efficient burnout than most other types of
incinerators. The variable speed drive results in a
controllable residue residence time, thus assuring optimal
combustion efficiency.

The inlet breeching and the discharge chamber are fitted to
the revolving cylinder with sealing mechanisms that minimize
air in leakage. The combustion air for the waste is blown
into the kiln through the inlet head. The waste combustion
air blower has a damper to vary the amount of excess air.
For this reason, high combustion efficiency can be assured
for diverse waste constituents over a wide range of operation
conditions.

The end of the rotary kiln enters a discharge breeching. The
purpose of this breeching is two fold; thoroughly mix the
gaseous products of combustion which have been moving through
the kiln under laminar flow conditions; and to disengage the
large particles from the flue gas and collect them in the ash
handling system. A double dump valve is provided to bottom
discharge ash from the incinerator.

An auxiliary burner is provided on the kiln inlet. The
primary purpose of this burner is to supply heat input
(flame) to initiate/maintain the combustion of waste
materials and maintain the kiln operating temperature. The
burner’s flame is characterized by an elongated flame pattern
to provide uniform heat distribution throughout the kiln to
prevent temperature deviation from design operating
conditions. The burner system comes with a complete burner
management and flame safety package.
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d. Secondary Combustion System

- All gaseous products of combustion from the rotary

incinerator pass into the horizontal Secondary Combustion
Chamber (SCC). The purpose of the SCC is to provide a
minimum of two seconds residence time for the combustion
gases in an excess air environment, at normal operating
temperature, with an adequate amount of mixing. Without
proper mixing (turbulence), channeling of the gas flow will
occur and the combustion reactions will not go to completlon.

An auxiliary burner is supplied and mounted on the ScC. the
purpose of this burner is to maintain the SCC chamber at the
design operating temperature. This temperature must be
achieved prior to the introduction of wastes anywhere in the
system. The burner’s flame is characterized by a relatively
short, luminous, high velocity, quick, mixing flame pattern
to accomplish the desired localized heat distribution. The

burner system comes with a complete burner management and
flame safety package.

The outlet of the SCC represents the end of the combustion
reaction. Hence, it represents an ideal location for the
emergency stack. The emergency stack, as its name suggests,
is used only in the event of an emergency condition. Typical
emergency conditions that would mandate use of the stack
would be loss of electrical power, or loss of system draft.

The emergency vent stack utilizes pneumatic power to ’hold’
the emergency vent stack cap closed during normal operating
conditions. 1In the event of a pneumatic power failure, the
built-in counterweight will open the cap. If the cap opens
all waste feeds and burners are automatically stopped.

e. Heat Recovery/Flue Gas Cleaning Systems

An air to gas heat exchanger is provided to cool the hot flue
gases indirectly to 400°F. The flue gas from the heat
exchanger absorber enters a cartridge collector which is a
continuous automatic filter to remove particulate from the
gas by passing it through filter cartridges.

The dirty or contaminated gas enters the dust collector
module through an inlet in the hopper. A baffle plate,
fabricated from perforated plates with a wear-resistant back
plate, distributes the gas uniformly throughout the housing
and causes the heavier particulate to drop directly into the
hopper. The gas then passes through the filter cartridges
which retain the dust particles on the exterior surface while
allowing the cleaned gas to pass through the module outlet.
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The build-up of particulate on the cartridges causes a
restriction to flow (increase 1in pressure drop) and
periodically the cartridges are cleaned by a Jjet of
compressed air being blown down the inside of the bags. The
cartridge flexes rapidly and the particulate on the outside
of the cartridge is thrown off and settles into the hopper
where it is removed to disposal.

A radial blade, high pressure induced draft fan is supplied
to maintain proper draft control in the incinerator system.
An opposed blade over damper is modulated via an electric
actuator to maintain a constant negative pressure (-0.5 W.C.)
at the rotary kiln inlet.

The packed tower wet scrubber is used for removal of acid gas
constituents in the flue gas. This is achieved by promoting
intimate contact between the acid gases and a caustic
solution introduced into the scrubber, using a high surface
area packing material. Control of caustic feed is by pH
level, as sensed by flow-through probes in recirculating
piping. The packed tower scrubber is supplied complete with
packing, valves, pumps, sprays, and controls.

A vent stack is provided for discharge of clean flue gases in
- the atmosphere. The stack 1is complete with test ports,
platform, and ladder access.

f. Instrumentation and Controls

The nucleus of the proposed incineration system
instrumentation and control package consists of state-of-the-
art, electronic microprocessor based Programmable Logic
Controller (PLC) with a personal computer (PC) software
interface. This blend of hardware and software is designed
to meet the proposed system requirements as well as having
the capability to accommodate future changes or additions to
the system.

The PLC used in the incineration system instrumentation and
control package primarily serves as a loop controller, relay,
timer, and counter replacement device.

The PLC accepts a full range of analog and digital inputs.
The system’s logic control is programmed, using a personal
computer as a "loader" device. The system’s personal
computer and associated software provided the operator with
full incineration system control and operational capability.
The personal computer (PC) consists of an 80486 class
computer with color monitor (CRT), engineer’s keyboard, hard
disk, floppy disk drive and a high speed dot matrix printer.
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The PC and software provided allow the operator or engineer
the ability to configure the 1loop controllers, primary
sensing devices and final control devices into a coherent
graphic representation of the system.

- Multiple levels of alarm monitoring and recording.

- The ability to manipulate all process control parameters
such as controller set points output signals, and alarm
values.

- The ability to reconfigure system instruments and
controls to accommodate changes or expansion.

- Trending of process variables and subsequent recording.

- The ability to store all 1loop controller and PLC
information.

A continuous emissions monitoring system is supplied to
monitor the gases leaving the stack.

3. Incineration System Operation!¥
a. Operation Description

The rotary kiln incinerator is not an inherently difficult
process to control. However, due to the nature of the wastes
being processed and regulatory requirements concerning the
operation of this incinerator, it becomes especially
important to operate the facility safely and efficiently, and
at the same time to minimize process excursions which could
cause unstable operation and subsequent process shutdowns.
The process control strategies which have been designed are
implemented with this objective in mind. The following is a
discussion of the critical process control systems for this
facility. Similarly other operating parameters must be
maintained at all times (e.g. kiln draft, kiln velocity,
system gas volume, etc.)

Regulation of the waste streams is based upon the swing-
load/base-load control philosophy. The burners in the kiln
and SCC are swing loads and the other input streams are base
loads. The base loads have variable chemical and physical
properties and the swing 1load fuels are relatively
homogeneous in these properties. Base loads are set based
upon operator defined setpoints. The swingloads are
controlled by the appropriate control loops.

Kiln temperature control is via a PID loop linking the kiln
combustion control system and exit gas temperature as
measured by thermocouples mounted at the kiln exit. scc
temperature control is via a PID loop linking the SCC burner

46 ABB Raymond (16 March 1995)
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and SCC exit gas temperature as measured by thermocouples
mounted at the SCC exit.

The differential pressure across the cartridge collector is
continually monitored. Compressed air is periodically pulse-
injected through rows of cartridges. This cycle may be
defined strictly by timer, or as the pressure drop increases
across the cartridges, the pulse may be initiated. The
sequencing control automatically selects specific rows for
cleaning once the cycle is initiated.

The baghouse hopper rotary airlock is also controlled on a
timed sequence to maintain proper level of dust in the
hopper. The timing sequence may be manually adjusted to suit
operating conditions. If the rotary valve fails to properly
discharge material, then the hopper 1level indicator will
activate a vibrator to dislodge ash from the side walls of
the hopper.

b. System Operation

The incineration system is maintained through a series of
electrical interlocks. Each interlock represents a mandatory
operable condition of the various individual components and
flows that must be satisfied interdependently for total
system operation.

There are three basic shutdown modes for the system: normal,
upset and emergency. A normal system shutdown occurs as a
result of an operator initiated action, an upset system
shutdown occurs as result of non-operator initiated upset
condition triggering automatic waste feed and/or fuel cut-off
systems, and the emergency system shutdown occurs as a result
of a limited number of non-operator initiated emergency
conditions.

The alarm-only levels occur as a preset point is reached, and
are labeled as low or high level conditions (e.g., high kiln
temperature). If the alarm condition continues to a more
critical upset condition level, a second alarm set point is
reached, given as low-low or high-high (e.g., kiln high-high
temperature). This is a serious upset condition which
initiates a controlled shutdown sequence.

In most cases, prior to a shutdown condition, the system
responds with alarms allowing operators to control the
situation prior to a shutdown. Automatic shutdown mechanisnms
assure that, if the operator does not take the required
response, the system will revert to the fail-safe conditions.

113




Normal System Shutdown

When the incineration system is in normal operation with
no prevailing upset occurring, an operator-initiated
action can cut off waste feed. With this action, the
kiln and/or the SCC feed will be shutdown automatically
by electrical interlocks. The kiln and afterburner
chamber temperatures are "ramped" down, by automatic
operation of the individual temperature control loops to
ambient conditions. This down-ramping can be initiated
by the plant operators or by an off-delay timer that
allows all of the residual product in the kiln to be
completely processed at proper operating temperature.
Additionally, all kiln generated flue gases continue to
be processed through the flue gas treatment systenmn.
Although the kiln temperature is decreasing, there is
ample heat contained in the brick to maintain complete
combustion of the organic residual. After the kiln and
SCC have been brought down to the prescribed 1low
temperature, the auxiliary fuel burners, fan, pumps,
etc., can be shut down.

Upset System Shutdown

The primary monitoring devices (e.g. flow transmitters,
differential pressure transmitters, etc.) are designed,
upon failure of operation, to default to the lower or
upper limit of their monitoring parameter. Thus, this
would stimulate additional upset conditions not shown on
Table V - 2, Control Logic Chart and also automatically
shutoff waste feed inputs. The operator would be
notified through annunciator indication of the upset.
All interlock points listed will be monitored either
directly or indirectly through a multi-point annunciator.

The system features a capability that allows the operator
to adjust system set points or controller output values
to avert possible upset conditions. These features also
allow the operator to correct certain upset conditions,
once they have occurred, to return the system to normal
operation.

Emergency System Shutdown
The emergency shutdown procedures represent the most

critical and undesirable incineration system occurrence.
Therefore, every effort from a system design standpoint

has been made to minimize this occurrence. The
interlocks are those which will automatically initiate an
emergency shutdown. These conditions directly, or

indirectly, disable the normal operation of the system
and, therefore, require by-pass of the system through the
emergency stack.
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The following automatic sequence occurs upon emergency
shutdown:

- All burner fuel supplies are cutoff.

- All component subsystems revert to their fail-safe
conditions (i.e. fans off, dampers fail-safe
positions, etc.).

- The cap on top of the emergency stack opens to vent
the hot off-gases away from the personnel and
equipment.

The two primary reasons for emergency shutdowns are loss
of water and loss of electrical power. 1In any case, the
shutdown procedures are the same. The emergency stack,
located at the highest point in the combustion systen,
will open immediately in order to exhaust the remaining
products of combustion, so that these fumes do not escape
around the kiln seals or leak into the flue gas cleaning
system.

The specific procedures to be followed during emergency
shutdowns will be depicted in the operating manuals.
Once the kiln and after burner have cooled to a
prescribed temperature, the operator can manually close
the emergency stack cap.

Alarms and Upset Conditions

Table V-2, Control Logic Chart represents the automatic
actions which the control system will take in the event
of alarms, and upset conditions. A legend for the
symbols follows the table. As an example, for Kiln High
Temperature, the upset condition is C-K:W which means all
waste to the kiln will be cut off.
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Table V - 2
Alarm, Upset, and Emergency Conditions

Control Logic Chart

Control Parameter Alarm I Upset Condition
— e ——

Kiln Low Temperature a C-K:W
Kiln High Temperature A

Kiln High High Temperature A C-K:W
Kiln Burner Flame Failure A

Kiln Positive Pressure A C-K:W
Kiln Combustion Air Low Pressure A

Kiln Waste Combustion Air Low Pressure A

SCC High Temperature A

SCC High High Temperature A C-S:A
SCC Low Temperature A CcC-W
SCC Burner Flame Failure A

SCC Waste Air Fan Failure A

SCC Combusgtion Air Low Pressure A

Dust Collector Inlet High Temperature A

Dust Collector Inlet High High Temperature A C-A
Dust Collector Inlet Low Temperature A

Dust Collector High Differential Pressure A

Primary Electrical Source Failure A c-aA
Primary Water Supply Failure A Cc-A
I.D. Fan Failure A Cc-A

Legend for Control Logic Charts

Alarms

A=
C = Cutoff of Input Stream

For Cutoff Condition

K = Kiln

S = Secondary Combustion Chamber
W = Waste

A = All Waste and Fuels

For Example:

C~A = BAll Waste Feeds and Fuels

Cc-W All Waste Feeds

C-K:W = All Waste Feeds to Kiln

C-K:A = All Waste Feed and Fuels to Kiln
C-S:W = All Waste Feeds to SCC

C-S:A = All Waste Feeds and Fuels to SCC
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4.

Equipment Details!¥’

Within this section is a detailed description of equipment.
A catalog cut of proposed equipment is shown at Figure V -
9 & 10.

a. Waste Feed Handling System

The system consists of a steel grounded work table and
three belt conveyors. A blast wall fire door is also part
of the system. Total belt conveyor length is about 50
feet.

b. Waste Feed System

Container Charging System

The system consists of a customer supplied belt conveyor
which can accommodate the queuing of containers for the
feed system. The conveyor has a photoeye and escapement
stop. The section of conveyor directly in front of the
side pusher provides for weighing of each load prior to
entering the charging chamber. Overweight containers will
be rejected. A side pusher pushes the drum off and into
the charging chamber.

The charging carbon steel chamber consists of two knife
gates, and is integral to the feed chute.

Feed Chute

Nominally the feed chute is at a 65° angle with respect to
horizontal. The portion of the chute which projects into
the inlet head is surrounded with a liquid cooled jacket.
Temperature and pressure measuring devices are provided at
the inlet and outlet. A flow monitoring device is provided
at the outlet of the cooling system. The upper chute is
constructed of carbon steel and the lower chute of 316 S.S.

Kiln Auxiliary Clean Fuel Burner

Burner is mounted on the inlet head burning natural gas or
No. 2 fuel o0il with a maximum gross heat output of
1,000,000 Btu/hr. The burner is by North American
Manufacturing (or equal) and features the following:

¢ No wiretrays. Galvanized steel conduit w/appropriate
length flexible connections to instruments.
e Channel construction of frame

47 ABB Raymond (16 March 1995)
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ABB RAYMOND DATA SHEET NO. 951

Raymond’ Model 500
Modular Rotary Kiln Incinerator

Incinerate Wastes in Economical Modular Systems

Background

Rotary kiln incinerators are the most efficient means to incinerate
solid and semi-solid wastes because of the constant tumbling
action caused by the rotation of the kiln. ABB Raymond has
standardized the design of its small incinerators into easily shipped
and erected modules. :

Applicable Waste Streams

* Biomedical waste ¢ Industrial waste
* Municipal solid waste * Sludges/solids/liquids
¢ RCRA waste o TSCA waste

System Description

Incineration system — The modular waste incinerator comes with a
ram feed system. Optional shredder/auger feeders and liquid and
sludge feed lances are available. As wastes enter the rotary kiln, they
are combusted in an oxidizing environment. Non-combustible
residue is discharged from the kiln into customer-supplied bins. Flue
gases exit the kiln and flow into the Secondary Combustion Chamber
{SCC), where any remaining organics are fully combusted.

Flue gas conditioning & cleaning system — Flue gases leaving the
SCC enter the gas conditioning and cleaning system. Here, they are
cooled (by a direct water quench, an air-to-air heat exchanger, or a
boiler), particulate is removed (by a venturi scrubber or cartridge
collector), and acidity is neutralized (by adding calcium hydroxide,
sodium bicarbonate, or sodium hydroxide). Flue gases are then
exhausted to the atmosphere via an induced draft fan and stack.

