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SUMMARY

Experience with the Chemical Agent Munitions Disposal System
(CAMDS) prototype suggested the need for development of thermal destruc-
tion technoloqy to support the design of larger scale disposal facilities.

- " These larger scale factlities will be required to demilitarize existing
N chemical agent stockpiles. As a first step in this further development,
s, this Thermal Process Development program was undertaken by Battelle for
:” the Army.

§$%:§ The program began with a study of literature and industrial
E%_Eﬂ information on thermal destruction concepts which were at various stages
hiﬁﬁﬂ of development. The concepts were evaluated by a team of engineers

knowledgeable 1n the area of thermal processing. This was done by developing
criteria and rating each of 44 process concepts identified. By this means,
eight processes were identified as having promise for the thermal destruc-
tion portion of a chemical agent munitions disposal facility. These eight
processes were then evaluated in depth to identify the most viable. The
eight processes are 1isted in Table 1 in general order of engineering and
economic preference together with a summary of the information developed
during the analysis.

Four processes (Acid Roaster, Rotary Kiln, Molten Metal, and
Fluidized Bed) were selected as having the greatest potential for success.
It 1s recommended that these four processes be evaluated in detail in
laboratory and pilot scale studies.
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TABLE 1. SUMMARY OF THERMAL PROCESS ENGINEERING
AND ECOMOMIC EVALUATION
{Processes Listed in General Order of
Engincering and Economic Preference)
Life Cycle Costs $MM
Applicable Single Site Collocated
Process Feed Configuration 100 1b/hr 4CO ib/hr Y000 ib/hr 1000 Tb/mr 3000 1b/hr 5000 Ib/hr Remarks
Acid Roaster 1. Separate whole munitions 23.6 21.0 31.1 87.2 104.6 i34.3 Minisus front-end
preparation; iow
technical risk; pro-
bably lowest total
facility cost
Rotary Kiln 1. Munitions with agent 62.7 36.0 30.2 66.4 38.4 6.1 Minimum technical rick;
cavity opened and energetic Simple system; high
material removed and cut reuse potential; state-
2. Shredded munition 17.8 12.8 13.2 29.9 27.3 30.4 of-the-art technology;
potential for “fast-
track®
Moliten Metal 1. Munitions with agent 18.9 15.0 18.6 37.4 40.9 48.7 Moderate technical risk;
cavity opened and energetic near state-of-the-art
material removed and cut, technology; optimum
or shredded smunitions ultimate disposal and
metal parts handling;
high thermal inerta; low
manpower requirements
Fluidized Bed I. Munitions with agent 20.2 17.6 Py | 39.2 32.3 35.1 Moderate technical risk;
cavity opened and energetic near state-of-the-art
material removed and cut technology; high thermal
2. Shredded munitions 18.6 16.2 18.6 36.4 1.8 .6 inertia; more complex
than molten metal
IR Vacuum Removal 1. Whole munition, punctured 23.5 17.1 18.9 36.4 35.5 41.0 High technical risk;
and fuses removed low thermal inertia
Shaft Furnace 1. Cut or punched rockets, ton 341 31.9 50.5 100.0 158.6 215.0 Very high technical
containers, bombs and spray risk
tank, otherwise whole
sunitions
Molten Salt 1. Shredded sunitions 22.8 13.4 22.4 45.4 59.7 7.9 High degree of front
end preparation re-
quired; aoderate
risk; no advantages
nol inhereat in
molten metal
Undergrouad 1. Stored munitions -- -- - -« 393 ~> Very high cost; high
Detonation {loaded pallets) technical risk
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1.0 INTRODUCTION

As a result of environmental constraints and lagislation,
the methods used for disposing of military lethal agents such as GB,
VX, and HD, have changed from land and sea burial to chemical neutra-
1ization and incineration. To study these processes, the Army devel-
oped a Chemical Agent Munitions Disposal (CAMDS) facility at the Army
Depot at Tooele, Utah. This is a prototype for other lethal chemical
demilitarization plants expected to be built 1n the future.

The CAMDS facility has provided much valuable information on
chemical agent munitions disposal. It has been possible through its
operation to identify several problem areas. For the chemical neutra-
1ization processes used with the nerve agents, these are:




¢ The chemical neutralization reaction is relatively
slow, so that large reactors are needed to achieve

N reasonable throughput.

RS ¢ The waste products are soluble, strongly alkaline,
5l and toxic materials, The neutralization process
Efé consumes reagents. There is some chance of regen-

eration of agent from the neutralization products--
at least for GB.
~ ¢ The process is labor- and energy=-intensive.
;ﬁ@i The specific incineration process selected for destroying
5 the mustards at CAMDS was chosen in large part for {ts simplicity in
hand1ing the agent. However, simplicity in that area imposes signifi-
cant disadvantages for the overall process. These disadvantages are:
¢ The process requires substantially more capital
equipment than a more straightforward incineration
process.
o The thermal parts of the process are complex and
require complex controls.

o The process is energy-intensive and requires sub-
stantial fuel inputs to destroy an agent which
itself has a fairly high fuel value.

Viewed as a total, CAMDS is a collection of independent
processes with minimal interfaces, representing the available/
demonstrated technology.

In view of these deficiencies and disadvantages, the Army
initiated a program to determine whether new technology or new com-
binations of technology could form the basis for the next generation
of chemical agent demilitarization plants with improved
characteristics. To this objective, three RFQ's were issued: one on
mechanical processes (munition disassembly/downloading), one on new
approaches to chemical destruction of chemical agents, and one
addressing thermal destruction of the agents. This report addresses
the results of the study of the last area: thermal destruction of the
agents.
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1.1 Thermal Destruction of
oxic Chemical Agents

Thermal destiuction js the most generally accepted method of
destroying toxic organic materials for all cases where the toxicity is
associated with the totality of the molecule rather than with a
specific toxic alement incorporated in the molecule. Incineration is
used to destroy chlorinated hydrocarbons, pesticides, and various
other toxic organic materials. Incireration is potentially capable of
destroying any primarily organic material by oxidizing its carbon and'
hydrogen to CO> and water, and possibly altering the oxidation state
of other elements in the molecule. The choice of incineration as a
preferred method can be based on estimates or determinations of the
required incineration conditions and an appraisal of the requirement
for downstream pollution control needed to 1imit emissions of
undesirable preducts of complete combustion. Some molecules, for
example highly chlorinated aromatic compounds, may be sufficiently
resistant to pyrolysis and oxidation to require very severe conditions
in the inctnerator for their destruction. The incinerated material
may also form intermediate species thermally and oxidatively stable
such as polynuclear aromatic species, that themselves require severe
incineration conditions for their destruction. The incinerated
materials may also contain elements whose compounds or physical form
(e.g., HCl, S02/S03, fine particutlates from "ash") are considered
pollutants in the normal sense and require downstream (stack) controls
to meet existing or anticipated pollution-control regulations.

With respect to the chemical agents GB, VX, and HD, avail-
able information indicates that these materials are thermally
destroyed under relatively easily achieved conditions and that their
structure does not suggest any unusual tendency to form resistant
intermediate products. These agents are quite reasonable as fuels and
their heat content is sufficient to achieve high flame temperatures
(2500 F) without the need for auxiliary fuels.
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These agents do, however, contain elements Cl, F, P, and S,
wiose emission is legally controlled and/or undesirable. Thus, either
downstream pollution control is needed, or the incineration process
must be accomplished in such a way as to capture these elements within
the process.

A1l in all, thermal destruction of these chemical agents
would appear to be easily accomplished with a minimum requirement for
auxiliary energy inputs. Although emission controls are required
(unless control can be integrated with the incineration process), the
needed controls are within the state of the art. Incineration is thus
a prime contender as a destruction process for these chemical agents.

1.2 Approach

The Thermal Process Development program which {s summarized
in this report involved five tasks:

Task 1. Plenning and Baseline Review

Task 2, Literature Search

Task 3. Industrial Survey

Task 4. Concept Formulation and Evaluation

Task 5. Engineering and Econcmic Evaluation and

Reporting.

In Task 1 the Army's baseline, a conceptualized system for
thermal destruction of chemical agent munitions, was reviewed. Tasks
2 and 3 involved a review of 1iterature and industry sources to
identify technologies with potential for agent munitions destruction.
In Task 4 an evaluation of these technologies was made and promising
technoloyies were selected. In Task 5§ an engineering and economic
evaluation of the selected technologies was made and a Design Plan
preparad out1ining recomnended further studies on four of the selected
technologies,

Because of the volume of material presented in this report,
generous use of appendices is wade. For example, only a brief
discussion of each of the processes evaluated in Task 5 is presented



in the Discussion section. Detailed individual discussions of the
X% processes are given in the appropriate appendix.
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L 3 2.0 _DISCUSSION
AN
5% W 2.1 Task 1. Planning and Baseline Review
R
: Task 1 began with the organization of the project team, an
- N initiation meeting with Army personnel and a visit to the Chemical
by %1 Agent Munitions Disposal System (CAMDS) at Tooele, Utah. A conceptual
:ﬁ_i; faci1ity based on the CAMDS facility and the proposed agent disposal
3 facility for Johnston, Atoll was developed by the Army to provide a
- ofl baseline against which technologies identified in the study could be
,3 o compared. Figures 1A and 1B show in block-diagram form the four
s processing 1ines of the baseline concept.
3 E: The baseline concept was reviewed prior to its application
sy in this program and a number of comments submitted to the Army.
}q ] The review team found it difficult to comment on the costs
fﬂgg for buildings and equipment hecause the function and physical
5'zj arrangement of equipment was not defined in the baseline. It was
oy suggested that the information be presented in a different format to
a X highlight the capacity (physical size and maximum munition processing
Ll i’ rate for each munition), capital costs, and detailed operating costs
' ﬁﬂ for each of the major equipment items or areas within the two hypo-
4 thetical facilities. This format would also facilitate use of the
IR baseline in conducting process evaluations in subsequent tasks.
N2 Several suggestions relative to the costs cited in the base-
} o 1ine were submitted during the first task. These suggestions/comments
o are summarized below.
x
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2,1.1 Main Demil Building. The Rockets/Mines/Dunnage/-
Liquid Waste/Agent Explosive (R/M/D/Lw/A/E) Furnace Area, the Glove

Box Area, and about 60 percent of the conveyor area should be built to
resist explosions because the all-up munitions or segments processed
in these areas are not inerted against accidental explosions., As a
result, cost per square foot would increase from $90/ft2 to $400/ft2.

The control room, at $90/ft2, did not appear to include
special fire suppression equipment (e.g., a Halon or other dry system)
and low vibration floors. It was suggested that these costs be
included in this area (see following Manpower Section),

The laboratory appeared adequately sized for the number of
persons dasigned. However, laboratory space of approximately double
this area would be required to compensate for a larger analytical
staff.

The salt storage area appeared adequate for only the salts
from the rocket based on about 2 pounds of salt produced in the
scrubber for each pound of agent, the given destruction rate of M-55
rockets, and a salt bulk density estimate of 60 1b/ft3. It was
suggested that this storage area be enlarged to accomodate both
additional salt storage for total operation and metal parts storage,
preferably for a 90-day period. No provision was found in the
baseline for any metal parts storage subsequent to demiliterization
operations.

The R/M/D/Lw/A/E Furnace appeared to be a hybrid between the
rotary kiln {ncinerator at Hawthorne AAP and the Deactivation Furnace
(DEAC Furnace) at CAMDS., The unit size is at least 50 parcent larger
than the DEAC at CAMDS (the R/M/D/Lw/A/E will process 30 rockets/hour;
the DEAC was designed for only 20/hour) but appeared to cost less than
the DEAC Furnace. To process 1iquid waste, to burn the agent from the
rockets and mines, and to burn dunnage would require more advanced
feed systems and possibly a more advanced design. The $4.6 million
dollar cost cited in the baseline appeared to be low on this basis.
The Bulk Item Furnace, as a direct analogue to the CAMDS Metal Parts
Furnace, also appeared to be lower in cost than the CAMDS furnace.




As & result of these comments and comments from other con-
tractors, the Army issued a revised baseline. The revised baseline
= was used to provide a standard for comparing processes in process
' evaluations and to provide technical data for preparation of cost
estimates.

!

AN, Although the complexity of the R/M/D/Lw/A/E Furnace may be
%n . sufficient to prohibit a direct scale-up from the OEAC Furnace of
3% CAMDS, there appeared to be no alternative. However, it was suggested
Eﬁ = that a scale factor of 0.6 not be used for this furnace due to the

N 5 addad complexity. The recommendation was made to scale the cost

o directly, based on furnace volume. The Bulk Item Furnace could be

}% : scaled from the CAMDS Metal Farts Furnace using the normal scale

ig X factor.

RS It was also suggested that the ultimate disposal costs be

&_ i3] addressed in the basaline. This would make the baseline evaluations
;} i more useful on an actual cost basis.

A3

® 2.1.2 Manpower. The glove box operation did not appear to
f; by be directly addressed in this analysis. Recommended labor could not
SR be judged, other than by work involved. To process up to 75 munitions

X per hour by manual removal of fuzes or noseplugs would probably

Ly require 4 individuals, as these munitions have to be loaded, posi-

31 (™ tioned, the nose plug or the fuze unscrewed, the explosive component
ﬁlkﬂ removed, and the munition end plugged, all within a glove box.

oo The laboratory staff was thought to be understated. During
2 L the M34 demil operation at Rocky Mountain Arsenal, the lab was running
SE at about 12 analytical persons per shift. CAMDS was 20 laboratory

,} ! persons. Although 2/3 of these persons were to be involved in methods
;? : development, current practice requires all to be assigned to routine
S analysis since 4000 bubblers are analyzed weekly. It was recommended,
ﬁ,-g: . therefore, that the laboratory staff be raised to at least 30

5 3 individuals.
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2.2 Task 2. Literature Search

Literature searches were carried out to identify
technologies which might have application for thermal destruction of
chemical agent munitions. The 1iterature searches were:

a. Computerized Literature Search,

Sources: Chemical Abstracts
Engineering Index
Defense Technical Information Center
M1. >nal Technical Information and Air
“~1vution Technical Information Center
Search terms: destruction
high temperature
Incinerate (Truncated)
Pyrolysis
Thermal degradation
b. BZ Program Files (Contract No. DAAK11-81-(-0081)
Search terms: B8 agent
BZ agent
"G agent
GB agent
Mustard agents
V agents
Vesicants
VX agent
c. Novel Processing Technology Files (Contract
No. DAAK-11-81-C-0101)
Sources: Engineering Index
Chemical Abstracts
Defense Technical Information Center
_ National Technical Information Center
iﬁ@ Smithsonian Science Information Exchange
e Comprehensive Dessertation Index
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011 and Hazardous Materials Technical
Assistance Data System
Central Information Resarch Control
Search Terms:
arsenic agents
G agent
GA agent
GD agent
Lethal agents
Lewisite
Mustard agents
Nerve agents
Nitrogen mustards
V agent
VE agent
Vesicants
VX agent
d. Others: Battelle staff members, manual searches of
Battelle and The Ohio State University
1ibraries and catalogs, conversations with
L Cincinnati EPA officials, examinations of pub-

-

if r 11cations from recent symposiums and

S conferences, and references listed in reports
'q = received,

;J iﬂ The 1iterature searches turned up nearly 2000 references.

f ! These were reviewed and reduced to 139 pertinent references. The com-
‘ 3{ plete bibliography of these pertinent references is contained in

Appendix A, These references provided leads for industrial contacts
in Task 3 (Industrial Survey) and information for Task 4, Concept Formiulation
and Evaluation.

PR e St MLEUNS ¥ DU NLRERCRE ¢
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2.3 Task 3. Industrial Survey

Identification of thermal destruction processes from
industrial sources was carried out by a variety of means. Thase
included:

a. using industrial sources supplied by the Army

b. by advertisements in Commerce Business Daily

c. by news releases submitted to over 130 technical

publications.

After reviewing the many responses received, a questionnarie
was prepared and copies sent to industrial firms claiming to have
applicable processas. A sample questionnaire will be found in
Appendix B.

Some process information received was incomplete either
because (a) the developer considered the process proprietary, (b) the
process was in a preliminary state of development, or (c) the
developer simply supplied limited information. In the first two cases
1itt1e could be done except evaluate the process on the basis of the
information available. In the later case the developer was
subsequently contacted a sufficient number of times to obtain the
required data.

To complete the information needed to evaluate certain
processes, three plant visits were made. Plants visited were:

Rockwell International (Canoga Park, CA)

Westinghouse R&D Center (Pittsburgh, PA)

Pyro-Magnetics Corporation (Whitman, MA).

Process descriptions were prepared from data obtained in the
industrial survey and from information developed in Task 3 (Literature
Search), The processes are listed in the following sections and are
described individually in Appendix C.
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33 71 2.4 Task 4. Concept Formulation and Evaluation

i

Y The purpose of this task was to evaluate the thermal

SO destruction processes identified in Tasks 2 and 3 and from this

R develop selected process concepts to be further evaluated in the

?} Engineering and Economic evaluation portion of Task 5.

}' Forty-four concepts were developed in the previous tasks.

(‘ These concepts are shown in Table 2 where they are 1isted according to
%t 3? the estimated development time (time for completion of required

‘§| g laboratory and pilot plant programs.)

gﬁ];ﬁ The methodology used to evaluate the 44 concepts 1s shown 1n

o detail 1in Figure 2.

:5 ¥ To begin the evaluation, the team was first familiarized

ia B with the criteria, the concepts, and the feed configurations.

E: Sﬂ Applicable feed configurations for each process were then agreed on by

"l the team. Next, each team member individually rated each process.

ES After rating was complete, the team agreed on weighting factors for

ﬁa 2 the criteria. The final rating for each process (and each applicable

Ej i feed configuration) was then calculated.

ﬁi ﬁ? 2.4.1 Evaluation Criteria Factors

S

'ﬁl ;5 A 1ist of pre-screening evaluation criteria supplied by the

o Army 1s given in Table 3. These criteria were slightly modified for
"N 3 use in theis evaluation. Two criteria identified by the Army,

| technical risk (I) and scalability (G), were combined into one
23;5- criterion. A third criterion, process applicability (D) was
i"” eliminated because the method of evaluation used evaluated this factor
T separately.

ot 8 The evaluation criteria used by the thermal process evalua-
,ﬁ Ey‘ tions team members are given in Table 4, (The sub-criteria indicated

YN in Table 3 by numbers wnre used in the evaluation although they are

3 © not shown in Table 4.)