Instrumentation and controls — The system can be optionally
equipped with a Continuous Emissions Monitoring System (CEM),
and/or Motor Control Center. Also, a wide variety of system control
configurations are available, from discrete controllers to a full PLC.
The system is available either completely prewired or in standard
field-wired configurations.

Delivery —The system is shipped in two 45-foot (13.7m) High Cube

containers, and can generally be erected and operational in less than a
week, depending upon options selected.
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ABB RAYMOND DATA SHEET NO. 951

Rdymond” Model 500
Modular Rotary Kiln Incinerator

Technical Specifications

¢ 20" x 20" x 20" ram feed system

* Hydraulic power unit for waste feed system

* No. 2 oil bumer systems for kiln and SCC

* Water spray lance & controls

¢ Kiln waste combustion air fan

¢ Kiln inlet & discharge breechings with rotary seals

* 5' diameter rotary kiln (1800°F operating temperature)
e Trunnion roll drive system with gear box

¢ Automatic ash discharge airlock system

» Horizontal SCC (1 second retention @ 1800°F)

» Firetube waste heat recovery boiler*

» Cartridge collector with ash discharge rotary airlocks
* ID fan with inlet damper

¢ 40" guyed carbon steel exhaust stack

¢ Flame safety and control instrumentation

e Refractory

* Nominal steam production 3,000 Ib/hr
{@ 100 psi saturated)

Optional Equipment/Service

¢ Shredder/auger feed system

» Natural gas or heavy oil bumer systems

» Waste liquid & sludge lances

* Prepiping/prewiring of bumer and lance systems
* Combustion oxygen analyzers

* Water-cooled screw or wet ash drag conveyor
¢ Horizontal SCC (2 second retention]

¢ Flue gas to air heat exchanger

* Wet quench system

* Venturi scrubber

e Caustic addition system

¢ Packed tower scrubber

¢ Drv lime injection system

¢ Shop refractory installation

» Free-standing exhaust stack

+ Continuous emissions monitoring equipment
* Motor control center

* Air compressors

» System prewiring/prepiping

* Programmable logic controller

e Installation supervision & operator training

Utility Consumption (Nominal)

Equipment Size
Selection

1400
1200

ib/hr

0%
25%

R S 10007

Note: Waste Classes 5 and 6, Industrial & Hazardous
Materials, vary greatly in energy content and other
properties. Evaluation by ABB Raymond is required to
determine capacities.

Scope of Supply by Others

e Utilities & urility connections to process equipment
¢ Buildings & foundations

* Installation, including installation supervision
* Operator training

» Waste storage & supply to incinerator

e Trial burns (permitting tests)

* Surrogate synthetic waste for above test

e Secure construction storage

¢ Insurance requirements

» Operating personnel

e All permits

e Personnel & fire protection

¢ Connective piping, electricals & structurals

¢ Insulation & clips

e Refractory installation
» Field assembly & testing
e Plant and aviation lighting as required

Electricity — 30kw
Process water — 0.5 GPM
Compressed air — 20 SCFM

ABB Raymond

650 Warrenville Road
Lisle, lllinois 60532
Tel: 708-971-2500
Fax: 708-971-1076
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e SST instrument air tubing

The following equipment manufacturers, or equivalents, are
utilized:

Pressure Switches - S.0.R.

Pressure Gauges - Ashcroft, North American
Throttling Control Valves - Fisher, Jamesbury

Ball Valves - North American, Jamesbury
On/Off Control Valves - Jamesbury, Maxon

Pressure Regulators - North American, Fisher
Solenoid Valves - ASCO

Orifices - : North American

Electronic Pneumatic Converters - Fisher Controls, Rosemont
Tubing Fittings - Swagelock

The combustion trains are preassembled skids, with utility
piping to skids, utility from skids to burner by customer.
Burner train components are FM approved and NEMA 4, but are
not for installation in an electrically classified area.

Flame Protection (for Kiln and SCC)

A series of interlocks incorporate preignition purge period,
automatic fuel shut-off valves, low olil pressure gas switch,
low atomization pressure switch, low combustion air pressure
switch and flame supervision. The applicable Honeywell, or
equal items below are featured in a pre-wired control panel:

- UV flame detectors
- Flame relays
- Purge timers

c. Rotary Kiln System
Inlet Head

Circular breeching is enclosed by the kiln inlet. Seal rings
around the periphery of the inlet head prevent excessive air
leakage into the primary combustion chamber. Breeching is
0.25" carbon steel with carbon steel plate supports. Seals
are Webbco style, segmented stainless steel construction,
with sintered wear pads riding on the inlet head 0.D.

Kiln

The kiln cylinder is mounted inside two riding rings, each of
which rotates on a pair of trunnions. The kiln cylinder is
sloped slightly downhill towards the discharge end to promote
travel of feed material from inlet to discharge. Solid
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residence time through the kiln is controlled by varying the
rotational speed of the cylinder. It has an overall size of
5’ diameter x 14’ long. The cylinder is constructed of 1/2"
carbon steel A-36 plate, rolled and welded with reinforced
areas of 1.0" carbon steel A-36 plate in areas of riding
rings and driven element, rolled and welded. The last 18" of
the cylinder is made from Inconel 601.

Riding Rings

The two riding rings are located approximately 1/5 of the
overall cylinder length from each end, and are secured to the
cylinder by pads mounted beneath the rings and welded to the
reinforced sections of the cylinder. The riding rings are
aligned longitudinally by pairs of guide lugs welded to the
pads. The rings are aligned so that they are mutually
parallel and are normal to the axis of the cylinder. Riding
rings are constructed of carbon Class "C: locomotive steel,
seamless, rolled and forged, machined on all surfaces.

Girt Gear

Kiln spur gear is machined as one piece and then split into
two halves for ease of mounting and disassembly. The gear
halves are mounted on the reinforced areas of the cylinder
and positioned next to the uphill riding ring which is
restricted from axial movement by the thrust rolls. The two
halves are mounted on the cylinder with several steel strips
along the circumference which act as springs. The "springs"
are welded to the cylinder and bolted to the gear halves.
The gear halves are fastened together with bolted plates.
The gear can be removed and reversed for extended life. Gear
pitch diameter is 70" with 72 full depth cut teeth on a 2"
face. Gear is constructed of C-1045 steel, fully machined
teeth flame hardened to 400/450 Brinell.

Trunnion Rolls and Thrust Roll Assembly

Arrangement -~ Two (2) trunnion rolls are mounted on each
support base which are positioned under each riding ring.
Each roll is heat shrunk on a shaft which is support by
pillow block roller bearings. Grease fittings are provided
for lubrication. Support bases feature a machined surface
with jack screws for easy adjust of the bearings.

A thrust roll is mounted on each side of the uphill riding
ring to restrict axial movement of the cylinder assembly.
Each thrust roll is mounted on a fixed shaft which is
supported by pillow block bearings. Each shaft is integral
to an adjustable structural steel bracket which is bolted to
the trunnion roll base.
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Guards enclose pinch points between trunnion rolls and riding
rings. Graphite blocks with guides are furnished for surface
lubrication between each trunnion roll and riding ring.

Trunnion rolls are constructed of C-1045 forged steel, tread
flame hardened to 400/450 Brinell. Their shafts are C-1141
hot rolled steel with eight SFK anti-friction roller
bearings.

Thrust rolls are C-1045 forged steel, tread hardened to
400/450 Brinell on a C-1141 hot rolled steel shaft. There
are two bearings required per roll- Timken roller bearings,
or equivalent. The top of the thrust roll has a dust-proof

spherical cap and lower end hub is closed with labyrinth
grease seals.

Cylinder Drive Assembly

Mechanical speed reducer, electric drive motor and all
couplings are furnished on a common base plate. The base
plate includes a sole plate with adjusting lugs for aligning
the gear and pinion. A drive guard encloses the driving
elements and is shipped separately in flanged sections with
mounting tabs for field attachment to the drive base. All
couplings are provided with OSHA safety guards. The speed
reducer is a Falk, Rexnord or equivalent with a speed range

of 0.2 rpm to 2.0 rpm. Drive motor is 2 HP, 1750 rpm, TEFC,
1.15 SF.

Discharge Breeching

Breeching is a refractory 1lined chamber with nominal
dimensions of 8’ high x 8’ wide x 8’ depth. The bottom
section of the breeching is tapered for connection to a
bottom ash removal device. Breeching is carbon steel with a
Tate Jones sight port or equivalent. Seals are Webbco style,
segmented stainless steel construction, with sintered wear
pads riding on the cylinder 0.D.

Refractory

The kiln inlet head, cylinder and discharge breeching are
furnished with a refractory lining. The cylinder is lined
with refractory along its entire length. The feed end of the
cylinder is supplied with a refractory dam ring to prevent
back spillage of solid feeds through the inlet seal.

Refractory Materials:

Inlet Head Castable, 50% alumina
Inlet Dam Plastic 60% alumina
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Kiln Cylinder Brick, 60% alumina

Discharge Breeching Plastic, 60% alumina

d. Secondary Combustion Chamber System

Secondary Combustion Chamber (SCC)

Chamber is a cylindrical refractory-lined chamber with
supporting steel, burner opening, and monitoring ports. The
approximate 1nternal dimensions of the SCC are 34" wide, 76"
tall and 20’ long. The average residence time in the SCC is
2.0 seconds. SCC Shell is constructed of 1/4" carbon steel
plate, rolled and welded.

SCC Auxiliary Fuel Burner

Burner is mounted on the SCC burning natural gas or No. 2
fuel oil with a maximum gross heat of 2,000,000 Btu/hr. The
burner train is by North American Manufacturlng and features
the following:

¢ No wiretrays. Galvanized steel conduit w/appropriate
length flexible connections to instruments.

¢ Channel construction of frame

e SST instrument air tubing

The following equipment manufacturers, or equivalents, are
utilized:

Pressure Switches - S.0.R.

Pressure Gauges - Ashcroft, North American
Throttling Control Valves - Fisher, Jamesbury

Ball Valves - North American, Jamesbury
On/Off Control Valves - Jamesbury, Maxon

Pressure Regulators - North American, Fisher
Solenoid Valves - ASCO

Orifices - North American

Electronic Pneumatic Converters - Fisher Controls, Rosemont
Tubing Fittings - Swagelock

The combustion trains are preassembled skids with utility
piping to skids and from skids to burner. Burner train
components are FM approved and NEMA 4, but are not for
installation in an electrically classified area.

Emergency Stack

A refractory lined duct with a refractory lined stack cap is
provided on top of the SCC and held in the closed position
during normal operation. Stack is carbon steel, refractory
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lined with seal, includes operator and counter weights.

ScC Refractory
The SCC is refractory lined throughout its length.
Refractory Materials:

Scc 6" castable

Emergency Stack 6" castable

Stack Cap 6" castable

e. Heat Recovery/Flue Gas Cleaning Systems

Air-to~-Gas Heat Exchanger

Specific design will be completed later.

Cartridge Collector

Cartridge collector is a Wheelabrator Cartridge Collector
constructed of 3/16" carbon steel plate. Air-to-cloth ratio
is 3.7:1 at 100% capacity. Filter cartridges are woven
fiberglass with acid resistant finish and 5% spares. The
rotary airlock is a six vane with outboard mounted anti-
friction bearings. Rotor is removable through end plate and
independently driven by 1/2 hp TEFC gear head motor.

ID Fan

It is a carbon steel centrifugal fan with flanged inlet, and
outlet, and is complete with shaft seals access doors and
drains. Flow capacity is 2500 acfm, 20" SP, 400°F. Brake
horsepower is 50 hp. The manufacturer will be Buffalo Forge,
or equivalent with a Reliance motor, or equivalent.

Packed Bed Scrubber

Packed bed scrubber will remove acids from gas to subcool
gas. The tower is of FRP and includes plastic packing,
recycle tank, ports, recycle pump, indicator, feed tank, pump
and valves, pH control, alarms and subcooling loop. The vent
stack is integral with the packed tower outlet.

Caustic Feed System

One caustic feed system will be provided to include the
following components:

- pH probe and transmitter
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C.

- pH PID controller
- cCaustic metering pump with 4-20 mA stroke adjustment and
motor

f. Instrumentation and Controls

Process control system will include the following Allen-
Bradley, or equivalent PLC based on a preliminary I/0 point
count:

PLC 5/25

Power supply with cable

8K word memory expansion

PC interface;

Analog input cards (8 inputs per card)

Analog output card (4 outputs per card)

Thermocouple input cards (8 inputs per card)

Digital input cards (16 inputs per card)

Digital input fuse cards (16 per card)

Digital output cards (16 outputs per card)

Digital output fuse cards (16 per card)

RS 232 Communications card

PID controllers networked to PC

I/0 chassis

Remote rack I/0 modules

486 PC clone (industrial grade) with mouse and 20"
color monitor

40 meg removable media data logging device

Operating and Capital Costs

Capital costs were developed for a 150 pounds per hour
explosive waste incinerator and the operating costs were also
developed for two disposal scenarios.

All costs are in 1995 dollars.
1. Operating Costs

Preliminary operating data has been developed for disposal
rates of 150 pounds per hour with 3-8-7 (720 hrs/mo) and 1-8-5
(176 hrs/mo) shift scenarios. Costs are summarized in Table
V - 3, Monthly Operations Costs. Estimated unit disposal cost
is $1.28 per pound at full disposal capacity and $1.49 per
pound when disposal is one 8 hour shift operating five days per
week.
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Table V - 3

Monthly Operation’s Cost

Cost Element Shift Arrangement
3-8-7 1-8=-5

Labor

Operating $43,200 $10,600

Maintenance 8,000 4,000

Laboratory 8,000 2,000
Utilities

Fuel 0il 3,500 850

Electricity 4,000 950
Materials

Caustic 500 150

Packages 400 100

Supplies 6,500 1,600
Overheads

Supervision 5,000 2,500

General & Administrative 59,200 16,600
Total Monthly Operating Cost $138,300 39,350

Unit Disposal Cost $1.28/# 1.49/#

Two operators are proposed to operate the facility at the 150
pound per hour rate. Operator labor rate is $30 per hour
including fringe benefits. Maintenance is estimated at 100
hours per month at a low disposal rate and 200 hours per
month at full capacity. Maintenance includes instrumentation
calibration. ‘Maintenance rate is $50/hr. Periodic
laboratory analysis is 40 hrs/month per shift required to
determine hazardous condition of ash and analysis of gas
streams. Direct overhead will be 1/2 of a supervisor at low
disposal rates increasing to a full time person at capacity.
Maintenance materials and operating supplies are estimated at
15% of direct labor costs. General and administrative
overhead is 100% of direct labor, laboratory and maintenance
costs. Fuel oil cost of 60¢ per gallon and electrical cost
of 5¢ per KWH were used.

Estimated cost to incinerate contaminated soil at the rate of

two cubic yards of soil (2 tons) per hour is $100/ton.
Operations would be as described above.
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2. Capital Cost

Budgetary capital cost has been developed for the proposed
150 pounds per hour explosive waste incinerator installed
within the existing CWP facility. The vendor’s budgetary
price for the proposed equipment is $975,000 + 10%.1%
Quoted delivery is 42 weeks for the skid mounted equipment.
Other estimated installation and construction costs are
listed in Table V - 4, cCapital Costs. Total budgetary
capital cost is estimated to be $1,455,000.

Table V - 4

Capital Costs

Cost Element Cost 95§

Major rotary kiln incineration equipment $ 1,073,000
Minor conveying equipment 27,000
Equipment installation 30,000
10,000 gallon fuel oil tank 15,000
Utilities extension & hookup 20,000
Building modifications 10,000
Instrumentation addition 30,000
Engineering and supervisgion 50,000
Permits and tests 200,000
Total $ 1,455,000

Feed conveying equipment is required to move the sorted and 5#
packaged waste from the control room through the blast wall
across the furnace room to the explosive waste conveyor. The
skid mounted vendor’s equipment and minor conveyor system need
to be installed. Water, electricity and fuel oil utilities need
to be extended to the new equipment and hooked up. A 10,000
gallon double walled underground fuel oil storage tank with leak
detection is required. Two modifications to the existing CWP
building are required -~ a conveyor entrance in the blast wall and
a wall entrance in the north wall for the furnace. Vendor
instrumentation needs to be extended to the control room and
interlocked with existing equipment. Various regulatory permits
and trial burn tests are also required.

148 ABB Raymond (16 March 1995)
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Incinerator Comparison

The proposed Badger AAP explosive waste incinerator was
compared to the three other active AAP incinerators. The
comparison is summarized in Table V - 5, Incinerator Comparison
and Table V - 6, Incinerator Operating Data Comparison.
Badger’s design has similar features of the two other types.
Badger has a thin walled lined rotary kiln/packed bed liquid
air scrubber with no cyclone as at Radford and also has a
combustion gas air heat exchanger similar to the APE 1236s.
Badger’s design propellant feed rate is less than the others’
rates; therefore the Badger incinerator should be smaller in
size. But this is not the case. The other incinerator kilns
have a rate-volume ratio of 0.5 CF/#/hr, whereas Badger’s rate-
volume ratio is 1.2 CF/#/hr. Much more area. But then
Badger’s proposed kiln residence time is over four times the
others. Kiln burner energy input can be compared by a
comparison of input-rate ratios. The APE 1236 kiln has an
energy input of 18,000 BTU/#. Radford’s and Badger’s input are
8900 and 6700 BTU/#, respectively. The proposed Badger kiln
is the most efficient energy consumer.

Afterburner design can also be compared using rate-volume and
energy - rate ratios. Proposed Badger and APE 1236 rate-volume
ratios are 2.5 and 2.2 CF/#/hr respectively. Radford’s is only
0.2 CF/#/hr in their more efficiently mixed horizontal cylinder
afterburner. Energy input is 35,000 BTU/# for APE 1236s,
13,300 BTU/# for Badger’s proposed design and a very efficient
4,900 BTU/# for the Radford design. Badger’s design is more
similar to the APE 1236.

Specific comparison of other process units cannot be made until
Badger’s design is more fully developed.

Badger’s proposed operating parameters are different than the
other incinerators. Kiln gas exit temperature is hundreds of
°F hotter with a residence time over four times longer at 40
minutes. Afterburner temperature is similar, but Badger’s
afterburner residence times 1is three seconds compare to
Radford’s two seconds and the APE 1236s one second. Other
temperatures are somewhat comparable. Badger’s proposed total
air flow is very small compared to the other incinerators.
This explains the longer residence times possible. Badger flow
is only 1/10 the Radford gas flow rate.
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Incinerator Comparison

Table V - §

Comparison Radford Lake City lowa Badger
W
Feed System
Design Propellant Feed S50#/hr 200 #/hr 205#/hr 150#/hr
Type Water slurry Bulk solid Bulk solid Bulk solid
Mode 3.8 gpm metering pump 2 conveyors, 2 conveyors, Conveyors,
. scale,hopper weigher,chute hopper
Kiin Model Bartlett Snow 7A APE 1236 APE 1236 ABB 500
Diameter OD/ID 8'-6"/5'-5" 3'-0"/2'-6" 4'-2"/3'-6" 5'-0"/4’-0"
Length 12 ft. 20 ft. 20 ft. 14 ft.
Shell Thickness 12" 2%"/13%" 2%"I3%" 1/4"
Lining 6" Firebrick None None Alumina
Rotation rate 0.5 - 6 rpm 0.8 - 2.8 rpm NA 0.2- 2.0 rpm
Burner Model North American 65.14 Hauck Wide Range Hauck #783 North American
Primary Fuel Natural gas #1 Fuel oil #2 Fuel oil #2 Fuel oil
Secondary Fuel Propane Natural gas Propane Natural gas
Burner Input 4.9 MM BTU/hr 3.6 MM BTU/hr 3.6 MM BTU/hr 1.0 MM BTU/hr
Combustion Blower 1800 cfm N/A 740 acfm/S HP TBD
Ash Removal Slide gate Conveyor Conveyor TBD

After Burner

Horizontal Cylinder

Rectangular Box

Rectangular Box

Rectangular Box

fiberglass
30 gpm & 120 gpm

Dimensions 8'-6" x 5-8" 6'x 6" x 14’ 6'x6'x 14’ 34" x 72" x 20’
Lining Superduty Firebrick Ceramic Fibre Ceramic Kaowoll 6" Castable
Burners 2 North American 6422-7A Hauck Wide Range Hauck #785 North American
Burner Input 2.7 MM BTU/hr each 7.0 MM BTU/hr 7.0 MM BTU/hr 2.0 MM BTU/hr
Primary Fuel Natural gas #1 Fuel oil #2 Fuel oil #2 Fuel oil
Secondary Fuel Propane Natural gas Propane Natural gas
Combustion Blower 1800 cfm @ 23.5 osi 1000 scfm 1000 scfm/15 HP TBD
Combustion Gas Cooler Vertical steel cylinder Two cross current heat Two cross current heat Air/Gas Heat
spray evaporator cooler exchangers exchangers Exchanger
Cooling Media Scrubber Brine Ambient Air Ambient Air Ambient Air
Cooling Area 5-10"QJ x 24'-7" 800 & 1570 SF 800 and 1570 SF Ambient Air
Cooling Air Fan None 26,300 acfm/40 HP 26,300 acfm/40 HP T8D
17,100 acfm/20 HP 17,100 acfm/20 HP TBD
Cyclone None Ducon VM Model Ducon VM Model None
700/150 700/150
Size 165 C.S. Size 165
Bag House
Size 8’ x 10'-56" x 40’ Bags 4% " x 8’ Bags 4% " x 8’ Cartridge Filter
# Bags 156 100 100 TBD
Bag Material Goretex?® Goretex?® Nomex Fiberglass
Fabric Area 2340 SF 950 SF 950 SF TBD
Gas Precooler 3%'D x 10’ water spray None None None
Packed Bed Liquid Scrubber Vari System Model None None Integral w/stack
VS-27-000 7'-6" x 4'-6" TBD
glass packing Plastic packing
Draft Fan 8300 cfm 6700 acfm 8700 acfm None
60 HP 50 HP
Exhaust Stack 24" @ x 35’ reinforced 24" x 30° 20" x 30’ Reinforced
fiberglass A36 C.S. A36 C.S. fiberglass
Hgt-TBD
Brine System 2 systems reinforced None None None
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Table V - 6

Incinerator Operating Data Comparison

Data Element Radford Lake City lowa Badger
Design Propellant Feed Rate 550#/hr 200#/hr 20S#/hr 150#/hr
Kiln Exit Gas Temperature 1200-1400°F 600-1200°F 600 - 900°F 1600°F
Kiln Residence Time 0.8-9.8 min 2-16 min NA 40 min
Afterburner Gas Temperature 1600-1800°F 1100-2200°F 1200 - 1800°F 1800°F
After Burner Residence Time 2 sec 1 sec 1 sec 3 sec
Gas Coolers Exit Temperature 350°F 250°F 250°F 400°F
Cooler Residence Time 2 sec NA NA TBD
Gas Precooler Exit Temperature ~ 190°F ~ 150°F 200 - 280°F ~ 140°F
Stack Gas Flow 7000 acfm 4000 scfm 4500 scfm 660 acfm

E. Prepared Documentation

The project scope of work

funding and planning documents.
and are in paragraph VII Appendices.

were prepared.

PDB-1

DD Form 1391

AMCCOM Form 319-R

1383 Report

Existing CWP Drawings

required the preparation of various
These documents were prepared
The following documents

The Corps of Engineers (CE) project
development brochure. The project
should not require any CE
construction activity.

Military Construction Project Data
document.

Document that describes a current or
backlog of deficiency identification
and industrial preparedness measure
(IPM) .

Environmental reporting project.

As built drawing of contaminated
waste processor facility.
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OBJECTIVE

The objective of this project is to provide an incineration facility
capable of destroying waste propellant and explosives (Classes 1.1 and
1.3). Incinerator is to be installed in the existing contaminated waste
processor facility, Building #279. Incinerator shall have a disposal
capacity of 150 pounds per hour. Incinerator design shall be based on
commercial rotary kiln furnace used at Radford AAP.

Badger AAP is the sole government manufacturer of small arms
propellants and cannot be activated for any level of production unless
this project is completed. Open burning of waste propellants is not
allowed.

LIST OF OCCUPANTS

Operation No. of Personnel

Explosive Waste Incinerator 2
Contaminated Waste Incinerator 2

Note: The two operations are not incinerating simultaneously.
Therefore, the two operators work only one operation at a time.

SPACE AND REQUIREMENTS

Type of Space Qty (sf) Significant Requirements
Office-Lunch Room 60 Clean area, separate door
Toilet Room 50 H & C water sewer
Control (Preparation) Room 700 Sump, control systems
Furnace Room 1450 Floor trench

Total 2260

Note: Existing 30°x 80" Building No. 279 is adequate.

SUMMARY OF FUTURE CHANGES AND IMPACT

No change is anticipated.

7~

-

functional requirements summary, PDB-1][
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Other Architectural & Structural (List and number items)
\. J
{ Ty 4
REQUIRED OR NOT REQUIRED —~ Not relevant or no information to com- *BY WHOM (Check and insert appropriate letter)
municate. Enter 'R’ if item is relevant and is required for this project.
Enter “NR’ if item is irrelevant and is not required for this project. A — DFAE
TO BE DETERMINED — Information needed but not currently available. B — Using Service
Enter code for information source. C — Construction Service
COMMENT ATTACHED — Significant information summarized or explained O — Designer
and attached. E — Other (Check Comments Attached and )
DOCUMENT ATTACHED - Significant information is in an existing docu- explain)
\_ ment which is attached. \ v/
r

technical data checklist|{=-:
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/" ) )
he]
D. MECHANICAL, ELECTRICAL, & UTILITY SYSTEMS 52 |x g .
3 c - c
p | 28|, |82 | &2
7 N 3@ L o € Q S o
- | @ ;] 2 a
ITEM 3| oo g = o=
x 22 = Q [SR-4 ag
D-1 Special mechanical requirements or considerations {elevator, crane, hoist, etc.) e D
D-2 Special peak usage periods and peak leveling techniques NE
D-3 Maintenance considerations (accessibility of equipment, compatibility with existing equipment) NE
D-4 Plumbing~availability, general system type and characteristics (proposed and/or existing, incl.
compressed air and gas) R D
D-5 Heating—availability, general system type and characteristics {proposed and/or existing) NE.
D-6 Ventilating, air condition/refrigeration~—availability, general system type and characteristics {pro-
posed and/or existing) Ve
D-7 Electrical—-availability, general system type and characteristics incl. airfield lighting, communica-
tion, etc. {(proposed and/or existing) ’ R D
D-8 Water supply/waste treatment—availability, general system type and characteristics {proposed
and/or existing) R b
D-9 Energy requirements/fuel conversion (sources, availability, loads, types of fuel, etc.) I
D-10 | Solar energy evaluation Nk
Other Mechanical & Utility Systems (List and number items)
N\ I
- N 7
LREQUIRED OR NOT REQUIRED — Not relevant or no information to com- *BY WHOM (Check and insert appropriate letter)
municate. Enter R’ if item is relevant and is required for this project.
Enter “NR’ if item is irrelevant and is not required for this project. A — DFAE
TO BE DETERMINED — Information needed but not currently available. B — Using Service
Enter code for information source. C —~ Construction Service
COMMENT ATTACHED - Significant information summarized or explained D — Designer
and attached. . E —OQther (Check Comments Attached and
DOCUMENT ATTACHED - Significant information is in an existing docu- explain)
\_ ment which is attached. _J . w,
r
technical data checklist ( T b |

DA FORM 5024-D-R, Feb 82
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~ M\ ( )
o
E. ENVIRONMENTAL CONSIDERATIONS 52 |* 3 -
\. y =] c b=t c
13 g £ 5% 33
~ teleElES|ES
3 o o 3
g < - €S o 2
|TEM v QO o w Q S -
rzZ|+=0 o« a<g
E-1 Waste water treatment, air quality, and solid waste disposal criteria % B
Other Environmental Considerations {List and number items)
. w,
o ™
REQUIRED OR NOT REQUIRED — Not relevant or no information to com- *8Y WHOM {(Check and insert appropriate letter)
municate. Enter *R’' if item is relevant and is required for this project.
Enter "NR’ if item is irrelevant and is not required for this project. A - DFAE
TO BE DETERMINED = Information needed but not currently available. 8 — Using Service
Enter code for information source. C — Construction Service
COMMENT ATTACHED — Significant information summarized or explained D — Designer
and attached. E — Other (Check Comments Attached and
DOCUMENT ATTACHED - Significant information is in an existing docu- explain)
\_ ment which is attached. J L P -,

s

technical data checklist|| s--

DA FORM 5024-E-R, Fep 82
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r \ ( )
o
L F. FIRE PROTECTION s5E|* 3 -
3 h=4 c
~ | 28| €| 83| &3
e Yl S |{g51ES |5
[o g = ] o 3
ITEM D 0 o ® O = [< 3R]
x2Z|~a o< a<
F-1 Special fire protection systems or features (detection and suppression equipment, hazards, etc.) NE
Other Fire Protection Considerations (List and number items)
\. J
{ ™
REQUIRED OR NOT REQUIRED — Not relevant or no information to com- *BY WHOM (Check and insert appropriate letter)}
municate. Enter 'R’ if item is relevant and is required for this project.
Enter “NR‘ if item is irrelevant and is not required for this project, A — DFAE
TO BE DETERMINED — information needed but not currently available. B — Using Service
Enter code for infarmation source. C — Construction Service
COMMENT ATTACHED — Significant information summarized or explained D -~ Designer
and attached. E — Other (Check Comments Attached and
DOCUMENT ATTACHED - Significant information is in an existing docu- explain)
\_ ment which is attached. J L P J
”

technical data checklist][ <« |

DA FORM 5024-F-R, Feb 82
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RCS DO-PRL{A) 1383 RRPORT PROJECT EXHIAIT

KACOM:  A¥C 8s8: Record Status: ACTIVE

SUBCOM:  ANCCOM ASG: Date Entered: 03/15/H4
Date Revised: 04/24/%5
Date Discontinued:

lastallation: - BADGER AAP City: BARABOO Address: EWY 12 SOUTH
2FID:  WI-213820054 Owner Type: GOCO State: W[ Country: USA BPA: 0§  Contact: DAVID C. FORDHAX
Support [nstallatioa: Tip: 539135000 ) Telephone: §03-356-5255
Facility Type: HANUPACTURING
Project Nuaber: BAAP-Y0008 Operable Unit: - Pillar: C¥P .
Local Project Number: XOB Local Project ID Type: MODRRNIZATION Year Punding Required: 2010
Project Name: RIPLOSIVE WASTE INCINERATOR Fiscal Tear Coapleted: 0
Survey or ¥itigations X .
Project Assessment: [ Class: 3 Lav/Reg: CAA Project Status: DEFRRRED
Compliance Status: BSDL ' Pollution Category: CTAP Wust Pund: K
Prograa Area: - KOBILIZATION ‘ WACOH Priority:
Initiation Reason: [astn Priszity: 3 Discontinge Reason:
Plan/Design Scheduled Coapletion: 12/10 York/Const Scheduled Completion: 12/10
¥ork/Constr Scheduled Start: 12/10 Pinal Compliance Required: /
Pund Type: PAA {Direct funded) Total Bst. Cost: (455
AMS Code PY Required Prg/Bdgt Obligated AMS Code PY Required Prg/Bdgt Obligated AMS Code FY Required Pr¢/Bdgt Obligated
421005!00 2010 1455 0 0
Narrative:

PROJBCT 70 CONSTRUCT AN BIPLOSIVE WASTB INCINERATOR 70 BLIMINATE OPEN BURNING. INACTIVE SOURCE-Y0B REQHT REGULATORY REQUIREHENT
UNDRR CLEAN AIR ACT.1391 4478 , J19R 81BA134

Page |
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2. DATE

1. COMPONENT
FY 1996 MILITARY CONSTRUCTION PROJECT DATA| 20 APR 95
ARMY ‘ 01 SEP 82

3. INSTALLATION AND LOCATION
BADGER ARMY AMMUNITION PLANT
WISCONSIN

4. PROJECT TITLE
EXPLOSIVE WASTE INCINERATOR

5.PROGRAM ELEMENT 6. CATEGORY CODE

7. PROJECT NUMBER 8. PROJECT COST ($000)

833 10 000800 - 1460
9. COST ESTIMATES

ITEM u/M | QUANTITY ‘c"gg, (‘;gg'g,

PRIMARY FACILITY 1077
EQUIPMENT LS — —_ (1037)
BUILDING MODIFICATION LS _— — ¢ 10
INSTRUMENTATION LS — — ¢ 30

SUPPORT FACILITIES 200
UTILITY EXTENSIONS LS — — ¢ 18
PERMITS/TESTS LS —_ —_ ¢ 182)

SUBTOTAL 1277
CONTINGENCY PERCENT (10.00%) ¢ 128)
TOTAL CONTRACT COST (1405)
SUPERVISION, INSPECT & QVHD ( 5.50%) ¢ 50

TOTAL REQUEST 1455

TOTAL REQUEST (ROUNDED» . 1460
INSTALLED EQUIPMENT-OTHER APPROP ( 1))

10. Description of Proposed Construction

CONSTRUCT AN INCINERATION FACILITY CAPABLE
AND EXPLOSIVES (CLASSES 1.1 AND 1.3).
ON THE COMMERCIAL ROTARY KILN FURNACE USED AT RADFORD AAP.
EXTENSION OF WATER LINES AND ELECTRIC SERVICE.