)

j ¢
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TABLE 2, ESTIMATED DEVELOPMENT TIME

T —————————
e e e e e

23.
25,
27.
28.
29,
30.
31.
32,
33.
35.
37.
41.
42,
43.
44,

LESS THAN 5 YEARS

Rotary Kiln (cocurrent)/Molten Metal
Stagging Rotary Kiln (Ecorock)

IR Furnace

Fluidized-Bed

Liquid Injection

Cement Kiln

Rotary Kiln

Industrial Boiler

Single-Stage Molten Sait

Molten Sait/Metal Cleaning

Thermal Plasma Systems

Molten Metal

Mashed-Munition Fluidized-Bed

SUE Burner

Fluidized-Bed/Fume Incinerator (Inactive)
Sequential Fluidized-Bed (E°I)
Plasma Arc Pyrolysis

Molten Metal/Slag (Thermal Download)
Rotary Kiln (Pyrolysis)
Fluidized-Bed (Thermal Download)
Resistance-Heated Fluidized-Bed (Pyrolysis)
Underground Detonation

Shaft Furnace/Scrap Cycle

Acid Dissolution/Incineration
Multi-Solid Fluidized-Bed

Vacuum Furnace

Induction Furnace

Use, duplication, or disclosure 1s subject to restrictfons stated in Contract No. DAAKT1-82-C-0055 with ARRAOCOM.
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(ﬁ' K TABLE 2. (Continued)
zfﬁ o
i 5 70 10 YEARS
iy 2, Supercritical Fluid Download
o 4. Supercritical Oxidation
25 7. Spouted Bed
i 9. UV Photolysis
o Eﬁ 10. Solar Zapper
] 15. Internal Combustion Engine
] %ﬁ 16. Wet-Air Oxidation
B 17, High-Temperature Fluid Wall
%, ;} 24, Swinging Molten Salt
gﬁ ‘ 26. Swinging Molten Metal
A 36, Very Large Enclosure
. I 38, Steam Pyrolysis (SEGAS)
il Ei : 39. Insitu Pyrolysis/Open Cavity
¥ o MORE THAN 10 Years
(PR
e 6. Magreto Hydrodynamics
Rl 22. Geothermal (Subduction Zone Burial)
W 34, Plasma Arc Vaporizer
b
PR 40, Insitu Pyrolysis/Closed Cavity
: R —
w' M
AR
i
TR :“!
R
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FIGURE 2
METHODOLOGY FOR SELECTION OF PROCESS CONCEPTS

TEAM TEAM
FAMILIARIZATION DEVELOPMENT
OF CRITERIA, OF APPLICABLE
CON&ﬁBT@, FEED CONFIGURATIONS
FEED CONFIGURATIONS

INDIVIDUAL y TEAM DEVELOPMENT
RATING OF reet— OF CRITERIA
CONCEPTS WEIGHTING FACTORS

DEVELOPMENT
OF
- CONCEPT e
RATINGS
IDENTTFICATION
OF HIGH-

RATED CONCEPTS

SELECTION/DEVELOPMENT
OF CONCEPTS
BY TEAM CONSENSUS
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TABLE 3. ARMY PRE-SCREENING EVALUATION
CRITERIA

——
————

I

O
o

ST

1. Facility Capital

2, Eguipment Capital

3. Operating

4, Developmental

SAFETY

LIKELIHOOD OF DEVELOPMENT WITHIN 5 YEARS
PROCESS APPLICABILITY

1. Agent Destruction

2. Explosive

3. Metal Part Decontamination

4, Dunnage

PRE-PROCRESSING REQUIREMENTS

POST TREATMENT REQUIREMENTS

SCALABILITY TO 400-3000 POUNDS PER HOUR AGENT
FINAL WASTE CHARACTERISTICS AND ULTIMATE DISPOSAL
DEGREE OF TECHNICAL RISK

1. Commercially Available (State of the Art)
2. Pilot Scale

3. Lab Scale

4, Technology Gaps

RAM FACTORS

1. Reliability

2. Availability

3. Maintainability

MATERIAL COMPATIBILITY PROBLEMS

ENERGY REQUIREMENTS AND SOURCE

EASE OF OPERATION

1. Operability

2. Flexibility

3. Complexity

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAK1T1-82-C-0055 with ARRADCOM,
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TABLE 4. MODIFIED EVALUATION FACTORS

e A )
g

1. SAFETY

2. LIKELIHOOD OF DEVELOPMENT WITHIN § YEARS

3. POST TREATMENT REQUIREMENTS

4. FINAL WASTE CHARACTERISTICS AND ULTIMATE DISPOSAL
5. DEGREE OF TECHNICAL RISK AND SCALABILITY

6. RAM FACTORS

7. MATERIAL COMPATIBILITY PROBLEMS

8. EASE OF OPERATION

9. ENERGY REQUIREMENTS AND SOURCE

10. COST

Uu. duol' u1on. or duclosun is wb.ject to restrictions stated in CQntrlcc No. DMKH-!Z-C Q055 with ARRADCOM,
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....................
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2,4 F Configurations

Feed configuration has a major impact on process selection
and will, of course, greatly affect the total facility cost.

Eight feed configurations were identified by the Army.
These configurations, together with modifications added (underlined
phases) by evaluation team members are given in Table 5. The feed
configurations are also shown schematically in Figure 3.

TABLE 5, MUNITION FEED CONFIGURATIONS

e Tt ———————————————miath gt tte e e e R —
e e ————

a. Stored munition configuration as 1s (i.e., loaded
pallets).

b. Separate whole munitions.

C. Whole munition with l1imited modification (i.e.,
agent cavity and/or burster punctured).

d. Whole munition with agent removed. Explosive
cavities open.

e. Whole munition with burster/explosive/propellant
removed. Agent cavities open.

f. Whole munition with agent and
burster/expiosive/propellant removed.

g. Munition cut into distinct pieces, at least some of
which exceed 6" in their maximum dimenson.

h. Mixture of agent/explosives and metal pieces (metal
pieces would be in a range of 1 to 6 inches).

For evaluation purposes, each feed configuration was broken
down further into one or more of the following classifications:

= Use, duplication, or disclosure 18 subject to restrictions sgntod fn Contract No. DAAKY1.82.C-0055 with ARRADCOM.
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E Explosive (munitions containing explosive and/or
download explosives and propellants)

N Nonexplosive (munitions with or without agent, ton
containers with or without agent, inert parts, dunnage)

P Propulsive items (primarily rockets, but consideration
given to all-up artillery rounds)

A Downloaded agent.

2.4.3 Concept Rating

Use, duplication, or disclosure 13 subject to restrictions stated in Contract No. DAAKI)-82-C-0055 with ARRAOCOM,

To develop a numerical rating for each process it was
necessary to poll the thermal process development team on the various
concepts.

An evaluation form was prepared (see Figure 4) with
evaluation criteria Tisted at the left and feed configuration/
classification listed across the top.

Using the evaluation sheet, it was possible to evaluate each
process (process, concept, or system) for each criterion for each of
the possible applicable feed configuration/classification. (The
applicable feed configuration/classifications were selected by
consensus in meeting of project technical personnel.)

Evaluators were familiarized with the meanings of the terms
involved (criteria, configurations, classifications) and were given
written process descriptions for each of the 44 processes identified
in Tasks 2 and 3. They were instructed to rate each process using a
number from O to 10 for each criterion in the appropriate feed
configuration/classification. A rating of 0 meant the process was
most costly, least safe, highest technical risk, etc. A rating of 10
meant the opposite. When applicable, ratings were to be made com-
parative to the baseline, with a rating of 5 indicating the process
was comparable to the baseline. When no comparison could be made
because the baseline did not address that particular feed
configuration/classification, a rating of 5 would be used to indicate
an average value relative to all the systems.

o T T et MM .
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FIGURE 4. THERMAL PROCESS EVALUATION SHEET

L §
T8 PROCESS
3 FEED CONFIGURATION/CLASSIFICATION
e a
8 -
2 &
! 3 = HEIN
c R 1. SAFETY 13.1
o8 2. LIKELIHOOD OF DEVELOPMENT 8.9
o3 WITHIN 5 YEARS
- 3. POST TREATMENT REQUIREMENTS 1.0
[-]
-2 4. FINAL WASTE CHARACTERISTICS & 13.0 N
8 ULTIMATE DISPCSAL :
2 5. DEGREE OF TECHNICAL RISK/ 10.1
g SCALABILITY -
- 6. RAM FACTORS 8.7
& 7. MATERIAL COMPATIBILITY PROBLEMS 6.4
£
= 8. EASE OF OPERATION 7.9
a
é 9. ENERGY REQUIREMENTS & SOURCE 5.4
2 10. COST 15.5
g TCTAL/10
% WEIGHTED TOTAL/100 l

EVALUATOR
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2,4.4 Criteria Factor Weights

To obtain a numerical rating for each process, it was
necessary to develop weighting factors for each criterion, Team
members were individually asked to provide their estimate based on
their engineering experience of the weight that should be assigned to
each factor. These results were averaged and normalized so that they
totaled 100. The following results were obtained:

Criteria
Number (see Table 5 Weight

1 13.1
8.9
11.0
13.0
10.1
8.7
6.4
7.9
5.4
15.5

WO 00 N O ) b LW N

—
o

2.4.5 Process Concept Rating

Using the rating sheets and the evaluation criteria
weighting factors, a numerical rating was developed for each process
concept for the applicable feed configuration/classification.

Figure 5§ gives the rating results rounded to two significant figures.
From Figure 5 1t is difficult to visually identify the processes with
high ratings. Furthermore, the averaged values do not provide an
indication of the statistical significance of the rating.

Therefore, the rating results were further analyzed on a
statistical basis using a FORTRAN program executed on the Battelle
Control Data Corporation CYBER computer system. Only five concepts

Use, duplication, or disclosure 1s subject to restrictions stated in Contract No. DAAK)1-82-C-0055 with ARRAOCOM.
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were found to have ratings in excess of two standard deviations (g)
above five. (These are indicated by large black dots in Figure 6.)

As a final step in the selection of concepts, the team met
to review the thinking that went into the evaluation process. In some
instances, a low-rated concept had one reviewer who had rated it high,
Conversely, in some instances, a high-rated concept had one reviewer
who rated it low. It was felt that perhaps the reviewer who rated a
concept lower or higher than the rest of the team knew of some
significant disadvantage the concept had which the rest of the team
was not aware of, or had conceived of some modification or attribute
of the concept that would make it'particularly attractive. In the
final review meeting, each concept was discussed and comments elicited
from low- and high-rating reviewers to insure that the concept should
be accepted or rejected as indicated by the balloting. As a result of
that meeting, the following concepts were selected for the Task 5
evaluation:

Probable Feed

Process Confiquration
Underground Detonation a
*Shaft Furnace b/c
*Acid Roaster b

(acid dissolution)
Molten Metal c/e or h
*[R Vacuum Furnace c
Rotary Kiln c/e or g/h
Fluidized-Bed eorh
Molten Salt h

The above 11st contains three concepts, identified by
asterisks, which were not rated high in the balloting (Shaft Furnace,
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i Acid Roaster, and IR Vacuum Furnace). These three concepts were added
. to the above 1ist as a result of the team consensus after reviewing
: {ﬂ comments individual team members had on significant advanages of these
y - processas. (None of the five concepts selected as a result of the
Nl statistical analysis were rejected in this meeting.) One of the
' @ - significant reasons for including these additional three concepts was
R ,: that each provided a basis for minimizing the degree of downloading.
{ - It will be noted that in some cases in the 1ist of concepts
3 ﬂj (Appendix C), there are several variations presented for an individual
y - process. For example, concepts 7, 8, 23, 27, 28, 32, 33, and 42 are
'ﬂ E all fluidized-beds. Only concept 32 received an acceptably high
; o rating. However, the significant features of all similar concepts
were considered when developing a final concept for evaluation in Task
_:i 5. That is, all eight fluidized-bed concepts were reviewed by the
3 ﬂj team to develop a final optimum concept for Task 5, The final
o fluidized-bed concept 1s not exactly any one of the eight concepts but
'i ﬁ? includes those features of all eight which the team believed to
31 o provide the best final concept. The same was done with the other
final eight concepts where appropriate.
~» As noted in Table 2, all eight concepts selected were judged
by the tgam to be capable of development within 5 years.
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. 2.5 Task 5. Engineering and Economic
S cevaluation and Reporting

- il

i ' The purpose of Task 5 was to evaluate and select concepts to
3._ be recommended for further development in a pilot scale program,

SEEN Task 5 consisted of three activities:

i e Engineering and economic evaluation of the eight concepts
b selected in Task 4.

4o . o Preparation of a design plan for further lahoratory

ol studies of four of the concepts.

" | ¢ Preparation of the final report.

o Usa, du.oHuHon. or disclosure 18 subject to restrictions stated in Contract No. DAAKI)~82.C-0055 with ARRADCOM

LT . - e
ot ~'n-\."‘ v o

[P




30

2.5.1 Engineering and Economic Evaluation
0 e tlg oncapts Selected in Tas

The engineering evaluation of the eight concepts consisted
of a process description and an analysis addressing several factors:

o Systems feed requirements
Pollution abatement system
Ultimate disposal
System concept advantages
System concept disadvantages
System concept knowledge gaps
Safety
Likelihood of development within 5§ years
Scalability to 400-3000 pounds per hour of agent
Degree of technical risk
RAM factors
Material Compatibility problems
Energy requirements and source
Ease of operation. ‘

The economic analysis considered facility cost, capital
equipment, operating cost, development cost, and operating time to
develop a total 1ife cycle cost. The analysis was carried out using
techniques which were internally consistant and consistant with the
baseline study, and was reviewed for accuracy hy experienced
personnel. Therefore, while the absolute value of the numbers
generated may be subject toc some question, the relative values are
believed to be well within the range acceptable for preliminary
estimates of this kinc and are sufficient For making the currently
required economic Judgments.

Each of the factors for the engineering analysis and the
economic analysis for each of the eight selected concepts is described
in detail in the appropriate appendicies. Therefore, only brief
% discussions of the concepts with highlights of the engineering and
ﬁﬂ ' economic evaluation follow:
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To provide a pictorial comparison of the process, 1ife cycla
costs the cost to demilitarize the inventory at a single site or the
cost to demilitarize the entire inventory (collocated site) are shown
graphically.

2.5.1.1 Acid Roaster. 1In the acid roasting con.ept, whole
munitions/items (feed configuration b) are placed in dissolution tanks
where they are contacted with acid which dissolves the metal container
and frees agent and degrades energetic materials. The rasulting
slurry is pumped to a roaster where agents (and their hydrolysis
' products) and degraded energetic materials are thermally destroyed.
y Acid gases recovered from the roaster are recycled to the dissolution

% tﬁ tanks.
B The acid rcasting concept has several advantages over most
'} Eﬁ other processes evaluated. No munitions downloading is required; no
« mechanical preparation or disassembly, other than possibly paint
{ %ﬁ removal is necessary. Furthermore, all the processing steps following
| i the dissolution step are commercially available technology.
B Eﬁ Knowledge gaps are mainly those associated with the acid
) dissolution step. The effect of the acid environment on the energetic
K Ei mateials and the handling of those materials are the primary concern.
@ - Total 1ife cycle costs range from $21.0 million to $31.1
ﬁ 25 million for single site and from $87.2 million to $134.3 million for
- collocated site. Life cycle costs are presented in Figures 7 and 8,
ﬁ rj A detailed engineering and economic analysis on the Acid

Roaster process will be found in Appendix D.

2.5.1,2 PRotary Kiln., Two variations of the Rotary Kiln
concept were evaluated. The first concept is based on a single size
large kiln; the kiln size 1s independent of feed rate and is
AR sufficiently large enough to handle the largest munition/items 1in the
inventory (ton containers). The second concept is based on the
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;i selection of a kiln size proportional to the feed rate and independent
o of munition/item size. This latter concept is called the proportional
ﬁ-;ﬁ kiln concept.

- The large rotary kiln is capable of handling burstered muni-
-3 if tions with the explosive removed and agent cavity opened (configure-
;i h' action e) and non-burstered munitions with agent cavity opened
P2 (configuration c). At the smaller sizes, the proportional kiln will
handle only cut-up munitions (configurations g and h)., At the
5000 1b/hr rate the proportional kiln is the same as the large kiln
and can handle configuration e/c.
-j X The large rotary kiln system is a simple system to operate
. because it consists of one major furnace and an afterburner that will
. ﬁf handle all munitions in the appropriate feedstock configuration. The
i rotary kiln is a state-of-the-art device for incineration of hazardous
fiod wastes and rotary kilns of the size required for the demilitarization
¢ process have been built. There 1s thus a background of industrial
: experience which applys directly to the development of the rotory kiln
X " for chemical agent/munition demilitarization and the technical risk is
; consequently minimized. The rotary kiln process is an excellent
candidate for fast-track development.

Rotary kiln technology is probably the most advanced of any
of the concepts studied. Knowledge gaps center around refractory life
as affected by chemical attack and abraision from the munitions.

For the large rotary kiln, total life cycle costs range from
4 $31.3 million to $63.8 million for single site and from $37.2 million
to $67.5 million for collocated site. For the proportional kiln total
f{ 1ife cycle costs range from $13.2 million to $17.8 mi11in for single
site and from $27.3 million to $32.3 mi1lion for collocated site.

Life cycle costs are presented in Figures 9 through 12.

A detailed engineering and economic analysis on the rotary

Eﬁ kiln process will be found in Appendix E.
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rd 2.5.1.3 Molten Metal. The molten metal concept is based on
' technology commonly used in the iron and steel industry. In this
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e process agent {s volatilized in a voltalization chamber. The

;;ﬁ volatilized agent passes through a hot plasma air stream where it is

§§ pyrolized. Pyrolized agent and metal parts pass into a molten

w metal/slag chamber where metal is melted and removed. The gases pass

b out through an afterburner and scrubbing system.

% This concept is designed to handle agent-only inventory in
feed configuration ¢ (agent cavity opened) and inventory containing
energetic materials in feed configuration e (burster/propellant

B removed) .