OF DESTROYING WASTE PROPELLANT
DESIGN OF INCINERATOR SHALL BE BASED
PROJECT INCLUDES
INCINERATOR TO BE LOCATED IN

EXISTING CONTAMINATED WASTE BURNING FACILITY BUILDING #279.

11. REQUIREMENT: 1.8 ADEQUATE

PROJECT:

0TD SUBSTD: 0TD.

CONSTRUCT AN INCINERATION FACILITY CAPABLE OF DESTROYING WASTE PROPELLANT

AND EXPLOSIVES

DD , becs 1391

PREVIOUS EDITIONS MAY &2 USED INTERNALLY
UNTIL EXHAUSTED

PAGE NO.
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1. COMPONENT 2. DATE

FY 1996MILITARY CONSTRUCTION PROJECT DATA | 20 APR 95
ARMY 01 SEP 82

3. INSTALLATION AND LOCATION
BADGER ARMY AMMUNITION PLANT

WISCONSIN

4. PROJECT TITLE 5. PROJECT NUMBER

EXPLOSIVE WASTE INCINERATOR ' 000800
REQUIREMENT:

THE CURRENT OPEN BURNING INCINERATION DOES NOT MEET CURRENT WDNR REGULATIONS
(NR 181> for disposal of HAZARDOUS WASTES, EPA RCRA REGULATIONS (40 CFR
265), AND WDNR SPECIAL ADMINISTRATIVE ORDER 2A-78-1195, WHICH REQUIRES THE
DEVELOPMENT OF A SAFE DISPOSAL TECHNIQUE AND THE CONSTRUCTION OF SUITABLE
FACILITIES.

CURRENT SITUATION:

BADGER ARMY AMMUNITION PLANT IS IN NON-PRODUCTION, STANDBY STATUS. ALL
PROPELLANT AND EXPLOSIVES THAT BECOME AVAILABLE FROM NORMAL  STANDBY
MAINTENANCE OPERATIONS CANNOT BE TREATED IN THE EXISTING BURNING GROUNDS.
NO OPEN BURNING IS ALLOWED.

IMPACT IF NOT PROVIDED:

BADGER ARMY AMMUNITION PLANT IS THE SOLE GOVERNMENT MANUFACTURER OF SMALL
ARMS PROPELLANTS AND CANNOT BE ACTIVATED FOR ANY LEVEL OF PRODUCTION UNLESS
THIS PROJECT IS COMPLETED.

ADDITIONAL:

NO DISPOSAL OF PRESENT ASSETS IS INVOLVED IN THIS PROJECT. THIS PROJECT HAS
BEEN REVIEWED FOR HISTORIC IMPACT AND COMPLIES WITH THE INTENT OF PL 89-655
AND EXECUTIVE ORDER 11593. THIS PROJECT HAS BEEN REVIEWED FOR ENVIRONMENTAL
IMPACT AND COMPLIES WITH THE INTENT OF PL 91-190. AN ENVIRONMENTAL IMPACT
STATEMENT IS NOT REQUIRED. THIS IS A GROUP 1 MOBILIZATION PROJECT. NO
ECONOMIC DATA HAS BEEN PREPARED (SEE D.T1). -

DAVID C. FORDHAM
COMMANDER S REPRESENTATIVE

FORM PREVIOUS EDITIONS MAY BE USED INTERNALLY )
DD 1 DEC 76 1391¢c UNTIL EXHAUSTED PAGE NO.
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1. COMPONENT

ARMY

2. DATE

FY 1996 MILITARY CONSTRUCTION PROJECT DATA 20 APR 95

3. INSTALLATION AND LOCATION
BADGER ARMY AMMUNITION PLANT
WISCONSIN

4. PROJECT TITLE . 5. PROJECT NUMBER

EXPLOSIVE WASTE INCINERATOR

000800

SUPPLEMENTAL DATA
A. ESTIMATED ANNUAL COST TO OPERATE PROPOSED FACILITY

B. NUMBER OF ADDITIONAL PERSONNEL NECESSARY TO CARRY
OUT THE FUNCTION OF THE PROPOSED FACILITY.............

C. ESTIMATED LIFE-CYCLE COST TO OPERATE AND MAINTAIN
THE DESIRED FACILITY. . ieu it e e

D. ESTIMATED LIFE-CYCLE COST TO OPERATE AND MAINTAIN
THE EXISTING FACILITY IF NEW FACILITY IS A
REPLACEMENT . o ettt e e e s e

E. PLANNING AND DESIGN DATA (ESTIMATE)

1. STATUS
a. DATE DESIGN STARTED........cooivivnviiinn,
.PERCENT COMPLETE AS OF........cvvvuiinnn..

b.
. PERCENT COMPLETE AS OF ..o,
d.

DATE DESIGN COMPLETED...........c.vvvntn ..

2. BASIS

b. WHERE DESIGN WAS MOST RECENTLY USED:
RADFORD -AAP

3. COST (TOTAL - $000) |

PRODUCTION OF PLANS AND SPECS.............
ALL OTHER DESIGN COSTS....veervvvnn.. .
TOTAL COST (c) = (a)+(b) OR (d)+(e).......
CONTRACT . e e e et e e ettt et e e e e s
IN HOUSE. « « e vveteeeeeeeeeeeeeeeeians,

[ R~ N o IR ® .1}

4. CONSTRUCTION START DATE (PLANNED)............ ...,

a. STANDARD OR DEFINITIVE DESIGN YES X

1,660
(3000

2
(PEOPLE)

42,000
($000)

($000) -

FORM PREVIOUS EDITIONS MAY BE USED INTERNALLY
DD 1 DEC 75.1 391c UNTIL EXHAUSTED
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1. COMPONENT o 2.. DATE
FY 1996 MILITARY CONSTRUCTION PROJECT DATA | 20 APR 95
ARMY
3. INSTALLATION AND LOCATION
BADGER ARMY AMMUNITION PLANT
WISCONSIN
4. PROJECT TITLE . 5. PROJECT NUMBER
EXPLOSIVE WASTE INCINERATOR | 000800
QUANTITATIVE DATA
(u/m 1
A.  TOTAL REQUIREMENT 1.8
B. EXISTING SUBSTANDARD 0
C. EXISTING ADEQUATE 0
D. FUNDED, NOT INVENTORY
E. ADEQUATE ASSETS (C + D)
PEEEEEEEEET ittt/ AUTHORIZED - FUNDED
F. UNFUNDED PRIOR AUTHORIZATION Iy
G. INCLUDED IN FY PROGRAM
H. DEFICIENCY (A-E-F-G) - 1.8 1.8
DD 1;%?:&;5.1 391¢ PREVIOUS ED‘JLO'I'TLS En;\(:xsgruesg:o INTERNALLY PAGE NO.
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1. COMPONENT ) ' 2; DATE
FY 1996 MILITARY CONSTRUCTION PROJECT DATA 20 APR 95

ARMY

3. INSTALLATION AND LOCATION
BADGER ARMY AMMUNITION PLANT

WISCONSIN
4. PROJECT TITLE . 5. PROJECT NUMBER
- EXPLOSIVE WASTE INCINERATOR ' 000800
D1. GENERAL:

THIS PROJECT IS FOR ADD ON OR MODIFICATION CONSTRUCTION. CONSTRUCTION WILL
NOT CONTAIN AMMUNITION, EXPLOSIVES, CHEMICAL AGENTS, RADIOACTIVE MATERIAL,
RADIATION-PRODUCING DEVICES, OR OTHER HAZARDOUS MATERIALS AND IS PROPERLY
LOCATED WITHIN ESTABLISHED QD ARCS. SITE PLAN ONLY REQUIRED. THIS PROJECT
IS LOCATED PROPERLY WITHIN QUANTITY DISTANCE LINES OR- EXISTING FACILITIES
AND IN OF ITSELF WILL NOT CAUSE OR INDUCE UNSAFE OPERATING CONDITIONS. THE
SAFETY SITE PLAN HAS NOT BEEN APPROVED.

D.2 ACCOMMODATIONS NOW IN USE:

BADGER ARMY AMMUNITION PLANT (BADGER AAP) IS IN A NON-PRODUCTION (STANDBY)
STATUS.  NO PROPELLANTS, EXPLOSIVES, AND PYROTECHNICS (PEP) ITEMS CAN BE
DESTROYED BY OPEN BURNING. EXPLOSIVE WASTE MUST BE TRANSFERRED OFF SITE FOR
DISPOSAL.

D3. ANALYSIS OF DEFICIENCY:

THIS PROJECT IS REQUIRED IN ORDER FOR BADGER AAP TO MEET THE REQUIREMENTS OF
THE WDNR REGULATIONS (NR 181) FOR DISPOSAL OF HAZARDOUS WASTES. THEREFORE,
PRODUCTION ACTIVITIES, WHICH WILL GENERATE LARGE QUANTITIES OF PEP ITEMS,

WILL NOT BE PERMITTED UNTIL SUCH FACILITIES ARE AVAILABLE TO SAFELY TREAT
THESE PEP ITEMS.

D4. CONSIDERATION OF -ALTERNATIVES:

BADGER AAP CANNOT BE ACTIVATED FOR PRODUCTION UNLESS THIS PROJECT IS
COMPLETED. THE PROPOSED PROJECT HAS BEEN DETERMINED TO BE THE MOST
ECONOMICAL OF MANY METHODS TO TREAT PROPELLANTS, EXPLOSIVES, AND
PYROTECHNICS ITEMS.

D5. CRITERIA FOR PROPOSED CONSTRUCTION:

THIS IS A STANDARD COMMERCIAL DESIGNED PROJECT. DESIGN AND CONSTRUCTION
SHALL BE ACCOMPLISHED 1IN ACCORDANCE WITH ALL PROVISIONS OF WISCONSIN
ADMINISTRATIVE CODE.  APPROVALS BY THE WISCONSIN DEPARTMENT OF NATURAL
RESOURCES (WDNR) FOR ALL ELEMENTS OF THE DESIGN AND CONSTRUCTION SHALL BE
OBTAINED.

D6. PROGRAM FOR RELATED EQUIPMENT:
ALL FURNISHINGS AND EQUIPMENT ARE INCLUDED IN THIS PROJECT. NONE OF THE
EQUIPMENT NEEDED FOR THIS PROJECT IS IN INVENTORY.

D7. DISPOSAL OF PRESENT ASSETS:
NO DISPOSAL OF ASSETS WILL OCCUR AS A RESULT CF THIS PROJECT.

D8. SURVIVAL FACILITIES:
THIS PROJECT IS NOT SUITABLE FOR INCLUSION OF A PROTECTIVE SHELTER.

PREVIOUS EDITIONS MAY BE USED INTERNALLY

FORM
DO pec 76 1391¢ UNTIL EXHAUSTED PAGE NO.
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1. COMPONENT ‘ 2. DATE
FY 1996MILITARY CONSTRUCTION PROJECT DATA 20 APR 95
ARMY

3. INSTALLATION AND LOCATION
BADGER ARMY AMMUNITION PLANT

WISCONSIN
4. PROJECT TITLE . 5. PROJECT NUMBER
- EXPLOSIVE WASTE INCINERATOR ' 000800

D9. SUMMARY OF ENVIRONMENTAL CONSEQUENCES OF PROJECT:
THIS PROJECT IS REQUIRED TO MEET THE TREATMENT REQUIREMENTS OF THE EPA AND

THE STATE OF WISCONSIN.  THE ENVIRONMENTAL CONSEQUENCES ARE DISCUSSED 1IN
PARAGRAPHS D-2 AND D-3.

D10. EVALUATION OF FLOOD HAZARDS: _
THIS FACILITY IS NOT SITED WITHIN AREAS KNOWN TO BE SUBJECT TO FLOODING.

D.11. ECONOMIC JUSTIFICATION::
THIS PROJECT HAS BEEN DETERMINED TO BE THE MOST ECONOMICAL OF MANY METHODS
TO TREAT PROPELLANTS AND EXPLOSIVES.

D.12. UTILITY AND COMMUNICATION SUPPORT:

NO RELATED UTILITY SUPPORT PROJECTS ARE PROGRAMMED. EXISTING ELECTRIC
POWER, SEWER, WATER, AND COMMUNICATIONS FACILITIES ARE AVAILABLE IN THE
ADJACENT AREA. ' '

D13. PROTECTION OF HISTORIC PLACES AND ARCHEOLOGICAL SITES:

NO HISTORIC PLACES LISTED IN THE NATIONAL REGISTER OF HISTORIC PLACES ARE
LOCATED WITHIN THE BOUNDARIES OF BADGER ARMY AMMUNITION PLANT. THERE ARE NO
ARCHAEOLOGICAL SIGNIFICANT SITES AT BADGER AAP. THIS PROJECT HAS BEEN
REVIEWED FOR IMPACT ON HISTORIC AND/OR ARCHAEOLOGICAL PROPERTY AND COMPLIES
WITH THE NATIONAL HISTORIC PRESERVATION ACT (P.L. 89-665) AS AMENDED AND
THERE WILL BE NO EFFECT. IT COMPLIES WITH THE INTENT OF P.L. 89-655 AND
EXECUTIVE ORDER 11593. '

D14. PROJECT DEVELOPMENT BROCHURE (PART ID:
BROCHURE WILL BE PREPARED.

'D15. ENERGY REQUIREMENT:

THIS PROJECT WILL..NOT IMPACT ON THE ENERGY REQUIREMENTS OF BADGER ARMY
AMMUNITION PLANT. OPERATION OF THE NEW FACILITY IS EXPECTED TO USE
ADDITIONAL FUEL AND ELECTRICAL ENERGY,” BUT THE ~REQUIREMENT IS NOT
SIGNIFICANT WHEN COMPARED TO TOTAL PLANT USAGE.

D16. PROVISION FOR THE HANDICAPPED:
THE HANDICAPPED WILL NOT BE PROVIDED FOR SINCE THIS PROJECT IN NO WAY LENDS
ITSELF TO DESIGNING FOR THE HANDICAPPED.

D17. REAL PROPERTY MAINTENANCE ACTIVITY (RPMA) ANALYSIS:

NO CHANGES ARE ANTICIPATED IN THE AREAS OF REAL PROPERTY MANAGEMENT
ACTIVITY, PHYSICAL IMPACT OPERATION AND MAINTENANCE IMPACT, OR OF THE
BACKLOG OF MAINTENANCE AND REPAIR (BMAR) IMPACT.

D18. COMMERCIAL ACTIVITIES (CA) ANALYSIS:
NOT APPLICABLE.

PREVIOUS EDITIONS MAY BE USED INTERNALLY

FORM
DD, o%c 26 1391¢ UNTIL EXHAUSTED PAGE NO.

160




P

THONITMVYEA a¥0D3Y

~.

CRLPDIITILITO? O FPLIEVNS
O DTN IO VY
L0086 O2ANIO? " 2IXRL SHM
_g OvALS £ rry DTk

pre——

g

meyry YT v TEIRTIED) - s =
80-10-1€ .{\W\.QN oS S amenew et Sk L ) A e
. 90-40-2¢ . . _ )
il T PR _ ~ \
e =
wit | e, / i ot ll\
WLZ g 0 1 O YoM vom G W i N [T =%
NV JOVNIVHG 8 ONIQUHD 2 \q IS o7 |
N .
) "~ ~ R ! 3 3
HOSS3308d 3ISVM  OLUNINVLNGD _ e \ e 2T T
NI$NaOSIe  COUVHES W Ovevy smew WBIVEL P d L gaare (oov §7' > ‘covsrw \ b- K TR 2 A ] L 1
VIsveaARN VHYRO . o LEXLIIRO0D TRAYT)
se2irngns 40 Bav0d _ s T b TUSONT? ISVE LV ! \- s f- ey
191850 WIDMIOND AMNY ‘g cni_ TLVOUSY ¢ weise o e CRLFIOT £7 WRFY IPTOASN OV (TSN B
S— ..f..v..“n....x — con i \/ TR R .
TN Se5 1 TERBS TWAE Y AONT O GInALE TS~ T| | ! / s e /
Bzl )
= | C
o5es . / ~ 14
g
\ i 3
1 ELESE P N
_ 807 JOSCMenTI o | , era .
T BN ' edcrorova Fucem
A ]
/i

cote

T

=

—_—

- - -
{

£222) 58

-
i
S 21k OV P FS ATSORUY
RO BirNA D SO EMCY P
DRI EIE FIpL MY

/
¢

. - -

razy QruIIANINIY

.
I 2P 1Y IIVAIAL AL ﬁ\
' RS I IVFOAIIYIL — 2

)

‘parunraddy
(2 Fcors v s}

'

Somrossrrrt A

\

© e —
P I
R A A

way rorivs”

’

.
e
LN

-5 reg
- / 15 - -
. N
S

5.
N~

rery ®

°
oy EI2MS )

arg oo

“

NOILYDOT FLvWVXOXASY JOF
J-0 1FINS ARS N OLR APWP

2 ECBE /77 SIP FOFLTY
PIAMOVIN FLTTINGT ASIM 2O wOL
Ot =183 = L

161

.
'
o~
" // .
—_—
- o
-
—
-
~
RN
K I~ v insm ey
mirain
J PR I
& ~
I8 ? e
- gecwe |
S
LN
sorp mazei ! a
ey~ o~ TNENL
— R TN
- . s T
S T
B PR OLI RN
w. . g1 RSN
K Py i ]
Srvamts ey el k3
o 2K 5 )
O P * |
x| L
b AR
. rorvertoey eIl 3 m/,
> arrs o Y3 )
. w3
N N 2
R somrp w .
Lrmaren o3 v
e
= - < st . =
- & e
. - Tt
I e
. = " Frhrus
: swirrray
Rl Sl




e e e o s § 20 2908L-902 wlYMIS

ONIMVIAQ a30O0H > $$ — ONTFINIONT INTVA WNIHL - §§
[ i i dae on mouvowiGow  KI0J 1§ sy vova .
90-20-2€ - bm - o0 s hfiond 3INCINo6 BONGD onmz_(t BCEERTY) ooy
Voo s Lon y 1w Q3cogx3
bt o£ 1] R o = i%%&ﬁu-ﬂt.ﬁ__‘ v.,‘..wu LMY OGO X3 18NTS LN s T m-»-duJOU OAG0ExR | “DNOD 0360IX3 IOUNY N
) T T [ =oaves bt sswe |
TerAvievt a2 6T} A nO0ane6 ¥OICS L MI%J T HISOWS A3317T41400 | 1TYIVG - WIQOWS 3 114 S 18108 2 2079 "3MeY wooy
2t = - . & " i - - i) e K
WZ G STy U ON LIX 06 Yo B LS I-...lhi!l-n... dﬁuﬂoﬂ“:ﬂﬂn«.ﬂ.ﬂﬂﬂw x>o¢ﬂﬂnaﬂu‘.«n—._u._t._u2«u-n.pn“ _o\h;. l-_c..ﬂﬂ.»m.m_u.@luxuu Wnrudu 2 W-ODL-W ¥ 2no2 oIco4x3 l3"ox
NVYId H00Nd dMD M\.W.Qa oYl FINCTINDG 010D LN1YS Ln-cnzo rdpmh\&vﬁ I twnoﬂo w_.u._._cu.ﬂuwo:m otvas @ 3 Wood
-] bad unLYmUS 91433V TRl h [ W S QX d -~ »~ - [~} 3CO
IVYNLIILIHOYY CET— R i ni0dme SN e ahe e L R 3TN oNes B980d%3 10% 1 N2
H0S53208d 31SUM . OQ3LUNINVINGOL H4"_ ueseve GABY NI Y ELTRIEE) | S AivMm 36V 7 90034 wood
NISNO 35U COBYYE LHY W OWWY Amiy BIDOVE| O L, ereera FINAZIHDC HSINId WooY
TrmvEaaN Vo A
R e :::..“um.u.u ..n..m..q“.
LOMLEIO BAINIGNE AMNY 8 T QoSS >
Swe T IASY
= e = -1 1 :31vos o MDD
eool 397 TROIS TA3D IWHINID 20007 WY | 22 7|V et NY T d d O 4 d -
pLANTIS SHOIIDNOD . 1 Y. MOMS5 Q1 Ga%IAde | r~ -
r ‘ £ -
~#-2 334 LAIHS - - — Py i o
£9-10+45 ON I3 WSO GNVONYLS NOSSIZON Tifvm NS Bl -3 1281 ] 2 Fan )
TUTHRYLNGD WOUS CILAVOY Dnismwdl) S8U b priatytd ¥ LML -m.__.N e L0 [ | . 4
, Amw Y RITE v
— 7T _
12 _ NN WIACT WATY im K T~ " 3 -
Q _ LEL TR N = L 1
31804 Qv . H : O PN
h a3 id
wom2%, & swrere L KW i (nois o sues vy Fos oS
15 13315 998) - re
—nnem » v PR BN bl v A WS I o
R R oe —— . W N i
s P iwwes N .
et oy - AR
Ft . e e ? 3
oy h b he B . [PPp—— ooy new - . ooy asvrund e r 5_
—_ — 1 v
. 1A UMY I ~iveo . — ' u_{o,
o o TN Y, 1 b ;
ADO0IQ $LIWINOD " ha ' -— - 4 - - L — ~ sl -
WIEYG JUYm E Ay ouvInem 1 ECEERNEY, | el y i x4 - " ! " \ ARTE
‘. | \/ T ok g L , "
Il == == s a—l—= - . - = - -—S5 - 1% - RS o fo.
~f—| ———— o ST 310w SxTNBL bt d . " vy = £ o
a3 wnTY  p— TieuzNED m S 1 ] o\ s arnis & m owe-arvt mmls P h =315 =
ol I 9214k - 3ADRT [ Hisw o, 3 ' -
aN3D3IT AVIEILY K _._ B0 - 1108 —= . _ | 23D vy o nrens . “ .
WRNAIBA YOS - QL WISNISO 1WOL WAV - QL m» 5 o= | -l
oo vom - waadavew wpews - m |3 [ ' 203 Yeasheo se 1. UL
»nvy . -e> wame fea P1E[R [ . ®aLs- 4 mlr 5 (<] ey o~
B . ! . ] o -
GUTINVATIYS = “ATED HMOILIVART - “ASIT g - 1 Q“nm-xﬁ ¥ T ] 3 \ﬁ £ — - h 6
wrns o -"DR 0 AEDLAAL- A a. . R i vir = H [ w = e —
VAN MONIOH - “WH WYUHIS - "W M. <, 2N ooy (Lol ol il van ' ' 8, mn
0IerMOT = - y - == DenaigD I ANOD, ‘ i il
snoss o ravag - e || =} Gt T N _ . _
FLAMINOD - “DNOZ HANRINTIY - Uiy . - 4 - =5 o — - TS T - - w. ..” |||||||| HEL] dvm
<nanniires - Lrod s 0 - 5o FToy O 3= " =& e N ([N
INTVEARY - aTs dquveq - 0¥ Y N ST . @. . . . . 1h .Jil LA Acttaid »; -
i SNOILVIA3YUQY — 32 RPN N :
G e ‘n._v. j W Wl SRS - 2E o ! =° o ] el
k1 Rl -
(A so-pm s snvvs A joamus 181wre pn THRYI TV YA i any SNy .ﬂ 8 L TN == “_v T
[ 340 Niviaa 4 . . R Sronsiwvs e
T + e . D D . B J w0 E.uxv:hu.ollllllllhﬂ.
. - At A - - - ' _ ==
) Tt 8 JCE KX g F ES S
=g e e b . S ] I =2 I o
J - .
= T o) o L . O ﬂu RS . . : z
' z - . o I ! . C
evmg | ATUR JSTIG Drser =) ® Lt - P o ....-M.nrn.u.ﬂull_v
L TORA > . . i
_ (er1) s | o
=3 o p Swmue A9 ORIIVEV & .
(it ary 2 we @ary S2a) DM X QINSINUNY - wINY S ANDHJINGS ¢
PYS YR AL HS Arevves -7 anos —3 ¥ oL s . o
| o N MY " s a Hw— . 3 i
st N— (9ri) snvavae B . oo -
' Hl;o..t AW aUTOEH (ar1) tnvivas | i - !
I.% MINYD ge AP AN _ D D "
¢ 1ws- AWVU AL
he-~H L v eaneats 1Y = \
b m m
1< * AR L] HE koma ~anaus e —)
R P %
# 1—_ AeY LEMT  SINPVRAEV IM : A“_ r2-1 ..SnL HI.I.J!JC JqFtlllH (L) YTYSS JI.IH [l
IrICNNY MORSIUSWAT Eﬁbliaﬂsl
e
T e e




2v0sL-203 TIYMHIE

ONIMYYA qd0D3d

. $$ = ONTYTINIONT ANTVA ANIHL ~ $¢

o D7

9006 ¥ RyvOva

Ho‘. .T.l,- =T

BM MELVDLIODN BOO Mev vovo
T ATVELNOD EZINVHODDY NV BIML

|

SYINLO A9 GITTVIEN

ety ———
TB81 ABVANVY sy |
o7y T ow L3oRa Ton 47
SNOILVAITI
IvHNLI3LIHOYY T
HOSS3ID08d 3LSTM QIULYNINVINGD|  Har
NISHOISIM OOBTNYE ANY I OMNY AWuY & 320VE anf

s evemmre

~rEvaEaN VaemD

BRIINIOND 40 Banad
VG

1D18L81Q NIINIBNT AWYY '8 0

ST "m0 v320

SiwTVEN) = Sudeowd
S2LVIOOSSY ¥ e VIS Im DY WY W

TNGiRIARY

) “Rund

(O, 7/ BI¥DSG

NOo1ivAa33

AT WIS TNIS

W&

-~

o

1
-

-

I

P

I ———

“Tem

2003 Q

NYM ooz

Brat 01~ 36D
T B IS ¢ D

ue |ﬁ#

DNJO WYETD HPIM I ¥ IR 91 - WOLD |
FLIEREVIRR-: FL ST R Te2 B

e [ v f—— ey
eol s2a 2000_ON_Wv H11% JONVOH0DIY N1 GISTAIN]15-22 7]
1SS _INNESY  MONS O 0iS1ATN Thsre]

y SWOQ JN-T0Y 4O QYIS

QALYMAT LD NOXS CILevy NI

Lo-au, PA ¥avae
T

[TV 1] . €31 e

29-10-25 OM Sm0 WDIEI0 CUTONVLS NOSSIIONE LSTM

imyMO SBL

ARNE Sy Nig

GMAKIO AW OG3NIVLENT
AIHGINGNS - AVYNENS —

1
I
i
|

THL G- ATYm
24719 B1BWONOD

“ANOD AJONYD ¥9NTDo| ————

~0-01

T

'

H 1
. .
1 i
I '
} 1
¢
[

[

r
]
!
!
1
1
I

9
!

Fuivwd wto un W

FIINAIRAG AT

—

11

! 1
13 R ' O lod
_"HL qi 3 .nkuaA ! ' A 1
_.. N nipez H 1
i i
: [11] K _
saanid g |1hA i ]
yopa WiMeRIYoR | iy i1, . | *4wpa3Y4rd
B 1y $ 3 ated Jviak jorsvin )
Hi Hi ‘:4 ! :
Il 1] i TR
! T L

=== wo1va1r Aliavyd

@V =P/t 3v2C

NOILYA 33

*OMOD /M 0%V
LRI MR LT ¥ X

ONINIJO YYRID
. KDIH v v 301M 41 W00
t:.._Jodﬂu:!ulﬁu.t»un._n

Swoad Jn-Tr0w
QYEN @ AJONTD 3INTR A 1T

AdINIA

Rl R L e I

SLNOISNMOT o7,

PLYTERE MR TR LTS
‘MM H4DO00L A1deNE
OL WOLVIUNIA ALIAVED SHOT O1

voIuELM &
ARTZ TIVA

HOIWALNI &
ROILYATTE TV

@3

._0

WOLYTILREA oo
407 =1 - $7ANYJ 400 YD

e/t

WIVDG

Wm oay

NOILVA33

Fansry —

40

$ o
Iy o ..h“au, ‘wird cris
L

Lovzw

S

E

SNV 200W

AL —

_ ———l—sumHiO A G
1 | as3tivisrn y
i OJ!ﬂ.zxnn B EA L OE )

al t
= 1

vl 1
J '