;Eﬁ Aside from having the potential for extremely high agent

;;i destruction efficiencies, the molten metal concept uses state-of-the-

;f art components. The process 1s simple, versatile, and flexible.

%f There are no liquid wastes.

i@ﬂ Knowledge gaps center around materials compatibility

Y considerations,

;"" Total 1ife cycle costs range from $15.0 mi111on to $18.9

5 mi1lion for single site and from $37.4 million to $48.7 million for

Eg; collocated site. Life cycle costs are presented in Figures 13 and 14.

-kﬂ A detailed engineering and economic analysis on the molten

e metal process will be found in Appendix F.

et

ﬁ; 2,5,1.4 Fluidized-Bed. The fluidized-bed is capable of

.ii hand1ing several classes of munitions feed. In the engineering and

;i economic analysis the fluidized-bed was designed to handle munitions

“?ﬁ with the explosive removed and the agent cavity opened (configuration

j;ﬁ e) as well as feed from a munition shredder (configuration h). At low

o feed rates of configuration e, a volatilization chamber is recommended

e for volatilizing agent from ton containers and other large items.

N Removal of solids would be through the bottom of the bed with a moving

" bed system and a ram type shear.

oy Two of the major advantages of the concept are its ability

- to process munitions with minimal downloading relative to that

‘ﬁ. required by the baseline and its low requirement for supplemental

jiq fuel. Furthermore, certainly for processing munitions of feedstock
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configuration h, the system is much simpler, has less mechanical
parts, and will probably be more reliable than other systems studied.

Fluidized beds will also have advantages associated with
their tolerance of fuel propertics and short-term irregulaties in fuel
feed rates, their ability to arcep: solid and unatomized 1iquid fuels
(and thus be tolerant of suspended solids and polymerized agent
remaining in certain munitions), and their ability to operate at
relatively low peak temperatures.

If an active bed can be used to control emissions and/or if
the freebroad can perform the function of an afterburner, the
downstream processing will be greatly simplified.

Knowledge gaps center around metal removal from the bed, bed

aggiomeration, and heat transfer rates. The system 1s considered
safe,

P e ———— e e R et et

e E B P L T K e ook atl Kk S, V-

For feedstock e, total 1ife cycle costs range from $17.6
million to $20.7 mi1lion for single site and from $32.3 million to
$39.2 million for collocated site. Costs are 32 to $3 million lower
for feed stock h. Life cycle costs are presented in Figures 15
through 18.

A detailed engineering and economic analysis on the
fluidized-bed process will be found in Appendix G.
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2.5.1.5 IR Vacuum Furnace. The IR (Infrared) vacuum
furnace concept was devised primarily as a method of avoiding
downloading of explosives from the munitions. In a vacuum, explosives
burn rapidly rather than detonate. However, this is a complex mecha-
nism and localized high pressure areas caused by partial containment
or shielding could result in detonations. (This uncertainty and the
technical risks involved were the primary factors in rejecting this
concept from consideration for further development.)

In this process, munitions in configuration ¢ are placed in
a tray and passed into a vacuum oven. Here they are heated and decon-
taminated by pyrolysis. Vacuum is maintained by a 1iquid seal pump
which also acts as a scrubber for the acid gases. The exhaust gases
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. pass through an afterburner (to burn pyrolysis products) and a spray
dryer (to dry salts generated in the 1liquid seal pump).
Knowledge gaps include the questions of detonation in a
vacuum, action of the vacuum pump as a scrubber, and rate of
“ decomposition of agent in vacuum,
Total 1ife cycle costs range from $17.1 million to $23.5
million for single site and from $35.5 million to $41 million for
: collocated site. Life cycle costs are presented in Figures 19 and 20,
< A detailed engineering and economic analysis on the IR
i vacuum furnace process will be found in Appendix H.
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2.5,1,6 Shaft Furnace. In the shaft furnace concept,
munitions are heated in a shaft furnace filled with metal scrap. The
scrap serves as a buffer to shield the vessel walls, inlet and
discharge from the fragments and blast wave from exploding/detonating
munitions. The economic analysis of the shaft furnace concept
indicated that 1t was probably an acceptable concept, at least for the
" collocation facility. However, the engineering analysis indicated
that the technical risks associated with the shaft furnace concept
: were substantial,
o Knowledge gaps include the question of blast wave Toading on
o the shaft furnace walls, If the scrap charge transmits the impulse
loading to the walls the process is probably not technically feasbile.
It could be very costly to determine this in a development program.
e Total 11fe cycle costs range from $31.9 million to $50.5
mi1lion for single site and from $100.0 mi11ion to $215.0 million for
e collocated site, Life cycle costs are presented in Figures 21 and 22.
S This concept was eliminated from further consideration,
XN A detalled engineering and economic analysis on the shaft
furnace process will be found in Appendix I.
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W 2.5.1.7 Molten Salt. The molten salt system handles a

3 "mashed" ur shredded feed (feed configuration h). The molten salt

: unit contains a bed of molten salt, which is maintained as a froth by
T the flue gas
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the flue gas stream, over a pool ot molten metal. In concept, noxious
;F‘ gases are removed by the molten salt, however, 1t is likely that a
downstream scrubbing system will be required to provide redundancy.
Knowledge gaps center around the fate of phosphorus
i and materials compatibility,
3 Total 1ife cycle costs range from $18.4 million to $22.8
million for single site and from $45.4 million to $77.9 million for

i" collocated site. Life cycle costs are presented in Figures 23 and 24,
" This concept was eliminated from further consideration,

}ﬁ A detailed engineering and economic analysis on the molten
i salt process will be found in Appendix J.

Eq{ 2.5.1.8 Underground Detonation. The underground detonation
jﬁ concept 1s a collocated operation designed to destroy the entire

Wit lethal agent inventory with one underground detonation. The
applicable feed stock is configuration a.

- This approach requires no mechanical preparation, no flue
23 gas cleanup, and provdies the most effective ultimate disposal

'i scenario. However 1t would be a politically sensitive approach.
Furthermore, testing would be extremely difficult. This concept was

an eliminated from further consideration.

ﬁ; It 1s estimated that total life cycle costs would exceed

_‘j $393 mi111on,

;; Details on the underground detonation engineering and

= economic analysis will be found in Appendix K.

i

& 2.5.2 Design Plan

'S

15 A Design Plan was prepared outlining laboratory studies on

%ﬂ the four most promising concepts:

:%E Acid Roaster

P Rotary Kiln

o Molten Metal

:

.4:

J: Use, duplication, or disclosure I3 subject to restrictions itated in Contr;ct No. DAAK11-82-C-0055 with ARRADCOM.
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Fluidized-Bed.

These four concepts were selected based on an overall
consideration of the engineering and economic evaluations and are
believe to offer the greatest potential for efficient demiliarization
of the chemical agent munitions stockpile. The technical approach to

0 be used to develop these concepts can be found in the Design Plan
'Vi; fssued January 31, 1983.
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._ 3.0 CONCLUSIONS

Gt

Z% L A large number of thermal processes for destruction of

f% i hazardous and toxic materials are developed or are under development

IR in industry. Many of these processes could be applied to the destruc-

! N tion of chemical agents with 1ittle or no additional development. But

NS when the destruction of chemical agents is coupled with the problems

5? ﬁ: inherent in hand1ing and rendering safe munitions containing fuses,

g bursters, and propeliants, the selection of appropriate processes

LR becomes much more difficult and 1imited.

}g;fd Of 44 thermal processes identified in this study, 4 appear

§) R? to have sufficient promise to be considered for further development in 5
L the laboratory. These processes are:

RS 1. Acid Roaster. A process in which separate whole

v

munitions are eroded in an acid bath to free the
i) chemical agents and energetic materials. The resultant
w slurry 1s roasted to destroy the agent and energetic

N materials and to recover acid gases which are recycled
& to the acid bath.
;i 2. Rotary Kiln. A process which uses a rotary kiln to
& incinerate feeds ranging from whole punctured munitions
?ﬁ to cut munitions.
g 3. Molten Metal. A process which pyrolizes and incinerates
o agents and energetic materials yielding a molten metal
J and fused salt product. This process accepts punctured
ooh whole munitions or munitions cut into pieces.
BT 4, Fluidized-Bed. A process in which punctured whale
S munitions or munitions cut into pieces are incinerated
! ) in a fluidized-bed.
:% ii These processes have muderate to low technical risk, are at
. BN or near state-of-the-art technology, and have the potential of
Eé if offering economic advantages when coupled with the required mechanical
g ' preparation,
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o 4.0 RECOMMENDATIONS

S I

RN It is recommended that one or more of the following pro-
o cesses be developed further in the laboratory to identify the more

viable processes and to obtain design information necessary for
further development at a pilot scale. The processes, in order of
present economic and engineering preference, are:

1. Acid Roaster

2. Rotary Kiln

paz - KINER
TR

] N‘ 3. Molten Metal

R 4. Fluidized-Bed

i o Detailed recommendations for the laboratory study are given
N L) in the Design Plan issued January 31, 1983.
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k:} B-3 Conway, R, A., Ross, R. D. Handbook of
% Industrial Waste Disposal. Van Nostrand
“ Rheinhold Company, New York (1980).
Ve 0SU Libraries
g R '
Y [
s Technologies
'; ﬁi Multiple Chamber, Open-Pit, Cyclonic,
&L Multiple Hearth, Fluidized-Bed, .Rotary
" Kiln, Rotary Hearth, Pyrolysis, Wet-Air
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! Disposal, Volumes 1, 2, 3, 4. Ann Arbor
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" . (1979).
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! Battelle Library
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: Fﬁ Molten Salt, Ocean Incineration
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o B-5 Bonner, T., et al. "Engineering Handbook
N for Hazardous Waste Incineration", Drafte
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§
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' B-11 Hackman, E. E. Toxic Organic Chemicals
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"Conventional Ammunition Demil{tarization

and Disposal Technology Handbook". Prepared
by the Joint Conventiona: Ammunition Prograd
Coordinating Group (1976).

Battelle Circulation: Ted Prociy
Qther

Munitions Destruction )

American Defanse Preparedness Association,
Chemical Systems Division. "Proceadings of
the Second Demiliturization and Disposal
Technology Conference". (Apri) 1979§

Battelle c1rcu1atﬁon: Ted Prociv
Qther

Munitions Destruction
Technologies

Stockholm International Peace Research

Institute. Chemical Weapons: Destruction
Conversion. Crana, Russak and Lompany, Inc.
New York (1980). |

Battelle Circulation
Qther

Overview of world-wide chemical-warfare agen
destruction programs



A.7

ACCESSION NUMBER REFERENCE

B-15 Process Design Manual for Sludge Treatment
and Disposal, 5T 1-74-006. Prepared
b E1ac%. Crow, and Efdsness, Gainesville,
Florida for U.S. EPA Office of Technology
Transfer (October 1874),

Battelle Circulation: Dale Folsom

Technologies

Multiple Hearth, Fluidized Bed, Wet Air
Oxidation, Pyrolysis, Cyclonic, Electric

B=16 Shapira, N, I., et al. "State-of-the-Art
Study: Dem{litarization of Conventional
Munitions", EPA-6001 2.78-012. Prapared
by Amarican Defense Praparadness Associa-
tion for U.S. EPA Office of Research and
Development (February 1978).

Battelle Circulation: Ted Prociv

Technologies

, Study of U.S. Demilitarization Processes

B-17 Steam. Babcock and Wilcox Company, New
York, New York (1972).
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Cyclonic
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i

L

ﬂﬁ B-18 American Society of Mechanical Engineers.
o 1980 National Waste Processing Conference.
( New York, New York (1980).

;K% : Property of Dick Engdah?

i Technologies

o L‘.".‘i .
;L Liquid, Fume, Fluidized Bed, Rotary Kiln,
™ Cyclonic, Multiple Chamber, Catalytic

%ﬂ Mutltiple Hearth

.
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W B=19 American Society of Mechanical Engineers.
) 1978 National Waste Processing Conference.
: New York, New York (1978).

ﬁj Property of Dick Engdahl

l&ﬂ Technoloqies

;: Rotary Kiln, Wet Oxidation, Fluid Bed,

A, Pyrolysis

X

‘7ﬁ B-20 Qutterson, G. C., and Prociv, T. M., eds,
4# "Proceedings of Toxic Substance Control:
o Decontamination Symposium". Columbus,
o Ohio (April 1980); Sponsored by U.S. Army
o Chemical Systems Laboratory, Physical

1 Protection Division, Aberdeen Proving

i Ground, Maryland.

&; Property of George Outterson

3 Technology

Laser Destruction
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i R-1 Sharp, D. A., Gurklis, J. A., and Stenburg,
o R.L. "State of the Art of Hazardous Waste
vl Disposal 1n the United States". Paper
SR presented at the International Conference
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VIS R=2 Wilkinson, R. R., Kelso, G. L., and Hopkins,
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U.S5. EPA Office of Research and Development,
Municipal Environmental Research Laboratory,
Cincinnati, Ohio (September 1978).
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Microwave Plasma, Molten Salt, Wet-Air
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b R-3 Hazardous Material Incinerator Design
I Criteria. Prepared by TRW, inc., Redondo

;Jaﬁ Beach, California for U.S. EPA Industrial
Ol Environmental Research Lab, Cincinnati,
A Ohio; NTIS, Springfield, Virginia,

1 PBB0-131964 (October 1979).
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A

| R~4 Johnson, R, J., Flynn, F. E., and Weller,

A,

P. J. "A Preliminary Feasibility Study for
an Offshore Hazardous Waste Incineration
Faci11ty". Prepared by TRW Environmental
Engineering Division for U.S. EPA Industrial
Environmental Research Laboratory, Research
Triangle Park, North Carolina (June 1980).
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Rotary Kiln (Offshore Platform)
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R-5 Adams, J, W., et al. Destroying Chemical
Wastes in Commercial Scale Incinerators
Facility Report No. ¢ - Surface Combustion

DIvision, Midland Ross corporation. EPA/
EI0/SW-122¢C.2.  Preparad by Arthur D.

SR e R A A A

" Little, Inc. for U.S. EPA Office of Solid

d Waste, Washington, D.C. (November 1976).

ﬁ Propeirty of Bert O'Connell

) .
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ﬁ Rotary Hearth Pyrolyzer/Incinerator

4

f§ R-6 Ackerman, D., et al. Destroying Chemical
Wastes in Commercial Scale Incinerators.

Facil] tg ﬁeport No. 6 - Rollins Environ=
menta| Service, Inc. Prepared‘by TRW
Defense and Sy ace ystems Group for U.S.
EPA Office of Solid Waste Management Pro-
grams, Washington, D.C. (1977).
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repared by Arthur D, Little, Inc. for U.S.

‘? R-7 DeFilippt, R. P., et al. Supercritical
"R Fluid Regeneration of Activated Carbon for
N Fdsorgt?on of Pesticides, EPA-600/2-80-054.

; EPA Office of Research and Development,
i Washington, D.C. (March 1980).
T
N : Property of Ted Prociv
X Ef Technologies
R Supercritical Fluid
£
i 5
b e
b b
d R-8 Bailin, L. J. Microwave Plasma Detoxifica-
o tion Process for Hazardous Wastes, EPA-
1 600/2-78-080. Prepared by Lockheed
P! . Missiles and Space Company for U.S. EPA
T 0ffice of Research and Development,
. Municipal Environmental Research Laboratory,
y 73 Cincinnati, Ohio (June 1978).
y - Property of Ted Prociv
SN
¥ Eﬁ Technologies
:; i Microwave Plasma
I
E s R-9 Bell, B. A., and Whitmore, F. C. Kepone
- o] Incineration Test Program, EPA-600/2-78-108.
"4 U.S. EPA 0ffice of Research and Development,
~ S Municipal Environmental Research Laboratory,
% Cincinnati, Ohio (May 1978).
P Property of Ted Prociv
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1 ".
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1 burner)
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Edwards, Barbara, Ph.D. "Fluidized Bed
Combustion of Hazardous Waste", Draft..
Prepared by Ebon Research Systems for

U.S. EPA Municipal Environmental Research
Laboratory, Cincinnati, Ohio (March 1980).

Technologies

Fluidized Bed

Castaldini, C., et al. "A Technical Qver-
view of the Concept of Disposing of
Hazardous Wastes in Industrial Boilers",
Draft. Prepared by Acurex Corporation for
U.S. EPA Industrial Environmental Research
Laboratory, Cincinnati, Ohio (January 1981).

Technologies
Industrial Boilers

U.S. EPA Industrial Environmental Research
Laboratory. "Proceedings of the Hazardous
Waste Combustion Workshop", Draft,
Cincinnati, Ohio (April 1981) Prepared by
Battelle Memorial Institute (November 1981).

Technologies

Industrial Boilers
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Yosim, S. J., Kellog, L. G., and Sudar, S.
"Molten Salt Destruction of HCB and
Chlordane", Draft., Prepared by Rockwell
International Energy Systems Group for

U.S. EPA Office of Research and Development,
Industrial Environmental Research Laboratory.
Cincinnati, Ohio (n.d.).

Technologies
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Molten Salt

"Environmental Assessment for a Program to
Demonstrate the Use of Recycled Fuels in
Cement Plants". Prepared by the San Juan
Cement Co., for U.S. EPA Industrial Environ-
mental Research Laboratory, Cincinnati,
Ohio (November 1980).

Technologies

Cement Kiln

Bennett, R. W., et al. "A Study of
Equipment, Processes, and Systems for a
Demilitarization Facility". Prepared by
Battelle Memorial Institute for Naval
Facilities Engineering Command, Western
Division (January 31, 1975).

Property of Bert Weller

Technologies

Rotary Kiln

Qther

Munitions and Explosives Preparation
Technologies

S subject to restrictions stated tn Contract No. DAAKI1-82-C-0055 with ARRADCOM,
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3 ACCESSION NUMBER REFERENCE

il R-15 Brazhnikov, V. I., et al. Furnace for

ermal Trea of Liquid Industrial

h
5aste Watars Conta1nig% Toxic Orqanic

Pl
FLIAdN

%ﬁi mpurities. Army Foreign Science and
3 Technology Center, Charlottesville,
it Virginia; NTIS AD-783 850 (September 6,
n 1972).
i

. Technologies

=, -—

-,

Liquid Injection/Vertical Shaft

gﬁ

§$; R=17 shapira, N. I., et al, State-of-the-Art
fiot %Fa%u; Demilitarization of Conventional
o unitions, EPA-600/2-78-012. Prepared by

American Defense Preparedness Association
for U.S. EPA Office of Research and Develop:
ment, Industrial Environmental Research
%;gggatory, Cincinnati, Ohio (February

Property of Ted Prociv

18,
)
=
s

i)
Wiy
K]
wie

LR
v

)
::.'f‘
:'.:'..'