K

LLIGT FLRTZ I ERT TOTPIE V-7, W T pum——
‘woeQ JNTI0MW aILVNEIO IWLFTIE

WG P 1I0W 40 GeINS
ATeD AdOn¥d YRAYH 3

¥

¥

o4
4

Q-ty

1
— 3 —

M

wdiino IviAW

€ NOoNMNILNDD,E e

™ OLYULNIA LGNVIHII tu)ﬁ&l'@

(O N $1INYY 00D VI CIDMNSIT

1

TINYd HO0W TVLIA

.—| ™MOILONYIANO D 2O 4IQ

BRIG LDVEB ALINIA NI WD 0OOT
A1dING Ol MOLYILNFA ALIAYYED 2M01,01

163




PRIV YR dided

ONIMVYA G30D3Y

$$ — ONDITINIONT INTYA ANIHL — $§
Ty TR T o mDLYSWEOm  RI9 15 ST vove
90-20-2¢5 ~ r.nxﬂ < v LOVINCD DinvamOREY e B
I rvove —~
g s wv vees -
e
Wty | e T T <iig savess
i s iy TTOW 153F00d vOR B 4d conone LB A
STVA3a B NOILI3IS ONIGTUNG RAEL el
— e
IVHNLOILIHOYY ey k rooe
HOS53204d 31Svm Q3LYNINYLNGD,
NISROTSI DORYHYE LNV g OnAY amuY 8300vE I
VrevEEIN varen: T B
SuIImI0eE 45 B4BOD I 50w 1Y aniv3ada ey
v I ey ) ™.
ADNLIBIG WIINIONT AWEY g 1t FIIVIOOST € s 1XS 3w Oy v e @-’ 20 -1 =, ¥/%
LTI v NOILD3 G
P —um——r v ’/.\
e o] T% 2000_0N WY HITM ONYOR0UY W1 O1STATE 1= 22 7]y 3
Ol YT TUAT Y mGms G1 03%inis 1= & eim] »od VIeve  wiswm awvengvs 3
— - > — w .
= v e ey
£9-10-4C ON MO NDIS 30 ONFONYLS ¥OSSI0ew LISYM - K _xewes woovt 4 =
TFIVNIATINGD WOWs QILaVOY Dnimvad) St a oy et — ——ed - Ve i~ . .
Y- yunsons Seitw Pyt R . < - ik
101G [woote LIvey
ey 0-ia,C 303 NYJ YOty dBN
B ATvL30 m )
. >
: Y - ! Dl I .._,,
O an - varevy [ M HOIWBINI & MisoLG : A ' N -
Saem oaLvanse = Rt | 237 2 os srenvy . - ;
ﬂ H H NG GI1) srvInaG e —— < | \ .
OVFMG Lond [ hat LS a i © f————— q7vm "ONOTZ
! - - —_ A el ]
Quﬁzn>ﬂ.w.«,.wu4d “v - . 1_.{. 1 CeTMO IMILS B > = !
- B f—— swnews amaw §
Vi3 gwsats hred e " 2
. o g ; -
Samwy s ——— S - i
GrLvINER S sRor—L . ..uf =R i : i
—— e
gy (LIS @rL) arwsveg ———s £33 Fwneom sves -
22,11 8 vamdnw 90,9 = 01°4n- TINT 5 |
SN AmAd miK Mt W T E “rvm ONLvAnEr & B ' i
. - 1 ! ' s B :
WO MELN & wiOOWE N . : ! “ ’
1Y WG 1 ﬂd-)l\» —— _ —— e —— . m h k :
_ [ era—— ! i
—— woeQ ‘wy cClivyao H M
£ - TeiiHs SAhE — : . ! . 4
1 Yo ¥z plpgidad : !
1= 236 . _7 N . i . 3
o hep17  TTYM LEVIA “onoD )
J (i . : =
Sanys Temeancm R TR Ye] o, - ; 7 ; -
I i | ( ' . b
‘ ! i I H | : roE
ST daryy Sy Jm i 5 R R ! J ~ m, ! i
Ssv iy miosoTAm ) v = —= " - ’ T H .
— - 3RS veg Gf— o L3 39V o) > SR oS H mAII..-)é T v o '
i - | N Z S | .
R e TEOWDULNCS B — LR - ' H .
“ : samc s am | O . A ! _ " ‘
BRI ELITIIY . o= G o2 TEINY | { : . _ | % 1RO G
- K RV On{vives s3w - . v i 27vs M40 9K, >
- — -
s w3 } . S e T - :
wILnD 4 SAL P 9h £ 5a 0T — 3N «OooNI IVIIN 3 ~ ! ) R . ] .
h H o vivas— i : [
”S.n. n) Awnvd v Y e oo —_ N7 s Bri) svivss avneon? Wved ! ! ! ! : 11
dgepamn 2 —o— Do . : !
' ' T < -~ Lh ks Wl s Bl T A = i t J ¢
! i O — —~ S e s mviEL - | , i :
12 [N LIS TR . N ' H | i !
e —— 3 00y “YLH 4O N30T — A2 H ' i i
PERSTIP v _ i _
i
. ' 1 K _
S
Neg00y MILvuop { ,
G UM AnGs —= - ! : T — * P i
3! H - ew gaves | e SONIAYI0 TRINLIMUS IINFYIARY i)
t 2 e i Lo i
= . i !
T — “tnvs VvmIgE Tviaw ———— | Ve
o1 in- vy {(~S-qr1) I A P , »
Ttem Qereanen N e imvavas : T !
- == \\\\\ i
- : . : ,.MV X
S i : | s e
I Y ANUNLINVLE CwEw | t
AWED VTYm e B2 ! i ¥ \k
H ¥ H01svI0n | ) Y1 1owra wou : \ —
EETIRLLCER N o8 [ srramvea aveniness wn e o s veave bl \
4 4 - A= . // | £
) t oY) o1 Y ¥ -
sk ' Vu(’aﬂ)u v~ - 1D Cvig. 4
. 2R . e z i -
v > = - S S S
. . v = , — N.,\-\\\TI -.!ut..n mny
H aunceTs g
| (Loren) mavena b ~emva \— ¥

#00¥ QLY IPEN 400w Tiam ——

SNy i
A rre—— 2008 Wiz —i 3
B
¢ o

164




ettt a oyl s e

ONIMVEa 030033

$$ = ONIMTINIONT INTVA ANIHL — $$

LT T AL s | TTEED)
ol W 7™ 1] OM LD 0t ¥OM B Ay lvl.ll‘!f\‘.-:l

SNOILD3S ONIGTINE
TVENLIILIHONY LT peyeny
H0SS3208d 3iSvm QILUNINYLNQD)  Har
NISNOISIM DOBYNYE INV IS OnmY dmyy y300WEB! oAt
AT S Ciom > amieae
o aS I ol A
P AT SN 711 s Do

210,31 9was
~NOILD3 %

o~ | st =
el | 2000 5% MY MM IONYAE0I5Y W1 0301A3a [ 5 27 7

T . 1 T3S, hes Set el Iin
Endd BT S_AnnY iv_mout 01 01sia Laerd

R B i A Ry ey e toperr
& 90-20-28 —_— T o LA B
T INSE| oe w T Ao yo-1 e g6 surens
[ror— e T R e e NV <l\“m0
e o %

mawes maia szwme b
Vi Zoams 12555 !

o
- A (rogaii 20 e @
anvwavec | 19 % o @, i3

2 —.i. O I VIR
AN morer s —

S

AIYm 15 VIG DROD ——e DN

CRm NN

WIR eus v/e avdg

NOIL

. S9OY

49410-48 D% DO WOISIQ CHFONTLS OSSID0ws Jisve H —
TILTNATLNGD WOws O7.aTOY OMIwPEO Stu cmeare L3uos — i [ ﬂ v 2w
" [ - A
! o] | s~igaing 3 _ YT mouva b L S R R T
,.1_ _ B} " o i T . PR "
. | e s ]
| e ‘ Mdwroer vave - B o » <
K ) N S voou s0 32076 Lywis
. ipweg LI {0 5) WISRRLED Sres b | . N WO WY WOOTS gl e
e ey EJ = T >t
T . (Can) wrSmigic - Swmrred ase o . ! T
| - thes el } ‘ aees 12 sl . ,
| S 3 i ot D]y ; : .
verau sE W - — Jene " i ' Q .t
I g— amain Lo T L i p] &
L TEN LL 2 . - =
asvad E_Ll*. - Q_ H b d
N = fas 20 et s t B =
Leaa, e v = - . . )
—_— s i u TR INOY @
& ¥ . o . ek 3:03 T2,078 i~ %
- . ’ N =YD Mgy 40 4P J EELA R R REET 20 oo
Lo un LA N verE 12r801) #D07Y 806 I ‘ ' » L
LR I S i X L/
Lotin € tawag ' b
——E VT NCILD3 S ] _
v .
B L DO sermaveg oaivaad ¥ sauvieg *
NIY wod SN TTWALINKIE  IDNINISAIW - CDLR ‘S llvy 1 . i B
| A¥G4INS ‘SIOND  ONINAIC (15¥70) HOOG 48 MNOILvAIE . i weos sainsew avakyzaol | | i i
SILvYWRIC Dima3anyl 1 1 01 4n- sTinvy
| - | € YL GUYIRGN B
! L .
CIEa P ! '
N _..\._ D B T " i v i ! |
& ; FE I O o Ry 1 e K35 B . |
i I 1 e 1 ' i
' ' 1 ] i D t t
: — _.L“g [
i _t~l [ e S e Jhay— - n i
. ¥ [ 7 Il
\ ' : /1 [ !
i Vs - 1 ;
' Wi GMOABG = Vivm ‘oo =y
, (I
' i | . |
~OLYP 4 DRiE  FONIwIsdw | \ - Yy i !
AINYY MPALOIINNIDYT Y ! {
'i0ans 1vnoayYD - A1C) 1 2 L i i ! et
f s 1 / b o -
1 . J A . ©_
_ ) 1 H ! o 7
. . . / 3 ¢ 5. | I [
i | | oo 1cvrg e > M : H
S o, ' g ERAA L T i CRENE SR VT 1 . i : i
| ) | . / ? | F . !
pA ! 3 i ' s @ i :
| | | ! H 2 = t = —t //u_\ i _ i
t | " \ 9, : | h i ; '
b y ) C ; P ;
i / ' { .
4 i I \\ i N . — - . i ~ i
. . | | omag amas ;
! . to PR S II; | i :
o . - ' - L “
[ T : i 1 '
1 1 | .
p— L e e bk ! i : | 1 B
PRy i |
i
i : ]
— _ |
H
i
{ .

165




Cm e et 2 POLL-DD i

ONIMVYYIA GI0ITd $§ — ONFUTINIONT INTVA WNIHL ~ 8§

ERLiad N NOUVDLIIOON G0 [E97 vovra
90-20-4F O LOVEINGD ¥BivemOOTY NYid SnU. 0
9008 1§ Srvove I
feed -
1961 A¥YINYY ST i
bel v =1 ON 1037060 ¥OW BAg T J_ !
weod w3TE wpanes wrewt| G-mn vs 1ot i via|gnat el v- - .
ONIQUNG  HOSSIHANOD e ! | e fodt wot 23] <
IVENLITLIHIYY wtaror i st |  @emn | ksl fecl SCI bic am 1 wrv | | O 1
TR 1Ser OV | seniy P
HOSSI08d ILSYM  O3LYNIAYVLNGD) Srmvusy ) oen weom v pIEISETOTRIMAL gauw, | e | Ve ) ;
Tovas - 2000 1 3~ J0| !
NISNO JSte DOFvHYE ANV Id OMWNY AmuY 8 300YE - - -
e evEEEN e 3N LINYLS I 1720 (OILNIT) -CUG 4AD-SRIGIG T VANALT forar g es 4 El CE~DS e EEEE ] eCcT
PR A e iyt e l NG LI 039l TS =G INLIW QISO0JI3| - 3132933 aasoers o 8 dHTT B
YHVYNO - Sy ey Fonind b
ADINLEIO WIINIGNDT Awuy - TI47O0SSY 8 meESIM Ovr v e I SMYVWIY [ DNITIID SIvA | 269G 3 Y001 NOILYIGT] [ ——
oo ey e L w A DA mtiwra
el B} [om—— T veew S7NaQ3mI6 HGIMNI wWooY . SNOILYAZNZ ELRAL-F1 SMNOILYAZTS WOOC
= 5% o Tob7- — — — -_ .
“ ANDE Sy mOws O: Oisiads (3 H6TA ) Z-z S-s > 3 f
+— = — jee - —voss m ~ 2. W
! cTivi3zd wood T T T e
i ki — . |
29.10-15 OW Dud NOrSIQ GNYONTLY WOSS 20w, S R e ¢ '
3 LrmimvInGs Wi CIewy Dereral Swd —tor% 8 137935 AIME b ARSI b _ . “ _ 2 !
S R L X3 T4 QawWvr T8 davan . L s,
TNV Y ¥ hel i N
MOUYOMNOLd " d BN —a— ‘ "~ v i
S 7 LY g Qe ! |
| —imwavas R T LS e [ S S
- NG
N i WILSLY BNYW 4 WOLA IYLIN . - |
. M ~BADE & (w15 g ry) / o P T b vd
RS e | —ANYIVIG {16 0 rL) - ip & RAZS T B
™3 soeme— (Wi grria) v Yeviess 3
Ho07 . ANYIYES 202 =
{ F Tirre g AN D . ~w3% )
. & 131955 _ IO 2 At DM W LT o\ - w s¥twos
~w ' " i NO wAsTE
nowr w B reiae : ; CALCL YT AT PN & TOR3T3
LN een Ty —— ]
it .w/s 191938 LW | ONICIS  Tvidw - - - - -
e 1 . < - — s e LSS ABWNS SUTAIT NOLYONOs 4dy ). |
1334 & A o o . - ————— - ,
S0P 3Twag TR e : .
p— e
1394 @ ke ° .-
N |
! a 0.
e SMInvwO NTVUINLE st — ) ko : —_— _
£T6b 913 v Lt ; - ; —.'I;vu e BiagEE AP.ae Aetuen i
B00T4 Asinig T N i
H i i
! ' | ! v
h ] o 1 ' 3 !
. FE— N b R ' ==
VUL ZLAT PHL AP TPACI7 ¥ SV IT NBIND NG 3G 1TVeG [ q b Bl ate UL TY¢ Y W) v
GIINYG JOCW ONY TM¥An TWLTid OIMGINIS AWO1Dvs | ! : fom} £ ane3 bataned W acer v — s
RN }
ITION wCTCS  TYd3NZT Iy A
] &/ 0
| —
i : Ciwo 2. LomteLwh Tanedy oz
= - . , NOILVAT 13 ~oiL
L A I [
: o =] - -~
0l - S :
: i 3 — e e
| 4o ﬁ.u%; ey I
ABOLIYS WO4 I IION YO WOIOD TYuINID 335 L i ! s — )
; ! 5 3
(Ba6 "T15 0V82) TCOP2  NTFUD LHDM OBLNIvs ! -_— — 3 i
B9 vus Savwa Oy 83000 ~Sia Catnes e | ¢ FOQIE LI ITIIVEA : g t
. \ H
TMSINIY IBMOYL 39 TIYHG  HWOOTH 3 LIUOINOD T o ioere wos 2vais prw Aedn s —y I
. WM 0avos Pot WNALwE s — . i :
WINEAAD WOLYIW TIYHE 0707  3SYG  “ANIA e } [
“(3\% Dic 0TS} - oricwna sof vasdunas . b
VRESPE,. NIFPYD AMDIN OFINIVE OWVOS  WNGLAD % D Irod| whes SAYI—— w
($b5 0LS "CUe) FSEFLNIIND LHDM-LAOKDNOBHL vl 3 - N ™ - TN acow “vuaw
RSt ONY IWALIMNWLS TYLiI OFCOJd XA - v LNtvg -1 $TInve 200w “V.4e —— — avjey
(w6100 CWVONYIS i) - ” e/
MOBOQ 400V ANV THNIQIE  Aawe widke ot T PR o pany
——yBTeIInT “
"SUINVY TVIT GIMCIMY £0 038 Svwmdtwis »
AWOLIVS MO4 | ILON WOTIOS TVu3INID 335 G w 101170101 Ty ¥Or TomE >reic AIniwiste
SHNIOIS Atve er 7t Ny e =CCY { o e NY15 DNIQUTC YOSSIHIWOD
NEL B HMILVW Ou CBLNIVe WAANST  Ihwe T H
B S O34) LIV NITYD JuD T Tonas T Thentw VA v o8 v, .
FINWH S ONY CWBOOTD YA MOTIO= Lmive & e T T 5 = {
(¥OIOZ OWVYONTLS “Daw) I 3T ao9w . —> “ i _ . W z
B 3G TvHG B NIOIS 1avm  TwlEe - . — TS r d
190303 OMYINYAT “Byie) - o - |
29 Vv S Wk O™MY *D30 400® "YLAwW s . lm..llbd
B . i
POTWIITY . ! o -
VOIS AT : il T € qnve so0s N
i ] . Bl T
. : . N =
H a, - .
|+ _ K : -y ———
e | : <
— ! i o b 1
23 Eora oo = T % 1
= == + = ~
== kAlVY —
o/ |




o e it [
ONIMYIQ GIODIY $§ — ONIIFINIONT I0TVA NNIHL ~ §8
IS i B e e om mouveLIGEN | 153 1§ 8T ¥5v0
80-20-4F | —— U TN ADVEUNTD BAINVLROOOY NYe BN
TOE L P —
—eres ] DI s ——————— -
wmomt oy et - p— a v - e
et i, e

s} SH TN LA | TS oo

LT we 2773 1 OM LONCd YOI BAg T~y L 2I¥) ; z
| — et
NvId  NOILVANNOA e £ T2 eel - " 2
IVHNLONYLS CETRpe— . = .
HOSS3208d 31Sum  CILUNINVINGDL Wit o -
N.SNOYSM OCOTEYE 18T oMY amay 2300v8|  ont o, [33aN e s b3 £6 tor 1§ —— SR
aveaaN vens : P See— . N NTd NOILVONFOS
SEIINIDND 4O BINDD 1 b 7"
St | taniveees o ez
LDIMIBIO SIINIONS AWYY "8 ‘i 534700557 @ meIWT3n Ouw avr 0 7 1u T~7
T e [ o o e T=

= pooe— =) : o5 on 13 i Tt o013 g
- o7 T 151A38 WWaINID 20004 Wy | /002 D] . Z : )

AT LA 3}

VSY_MOuS O) CISiAds (2Ae7-

1 - _— — uﬂm-id«\v\ 298 TIvw A
+3..G-iE ON DMT NOISIC CHYCNTLS 8OSSIX0d JuSTM N = N i3 wATINTR L . N
ZRIPNOTTINGD MONS GILaVOY SNIvTH) Simi S LT — — w z m._ B bs
ioe 50073 < . - m 2 - : !
s .y p ~ I . -, B B
b i : ~_k" A e aat A
b ! s s ¢ . L ¢ e ety o
4 - ~ Jkmeeti e
2 2ace t < /f\le'*
2 S H . i
o | % = -
i - 23 / [y
J T =31 .
. " —3 B :
N T T 33075 ¥ Saoe el :
T Sosry Nehey SvET T j 3 T = N ; T e e
. gR ' WVBEYG E2ive LEVTHGYD D FAOTY  § N - P i o o B0 2
24 i oo N 1 WHOEYR BOYA /M A¥M mITD DO L b1 o oAl ol ] om .2
J H. : Byor aNIE QiPNS I3EONCD oL T ] PR3] ! ) " S %% i
4 3 H 1 HE 3€
T ~, Z; ERHERLIE ¥
o, ! _ R . ; E H o Iy el 6, ES /1 e 8
TS oM - , o —— " b 7ot B e sy = ISy E
3 , =T 25608 oo ! - A H o I E R o |
SENFO5 TVIIIAL 5 4 - & r s . : & . S A SiEf——— =+ | ®
. T < - - | AT YR I s , la
{ + T -8 — i ° ; B < 3 : s - R T
S——— § = 1 2 - o : H i s b F B !
N\ . & 8 . 0 | .,Lﬁm.b H H 8| ] g oo
i ., - R X - i k A : -
13345 TIVA “TIzor 9 ) 2 . . R -4..: M {JA g :
HILYIN O) Ty L e S i =ty :
& T3 “
. L B
AR ¥ \G , - g LY
neUEIe . - - w 1 i
) ! . o
< = : 8
E GRj i K » o
” : | e - :
; CuwwniG awy .
: L ! & o
x B e ” NS )
: . ) ;
L= v =t o |
§ Hewpmio lawt [
NOIIYADIZ 45 OF v~ ATIZ 007 \ Ao B L‘Juu,unu =72 ¢ S
'6-5 LIS IH SIUON TTEMID w0z ! L Tt °
310N | k It 5 8! _
= ! 2 [ra . MJ i
e F \ fR=si] - = &
e X 5
C oz T ,\«\« e Jpﬂlsﬂ T
- e i mAs L
kS . =
M - o
> T STE
: T WINLO AR
FNCIDLD .
. . B > &
. S T o -=3
3 X
X P L T !
ek @ = .
i R e i
no  ove . [iptwetedl I i k3
MY TG FDEHM LII, 1D WOILD 9 O TIRLmO Vi — P IU|.+|H|«L 18— _
¥ =+ P N T
< ; B '
‘oM NooRs BOIrCLID o
. i
i .
;
i
{
4
. 5 | GGl . 1 i /
6, = STB% ATIIVOOTS i3 1 - N\
A ' o DO WOLBIBAHOD e
. | [ i : -
! R i ¥a B
: N
] .
! T | >
i ST houTONGd 4 ) '
02 €6 13MS 225 — | b
o O e I v T Iy R

ey

167




2700L %02 I AL

ONIAVIQ g¥0o3y i $§ — ONDFTINIONG UTTVA NIHL — §§
1 |@ 90-20-28 T \@ .. p %Ws T Coriios wamenasey v s |

0 = .1 3WOS ) /

IIIYLI3TI - TWIINVHIIN

S3. JLSVM  GIIVNINVINOD
SOSTI0M | 34SVA_ GIvNimviNGD _ NV1d ALTILT .,

SNIIEND 40 eaeB0 o 1V /
LIMLmIG WATHIGND AWMy 9 | TUTEOET § saimae Gry et N QINOONVSY 2 SCINTD FBLMDS AVINIWVNS Y

TLNWININTAY NOLLYDLONS /~ MSIW UM QITTIM M 29m-0e
=t ) DI0OMIVY MO (6) 2LOM 33C . TBLS dMD 0 ATiBVnase / IO LINIWED OGNV LLICE B ——
&G0 J] gt SN dwod M Lien . ANNCXY 'BaW WIS TIW
o7l Tat 79] BVLY o1 HNVL WO 304 LAC0E ABRLYDOT IINDS ANiM /
EZZA N7 wous d04_§ > ony cas Fu OV ONYALE S ‘I-na .Errl\ .
==lre s ssnvbw . znyganlnqwlanl.“n-.n.WI -
AD
TN INOD 40 MTIUNE 0L ———

SZQWZOE(_-( u -.., ucnnuuotn

NOILYI0T BOVITany 3 ACLY o - BLEYM
5.5%- Of1a-1*WIW S -7 = o3

OOTES » AT PN 4QL

£o v £ ASIR AN

A ) y ) 130T, 6-0 O LPIHE PP0 DNAOFS T
2 ANVLINYS. MINL FRADE AFVLIYYE Tor h

A AR AN
?ﬁ/ .&osa Y/ <
-\‘ AA’W/O 2 Wave *ASIIANE - .3Ze7 - I
‘\\N@“\r.\“v Q«W /%/ wamdUmL R S Hamas s._._\uqnnt\.oku: >
- P AN PR ﬂ///,,u..w/( /. T
L 4 ¢ st S ~
- Tnes N LNONED UNNONDHIGNN B,6 SAINC2d < .
il ||||\. v ’/ 8 0 \ SWNd gvIS— OEYe =AYIY Wi 0L . —~

. . . 3 NNGOISH
Ard “dminc N & '4.‘4”# CALVRSIC-2HY. ) oM
saliom Y 'ﬁ#;lhﬂ_.\ e - = ez —1
d P
/ 2 » TiONT

J RaINoy
1534 17V “LNIOd SIH JIAOWSH SINN

00'569 « A3 AN
NOolLYLE
L4117 INILEIX3

oL 2.1-Ol¥ —_— NoILIRC 23C!

. wa e gea] remw nivaa/m AIWAOSCHVAL ANYANAIIS AMYLITVG Ay

SN2 man

_ >ku\oow.auwk._<5<m»20whn<we I\
. Esz.unqbvn\.o:.!.;xenn
/ unq. ' :92 E!sun.:qn\!sw:
r.:ngu-nz.au._..q.rn!w.lqu \#Nm\ .ﬂ...nu.:c...oeu...: esh . .u
nwez:omo.nwe...!zn.a.n_.utm.: \
uorﬂ&:uutwmaouwao:i.n - . . \/ .\ \
n. ..
|y.Q:-2<ana!J:u,l; .. : \ , \
|| . ..ox / ,
ﬁ?ue.«!uu . / ‘ou.-zqﬂno_..)..ﬂ \ & /
v TONISCORID QICAY QL INIT $MI OL 3-M2 30d \ o \19 > 4
YIIVAA TYNOLUAGY LINSISNGD B3O ONIZIRnd /- / A v ‘
ANIATHS QL INIAIND HIONN TINIVINIYY FWYD NIy X3dNd ’ g ;
2/234° ¥EIVZ - S A P o
Q - > \ ) 9 &L ] /
v .
2-Mm2 + s A f & 7 .
AN ~ [ETE \ Vi N & .
! e ’ g

_FE TIVHE 3INIT MLIWVM ¥CE ABNG 20 HLIFT ?Mm
— J3A0lIY A A

o

. IWGYD WY XIWna 9521

NG YEIVI o ¥ NOILDAZLET
+ IVHNHLII TR ANYIMED MO (255) &/ 7o O
wwisa N A\ ST AR LM .3 A / / S~ U
“. !
33€ LADIMO00Nd 4O BNILNNOW 304(2) 021 Srvas WrND . ; /0\‘
SNUNG SN GYIC - ¥00T S ErMI 01 1-rad 370d — g a e %1 - nvog s ;
PUOOF , P on PHLL ‘qp> ONY  HIGINONS SrrEamoy DOE VS : Dr1Ng - 1-aad Lwsnnd anod : : o
AM3W3IAYY  30ICING .S LNONOD ON31XI B 42 OSI Fote CrrorD - or 28 n._o;_. o x0¢ #297 .
’ TIION AN . MO ' /
. AN - 2= 3104 33 s 0@ 3INNOmMa3TAL S / - ’
/ LERATIND +7 AR LI Sel \\\Wll SNuSIRE L /
s o - 7 p
\ 7/ T3, s S A :
N/ . K] h ; .
121,007 5 vim ~ e - .
M09 _y 157N |\ BEIVIg L - ~ Bt / B
- L aoronve mary L~ BN _ _— —_
- —— T TIVASIN 38V AND T
. SNILSIR3 3av30738 AavWing B C /
I walvm AoLeT weIv 39v>
#overiicInd Z7a-% OMIGIXD INORIINIL INILEINT

168




P | z n ] N | < [ o | : ] - T
e
Pe— .
M3IA NV :
NOUVTIVISNG  N3IAHND3 Lo ALl =
LNOAVYT ALIMTIOVY NSAMD e S| TN L T
ALIALYY ALAIVS GIM WOV oiu
N LTRern? WY IvOle oismevey | woussy asam)]
,  [ONVIKNOD SSTNGVEY TEMAUVA LNTAVY VST Ina iheze arer rioet
i amer L2770 3 cittwem
.y * ® o6 v 5 1 A 3 [
. T i CREC e
(R I L 18 21. 033 33 furpene ] A o T
ol PE-/IT aODF 235 1A Slewcwcr M.
ol ~§ 2 055 sho3 335 | Solmtral A
1 i BT~ s T BTN A
-/ SS-8C OS5 335 J5heee] D, T 2QL3.2-85 DRSS - lol_ St
: i 29-viS 003 237 DseevE fb : s Lox e
I S — : ) _ N e
L 2tz U . i
— € e
CA :
¥ e } —_—— .
g === T e ,
f | I ;
i I i - oo !
. ...n - n _ m” _ T VR Cr Tt
i . ._I_l i S~ 799 - "
; . ! /ITNG LoV iy ;
i o : s P08 Wo . :
: i e S e e X = T == i
! o T !
i O | _ :
__ SRR - bt R . T $3 e
N - t
A, Ch e I
i ; o
) CTL T T == — == 3mT——s o= HJ === .
: ! 13-57 2557 €4-5° 24-51 T : ! =]
— e TN VT I ! ']
22 i CN WA i T J— - ! ~
# L ONCTEENGT 9N 1
LS . H
. | 2o 0
| -
. 3 1
JSSmasiihmiesb b L L TlITIIo T TIInitT LA = T
\ * N N : i
! o7 ; o v R s dewm
i L — ——— e e e P
L g TS i
i - |1— =43 H :
i —— : [ o
! .23 F 430 2-437 &) - 1
: SNTZ s Ar wyEam 3in T ot . T =
; v ” _ JRNR. U A . B
= \ _ == _
o i ;
: Al . —py— i
i A — i
i — H
p [ :
] | o U T i
HEEY . . 1
! _ , ” _
N A AA 1
] ST i
I > . |
: !
2srcorey i = j —A4 i 2
a H : “
| i
i _ |
— Ry i
at-¥ | 100 < - 91L Si5 07 C-LA.STXBM 9 A <34 | !
- - - - l
=a R reniviantnon I VY Py 2081 drn $o-sz
iver siwva
T [ T | T 1 ] i 3 1 3 i ~ L { S




[

: i i E _ N

“ DN T Trw0 T Y N O
A T2 A
[OXEE —~— g
SH-0022 3LNovy mba 31aviSVDS onusInsN ==3. Ao .7
B Z v -

h LSH.3U3WO0WM mP 8 AeviSYD B /\/ s £ A N
= 1 T A - OB MPY NOLLYINSNI T00M vasnN P77 - - ‘- 7
. el = M e - - ’Iml
= ANSNIQ 2 TOOMOVM MITE 13YNVIS ¥331d DINTEED 257 V-V NIULTES ? Vs 71 !
i < . 7z
” L INIATIIY axEN QN33OI ARILDVHIZH AN A A Oy

= e o woxeay o

aavas BYD rew o T AR

) .0t s e e {eor)

SROHONYT n_vJom P /A SYOYRL

I33HM CNINNTED LGN 58 D — 3L3UINOT 40 JOL.

‘\
N

-

|

|

|

!

|

|

[

|

!

|

|

|

|

!

|

[

|

!

n

|

|
—+

o

U O S =0 S L .
012 ~J . - . - N u rl_/u" _ N .w Y

0.t K3 &, ~ -
o % s i *
™ ——— s 0 — y
4.1zl S i
- - - T 1 i
z L) " T i
* = ‘T Y i
: , { ; L GE
[ ; ;
“3AVNL M00Q 09 I - {
- I ) 45 4 S
_ RIS T '
f_ ok
/

FLIWONCD 40 JOL
OAI-..M.n LFUXCwH IV

—— 136 T b =}

- - IF'..I — ‘v -
Fousg
& & A,
- = e e e
—-— R -
Y
AT war R
—— L
9 antoer TR H IA
A RORUND 2 TS~
DO p MBI T/\\lﬁ—/
™ SHINN 205 PRI AL
S22 7 i
-3 W m H\
. | ] —_— 22 - EERE Rl e p— -
v\\

\ll.ll.l. “

T2 ,.l.l_llﬂ

_I.@ l__

\——
I
rI’
]

I

)

{
1
|
i
——

e

]

|

t

1

b

o

L

-"n o

|

pa !

170

o \ WG2-3 Sy "
10 002 -9251 A ; i
B TIN5 A o
- 252 o - a0z unov otk 4«3&; ! =
IR 055 = 7 4 = A
$30 - b s 4 B R N o S [ [
. i H=—"""7 i >~ 1
ton FOCEVIRY BT )TN € A = - __ N
e 29 v o & : "XCuav ! ! /nm Dt e
A el e e P e Frarg 1.
- - - ’ Y] v
20 TIITM -
(=X s 2y ty Py
=a ‘o LAve Qo Tuezvismanoa T -] ve e
i 1819 tiwva
B ; T =
| ; ] E i




—.
v

Coe—

ormeriae

N3 cain

AwsTeray Yomy

ST

Ay I E G wemeT

et o

inIar T WRA3De WOk vy

TR PIN0D SSTUQURS S NILITW ANTATY MYt I

1 ercvar saevs

3 6Arrre Brems

¥ thvva om

S it M

rem2a3

IO 4
CL

Stoe sy sated
ta3araics

emIsIY arae

7N

.