Technologies

.
Rotary Kiln, Wet Air Oxidation, Fluidized !
Bed, Closed Pit Incinerator, Batch Box
Incinerator, Microwave, Afr Curtain
Incinerator

Qther '

Munitions Preparation Technologies

R-18 Leary, J. F. Ultimate Disposal of 0i1 and
Hazardous Materials, CG-D-36-76. repare
for United States Coast Guard Department
of Transportation, Washington, D.C.; NTIS,
Springfield, Virginia, AD-AQ35 137
(October 1975).

Technologies

Municipal Incinerators, Portable Inciner-
ators, Ship-Mounted Incinerators

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAKY)-82-C-U0055 with ARRADCOM.
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R-21

REFERENCE

Lawless, E. W., Ferguson, T. L., and
Meiners, A. F. Guidelines for the Disposal
of Sma11 uanti*Tes of Unused Pesticides,

/2= 15= repared by west
Research Inst1tute for U.S. EPA Office of
Research and Development, National
Environmental Research Center, Cincinnati,
Oh{io; NTIS, Springfield, Virginia, PB~244-557
(June 1975)

Property of Ted Prociv

Technologies

Small-Scale Pesticide Disposal Techniques

Rosen, H. H. Pesticide Pyrolysis Device.
Army Land Warfare Laboratory, Aberdeen
Proving Ground, Maryland (June 1974);

NTIS AD-784 553 Springfield, Virginia

TACTEC

Technologies

Pyrolyzer

Bucci, R. J., and Meseke, E. L. Process
Description and Compendium of Chemical
Agent EHent??*cat?on Sets Disposal Program
Studies and Reports, ARCSL-SP-810718.

Chemical Systems Laboratory, Aberdeen
Proving Ground, Maryland (November 1981),

TACTEC

Technologies

Molten Salt, Rotary Kiln, Rocky Mountain
Arsenal Facilities

Ly Uu. duoHclHon. or disclosure {3 subjoct to nstr1ct1ons statod 1n Contrlct Mo DMKH GZ-C 0055 uith ARMDCM
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R=-22

R-23

REFERENCE
Stearns-Roger Incorporated. Final Process
Design of the Agent Destruction System for
CAMDS,  Prepared for Edgewood Arsenal,
Aberdeen Proving Ground, Maryland;
Defense Technical Information Center,
Alexandria, Virginia (February 1977).
TACTEC
Technology

Chemical Neutralization Process

Qther

Agent Detoxification Processes

Chem Demilitarization Install Restoration.
"Demilitarization Plan Operation of the
Chemical Agents Munition Disposal System
(CAMDS)", Aberdeen Preving Ground,
Maryland (March 1977).

TACTEC

Technologies

Deactivation Furnace, Metal Parts Furnace,
Dunnage Incinerator

Other

Munitions Preparation Systems
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R-24

R-25

R-26

A<17
REFERENCE
Meseke, E, L., and Herd, R. E. Small-Scale
%;105 i?c‘zeré$ﬁ?n Egasib111t Stud o{
emica entification Sets, ARGSL-TR~
. Chemica Sysfems EaBSratory.
?b;ggeen Proving Ground, Maryland (May
979).

TACTEC

Technologies

Liquid Injection

Brankowitz, R. W. Demilitarization of
Mustard Agent (HD) at Fort Mcthlellan,
ATabama, &RCSE-TR-77551. Chemical Systems
Laboratory, Abardeen Proving Ground,
Maryland (April 1978).

TACTEC

Technologies

Chemical Neutralization

Scott, J., et al., Engineering Study of the
Incineration Faci1itTes at Rocky Mountain

Arsenal.” Department of the Army, Edgewood

rsenal, Aberdeen Praving Ground, Maryland;
Defense Technical Information Center,
Alexandria, Virginia (February 1977).

TACTEC

Technologies

Processes Used at Rocky Mountain Arsenal




. A-18
L ACCESSION NUMBER REFERENCE

gg R-27 Midland-Ross Corporation, Surface Combustion

- Division. Final Concegt Design Report

H Deactivation Furnace, -DRD-CK-74042,
N Chemfcal DemiTitarization and Installation
N Restoration, Aberdeen Proving Ground,
ot Maryland; Defense Technical Information

v Center, Alexandria, Virginia (November 1974),
; TACTEC
3

b2 ~ Technologies

Lj; ) Continuous Processing Rotary Retort Furnace

L R-28 valis, R, J., and Vigus, E. S. Pyrolysis
i of Detoxified Agent Hastes 11, ARESE- YR
e ., Chemical Systems Laboratory,

o Aberdeen Proving Ground, Maryland
- (September 1977?.
f: TACTEC
i
K Technologies
LIS iy
i Experimental Pyrolysis Equipment
i
it
:
b3
A
ol R-29 Santos, J., et al. Design Guide for
X Propellant and Explosive Waste Incineration.
ﬁ% ' U.S. Army, Picatinny Arsenal, Dover, New

Jersey (October 1973),
vt TACTEC

N Technologies
Y
E Rotary Kiln, Vertical Induced Draft, Fluid
O Bed
Byt
N
LB
'?Z‘ Use, duplication, or disclosure 1s subject to restrictions stated in Contract No. DAAKI1-82-C-0055 with ARRADCOM.
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N L ACCESSION NUMBER REFERENCE
i R-30 Cheselske, F. J., et al. Study of
| (d Catalytic and Thermal Decom osqfion of
i Toxic Agents. Dapartment o% the Army,
b Eagewooa Arsenal, Maryland (Octoher 1970).
P TACTEC
I
i 1
¥ Other

A

Kinetic Studies

- A -
e R

R=31 Sass, S., and Davis, P. M. Laboratories
Studies on the Incineration of Mustzrd (HD),
. Department of the Army, Edgewood
Arseral, Maryland (May 1471).

'h"“—*:;: .

. !"..(
/s
iEs Qther
L) '
E {i Mustard Destructiun Efficiency
| 1
B
- R-22 Pugh, U. L., et al. Incineration of GB and
Containment of Gaseous Products, EAIR 4463,

Ta i
il

Department of the Army, tdgewood Arsenal,
Maryland (October 1970).

e ryup v = e
o —oT -
Cee l.‘..’ alat,
SRS A4

Qther

GB Destruction Efficiency
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A-20

AGCESSION NUMBER REFERENCE
R=33 Hildebrandt, H. F., Gervason{, T. R,, and

Baker, J. A. Incineration of VX and Con-
tainment of Gaseous Products IQE. EATR 4586.
Department of the Army, tdgewood Arsanal,
Maryland (March 1972),

Other

VX Destruction Efficiency

R-34 Molten Salt Coal Gasification Procass
evelopment, Phase nal Report, POU
Uﬁtrat_%g%J_EQEZE;ZlﬁgﬁgEﬁgjPraparod by
ockwe nternational Environmental! and
Energy Systems Division for U.S. Depart.
ment of Energy (May 1980).

Technologies
Molten Salt Gasification

R=35 Molten Salt Coal Gasification Process
‘Pevelopment Unit, Phase | Final Report
Eormaro1st Plant Stuly. DOE/ET/TOE0E-EL,
Prepared by Rockwe)l %nternat1ona1 for the
U.S. Department of Energy (May 1980).

Technologies

Molten Salt

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAK))-82-C-0085 with ARRADCOM,
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ACCESSION NUMBER

R=-36

R=37

R-38

R-39

A-21
REFERENCE

Reevas, A, M., and Kurtz, M. C. "Thermal
Decomposition of GB". Prepared by Army
Chemical Center, Chemical and Radio-
logical Laboratories (August 37, 1954),

Qther

Agent Chemistry

Lapp, R. R., and Schneider, C. J. "An
Investi?at1on of tha Thermal Decomposition
of BIS (2,ethyl hexyl) Hydrogen Phosphite
and Agent VX as Vapor at Elevated Tempera-
tures”, Cornell Aeronautical Laboratory,
Inc. (May 31, 1962),

Qther

Agent Chemistry

Runnion, K. N., and Wagner, Arnold.
Incineration of VX and GB with Emphasis on
Phosphoric Acld Mist Rem:.val, Eﬂ-i§-73537.
Department of the Army, Edgewood Arsenal,

Aber?een Proving Ground, Maryland (April
1975).

Technologies
Liquid Injection

Data from Mustard Disposal Operation
Project Eagie) at Rocky Mountain Arsenal
1972-1974), Provided by Mike Asselin,




ol A-22
i
;g ACCESSION NUMBER REFERENCE
i o
el R-40 Fradkin, L., and Barisas, S. Technologles
Ve for Treatment, Reuse, and Disposal of Poly-
A chlorinated Biphenyl Wastes, ANL/EES-TM-1868.
' Argonne National Laboratory, Argonne,
Qﬁg I171nois (January 1982).
fﬁi Technoloaies
Rotary Kiln, Liquid Injection, Multiple

o Hearth, Fluidized Bed Multiple Chamber,

e Catalytic Combustion, Pyrolysis, Starved-
Air Combustion, Molten Salt, Catalytic
Afterburner, Mobile Incinerator, Controlled-
Air Incinerator, Moiten Iron, Diesel

i,. Engine, Incineration at Sea, High-

i Effictency Boilers, Plasma-Arc, Catalyzed
od Wet Oxidation, Hydrothermal Dechlorination
i

L

0y

l

. R=41 Muralidhara, H, S., and Young, J. B.

e "Comparative Evaluation of Sumitomo Metals
. Coal Gasification Process". Report for
A Sumitomo Metal Industries Ltd. prepared

X by Battelle Columbus Laboratories

i (November 1981).

4 Technology

ﬁﬁ‘ Molten Metal/Steel Furnace

N 5
t}{zl

\:i‘ R-42 HOWQS, Jo Eo. O'Conne]] ’ Wc Lo ’ and

ol Riggin, R, M, "Measurement of Emissions
b from Burning PCBs in the Mobile Waste

%J Processor", Report for Pyrotech Systems,
i Inc., prepared by Battelle Columbus

fkﬁ Laboratories, Columbus, Ohio (May 6, 1982).
- Technology

I i

1 Mobile Liquid Injection/High-Temperature
fﬁq Oxygen Incineration

.

""‘

N -

{ Use, duplication, or disclosure 1% subject to restrictions stated in Cantract No. DAAK]1-82-C-0055 with ARRADCOM,
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T . &
e "
LA

R-43 Schorr, J. Richard, et al, "Breakthrough
Tcchnologies". Report to Mitsubishi
Research Institute from Battelle Columbus
Labo;ator1es. Columbus, Ohio (January
1982).

L

P

r——

kS SaTal
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Technologies

Nuciear Fusion, Geothermal
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ACCESSION NUMBER

J=1

J-2

J-3

Jud

J-5

A-24
REFERENCE

Hitchcock, D. A, "Solid-Waste Disposal:
Incineration". Chemical Engineering
(May 21, 1979) pp. 185-194.

- Technologies

Pyrolysis, Multiple Hearth, Fluidized Bed,
Liquid Incinerator, Gas Incinerator,
Rotary Kiln, Wet-Air Oxidation, Molten
Salt, Multiple Chamber, Ship-Mounted
Incinerators

Ross, R. D. "Burn, Hazardous Waste Burn".
ChemTech (November, 1980) pp. 708-712.

Technologies

Conventional Forced Draft Burner, Cyclonic
Incinerator, Rotary Kiln, Fluidized Bed,
Multiple Hearth, Catalytic.

Pojasak, R. B, "Disposing of Hazardous
Chemical Vastes". Environmental Science
and Techno1qgl. VolT 13, No. 7 (July 1979)
pp. 810-814,

Tachnologies

Molten Salt, Ocean Incineration

Fish, R. A. "Disposal Methods for Hazardous
Wastes". Journal of 0i1 Col. Chem. Assoc.,
Vol. 60, No. 8 (1377) pp.

Technologies

Rotary Kiln, Ocean Incineration

Berry, E. E. and MacDonald, L. P., "Experi-
mental Burning of Used Automotive Crankcase
011 in a Dry-Process Cement K11n” Journal
of Hazardous Materials, Vol. 19757T§765
pp. 13/-156.

Technology
Cement Kiln

Use, duplication, or dhc!osun is subjoct to rntrieuom snnd in Contrlct NO. OMKH-GZ-C 005! with ARRADCOM.
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A-25
ACCESSION NUMBER REFERENCE

J-6 : Tenzer, R, et. al, "Characteristics of the
Mobile Field Use System for the Detoxifica-
tion/Incineration of Residuals from 0il and
Hazardous Material Spill Clean-Up Operations",
Journal of Hazardous Materials, Vol. 3 (1979)
pp. 6i=7/5,

Technology
Mobile Rotary Kiln

"EPA-Funded PCB Test Burns are Likely Success".
Chemical and Engineering Kews, (July 19, 1982)
pp. 29-30,

Technology

Two-Chamber, controlled
Air Incinerator (conventional)

Basta, Nicholas. "Firms Avidly Seek New
Hazardous Waste Treatment Process".
Chemical Engineering, Vol. 89, No. 18
(September 6, 1982) pp. 53-57.

Technologies

Mobile Rotary Kiln, Wet-Air Oxidation,
Supercritical Fluid

Yasui, Takaji and Matsuoka, kynshi.
"Hydrothermal Decomposition of Poly-
chlorinated Biphenyls". Environmental
Science and Tecknology (1980) pp. 530-552.

Tachnoloay

Hydrothermal

Use, duplication, ur aisclosure 1s subject to restrictions stated in Cantract No. DAAKI1-82-C-0055 with ARRAOCOM.




A-26

ACCESSTON NUMBER REFERENCE
J-10 Modell, Michael, et al. "Supercritical
Water". Solid Waste Management, Vol. 25,
No. 8 (August 1982) pp. 26=76.
Technoloay

Supercritical Fluids

J-1 "Using Supercritical Water to Destroy
Tougn Wastes". Chemical lleek, Vol. 120,
No. 16 (April 21, 1982) p. 26.

Technology
Supercritical Fluid

) J=12 Flachseberg, Paul. “German Lime Kiln

Y Developments Meet Quality Demands". Rock
Products (July 1970) pp. 75-83.

Ei Technologies

. Cross-Flow Kilns, Double-Inclined Kiln,

;y Annual Shaft Kiln, Rotary Kiln

.

71;{

i

v J-13 Gribbin, Walter. "Vertical Shaft Kiln--

"L Present and Future'. Rock Products

-gz (December 1970) pp. 68-70.

Technology
i Vertical-Shaft Kiln

‘ Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAKI1.82-C-0055 with ARKADCOM,
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g A-27

g
1R ACCESSION NUMBER REFERENCE
i PP-1 Baillod, R, C. et al. "Wet Oxidation
i - of Toxic Organic Substances". Proceed-
‘. ings of the Industrial Waste Conference,
iy th; Ann Arbor Science Pubiishers, Ann
"y Arbor, Michigan (1980), pp. 206-213.
é§ Technology
e Wet-Afr Oxidation
U
B
-
A
s
4 PP-2 Johnson, J, G. et al. "Destruction of
L Hazardous Wastes by the Molten Salt
y? Destruction Process". ' Paper presented
W at the Environmental Protection Agency
. Seminar, Ft. Mitchell, Kentucky (March
! 1982).
A Technology

Molten Salt

i
p
8%
iy
X -
/s PP-3 Yosim, S. J. et al. "Destruction of
{ Hazardous Wastes by Molten Salt Combustion".
, Toxic and Hazardous Waste Disposal,
] kg Volume 4; Ann Arbor Science Publishers,
. Inc., Ann Arbor, Michigan (1979), pp.
= 227-243,
i = Technology
1 Molten Salt
3 -
(S
(N
AREAEY
:4 ‘,
\
1
R
e

f j Use, duplication, or disclosure is subject to restrictions stited in Contract No. DAAKI1-82-C-0055 with ARRADCOM.
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PP-4

PP-5

PP-6

A-28
REFERENCE

Kenson, R. E. et al. "Development of
Effective Incineration Processes for
Toxic Organic Air Pollutants". Paper
presented at the 70th Annual Meeting of
the Afr Pollution Control Association,
Toronto, Ontario, Canada (June 1977).

Other

Incineration Operating Variables

Hemsath, Dr. K. H., and Schultz, T. J.
"Application of Advanced Combustion
Technology for the Disposal of Toxic
Waste". Prepared by Midland-Ross
Corporation, Surface Division for
presentation at the Wastern States
Combustion Institute's Spring Meeting,
Seattle Washington (April 1977).

Technologies

Midland-Ross' Explosives and Metal Parts
Furnaces.

Midland-Ross' Kepone Incineration Equip-
ment. '

Rotary Kiln, Roller Hearth Furnace

Barton, T. G., and Arsenault, G. P,
"Toxic waﬁte Destru;:ion by Plasma
Pyrolysis". Proceedings of the 36th
Industrial Waste Conference; Ann Arbor
Science Publishers, Ann Arbor, Michigan
(1982), pp. 177-183.

Technology
Plasma Pyrolysis
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PP-7

PP-8

PP-9

Use, duplication, or disclosure s subject to restrictions stated in Contract No. OAAK]1-82-C-0055 with ARRADCOM.

A-29
REFERENCE

Hornig, A. W. "Decomposition of
Chlorinated Hydrocarbons Using a Novel
High-Temperature Fluid Wall Reactor".
Proceedings of the 36th Industrial Waste
Conference; Ann Arbor Science Publishers,
Ann Arbor, Michigan (1982), pp. 177-183,

Technology
High-Temperature Fluid Wall

Freaman, H. M. "Review of Selective
Innovative Thermal Hazardous Waste
Destruction Processes". Paper to be
presented at the American Institute of
Chemical Engineers Conference, Cleveland,
Ohio (September 1982).