(H2VSIT /A TR oS

- (ALY A Cr 230

200~

.0”7.4u_yq22_|\z.!.umu
A AT 1=¥Y-S 2CL0N =D
. GUSIRSE T RPN S WY
A & woiavav 1IN BIEEna/M
Aj2. € ONTOMEY TuE 2o CNTAOW 1
"HOLOW A CTT/ Trr dN
£ “Wad 002T /M L3100

a3 Es 066 (1IN Wi, o

“zzas  CwINMCSE

1010 - 102-22T L

L]

MNVH 1452 be LNINITNY2HV
L0002 AOTZE 52026 -YRL
NN T3 L5002 IFLIET] |
~0LIY 2025292 VEL T 3534 330
BOLOW WM CC2Z JvA GV
/evr dm ST /v QIShoW
SSVYIT WIBL  3AMET
JEC Cau Lt E3MOT8

-T2 C

NN

?

o surs

Fearvidmanomw v fasfen

co

aser wiwwy

TANYG VCRINOD -

fe——e ONCTWTR 2T

BIOYNYOs

Bl Sl R ]

Y

e e e

(a0 10w u ENCD
SaiourE
A3 33NV
VivEE
-18lzst T

"

t - i



.- -
- | _ _
F——— 1 | z 3 y L s [ z 8 el
h TR
L e 1w _ e 1 : ,
110-00p-92¢1 57 | 1 be0ie o . . i
205 Cw ymyo poer) :
T e avm-avise :
‘ MIE > Tonamser Yoms o=l a. ¥ mswos ¢ ]
NOoLUNTICT dry Loy INEwadino =
s=mo
N AIALLIY 11T §TRs MaIerO | YT
L ANINIINOF FYIVIOLe MR Ly 0)A0aar? atdsmvt
SNVYINOD SSINIQVIN TSWIIVA INSAVIVEN IR sneve hme gvso0s
! e e Smmes
v ¥ N o % . a1 |14 -
eSS T et
o OR-I% 0J7 335 el
2 -, 537 335 _
.\uW i1 . 00 15
-1k -oEF #h 035 225 o~
ITUARSYIN ADOTT @ L i
ed Ti . co3 333 SL909 Do s v v B A o ef WY ST g
..... . = =it I.M.)» HDVHAN (SO “.v.rﬂq Pl Z(N 3 ¥
g = i~ v e S = T
o T5ores 2w o7 e ff e LAY S Was
- >3 = oy, Rnineay JHhaQim.-.HﬁlmmW.Q\ tove)
7 I3-S5 L €3 325 Jamizcwug A R RS AT B S 1A T 52228 . . S
- H——— P S ¥z o2ume- 08 Dy 21/ oL Ao . . Tem bz -
5y 29-082 003 335 !oEs|asmary A% BT UM S ND LD BmOD B P A 9P 3 =
MAO OBOWD S iansye - )
k].h.w.ﬂll.ﬂ h b G L e R LT
W LBYA) TBr=0 NDAD Oy (SO0 5 Lhvet)
Y =IO LETILAO P LA L oRT e m
SNOILDTBANOD TOMYT I AT R TAALEE bt 0
MM WE OL S (P10 FUTVS ) LBV O /Iy
. ssaton
N 4,052 a3y utvasd] | f | -
. DV OV Fwosesm Tmabio b, ' . £-'
I R ] el . . .
BUVUR LY Gerwars = . !
mw{\_m PR T R Y - ) y.mﬂ.M i NESVAY
: D o5z 32 SN NI oL : B 2
hitid RZIC Ly 1 Adipe Saeet ' V-GN |
R
1, = avs
. s BRI By
-
- . A Ko
z, ! 1220
B “
. 1 &
v
i ~ 2
- _ i £\ 2
(o T P A T
Lo OSSNy dR e D ES e “ tz v’ /_
i N . PN =
ER Pl e~ L Y o | - iy -
aonm] H em.ETT s —I i w2 ¥ Ne - !
R —_— -t . - - —ii ~BYIGe O T N ot i i
i i <3 ~— o N . -
1 Covere i rsr e : o2 N :
! Wi RRELIe | 1 N
ie [ .
H
: i . !
_ - - i
t SeTI LY
) . ' oo ‘e
. soo ' A ' |
: .. i
! i ; |
i i i R .
' i H : i
- G -z
M | : - ! O
= o : | . :
! ey : 18-57 ., 2345 QW 55— 37Tl ' A : _
. : N o .
<« o5 :
i ! ~o >y ..\.I.n\ﬁﬂ.\h&nr : _ _I.n
* * . TRPOWVY ‘WA [Pghd TBo IS !
jgore: oL BNGE BmeomDAD f [ W - =
| | i ER 21
¢ i . o
. — : ] ! . / NN - =3 | i i
i | - - ' o N b Do \ / B T |
200 1T 804 X41 QI IT- 83T 4R ' H \:{V\ ; v/\/ NN H A\ 1 ‘.
=T € — ]/ Ceerreee GO @ S | .
$2'990--S752 ,  MYSSAH A3Y — et |- N - _
. : t O3 HXF OROVUY o5 | ~ _- - SN AIVEO SO D oL
i oms Fa2 wre aw xmx am v A — L O . - - Fr-n e 7 ~0352 —
i = 42 6FAT W IGITU FUTIND _ ' ~ SR
wa | B e | AR renivvoarnon | w2 om v P
1y rawee — D S IO R ———

._. “ Ik 1 . € ) - v . 3 [ B T

.

. ) S




e onv L
L _ I | v { [ e
L4 z £ s ] L [ [ ot
PR WV it e T o 0
o \\u.i\\\
£V YA e '] 3| bedI2 e veny 9003 wwove
121t lom oy 3000) Rl
160w haahinad ok 035 10
33 Reiomtdibidald 7] wo_oatn
.N\&w._gu S oL 337vend w20 roue e
SINTT A T SN ~ve %] AR
AR o - N— YO W
ANPRAVON WYiWOI¢ Minrwovy EYAZBas? 5220578 —
VYN0 SSTNOVEY TENRINR ANT/ VNV T5 i v raoos] i i
oy RN By Fvomusves]
v T e 6 % 7 a3 w - e -5
—F e oom D-5¢
e o | e e T e
' » 7 23-605, 623 333 [viafwizsa] A\ anc TenaeY iaaw (439
[ 28-v85, 053 353 |vasjmony A, i ‘“_m:w Lo 1808 SHIenwe
=T . e v S¥Y QI3 32 o0 —
SP-£57w0D3 355 [CEfvIrs A — o = A : :
KE-bR L0093 IFS|{D9Has0mv| A\ J/‘ |
. 0,003 :
) ) . oax ey =N
. R @ ’ AMNORS ASIMD
R : ‘ o , : - 3
- ® - . - .
. . TN owma
- Anaw.u HLZDG) B
=3 LanFavauns @ . ;
t g > : ~.
; I| 1-1050 . BN
| EI0I NS 55 00p-225 L
N TSIINVINVYA MO3 SNIULYNLTOW =
" ONILING: DNINYIN HOS ANBISNOA4G 3N
TF TIWHS OGNV (NOILLVTIVLIGNT ¥34dy) .
NOILYASNS 4370 ¥300D 579 ONIALIYBA HO4 b
. BUIISNCESIY S BOLITHLNOD SrITIVASNT 24 3 e @ ™
MOLOVHLNGD AR . =~
B 031M4905 ONIDWHA LUOdanE Iividdiagly - s\ —
L -3
. <3 “ - ¢ -
; |
- . 5L 1) 7 1 M
. 2 ¢UTREE]
] H
) j }
: /
M @ @ & ® & :
P9
<
'
! .
H
, —]
. - - OIE'SS LAV
TE10-00r-9251 0r-OHI5'0 V2 i % LaNE I ABaIN !
B [ OlE 55 “TLvin ' )
260 ! LANE 'MO3T13,06
@ 1610 OIE 55 LLvr '
P : WianNf QY3 X3H ONa
. 1 oo ‘OIE \
i = i 535 LV LANE ‘ONIMdaneD
i ! POE 5T _Lvw *
_4 £210U3r-92SL DMLty orOnd3 ‘Viad ‘Jia '
! [ o iwe | T ranivismines Y P
T I z | T v [ 5 | 2 | [ ! 3

———- - - - . : N



e i | € | v s | ) ! L ] 8 e
2 & e hiGalatdidd Tt a2 e |
— - i - — . P . -
228} om g 3ox_y00)) e i TI-T3 R0 TR
VA AFI kg fE-tis \O2F 72
G gy e P
S S — o
o
maray vrrvors T
R INVIRACD SSINIGVIY TIHILVW ANFWCrSY]
o
. SR ¥
e R
NN e,
) v Mo LA wresm e
EWVAST N T Od. TR D
AT PO LDV 3 WIS
. .
- 5
— {1 A | L J Zom3 ETR LU S \ 7
AT LU= (57sL5%3 231500 TVD AC dia. L300 03—
, f L
n _u‘uny
O o
[ {sowo, -
R VN T
. d . e -
- = o lend 00
¢ [ . - 2 /l\ -
Pa i v " Tzem - -
" §z12 \
M ur/ —~ — e
S
@ (
(o
" o .
. — p—g . T
; -~ e ]
: oo
. m \\( -
I ; o «
‘ ¥
“ . ™~
! | | | | : L)
N |
:
T
5 . ?
e, [ — - .
L 4 - )
_ |
i |
v !
— ]
} i
22.22m3 1 i
..— D :
E
i
< c TTTRLGTT R 2
. [ A s e T
= P
e s oo & e
LT TR EY .
v v w1 - zno . Qam Lemiam
ST el oed T e n
- —— IERTL U Ty BT
ANTLTILITITLE LT CEE TR LR
PRI Tt S| ne s TRELTS I S Tiser .
e R - Ivaividadmon | mo] onewis e r e
= I T, e e T e
A sawva ke SR AT e Ty e, 2
- 1 z ] € I v | s ] s L I s




jee we @3N
L =
PO 1 _ z _ t

e th T T - e CAL T Ao

Tk e 2912 = wntis _ igwoos pvers

Forpoais —ov |41 ¥2013 e s i

vreATII Mt . - e

upy 3 Poars — et | __wrm

T NI 3 ¢ -

IIwe 13 87330 oL wer D e

ONVICNOD SSINIGVIN I3NILIVA INSWYAVER 318 toem wm tion] it

- i ouen) P TN

T s v il oy

T | 5= ] wor | T [ ] = o o230 . mis mm i
. | 0BT w05 3TFF | AJ j0SLVY - e . R gE Tarlz -—
R A e, e | oaw ada._ S N
o d T3-Zv . 223 337 |vdafemnc] A _ }

P S eF e - s 3T
' VZ 20 f6S.027 95< |aaperad /-
. £ £8-182,.023 335 [S=laovn) A

&\0)\.?200:\ FPENOOTT 4O QU OHONTIT— - - SO, dWI!l».iﬂ — _

A

A 22 -7F N PRGNS S

(S073N TINXIIN/A 40527 ML

e

BB

L

P

= on 30D .
e v oY ] Jeniviswanon 1mer | map | on oy

PETEIER PR

175




150 (@I
———- 1 T _ £ 12 s 9 )] | 8
CZagm ]
| HFF5T32-00Y T e _— — =
: ——— — B =
_ syl e Avaduaer ew s .
: —aoyls lgmyrix—m= e - I .
LA R T R A et Y B e s e T Coe 142 L5

AAIeTID WY TThe wD g wanr

(STVINDD SSINOVIYH TIHILVA INTVVHNY) I3 ane

PRy

h N R

E2rras

ce-rve o027 317 w1

XTI

wie e opzzem ~ b o oD SoaTEDD L

HL00WS 33 150w LONQ 42 NRCLNCS 221t A

- e e e
s E S
RE B L1010
" N
. S ST 2L
! Ly ST e
L}
A B
. [
U B
R S At
kN e
- o\m
_“.'\A - . o
=
-
. e
= acd ar < e S
T H T
! O T S - K -
LI EanE I Y o~ s e

11215 o

Py [ [

s105 PN E mm meme »

Stz ERENeE 7

Lie TET LS. RTYTra '

EY N renivirnieon [ie]wo] =eees
° 'S KR Sawvwe

slnca
Rom Ay LG

sgwassy 3Rl ov
TBUOT 7, D

3227

2 e = ~an oo OF
LI BIVT O TG

—_
O,
Lo

= ]

= T




[C8 oov ‘Gmm

BN . . L —_—
o -
. . T [ z [ £ ] v ! s : 9 L e
A\ R FEa— i BT
i 107605 IT5I0Y | A bedlg e nvin - brioes wess
vt en ser a0 2oln ot By .
. MY Wiy 03 wrobia — N R AR L)
. 110QND) Q3ieing ER T
: WOHLIIT  NSamD
ANy 3 v ke s e o — |J
KNTWNOD SSINAV3Y TIILTN rdo
v T T 1 T T
E o SomE T ] il O & P % _v|||w o
» B N -235 e 32 3B | A5 w0l A e Temn o 4 LI S LN
o 2 Wikt » 03 35 | axfenwal B . i B
1 L= 28-210 £ 027 I35\ WMrPE 5] 2.k LS = B
| I W e M T8 TME SN} £ 0
| T LTINS ¥ T QXY DN me Y
i NN 29 TV WY GNP €393 SN SINTD) €
! - /S FHN
' Y LW 01 S 39 Tes Ladnod v 2
; ) : UM L0 KN TV G G
i R . : Y Y W5y 2 TGN TH O 8IS 1
. ) : : i . $S2LON
3Nov 3 NEI5
———
. w10 .
o . - R IR
ce—, 0.1 Prawas
m I saom
|

7 2\ __. o = : T

m . el i\ —

s WMD) GEHGINS S

. 1> *
i - L& es3a TS —
H .
1~ -
- =
Y -
S s23 .
\ K vz 2 &
. L]
-/ z 2 A
3]
e: A
]
ER)
R v A
: s
i A
. o~
i i -
| : 158
“ | 1 s m
1 A i
(]
€3 .
3 4
— 7 m i
T §3 . ~ T '
P 1 A . ! . L “
=4 €3 ekl s i _
: .1 . it '
- . K (] ; : ) m
o i . :
s y L segrswe | :
’ , [atl) . ;
= = AT .
Tsu:x,u. AP

B2t

‘ Il..ws..v

-—

= nz3s =
FOUNYIZIT T

| |
[
T s ~ sws __ g | rentvraminon [ DV R

1301 Samvse

Ea)

177

S S



.£8 ony  G3Id

woCl 2 F *TF

TI-DGll0r et 34 T2 1S
RV E R L

crarg 2I0MrID # NSV TerriwriLlA
T R e P e =
T P he wTe = TR [
P e AR o
oo Fets s ETa SIS Ts

5212~

Tl S Qrerrrv sl rifd

Terrr Trr3 WO EwD . 23S

TOrTIL DIINITE SIOTT TrerwSTL

S RS Bt £ S8FHIT OO

WC? LSV D721 O TING
P S0 J AL WD G NOLS SN

om0y D 170 TN/ H«!O.,L
¥ Bt L TF SO0 S THL

rOLC-COK-9T5

YOINO: d 38 02~ -d4X3 N3 Y302
NYLNVLISNOD Nodi I FdAL Ld(|EL
0170S ‘2TGNODCHEIHL 3HIM

£0L0-005-7ZS|

QQUSQ

iTIV TO-N-dd XTI Nfat | Il
OZ IIWN W[ IIN0YD X 3otd L
‘T 108 2 IINGIONN THL I IM]

[ROLO ~0O0S-TZS]

vOFUO|

IBY 0L dd X NI 902
WELNVLSNOD IS0 ‘L Fai
“QI203 37400 QONY IML  Fu1M]

§
T
Pp B B

Q.03 S SONILLIT
Wi YIS0 1 ‘omignap? P8 1040

xh o 1wva A TeaLvIze

) Jimm | nof weens

L1 siwve

12

ESSERE \. _

T:: w
|

el

Pe— 19 WISV wovRT
-

r-dJ

[T~ S L 7 | € 1 P i 5 s | o .
TEEGITST e ]
] _ s gt CcNur..M T T
o ST 2912 == wmtiy e mwoee ~
PRSPl —r:. i Gamr poor] 74 \.nh\\
X
J -
]
. 29-83T2_ 123 537 {v37)T--v7 A\ frldald Ty
o 7~ 23-682 , 023 335 |racfeamay 6\
- Po-tcre0dr Fi5|aepexaa A
i I€~2zz.c27 337 | sedaanm A, .
= TN DYA QY ——mflie
VIS FIINOIOWIINL HOLOVMINDGD AT J31M44rS 33
HIW -mm e mm TINHS LINANOD ¢ UM I PINCIONMINL O NCILYTIYL ST
A WIT03D SYD HLIM G317ddAS SI INODOWEIHL [ Z3A% A —
: TAIGIT - .
- a3sosye - +d2 |
H .
’ 3

[¢]