Technologies

Fluidized Bed, High-Temperature Fluid
Wall, Molten Salt, Cement Kiln, Mobile
High-Temperature Incineration, Pyrolytic
Incineration, Wet Air Oxidation

Frankel, I., Sanders, N., Vogel, G.
"Profile of the Hazardous Waste Incinerator
Manufacturing Industry". Paper for presen-
tation at the American Institute of
Chemical Engineers Conference, Cleveland,
Ohio (September 1982).

Technologies

Fixed Hearth, Liquid Injection Rotary
Kiln, Fluidized Bed, Induction Heating,
Pulse Hearth Reciprocating Grate, Infrared
Heating
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ACCESSION NUMBER

PP-10

PP-11

PP-12

A-30
REFERENCE

Baur, J. M., and Iwata, H. "Development
of Slagging Coal Combustors for MHD
Applications", TRW Systems and Energy
Group, Redondo Beach, California (n.d.).

Technology

Rocket Combustor Injector/Magnetohydro-
dynamic Power Generation

Cook, C. S., et al, "A Regeneratively

Air Cooled Cyclone Coal Combustor for

Utility Boiler Application". General
Electric Company, Space Sciences

%abgrgtohy. King of Prussfa, Pennsylvania
nl . L ]

Technology
Cyclone Coal Combustor

Rinker, T. L. "Regional Facilities for
Hazardous Waste Disposal”. The American
Society of Mechanical Engineers, New
York, New York (July 23, 1980),

Technologies

Fluidized Bed, Rotary Kiln
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A-31

REFERENCE

Greenberg, Jacob, "Method of Catalytically
Inducing Oxidation of Carbonaceous Materi-
als by the Use of Molten Salts", U.S.
Patent 3,647,358 (July 23, 1970).

Technology
Molten Salt

Eck, J. C., "Furnace for Combined Incinera-
tion of Rubbish, Garbage, and Sewage Siudge",
U.S. Patent 3,777,680 ?December 11, 1973).

Technology
Multiple Hearth

Porter, S. M., Weirer, E. C., Shielder, H.
W., "Solid Waste Disposal Method and Appara-
?gggs U.S. Patent 3,716,002 (February 13,

Technology
Rotary Kiln

Roberts, E. J., "Fluid Bed Incineration of
Chloride Containing Waste Streams", U.S.
Patent 3,864,458 (February 4, 1975).

Technology
Fluid Bed

Saitoh, Shigeru, et. al., "Moving Bottom
Incinerator", U.S., Patent 3,861,331 (January
21, 1975).

Technology
Moving Bottom

K Use, duplication, or discloture is subject to restrictions stated in Contract No. DAAKI1-82-C-00%9 with ARRADCOM.
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P-6

P-8

P-9

P-10

A-32

REFERENCE

Yosim, S. J., "Non-Polluting Disposal of
Explosives and Propellants", U.S. Patent
3,778,320 (December 11, 1973).

Technology
Molten Salt

Sharpe, P, S., "Thermal Oxidation of Wastes
and Apparatus Therefor", U.S. Patent 3,892,190
(July 1, 1975).

Technology
Liquid Injection

Tsurata, H., Makiguchi, M., "Rotary Kiln
Type-So11d Waste Incinerating System and

Te;?gd". U.S. Patent 3,827,379 (August 6,
9 .

Technology
Rotary Kiln

Sargent, E. A., Doner, A. J., "Apparatus for
Disposing of Solid Wastes", U.S, Patent
3,842,762 (October 22, 1974).

Technology
Rotary Kiln

Yosim, S. J., ct. al., "Disposal of Organic
Pesticides", U.S. Patent 3,845,190 (October
29, 1974), .

Technology
Molten Salt




i A-33

" ACCESSION NUMBER REFERENCE

;ﬁ P-11 Bolejack, W. J., Jr., Daniel, T. K., Rolison,
‘" 0. E., "Incineration Process for Disposal of

Bl g Waste Propellant and Explosives", U.S. Patent
R 53 3,848,548 (November 19, 1974).

o & Technolo

n]

%‘ Rotary Kiln

ORI

P=-12 Santoleri, J. J., "Incinerator for Aqueous
Waste Material", U'.S. Patent 3,861,330
(January 21, 1975).

Technology
Liquid Injection

‘T -~
S
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P«13 Monroe, E. S., Jdr., "Cyclonic Incinerator",
U.S. Patent 3,865,054 (February 11, 1975).

Technology

Cyclonic Incinerator

P-14 Gunn, N. I., "Electric Incinerator", U.S.
Patent 3,877,399 (April 15, 1975).

Technoloqy

Electric Furnace

P-15 Kishigami, K., Koybayashi, H., Oshima, S.,
“"Incineration Method for Combustible Indus-
trial Wastage and a Fluidized Bed Furnace
Used Therefor", U.S. Patent 3,888,193
(June 10, 1975).

Technology
Fiuidized Bed

Usa, duplication, or disclosure 13 subject to restrictions stated in Contract No. DAAKYY-82-C-D0%5 with ARRADCOM,
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ACCESSION NUMBER

P-16

P=17

P-18

P-20

A-34

REFERENCE

Albrecht, E., et.al,, "Fluidized Bed Furnace
Having Coarse Particle Discharging Device",
U.S. Patent 3,910,208 (October 7, 1975).

Technology
Fluidized Bed

Roberts, E. J., Angevine, A., "Fluid Bed
Incineration of Wastes Containing Alkali Metal
Chlorides", U.S. Patent 3,907,674 (September
23, 1975).

Technology
Fluidized Bed

Zetterstrom, K. A., "Device for the Purifica-
tion of Process Wastes Gases", U.S. Patent
3,940,253 (February 24, 1976).

Technology
Pollution Control

Copeland, G. €., "Method for Oxidation of
Su]fur-Conta1n1ng Substances", U.S. Patent
3,949,584 (April 13, 1976).

Technology
Fluidized Bed

Bernaliner, M, N,, et. al., "Process and
Cyclone Reactor for Fine Decontamination of
Industrial Waste Water Containing Organic
and Refractory M1nera1 Im ur1t1ns“.

Patent 3,974,021 (August 10, 1976).

Technology

Cyclonic Incinerator

Use, duplication, or disclosure i3 subject to restrictions stated in Contract No. OAAK)-824C.0055 with ARRADCOM.
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{' ~ ACCESSION NUMBER REFERENCE
§ Ef; P-21 Greenberg, Jacob, "Sclid-Liquid Waste Inciner-
o ator Utilizing Liquid Catalysts", U.S. Patent
2t 3,974,784 (August 17, 1976).
A
Technology
JE :é Liquid Injection (Submerged Flame)
{ e P-22 Priestely, R. J., "Dilute Phase Waste Incinera-
kT i ' tor", U.S. Patent 4,021,184 (May 3, 1977).
i .
M : Technology
XN
2l Fluidized Bed
M o p-23 Barry, L. T., Czope, G. K., "Method and
:3 o Apparatus for Treating Waste Material in a
" Counter-Current Incinerator", U.S. Patent
ol 4,046,085 (September 6, 1977).
oy
5 Technology
; ; Multiple Hearth
¥ fﬁ '

_f’ P-24 Dreasche, C. F., Jr., "Method and Apparatus
X for Incinerating Waste Material", U.S. Patent
g, 4,050,389 (September 27, 1977).

R Technology
. :J Multiple Hearth
S
)
M
“) pP-25 Hara, S., Kato, T., "Method of Treating Sewage
N Sludge", U.S. Patent 4,050,390 (September 27,
A I 1977?.
o Technology

Multiple Hearth

Use, duplicatfon, or disclosure is subject to resctrictions stated in Contract No. DAAKY!-82-C-0055 with ARRADCOM.
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ACCESSION NUMBER

L ALYE,

b P-26

{ P-27

fkj P-28

P-29

el
L P-30

A-36

REFERENCE

Miller, S. T., Hardison, W, G., "Catalytic
Abatement System", U.S. Patent 4,054,418
(October 18, 1977).

Technology
Pollution Control

Sowards, N. K., "Low Pollution of Solid
wast§”. U.S. Patent 4,075,953 (February 28,
1978).

Technology
Fluidized Bed (combined with cyclonic)

Kershner, Seymour, "Fibrous Filter Incinera-
tor", U.S. Patent 4,085,689 (April 25, 1978).

Technology
Filter Incinerator

Lanier, John H. Jr., "High Temperature Oxy-
gen Hazardous Waste Incinerator", U.S. Patent
4,338,870 (July 13, 1982).

Technology

Liquid Injection (injection into preheated
oxygen chamber)

joskinson, Gordon H., "Combustion Apparatus
Utilizing an Auger Having an Integral Air
Supply System", U.S. Patent 4,338,869 (July
13, 1982).

Technology

Auger Combustor

Use, duplication, or disclosure is subject Lo restrictiuns stated in Contract No. DAAKY1-82.C-0085 with ARRADCOM,
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NI
- ACCESSION NUMBER REFERENCE
f Eﬁ P-31 Lientz, 1a Clede, "Refuse Burning Process and
Vil Apparatus", U.S. Patent 4,338,868 (July 13, 1982),
.:.2'1 r.;q
g b Technolegy
s le Rotary Furnace
fg i
3
3 - P-32 Moore, Walter T., "Solar Powered Chemical Proces-
N sing Method and Apparatus", U.S. Patent 4,339,922
) ' (July 13, 1982).
:‘I‘.-( \':E)
1L Technology
- Eﬂ Solar Powered Chemical Processing Method
. and Apparatus
34
:..!
ﬁb b P-33 Van Loar, Jacobus, Felthuis, Jacob, and Kastelic,
| Wilhemus, "Shaft Furnace Having Cooling Plates",
‘ U.S., Patent 4,332,554 (June 1, 1982).
1 1 -
At Technology
g Shaft Furnace
vt "J,'
Lo ‘
FRe P-34 Fitch, R, E. and Tyer, C., "Fuel Feed Technique
% for Auger Combustor", U.S. Patent 4,331,084
ph o (May 25, 1982).
e
« I Technology
iﬁ % Auger Combustor
i
o P-35 Gold, Louis, "Management of Chemical Toxic Waste",
SOURN U.S. Patent 4,331,088 (May 25, 1982).
DY
\» . Technology
. . Coal Reactor (vertical shaft furnace)
v
4 N Use, duplication, or disclosure s subject to restrictions stated in Contract No. DAAKY-82.C-0085 with ARRADCOM,
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ACCESSION NUMBER REFERENCES
P-36 Kranzl, Franz A.,and Springer, Helmut, "Walkin
Beam Furnace", U.S. Patent 4,330,262 (May 18, ?982).
Technology
Walking Beam
pP-37 Burton, Robert E., "Burnini System and Method",
U.S. Patent 4,329,931 (May 18, 1982).
Technology
Elongated Chamber - Hydraulic Ram
P-38 Hughes, David E., "Melting Glass with Reduced
NOx Emissions", U.S. Patent 4,328,020 (May 4, 1982).

Technology
Glass Melting Furnace

R

N ':
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o
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Use, duplfcation, or afsclosure it subject to restrictions stated in Contract No. DAAK1)-82.C<0085 with ARRADCOM,




A-39
ACCESSION NUMBER REFERENCE

_ﬂ# ﬁ; ML-1 Summary of the University of Tennessee's
( - Magnetohydrodynamic Process for the Generation
R of Electricity.

‘ii‘u' Technology
TR

3 Iy Magnetohydrodynamic

S ML-2 Summary of the Commenwealth Scientific and
o Industrial Research Organization's Fluidized
iﬁ;-;; Bed Combustor for Coal Washery Wastes.

. I Technology
"

Tg 4 Fluidized Bed

:ﬂ 7 ML-3 Summary of Battelle's Spouted Bed Combustor
Y

EE Ej Technology

5{ N Spouted Bed

el

S

% ML-4 Summary of Energy Concepts Company's Fuel
X Gas Cleaning Process,

RO

2% Technology

NI

S Molten Salt

N ML-5 Trip Report: Review of Sumitomo Metals Cre-
0 tive Gas and Steel Coal Gasification Process.
X Prepared by Battelle Coal Utilization Tech-
L nologies Study Group (June 1, 1982).

e

et Technology

! vid

| ’ Molten Metal (Iron)

vp i:

‘5 - ML-6 "Process Description for the Thermal Destruc-
BSING tion of Toxic Waste Materials". Proposal

w prepared by the Franklin Research Center,

X Process Technology Division for Battelle Memori
N al Institute (July 21, 1982).

> Technology

Rotary Kiln

Use, duolication, or disclosure 1s subject to restrictions stated in Contract No. DAAKY1.82.C.0055 with ARRADCOM.
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X ACCESSION NUMBER REFERENCE

f' ML-7 Solar Zapper Process Description. Prepared
{ by Focus Environmental Services (September
e 1981).

;; Technology

& Solar

:; ML-8 \ Description of High-Temperature Fluid-
g Wall Reactor. Thagard Research Corpora-
{' tion, Irvine, California (n.d.).

i Technology

High-Temperature Fluid Wall

5

&

)

o

A

0

i
b { Use, duochion. or d1lc1osurc is subjoct to restrictions stated in Contrlct No OAAK]1-82-C-0055 with ARRAOCOM.
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« I A-41
ACCESSION NUMBER REFERENCE

;ﬁi ;E M-1 Wilkinson, R. R., Kelso, G. R., and Hopkins,

MY F. C. State-of-the-Art Report: Pesticide
{ » Disposa] Research, EPA- 6055? 78-183.

SR Prepared by Midwest Research Institute for
DR U.S. EPA Office of Research and Development,
2. Municipal Environmental Research Laboratory,
s Cincinnati, Ohio; NTIS PB 284 716
SR (September 1978).
'Qi ?? Microfiche of report
o
‘ &=
B3 |
- M-2 Scurlock, A. C. Ing¢ineration in Hazardous

q Waste Management, EPA/530/SW-141, U.S.

v EPA Office of Solid Waste Management
o Programs, Washington, D.C,; NTIS PB 261 049
A (1975).
;% 2 Technology
X7

Rotary Kiln, Multiple Hearth, Liquid
Injection, Fluidized Bed, Molten Salt,
Wet-Oxidation, Plasma Destruction,

s o
‘::;'—. : , » -

" Multiple Chamber Gas Combustion,

d ! Pyrolysis

i

{ = M-3 Gruber, G. I. Assessment of Industria
oo Hazardous Waste Practices, Organic
RN Chemicals s Pesticides and Explosives
S Industries. Prepared by TRW Systems

.:J‘

Group for U S. EPA Office of Solid Waste
! Management Programs, Washington, D.C.;
i NTIS PB 251 307 (April 1975?.

Technology

Rotary Kiln, Fluidized Bed, Liquid
;w Injection

*
A

e aTeTLr
LS
RN

i 3 -

Other

DAL NE TN

i Treatment and disposal technologies
3 iy employed in the military explosives
+ industry

R use, du911c|c1on. or afsclosure 13 subject to restrictions stated in Contrlct No. DAAKIT -82-C-0085 with ARRADCON..
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! A-42
‘ ACCESSION NUMBER REFERENCE

i M=4 Ottinger, R. S., et al. Recommended
i Methods of Reduction, Neutralization,
I ecovery or Dispos f Hazard

: Waste, Volume [1I, EPA-570/2-73-053-C.
i Prepared by TRW Systems Group for U.S.
: EPA National Environmental Research

i Center, Cincinnati, Ohio; NTIS

i PB 224 582 (August 1973).

) Technology

Fluidized Bed, Catalytic Incineration,
Rotary Kiln, Liquid Injection, Open-Pit,
Open Incineration, Multiple Chamber,
Multiple Hearth, Flares

Other

Incineration Criteria, Selection of
Incineration Systems

M=5 Papers to be presented at the American
Institute of Chemical Engineers Conference.
Cleveland, Ohio (September 1982).

4
]

ala rale o 2R S S LS R . -

i F o AR el e s r R

Use, duplication, or disclosure s subject to restrictions stated in Contract No. DAAK11-82.C-0055 with ARRAOCOM.
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APPENDIX B

QUESTIONNAIRE USED IN INDUSTRIAL SURVEY
Use, duplication, or disciosure fs subject to restrictions stated in Contr;ct No. DAAK11-82-C-0055 with ARRADCOM.
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Company Name:

THERMAL PROCESS QUESTIONNAIRE

A. PROCESS DESCRIPTION: A general conceptual description of the candidate

process itemizing the major components is needed. A process flow
diagram would be preferred.

B. STATUS OF TECHNOLOGY (Check one):

(1)

(2)
(3)

Commercially available P11ot Plant ' Bench Scale
Lab Scale Conceptual

Probability of successful development within 5 years?

Expected scale-up accuracy?

Evaluation Criteria

To properly evaluate processes, answers to questions on the subjects described
below are needed. A brief statement as to the source of the information (e.g.,
pilot plant data) would also be beneficial.

C. FEEDSTOCK REQUIREMENTS:

(1)

(2)
(3)

(4)
(5)
(6)
(7)

What feedstocks can the process accept?
____Liquid Agents
__ Combusiible Solids
___Non-combustible Solids
____Contaminated Aqueous Alkaline Solutions
Etc.

What is the maximum size of feedstock?

Are there other restrictions on physical form?

What is the acceptable concentration range?

What is the expected throughput?

Can the process accept explosives and propellants? Yes No

Are there any other feedstock limitations or contraints?

Uto. duoliclt1on. or d1sciosuro 13 subjoct to rcstr1ct1ons statnd 1n Contract No DAAK\!-OZ-C 0055 with ARRAOCON




#@; THERMAL PROCESS QUESTIONNAIRE PAGE 2

D. ENERGY REQUIREMENTS:

(:' (1) Type of energy? Fuel Electrical Etc.

(2) Amount of energy per unit of feed?

(3) Amount of energy recovered for other purposes?

E. EFFLUENTS, BY-PRODUCTS, AND/OR WASTES:

‘?E (1) What are the post processing clean-up requirements?

l

{%: (2) What is the recommended methodology?

“?5 (3) What are the alternate products?

.

f;i (4) Are there alternatives?

i

el F. THERMAL DESTRUCTION POTENTIAL:

'::'1 ,

(oo (1) What is the projected destruction efficiencies?

i Agent Explosives Metal Parts
a (2) What factors affect these?

o G. RELIABILITY:
3?2 (1) What are the probabilities of a system upset occurring?

(2) What are the consequences of the occurrence of a system upset?

3

;ij (3) What is the anticipated availability of the process?

‘; (What fraction of total time is required for planned or unplanned
Zh maintenance? Planned Unplanned)

'Gﬂ (4) What is the mean time between failures?

» -

’:{ﬁ Use, duolication, or disclosure 1s subject to restrictions stated in Contract No. DAAKI1-82-(C-0055 with ARRADCOM.
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THERMAL PROCESS QUESTIONNAIRE PAGE 3

(1) Are any extraordinary safety precautions required?

I. COMPLEXITY:

(1) What types of control and/or monitoring systems are required?

(2) What are the skill level requirements of the operators?

J. CAPITAL COSTS:

(1) What are the project costs of the required hardware?

(2) What are the space and building construction requirements?

K. OPERATING COSTS:

(1) Manpower Requirements
(2) Maintenance .

(3) Utilities

(4) Thermal Efficiency

Please return questionnaire by September 27, 1982 to:

Mr. David R. Hopper

Task Leader, Industrial Survey
Battelle's Columbus Laboratories
505 King Avenue

Columbus, OH 43201

Use, duplication, or disclosure ts subject to restrictions stated in Contract No. DAAK)!-82-C-0055 with ARRADCOM,
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APPENDIX C
THERMAL PROCESS DESCRIPTIONS
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M PROCESS NO. 1
0
QI
. ROTARY KILN (COCURRENT)/MOLTEN METAL
i
o DESCRIPTION: Sawed munitions and associated agent are fed into a
= cocurrent rotary kiln. Agent contained in ton containers
- can first be vaporized in volatile chamber. The flue gas
R and metal parts exiting the kiln are fed into a baffled
L molten metal furnace. A reactive slag can be used in
- . the molten metal furnace in order to reduce pollution
S control requirements.
2 FLOW DIAGRAM:
Al VOLATILE
IS, CHAMBER
’ J? MUNITION enmmind Rgm\' | R r|s¥gt}§EAe et FLUE GASES
’f o 5X DECONTAMINATED
ey SLAG
i -~
N . MOLTEN NETAL FURNACE
? :.J /BURNER
1 i FEED smmmctalne u = £ UE GAS
DDA
"\M_ g,
SR MOLTEN METAL
:1 " |
H ‘mm
N
o - STATUS: Conceptual
! :
3J‘"\ ADVANTAGES : Reduced pollution control requirements. Slag and flue
s gases can be rendered 5X decontaminated. Large range of
L munitions can be processed.
a '
J e
o j% DISADVANTAGES: Problems associated with typical rotary kilns, such as:
vl e High capital cost
S ¢ Low thermal efficiency
b o ¢ Problems maintaining seals at ends of kiln
N .. High pressures required for flue gases to overcome pressure
N drop associated with metal bath.
§ REMARKS : Worth further consideration
y U
3,
)

Uu. dupHcauon. or dﬂc]olun is wbj«:t to rnmctions sucod 1n Contnct No DMKH-GZ-C 0055 \vith ARRAocm
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DESCRIPTION:

FLOW DIAGRAM:

STATUS:

ADVANTAGES:

DISADVANTAGES

REMARKS:

PROCESS NO. 2

SUPERCRITICAL FLUID (THERMAL DOWNLOAD)

Punched munitions (agent and explosive exposed) are fed
to a supercritical fluid autoclave where agent is dis-
solved into solution and explosive destroyed. The
solution is flashed into an incinerator. Solids (metal
parts) and salts from a dry scrubber are then thermally
decontaminated.

LiQuips

SUPERCRI TICAL
d poatmnes——
MUNITION emmmsniien FLUID AUTOCLAVE INCINERATOR

S0L1DS
(METAL PARTS)

Naalnes

5% METAL a— THERMAL AFTERBURNER
PARTS, ASK DECONTAMINATION
i
SALTS -
DRY
SCRUBBER
Conceptual

Supercritical fluid could possibly reduce agent to a
less toxic form.

Da?ge¥ ?f explosion when exposing munition to supercriti=-
cal fluid.

High operating cost associated with maintaining high
pressures in autoclave.

Extensive development required

c-2

Use, duplication, or disclosure 1s subject to restrictions stated in Contract No. DAAK]1-82-C-0055 with ARRADCOM,
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C-3
PROCESS NO. 3

T
Pl

i)

- ECOROCK
'é ) DESCRIPTION: High-temperature (2200 F) incineration or pyrolysis of
L waste and subsequent incorporation of solid residue
wibR in a high quality highway-paving aggregate, Wastes

are dried and combusted in a rotary kiln (1800 F).
Solid residue is slagged in a firebrick furnace
(2200 F) and cooled to form a solidified melt. The

N solid is crushed and used in production of paving
2 = aggregate.
I :',‘1'! ROTARY DRUM AI: P?':."Lunon
i) FLOW DIAGRAM:  souowasme = o ==
.
h; HAMMERMIL L
. ROTARY KiLN
SN BURNOUT
{3
" e
4 Ly l
TEMPERING AR l
Q AUXILLARY
BURNER
AR COOLED AGGREGATE
3 K MANUFACTURER:  Franklin Research Center TO cRuSHING

{ i APPLICATIONS: Nnt yet applied to hazardous wastes
STATUS: Experimental to Pilot

. ADVANTAGES: High temperatures lead to high desctuction efficiency.
FRR Residue sealed in a non-leaching end product.

. Major energy requirements can be supplied by feedstock.
e End product is marketable.

- DISADVANTAGES: Potential materials compatability problems.
Ash chemistry is unknown.

A .
" Use, duplication, or disclosure is subject to restrictions stated in Contract MNo. OAAK))-82.C-0055 with ARRADCOM.
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DESCRIPTION:

FLOW DIAGRAM:

| MANUFACTURER:
.i APPLICATIONS:
» STATUS:

B

i COST:

o

W'

o

\,

5

3 4

& ADVANTAGES :
-

ﬁl DISADVANTAGES:

N

e
l“
N

PROCESS NO. 4

SUPERCRITICAL FLUID

Oxidation of waste material using water in the supercri-
tical state as the process medium (374 C, 3200 psi).

(e e @

Eductor
Swggurud
r‘s? . . Oxidizer
ator
Sait
Oxidant -
Compressor

MODAR Inc., Arthur D. Little
Various organic wastes (DDT, PCBs)
Experimental to Pilot Scale

Modar
2500-25,000 gal/day-
Operating - $.10 to $2.00/gal
Capital - unkrown

Advantages over wet-air oxidation include:

- Less expensive capital cost due to the use of a

tubular reactor instead of an autoclave

- No need for additional processing of waste.

High pressures and associated compression costs.

A TP PR VY T T T Y I SRS
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PROCESS NO. §

¢ i; c-5

! = ELECTRIC FURNACE (INFRARED)

I :

&} 54 DESCRIPTION: A horizontal, rectangular, ceramic fiber blanket-lined,
o1 steel shell containing a moving horizontal woven-wire
"o belt and radiant heating elements.

S FLOW DIAGRAM:

W e o

I \.lo:l"\‘:l i‘:.‘&';“u (137 3::'-'-'..:;3\' [{{8)

Ly il ,/com.mo <oo0Lna

-" :|'-~ / AR A

g Gl — ' )

}:‘.\.j i _setiecees :o-"“"":o: ------- ' ::n'lou
g 1 \ i

L‘ ‘.‘:‘l s o d Aod . -4 v g g b4 ‘I

I

MANUFACTURER:  Shirco Inc., Midland-Ross
APPLICATIONS: Toxic sludges, solids

Jf _ STATUS: Comnercially available
T &3 ' COST: 50 M gal/day 20 percent solids:
d < Capital - $1.5M (without cleanup e.g.)

2 Operating - cost of 50 hp
;@ v ADVANTAGES : Low capital cost
E? 1; Low operation and maintenance costs (waste heated by
ﬂ !T radiation)
SR No explosion danger
" Easy shutdown and start up (possible intermittent oper-
;T Tﬁ ation)
q - DISADVANTAGES: Large floor space requirement; gas clean up required;
E% iﬂ resistant heaters susceptible to frequent burnout;
;g e can only be used on slurries that contain at least 15
ke percent solids.

Usn. duplicat1on. or d1;c10:urc 1: subject to rcstrict1ons statod 1n Contrlct No. DAAK]1-82-C- 0055 uith ARRAOCON
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DESCRIPTION:

FLOW DIAGRAM:

MANUFACTURERS
APPLICATION:
STATUS:
ADVANTAGES:
DISADVANTAGES:

C-6
PROCESS NO. 6

MAGNETOHYDRODYNAMICS

Combustion of coal at slagging temperatures (5000 F) and

subsequent acceleration ot flue gas through a nozzle
into a magnetohydrodynamic generator.

1§

ELACT gTATIC ¢
PRECITATOR
T

SUPSRICATER

University of.Tennessee. TRW

No known hazardous waste treatment
Experimental

High potential for energy recovery

Highly 11kely to encounter materials compatability pro-
blems.

Use, duplication, or dicclosure s subject to restrictions stated in Contract Nc. DAAKI) -82-C-0055 with ARRADCOM,
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o PROCESS NO. 7

. SPOUTED BED

r DESCRIPTION: Injection of gas at high velocity through a small central
N {ﬂ operature into a cylindrical vessel filled with coarse
solid particles. A cyclical pattern of movement {s formed
as particles peak in center of cylinder and return to
bottom along cylinder wall.

Nt

LI L AP AP Y 0

FLOW DIAGRAM:

- P
> A_s

T
vy ‘.\?’ -
R :'.{%
.t‘
44
™ I‘ R 4
R
gt
Tl centare GAS TRANCTORY
i A mewm PARTICLE TRAJICTORY

Pt b O

MANUFACTURER: Battelle Memorial Institute

N

4 L APPLICATION: No known application to hazardous wastes

Y

% ot STATUS: Experimental

by i

" ADVANTAGES: Low heating value fuels can be incinerated due to good

q %; heat recirculation; advantages over conventional fluid-

\ - ized beds: 1lower pressure drops, better mixing; higher

[ residence time capability.

M

ﬁ . DISADVANTAGES : High potential for gas short circuiting bed, primarily

] :i used to react on solids.

D

g

: ,? |
ST

i .

L.
‘ﬁ - Usa. dunl1cat1on. or disclosure i suhjcct to rostr1ctions stated 1n Contrlct No DAAK11-02-C 0054 with ARRAOCOM
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- PROCESS NO. 8

R

"" FLUIDIZED BED

"' DESCRIPTION: A vertically oriented vessel in which gases are blown up

x4 through a bed of inert granular material. The agitation

of the bed creates a dense, well-mixed medium which
behaves 1ike a 1iquid. Wastes are injected into or Jjust

: 351 above the bed. An auxilliary fuel is used to preheat or
o maintain bed temperature.
'_\ FLOW DIAGRAM:
.‘ﬁ g
p o FLUE OAS <o
¥
ok - AUXILIARY
. ‘l" MAKEUP SAND SURNIR (OIL OR GAS)
pincd
2 N\ /
L ACCESS DOOR
.. N A -';52;.
'.\. . ' . l‘ ’:\‘ | =
N ) : smo uu : D= WASTE INJECTION

R ]
by
hmansstec——

(A - it ‘
i K 1
K] c- FLUIDIZING AR

W(

:;:. : ASH IIMOVAL

'fﬁ MANUFACTURERS: Lurqi, General Atomic Copeland Systems, Energy Inc.,

) : Scientific Design, Aerojet

Sd

e APPLICATIONS: Primarily used for the destruction of sludges from munici-
ig pal wastewater plants, oil refineries, and pulp and paper
ﬁf mills. Some work with organics such as PCBs, pharmaceu-
ﬁﬁ tical wastes, phenolic wastes, and methyl methacrylate

| has been performed.

f., STATUS : Commercially available

ol

N

I’
js,'l Use, duplicaﬂon. or disclosure is subjoct to restrictions stated in Contrlct No. DAAKY)-82+C-0055 with ARRADCOM,
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;:3 PROCESS NO. 8
5
- FLUIDIZED BED (continued)
£
s COSTS: Costs estimated by Energy Incorporated for 50 gal/hr
& - unit:
- Installed cost - $1.3 million
Eﬁ - operating cost $.25/pound of waste
Eq ADVANTAGES: Applicable for solid, 11quid, and gaseous combustible
< wastes.
q Simple design requiring no moving parts.
M Compact due to high heating rates, reduces capital
el cost.

Low temperatures and excess air requirements, lower
N0x emissions which could reduce emission control
costs.

Gaseous emissions can be .controlled by paper bed
material selection

High combustion efficiencies.

DISADVANTAGES: Difficult to remove residual materials from the bed.

=3

| ExOr

e

,_,
[ B Sy

N Temperatures can not exceed softening point of the bed
' to avoid agglomeration.

g] High operating cost.

o

T s

i

{s subject to restrictions stated in

Use, duplication, or disclosure
L] . ~_-__-,-“.-.1, A .'-5.‘~ i ".".“,.‘L \."". \.
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DESCRIPTION:

FLOW DIAGRAM:

MANUFACTURERS:

APPLICATION:
ADVANTAGES:

DISADVANTAGES:

PROCESS NO. 9

UV DECOMPOSITION (PHOTOLYSIS)

Degradation of wastes using ultraviolet 1ight. Ultra-
1ight may be supplied by sunlight, lamps, or lasers.
In addition, some processes involve the bubbling of
ozone through waste for oxidation.

Miner
Exhaust Ges
————
UV Light
l:“— Temperature
—7 Y
‘f“"l‘.:;‘ | PH Manitering
Sparged e nd Sempli
lateh [t Semling
Reoster
L
JLLU-H\.
Q R -l 2%KI | Vert
Selution
Oum aspuucan

Genorater ol Pover

éOunnn or Ale
Houston Research
Westgate Research (ozonation)
Southern I11inois University
University of California (laser)
FOCUS (solar)
Atlantic Research Corporation
QED (solar zapper)

PCBs

Potential for removing pollutants prior to final
destruction.

Designed for 1iquids and many other toxic compounds

Usc. dupliclt'on. or disc1osuro is !ubj.ct to rostrictions stxtcd in Contrnct No. DAAK1Y-82.C-0085 with ARRADCOH
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PROCESS NO. 10

SOLAR ZAPPER

DESCRIPTION: SoLAR ENErGgY, ConcenTRATED TO 10,000 TimES
AMBIENT LEVELS, Is USED TO THERMALLY AND
PHoTOCHEMICALLY DEGRADE HYDROCARBONS, THE
PyroLYsIS ProbucTs ARE SUBSEQUENTLY

INCINERATED
. Gas Receiver/
FLOW DIAGRAM: Ofseherge ‘ N ecelver
i PCa
Scrubber’ Vapor
t luent
Vapor
Vaporize
PCBs Heat -~ Combustor COﬂ?&gzl_

MAMNUFACTURERS Focus ENVIRONMENTAL Svsrsﬁs

PREVIQUS

APPLICATIONS: DesTrRucTIiON oF PCBs
STATUS: PiLoT .'LANT
ADVANTAGES : Low OperATING CosSTS

UTiLizes SYNERGISM OF THERMAL AND PHOTOCHEMICAL
DISADVANTAGES : TecHNoLoGgY [s NoT WeLL UNDERsTOOD

EVALUATION: A UnN1aue COMBINATION OF MECHANISMS THAT
Has POTENTIAL FOR AGENT DESTRUCTION

Use, duplication, ar disclosure 11 |ubjoct to rostr1ct1ons statcd in Contrlct No. DAAKll-az-c 0065 with ARRADCON
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33 Description:
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STATUS:
APPLICATIONS:
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MANUFACTURERS :

PROCESS NO. 11

LIQUID INJECTION

Incinerator which destroys liquids and slurries by atomiz-

ing the waste by atomizing the waste and mixing 1t with

air. Atomization achieved either mechanically, using a

rotary cap or pressure atomization systems, or via gas-

fluid nozzles which use high pressure air or steam. Inciner-
ator can be oriented horizontally or vertically with injection
along the central axis. In a spectalized 11quid injection
combustor, the vortex, waste injected tangentially.
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Air Resources, Bigelow-Liptak, Brule, C&H Combustion,
Hirt Engineers, In¢., Midland-Ross, John Zinc, Met-Pro,
Peabody International, Prenod, Trane Thermal

Commercially available.

PCBs, pesticides, herbicides, polymer wastes, phenols,
st111 and reactor bottoms

‘k}i Use, duplication, or diicloturo 13 subject to rnstrictionl stated in Contrnct No DAAKI!-OZ-C ooss with ARRAOCOM
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PROCESS NO. 11

LIQUID INJECTION (continued)

COST: 4500 metric tons/yr hexachlorocyclopentadiene
Capital - $1.63M
Operating $4.92/metric ton

ADVANTAGES: Capable of incinerating a wide range of 1iquid wastes
Low maintenance cost due to lack of moving parts
Capable of fairly high turndown ratio

DISADVANTAGES: Only wastes that can be atomized through a burner no:zle
can be incinerated.
Burners susceptible to pluggage.

or disclosure 13 subject to restrictions stated in Contract No. DAAKI1+82.C-0058 with ARRAGCOM.
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;ﬁ: PROCESS NO, 12
i
o CEMENT KILN
ﬁgﬂ DESCRIPTION: Integration of waste incineration with a process used in
Sk cement manufacture. Waste, limestone, and cement additives
- are fed to a rotary kiln and subjected to 2600 F tempera~-
?ﬂ tures and residence times of up to 10 seconds. End product
o s the solid clinker found in cement.
‘. ‘ T :::l
At WUL T OME
:‘-.i'n aLLACTRN
.;-,.q PRIMARY SUPMLIMENTAL
..‘,.:1 L el
o, RN BUBY
*.I;‘ sashousl “‘
_ _ o ‘I‘\"l""’""'"l"---.. . }
i _ -IL> e | TR A
ol WaT hETURN <
i [T
hgg MANUFACTURERS: Alpha Portland Cement Co., General Portland Co., $CA
1% Services, Inc. (Chem=Thol), St. Lawrence Cement Co.,
L Marquette Cement Company. )
" STATUS: Commercially available technology.
fiq COSTS: Possible savings in cement production costs 1f waste has
] significant heating value.
Vi APPLICATIONS: Hard to burn wastes have been successfully destroyed in
gt
g test burns. Less hazardous materials such as waste
i:% solvents and sti1l bottoms from solvent reclaiming opera-
i tions have already been purchased and burned on a continuous
?*ﬁ basis by cement companies.
'ﬁi ADVANTAGES : High temperatures and long residence times are well-
’ﬁﬂ suited for hazardous waste destruction,
:ﬁﬁ Wastes may decrease production costs if they have fuel
| value.
.l Chlorinated wastes neturalize alkaline clinkers.
]
"dn'.l
&

Usa, duplication, or disclosure 1s sudject to restrictions stated 1n Contract No. DAAK11.82-C-0055 with ARRADCOM.
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PROCESS NO. 12

070 A
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CEMENT KILN (continued)

ey
S

DISADVANTAGES: Increase in particulate matter in the waste stream.
| Lack of public support.
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o PROCESS NO. 13

ROTARY KILN

i

e DESCRIPTION: A cylindrical refractory-lined shell that is mounted at
5] a slight incline from the horizontal. Rotation of the
- shell mixes waste with combustion air and transports the
b - waste through the kiln., Handles 1iquids, solids, and
o _ gases.

i)
Al CONVEYOQOR

SOLID WASTE

FEED CHUTE
ROTARY KILN

3 KILN EXI T DUCT
N
"y
o A
& WASTE FEED S
i LS

' ASH RESIDUE -
SAMPLE
;EE MANUFACTURERS: M1idland Ross, Lurgi, Bigelow-Liptak, C&H Combustion,
;; Met-Pro, Vulcan Iron Works, TRW Systems, Inc., C.E.
-~f1 Raymond, Franklin Research Center, Brown Engineering,
‘ﬁﬁ Versar, Thermall, Ford, Bacon & Davis, Stock Equipment,
'“_q Kyle Machine Works.

o)
F v APPLICATIONS: PCB wastes, munitions, chemical warfare agents, polyvinyl=
o chloride waste
12‘:.;[

oy STATUS: Commercially available.

Mo
i:: COSTS: PCB wastes
- o 5,000 metric tons/yr

I Capital $3,648,900

o Operating $741.00/metric ton (1978) dollars

P BN ' TP T e U I . et et et
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N PROCESS NO. 13

R L U S
. -

. ROTARY KILN (continued)
Y '!"\
? ry ADVANTAGES : Able to inéinerate wastes in any physical form.
‘ ﬁ] Capable of accepting wastes from a variety of feed
| P mechanisms.
1o Feed capability for drums and bulk containers,
. No moving parts inside kiln.
' o : Can operate at high temperatures (> 2500 F).
13 DISADVANTAGES: High installation cost.
‘ “? Particulate matter entrained and carried out of reactor
: Eé before complete combustion.
= L.ow thermal efficiency.
Eq Problems arise maintaining seals at ends of the kiln,
ol
by
i
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P
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C-18
PROCESS NO. 14
INCUSTRIAL BOILERS
DESCRIPTI1ON: Cocumbustion or use of waste as fuel in devices, whose
primary purpose is energy production, such as industrial
béilers and process heaters,
2200°7 {' ‘
_ zun*rq(
L‘»—T 2500°7
2500°Y
: 2600°Y
: X
— l = 20007 o l
" AR g ) e
G TUR E— | o= nee
L GAS CAS
C—

RECOMMENDED WASTE
INJECTION POINT

(a) ANTERACITE WOILER (b} BITUMINOUS BOILIR

APPLICATIONS:  PCB contaminated material, waste oil, wood-pulping waste,
petroleum refining fuels.

STATUS: Commercially available.
ADVANTAGES Use of existing facilities.

DISADVANTAGES: Previously used for high heat content wastes which are
content wastes which are usually not considered hazardous.
May shorten useful 1ife of boiler

Use, duplication, or disclosure s subject to restrictions stated in Contrect No. DAAKI)-82-C-0055 with ARRADCOM.
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DESCRIPTION:

MANUFACTURER:
APPLICATIONS:

CESTRUCTION
EFFICIENCY:

STATUS:

ADVANTAGES:

DISADVANTAGES:

PROCESS NO. 15

INTERNAL COMBUSTION ENGINE

A Dorman 6-cylinder, 113 kw, tubocharged, 4-stroke
diesel engine.

D & D Group

PCB/TCB

99.95 percent
Pilot to commercial

Possible to obtain both high temperature and high pres-
sure, high potential for meaningful energy recovery.

Limited feedstock.

C-19
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PROCESS NO. 16

WET-AIR OXIDATION

DESCRIPTION: Aqueous phase oxidation of dissolved or suspended organic
substances at elevated temperatures and pressures (350-
650 F and 300-3000 psig). Catalysts are sometimes employed.

T Z:L.:L

=
Sterage Tank
Reacter
~
S———”
Ne. 2
Oxidized jr) oparster
Liquid
| | T

‘)
<
<
<
|
4

A
[
Pump Heot Exchenger Recycls Pump

Ale Comprassor

Exhaust

MANUFACTURERS: Zimpro Inc., Energy and Environmental Systems

APPLICATIONS: Municipal sludge, acrylonitrile, pulping liquor, explo-
sives, pesticides, pharmaceutical wastes.

STATUS: Commercially available.

COSTS: Installed capital costs
1.6 M/10 gpm - 5.5 M/70 gpm
Operating
1.7 cents/gallon - 3.7 cents/gallon
Maintenance
1 - 2 parcent of plant fixed capital investments




‘B c-21

4 ;% PROCESS NO. 16
. .:'4 -
X

WET-AIR OXIDATION (continued)

55w ADVANTAGES: ~ Low operating cost
ol Low heating value feedstocks can be used

3 DISADVANTAGES: Limited to dilate solutions
3 * Extensive downstream processing may be required.
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S Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAK)Y.82.C-0055 with ARRADCOM.
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i PROCESS NO. 17

HIGH-TEMPERATURE FLUID WALL

:: }
£§ DESCRIPTION: Finely ground (~20 mesh) or atomized wastes are destroyed

¢ via radiant energy. Wastes are fed downward into a porous,
" tubular core. The core 1s heated by electrodes which are
Ei Tocated outside of the pourous core and an outer wall, A
ﬁ;: gas (transported to radiation) is injected into the pourous
b core radially to blanket walls and reduce contact between
\ﬁ them and waste material.

s

H

il

7l

ﬁ#

:
B

X

:ﬁ

&

¥

4

éﬁ

i

;i MANUFACTURER:  Thagard Research Company

5 APPLICATION:  Hexachlorobenzene

'?} STATUS: Pilot scale/commercial.

3:' COSTS: Thagard claims are comparable to conventional incinera-

'.'.1 t1°n-

3

N ADVANTAGES: Reduced need for downstream stack clean up devices.

Longer 1ife due to fluid wall.

St .

DISADVANTAGES: Feed must be ground or atomized.

Use, dupltcation, or disclosure is subject to restrictions stated in Contract No. DAAK)1.82-C-0055 with ARRADCOM,
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DESCRIPTION:

FLOW DIAGRAM:

MANUFACTURERS:

PREVIOUS
APPLICATIONS:

STATUS:

DESTRUCTION

EFFTICIENCIES:

COSTS:

c-23
PROCESS NO. 18

SINGLE STAGE MOLTEN SALT

TOX1C CHEMICALS AND CONTAMINATED MATERIAL ARE COMBUSTED
AND DISSOLVED IN A MOLTEN SALT BATH AT 800 TO 1000°C.
ACID GAS COMPONENTS ARE RETAINED IN THE SALT,

Stack

I

Oft-Gas
Cleanup

Icom K30, N,, O,

Waste
J §'.".".‘.'°t°"
Wasts
and Fesd v =
M:Iun Salt ! Spent Melt n
Waste and Alr - Furnace =ew! Reprocessing |
Alp == g l | Option =
besssapenusnd
Soent Melt
Disposal
Ash

ROCKWELL INTERNATIONAL,
QUESTEX CORPORATION

DISPQSAL OF EXPLOSIVES, WAR GASES, PESTICIDES, PCB'S
AND OTHER INDUSTRIAL WASTES

PILOT TO COMMERCIAL

SIX NINES OR BETTER IN ROCKWELL BENCH SCALE TESTS WITH
WAR GASES

ROCKWELL ESTIMATED THE COST OF A COMPLETE PLANT TO
PROCESS 1000 LB/HR OF NEUTRALIZED GB TO SODIUM PHOSPHATE
FOR RESALE IN 1975 AS $2MM

A Use. duoHcaNon. or d1lc1owro is subjoct to restrictions stated 1n Ccntrlct NO. DAAKH-!Z-C 0055 ~1th Amocm
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ADVANTAGES:

DISADVANTAGES:

c-24
PROCESS NO. 18

HIGH DESTRUCTION EFFICIENCY, MINIMAL OFF-GAS CLEAN-UP
REQUIREMENTS, LOW WASTE VOLUME, SPENT SALT HAS BEEN
5X DECONTAMINATED

COSTS MAY BE HIGH, BULK METAL FEED 1S DEVELOPMENTAL
AT BEST, P20 EMISSION 1S LIKELY




5 DESCRIPTION:
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e FLOW DIAGRAM:

d MANUFACTURER :
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3 L’ APLICATIONS
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Ry STATUS:
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ADVANTEGES:
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PROCESS NO. 19 ¢-25
MOLTEN SALT METAL CLEANING

PARTS ARE LOWERED FROM AN OVERHEAD CRANE INTO A MOLTEN

SALT BATH AT 200 TO 5509C, ENCLOSED IN A FUME HOOD.

PARTS ARE THOROUGHLY CLEANED BY OXIDIZING SALT WITH

MINIMUM ATTACK OF THE METAL

H

CRANG

I \ PaTHM
EXHAUST 6AS
TO SCRAUSFPR

- SALT BATH | TANK o/ Aemeo
_ SALT SewutzoN .&.ubdl.-"- ’f"”

KOLENE CORPORATION

DESCALING, REMOVAL OF RAINT, TEFLON AND MOLYBDENUM
DISULFIDE COATINGS

WIDELY USED IN INDUSTRY

MAY PROVIDE MORE THOROUGH OR RAPID DECONTAMINATION
¢QEA$§8:IRE LESS ENERGY THAN CONVENTIONAL FURNACE
T

HAS NOT BEEN TESTED WITH HAZARDOUS MATERIALS

*a Uso. dup|1c|t1on. or disclosure is subjoct to rnstrict1ons stctod 1n Contrlct No. DAAK11~02-C ooss utth ARRADCON
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% PROCESS NO. 20
N
!
i
{ .
i ” THERMAL PLASMA SYSTEMS
r.h
3
1‘.;4
N DESCRIPTION: PLAsMA TorcH CONVERTS ELECTRICAL ENERGY
B T0 PrRoCESS HEAT ViA A RAPIDLY ROTATING
o ELectric ARC, THis System Can Be Usep To
3 Ox1DI1ZE OR PYROLYZE AT EXTREMELY HIGH
( TemperATURES (+2000°F), THE HYDROCARBONS
& ARE CONTAINED IN A GAS STREAM
b
e MANUFACTURERS:  WesTINGHOUSE APPLIED ENERGETICS,
i | PLasMA RESEARCH, INC,
»
3 PREVIOUS
q APPLICATIONS:  HvyprocARBON PYRoLYS1S, BLAST FURNACES
' STATUS: PrLot PLANT
: ADVANTAGES: HieH DesTRUCTION EFFICIENCY
i3 Low PropucT GAs VoLuMe
v Low CAPITAL CoSTS
2 DISADVANTAGES:  HieH OpErATING CoSTS
by Can't Process METAL PARTS
i PRepicTIoN oF PrRopucts Is DirricuLT
o
B EVALUATION: HiGH PoTENTIAL FOR AGENT DESTRUCTION,
o May BE INCORPORATED AS AN ENERGY SOURCE IN
R AN OveraLL ConcerT
&
%
;
3
..:1
Y
.:1
j Use, duplication, or disclosure i3 subjoct to rutrieﬂons stated in Contruct No. DAAK11-82-C-0058 with ARRADCW
. .\ 4_"-.\ ‘.-:‘._:. _-H.. - -.,, '-.. .‘ -:,'_. .\-..‘...‘;..i- -, s . .‘ . % N J A '.'.".."'-., ‘~‘_'\.' R _...,.(' '.'. ‘‘‘‘‘‘
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PROCESS NO. 21

MOLTEN METAL

DESCRIPTION: CoNTAMINATED MaTERIAL Is FED TO A BED OF
MoLTeEN MeTaL (Iron, Sopium, ETc.).
AGENT Is EITHER OXIDIZED OR PYROLYZED AND
AsH ForMs A SLAG

MANUFACTURERS:  PyroMaGNETIC, MINE SAFETY APPLIANCE

PREVIOUS
APPLICATIONS: CoaL GastricaTioN, MunicipaL WasTE DisposaL

STATUS: PiLoT 7o COMMERCIAL

ADVANTAGES: PoTENTIAL FOR H1GH TEMPERATURE OPERATION
- SoLID ReSIDUE 1s 5X DECONTAMINATED
F, PoTENTIAL FOR CATALYSIS OR REACTIVE MEDIUM
{ _.IN Bep

ACCEPTS A VARIETY OF FEEDSTOCKS
DISADVANTAGES:  SWORT VesseL LIFE

S B AETFI a2 T S R - PN R sy Tyl 2
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;g HigH OPERATING CoOSTS
' SLAG CHEMISTRY 1S UNKNOWN
i May RequiRe Top FEED
Y '
11 EVALUATION: HiGH POTENTIAL BUT LAB TESTING Is REQUIRED
d
¥ .
i N
7
i
j e
1
i
H R
3 i .
1 | Use, duplication, or disclosure fs subject to restrictions st_nod in Cantract No. uum-gz-c-ooss with ARRADCOM.
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BN PROCESS NO. 22

Y GEOTHERMAL

: CONCEPT: DepostT HazAarRDOUS WASTES oN THE OCEAN FLOOR
ca IN A SuBDUCTION ZONE WHERE THEY WILL BE

: CvcLED TO THE EARTH’S CORE AND MELTED BY

i GEOTHERMAL PROCESS

i DIAGRAM:

S

Subduction zone 1d-Oceanfc Ridge

/ toctear asee |/ \ /"
Emplac New Sea Floor

£:ﬂ( Formin
e — 4__'——"'
.fﬁ & Sea Floor Subducting Sea Floor 1t\~

,?@ Melting Under Continental Mass Spreading

3 Basalt Convection Cell
Sp. Gr. 3.0 .
% ~——— - —>

PRESENTLY BEING CONSIDERED FOR NUCLEAR
N WASTE DisposAL

§¢ EVALUATION: AccepPTANCE UNLIKELY FOR PoLITICAL REASONS

O Use, duplication, or disclosure 1s subject to rastrictions stated in Contract No. DAAK11-824C-0055 with ARRADCOM.
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DESCRIPTION:
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PROCESS NO. 23

MASHED MUNITION FLUIDIZED-BED

A fluidized-bed incinerator designed to process a

"munition mass" consist1n? of projectile piaces (metal

parts 1-6 inches), propeliant/explosive pieces (1-6 inches),
and chemical agent. The incinerator consisis of a cylin-
drical vessel with a conical bottom connected to a bulk

item conveying system. Inside the vessel, a spout tube
would be suspended along the vertical axis of the vessel

and would be placed about one foot above the cone exit

and would extend to about one foot above the bed material
near the top of the vessel.

The munition mash exiting a "munition masher" would enter
the metal parts and explosive/propellant feed system, At
this point, 11quid agent would be collected and would drain
into an agent surge tank. Make-up bed material would be
added to the metal parts feed and the mixture would be

fed into the incinerator and randomly distributed into the
annular bed area by the conical distributor plate. Since
the bed material 1s not static but 1s moving downward 1in

the annulus, the metal parts and explosive/propellants

work thelr way downward and are respectively decontaminated
and deactivated by the bed material which is about 1600 F.

As the pieces enter the conical discharyge section, the

large metal ﬁarts fall into the bulk item discharge conveyor
where any adhering bed material 1s swept away by the jet

of air which enters at the bottom. Explosive/propellant .
materials that are not entirely deactivated would be completely
combusted by the jet of air. Therefore, only deconned metal
parts exit at the bottom of the incinerator. The jet of

afr in addition to sweeping the metal parts would sweep bed
material up into the spout tube where the chemical agent is
injected. Complete combustion of the agent would occur
within the spout tube and the acid product gases produced by
the combustion process would react with the 1imestone
providing for an in-situ scrubbing capability. The combus-
tion product gases and bed material would pass up the spout
tube where in the freeboard area the bed material would fall
into the annular area (giving the annulus 1ts moving bed
feature) and the product gases would exit the incinerator
for final flue gas treatment. The freeboard area also pro-
vides for additional residence time to insure complete
destruction of the agents, The heat generated by the combus-
tion process within tho spout tube would be distributed
throughout the bed by circulation of the bed material as well
as by conduction through the spout tube.
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PROCESS NO. 23 c-30

MASHED MUNITION FLUIDIZED-BED (continued)

DIAGRAM:
MUNI T1ON
MASHER BED FINAL
MAKE- UP FLUE GAS
CLEAN-UP
g

e e—
DECONTAMINATED
METAL PARTS

STATUS: Conceptual
ADVANTAGES:

DISADVANTAGES:

Possibi11ty of destroying agent, deactivating explosive/
propellants, deconning metal parts all 1n one unit

Some scrubbing of acid gases could be achieved when
1imestone added to bed material

Possible difficulty in achieving the proposed feed and
metal parts removal scenarios

Proposed temperature of bed material is above softening
point of common 1ime (approximately 1300 F) which may
lead to agglomeration

Agglomeration may be enhanced by interaction between
bed material and agent in the spout

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAKI!-82-C-0088 with ARRADCOM.
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PROCESS NO. 24

SWINGING MOLTEN SALT

DESCRIPTION: A modification of molten salt incineration in which the
volatilization, burnout, and incineration of munitions/
{tems is rotated between at least three molten salt units.
Each unit alternately provides one of these three functions.
The procass would require minimum amounts of auxiliary fuel
and effectively utilizes the agent heat of combustion for
volatilization and burnout. Furthermore, the incineration
unit provides for the i‘n-situ scrubbing of the acid product
gases and could also destroy spent decon solution which
would help in controlling the incineration temperature.

Refarring to Cycle I 1in the diagram, Unit 1 is in the vola-
til1zation mode. A tray of projectiles, TCs, or bombs is
placed in the vessel and occupies the fraeboard area ahove
the molten salt bath. The temgerature of the bath 1s about
1800 F and radiation from the bath to the munitions 1s the
dominant mode of heat transfer. The agent is raﬁ1d1y vola-
tilized 1n an inert atmosphere and conveyed to the inciner-
ator, Unit 3. Calculations indicate that a 6-foot diameter
by 6-foot depth bath can volatilize the agent 1n 150

105 projectiles (placement density of 50 percent) with a
decrease of only about 100 F in bath temperature, This
would equal a destruction rate of approximately 1000 1bs/hr,
Prior processing of the munitions would only require that
the explosive/propellant be removed and that the agent cavity
be accessed. Unit 2 is in the burnout phase wherein the
final residual amounts of agent are removed and the metal
parts decontaminated. The residual quantities of agent
would also be conveyed to Unit 3 for incineration., Unit 3
1s in the incineration mode rece1v1n? agent vapors as well
as combustion air, At the end of this cycle, Unit 3 would
be the hottest unit since 1t was the incinerator, followed
by Unit 1 and Unit 2. In Cycle II, a new charge of munitions
is placed in Unit 3, which now serves as the volatilizer;
the metal parts in Unit 1 remain for burnout; and Unit 2 1is
thermally recharged and serves as the incinerator., Thus,
the various functions of volatil{zation, burnout, and incin-
eration are rotated among the three units to utilize effi-
ciently the ener%y of combustion. The unsteady flow of
agent to the incinerator would not pose a problem because
of the large heat capacity of the beds; hence, control would
not be a problem,

DIAGRAM: (following page)

rn ff Use, duplication, or disclosure fs subject to restrictions stated in Contract No. DAAKY1.82-C-0055 with ARRADCOM,
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I SWINGING MOLTEN SALT
e
o
ey
B Flue Gas
Unit System Status
N - 1 Volatilization
2 =¥ N, A salt : Burnout -
s = Purge 3 Incineration
W : Salt
k- Air Feed
Lk M - Flue Gas
i 1 Burnout
N 7 2 Incineration
. l N2 AA ‘ N2 — 3 Volatilization
P = S0t
_§§; Purge ==
a
oA '
a Air Salt Feed
.. I3
- CYCLE ITI » Flue Gas
X 1 Incineration
~ : 2 Volatilization
£ _ AY 3 Burnout
| N
A Salt : 2 A
Purge 4 %—
v, ’Z 2

Air Salt Feed
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PROCESS NO. 24

SWINGING MOLTEN SALT (continued)

Conceptual

Heat of combustion of agent used for volatilization
and burnout

Less auxiliary fuel required
In-situ scrubbing of acid gases

Incineration temperature could be controlled by
destroying spent decon solution

Possible problems with valving network at high
temperatures
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PROCESS NO. 25

SUE BURNER

A fume and 1iquid incinerator similar to Tiquid injection
incinerators. The burner is comprised of an inlet pipe
connected to a large diameter combustion chamber by means
of a flat plate. Fuel nozzles protruding from the plate
inject wastes radially into the inlet air stream. Com-
bustion occurs in a recirculation zone formed by the fTat
plate and combustion chamber wall,
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BASIC SUFE RURNER/INCINERATOR

Commercial

Chlorinated hydrocarbons
Marguardt Company

Extremely stable burner
Turn down ratio of 10:1

Incapable of processing so]ids larger than 500 microns

Worth consideration as an afterburner
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R PROCESS NO. 26

SWINGING MOLTEN METAL

AN DESCRIPTION: The concept utilizes 3 molten metal baths to alternately
NN volatilize, melt, and incinerate muntions/{items contain=-
ing lethal agents.

RS The sequence of events is as follows:

T

i Stage 1. A muntion/item, with the agent and explosive

o cavities, punched and plugged, with a meltable plug is
, suspended above a molten metal bath, The radiant and

i o convective heat vaporizes the agent and ignites the

AR explosive., Volatiles are carried out with a nitrogen

or air purge.

Stage 2. In Stage 2, the munition without its volatile
. components is dropped in to the molten metal bath for
o melting and hence 5X decon. Excess metal and slag are
& removed in this stage. Volatiles are removed via a
purge flow,

Y Stage 3. Volatiles from the other two baths which are
. operating in Stages 1 and 2 enter the molten metal via
4, t4 : a lance. Air also enters the lance causinng the com-
n bustibles to burn as they bubble through the bed. An
- appropriate sorbent can also be fed to the bath to
R [y} produce a molten slag which removes C1, F, P, and § from
G the flue gas.
by _ In the subsequent phases, the bath formerly used for
oy incineration 1s used for volatilization since its tem- .

perature 1s the highest. The bath used to melt in the
praevious phase becomes the incineration chamber and the
L former volatilization becomes the melt bath.

o FLOW DIAGRAM: nac s smag | STE T
jAlN Y FLUE OAS
£0;4 Hy0
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! Ny iy
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, SORDENT ] Incinaration
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. Ny inig |
f - 1 Melt
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- Use, duplication, o~ disciosure 13 subject to restrictions stated in Contract No. DAAKY1-82.C-0055 with ARRADCOM.
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‘ 2; PROCESS NO. 26
K SWINGING MOLTEN METAL PAGE 2
{. STATUS: Theoretical
ADVANTAGES:: Efficient use of heat of cumbustion of agent by bath
3; rotation.

Reduced pollution control requirements 1f pollutants can
be captured in slag.

DISADVANTAGES: High capital cost associated with the number of baths
and duplication of related equipment.

o REMARKS : Worth further consideration

L :‘1 Use, duplication, or disclosure 1s subject to restrictions stated in Contract No. DAAK11-82-C-0055 with ARRADCOM,
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By PROCESS NO. 27
.5} )
:i:l‘ '_lv
!i e FLUIDIZED BED/FUME INCINERATOR
ﬁagm (INACTIVE)
gﬂ A
o DESCRIPTION:  An adaptation of the Midland~Ross Fume Incinerator/Fluid
I! e Bed Heat Exchanger, Punched munitions are fed to the
i bottom of the unit by a ram injector. Falling bed material
R thermally downloads munitions and metal parts can be
ey rendered 5X decontaminated. Vapors rise and are combusted
3% N as they pass through combustion zone., Burning agent and
I‘ g auxiliary fuel heats bed material which is recirculated.
A
;g ) DIAGRAM:
3 »..3 -
o $ ~rrrrr et
- £ [0 e
& g g INCINERATION
5? 8 uiplpdiysiph FL%E¥E°
lﬁ:‘ T -r&-’—: - hHITION/ITEN
% N\~ >~
WY INJECTOR
N "
i '53 PELLET
Y RECYCLING SYSTEM
“H
oo STATUS: Adaptation of a commercially available process
' ADVANTAGES: Capable of handling larger items than sonventional systems
: N Metal parts can be 5X decontaminated utilizing the heat
RN generated by agent combustion
‘51 OISADVANTAGES: Possible difficulty with insuring 5X decontamination due

L to interaction of ~ontaminated bed material with metal parts

- .

COMMENTS : Worth further consideration
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DESCRIPTION:

DIAGRAM:

STATUS:

PROPRIETOR:

ADVANTAGES:

c-38
PROCESS NO. 28

SEQUENTIAL .FLUID BED
(E31)

A two-staae fluid bed proposed for the destruction of
roxins. Toxic waste materials and make-up catalyst are
‘ud to the first stage (a hot air fluidized bed). The
toxic wastes are pyro]yzed and oxidized in the bed produc~
irg £02, HC1, and Clp. The chromia supported on alumina
ufalyst promotes the destruct1on of thermally stable
tux1c compounds and the oxidation of CO to CO The
exhaust gas from the first stage is used to f?uidize the
second stage. Limestone is added to the second stage to
remove chlorine and chlorides from the exhaust stream,
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Conceptual

Energy and Environmental Engineering, Inc.

The catalyst in first stage promotes the oxidation of
stable toxic species and reduces the operating temperature
required to induce oxidation,

Use, duplication, or disclosure i3 subject to restrictions stated in Contrlct No . DAAK!I-OZ-C ooss with ARRADCOM
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?% - PROCESS NO. 28

}3 . SEQUENTIAL FLUID BED PAGE 2
i i

{ ADVANTAGES :

R (Con't) The second stage dry scrubbing system has the potential

_q R of removing corrosive gases from the exhaust.

? y Solid and 1iquids can be fed to the system,

¥ Fi DISADVANTAGES: Possible formation of eutectics leading to bed aggiomera-
'Hﬂ ) tion.

) %f COMMENTS:: Worth further consideration
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DESCRIPTION:

DIAGRAM:

C-40

PROCESS NO. 29

PLASMA ARC PYROLYSIS

Containers of agent are placed in an air lock and are
punched or rammed in order to release agent. The 1iquid
agent 1s transferred to a reservoir and the container
is dropped into a pyrolytic plasma chamber where it is

“mel ted, The 1iquid agent 1s pumped into the chamber

at a fixed rate and pyrolyzed. Slag has potential for
pollutant capture.
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STATUS: Conceptual

ADVANTAGES :

DISADVANTAGES:

REMARKS :

Possible reduced pollution control equipment requirements
due to capture in a reactive slag.

Slag can be rendered 5X decontaminated.

Limited feedstock configurations
High operating cost

Worth further consideration
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PROCESS NO. 30

MOLTEN METAL/SLAG THERMAL DOWNLOAD

DESCRIPTION: Punched munitions are fed to a volatile chamber where
heat from the molten metal bath and auxiliary heater
(plasma arc) volatilize the agent and explosive. The
munition body can be melted and/or dropped into the
molten metal for 5X decontamination. The volatiles are
mixed with air and injected, through a lance, under the
surface of the molten metal in the reaction chamber.
Sorbent 1s added and forms a slag layer on the surface
of the molten metal. The slag layer captures halogens
phosphorous, and/or sulfur. The volatile chamber and
reaction chamber are interconnected to permit the flow
of metal and slag from the volatile chamber to the
reaction chamber for removal. The molten metal may also
reduce heating requirements in the volatile chamber by
conductively transferring the heat generated in the
reaction chamber,

DIAGRAM: AR soReENT
J—*
- , 70 AIR POLLUTION
LOCK 5 e CONTROL
CHAMBER E REACTOR
o wme| Hib—
AR ARG gt CHANBER =
] ] SLAG LAYER
B AUXILIARY NETAL & SLAG
}] ) HEATER I™Siaa LAV REMOVAL
. MOLTEN METAL
v STATUS: Conceptual
)
- ADVANTAGES: Reduce pollution control requirements

5X decontamination of metal parts in metal bath

Heat generated in reaction chamber compliments aux111ary'
hurner in volatilizing {tems

= .- .
[ " s
. ey
P

DISADVANTAGES: High gas pressures may be required to overcome pressure
drop associated with the molten metat bath.

Materials problems at temperatures high enough to melt
munitions.
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REMARKS ¢ Worth further consideration

v ".-'l Use, duplication, or disclosure {5 subject to restrictions stated in Contract No. DAAKI1-82-C-0055 with ARRADCOM,
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PROCESS NO. 31

AN

ROTARY KILN
(Pyrocal Process)

o

DESCRIPTION: Punched munitions enter the rotary kiln heat exchanger

i where the explosives and agent are volatilized and pyro-
lyzed. The pyrolysis gases enter a clean-up device where

y the halogens and perhaps sulfur and/or phosphorus are

,33 removed. The cleaned pyrolysis gas is then mixed with air

.ff and burned in the combustor before proceediny to the stack

) and any clean-up or heat recovery devices required.

D A portion of the hot combustion gases are recycled from

: the combustor to the rotary kiln/heat exchanger to provide

the heat for this vessel,

DIAGRAM: r
PUNCHED MUNITION ==

—— -
COMBUSTION AIR &
HALOGEN AUXTLIARY FUEL
| et | e | REMOVAL ‘
!
——-cmwwma;;‘

A Dot
S oG )

Pgirm *

A

ROTARY KILN STACK

HEAT EXCHANGE

- - Y
ietety

g L_____'— _— SLUDGE l {
Jl

" ]

fli Ty

AR

E STATUS: Modification of commercially-available process

)

il ADVANTAGES: The volatilization/pyrolysis by the heat exchanger substan-
e tially reduces the duty on the halogen removal/clean=-up

’ davice,

;5 Recycling the flue gas minimizes the auxiliary fuel

A requirements.

'S

B DISADVANTAGES: Pyrolysis products not easily predicted

'3' Possible difficulty in maintaining rotary kiln seal and
b1 seal at heat exchanger-kiln interface.

R

L REMARKS : Worth further consideration
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; Use, duplication, or disclosure 1s subject to restrictions stated in Contract No. DAAKI1-82.C-0055 with ARRADCOM,

i

CRENTI I now e

R "y W ¥ f , Mo " " ‘L




aa

5 I X .

CMOCt &

SR O
-"—‘\'1

NP

DESCRIPTION:

DIAGRAM:

STATUS:

ADVANTAGES :

DISADVANTAGES :

REMARKS :

PROCESS NO. 32

FLUID BED (THERMAL DOWNLOAD)

A conventional fluidized bed coupled with two or more
batch fluid bed volatile chambers. Agent and auxiliary
fuel burning in the Fluidized bed reactor heat the bed
material which is circulated at a controlled rate to one
of the volatile chambers. The hot bed material volatil-
1zes agent and explosives from a punched munition in

the volatile chamber. The volatilized materials enter
the fluld bed reactor by flowing upward against the hot
bed material entering the volatile chamber. After 5X
decontamination, the appropriate knife valves are closed
and the second volatile chamber, containing fresh
munition, 1s brought on 11ne.

ED MAKE-UP

r-——'—"' T0 CLEAN-UP

/ "41

BED
REMOVAL }“

[}
AIR & .._.F

FUEL S sof

VOLATILES
Lock

PUNCHED MUNITION

Conceptual

Good waste heat utilization
Ease of removal of metal parts

Possible to remove some contaminated bed material when
removing metal parts

Worth further consideration
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et PROCESS NO. 33

;3}} RESISTANCE-HEATED FLUIDIZED-BEDS

P VI

L. DESCRIPTION: A conventional fluid bed in which electrodes in the bed
3;? or wall supply energy to an electrically-conductive bed
%ﬁ material. Temperatures of up to several degrees Celcius

can be achieved with upper limits being primarily a
Nk result of materials of construction. Hazardous materials
: can be either pyrolyzed or oxidized.

& DIAGRAM:

{

b

Wi

'i“'.’u‘

X

.

R

el

s STATUS: Experimental

1:1.;J DEVELOPER: Battelle :
N

- ADVANTAGES : High temperatures pyrolysis or oxidation

' Smaller size requirements than in conventional

o incineration

.Eﬁ- Efficient energy usage (no anergy wasted heating

gﬁ , flue gases)

' Low gas throughput requires smaller pollution control
‘hﬁ equipment

ﬁﬂ DISADVANTAGES: Materials compatibility problems (materials of

3 construction and bed material) due to high

Y temperatures

o High operating costs

iaﬂ REMARKS : Worthy of further consideration

i

dud
| F’::t Use, duplication, or disclosure Is subject to restrictions stated in Contract No. DAAK1)-82-C-0058 with ARRADCOM,
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PROCESS NO. 34

PLASMA ARC VAPORIZER

DESCRIPTION: Munitions/items are fed through an airlock system into a
plasma chamber (Stage I), Nitrogen is fonized to form a
plasma with temperatures ranging between 4000 ¢ and 5000 C.
The high temperatures vaporize the entire munition/item
completely disassociating the contained agent. The metallic
vapors (phospides, sulfides, chlorides, and fluorides) are
condensed in Stage II as molten metals and metallic halides,
phosphides, and sulphides. In Stage IlI, the remaining
vapors are mixed with air and combusted to 002 and H20.

FLOW DIAGRAM:

STAGE
VAPORIZERI MR STAGE U1
ALRLOCK COMBUSTOR
3 RAM FECDER |
O/q:jmsm g C0ps Hy0, Ny
4000-8000°c |  TORCH
STAGE 11
CONDENSOR
SLAG, MOLTEN METAL
METALLIC HALIDES,
STATUS: Theoretical/experimentall
MANUFACTURER:; Westinghouse
ADVANTAGES: Limited feedstock preparation

Reduced air poliution control requirements

DISADVANTAGES: Principle unproven (conceptual)
High energy costs

Technology needed to produce metallic halides not
yet astablished

Materials problems at high temperatures

REMARKS : Extensive development required and high costs are
4 11kely |
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PROCESS NO. 35

UNDERGROUND DETONATION

DESCRIPTION: A cavity is mined at a suitable depth in a suitable forma-
tion, chosen such that no venting to the surface will occur
when & larye quantity of explosive is detonated in the
cavity., The cavity is filled with a mixture of conventional
(HE) munitions awaiting demilitarization, ammonium nitrate
(AN), and chemical munitions with agent containers. The
loading 1s such that a "layer" of conventional munitions

s and AN 1lines the cavity, and a mixture of conventicnal
g% munitions, AN, and chemical munitions/items fills the

Egﬂ remaining space.

i;‘ After backfilling the entrance shaft, the material is

ii detonated by charges located at multiple points in the

layer free of agent. This forms an initial zone of hot,
high-pressure gas that prevents undecomposed agent from

being driven into the cavity walls.

The mixture of conventional munitions, AN, and chemical

3 munitions items is chosen to yield a sufficiently high

ﬁf‘ temperature to decompose the agent (and optionally, suffi-
igﬁ cient excess oxygen to burn the agent to a specified degree
Y of completeness) and sufficient shock pressure to insure
A that all chemical munitions have been broken open and all
S;j explosives in such mqn1tions detonated.

<y

DIAGRAM:
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C-47
: PROCESS NO. 35
?1 \[ UNDERGROUND DETONATION (continued)
SN STATUS: Conceptual
NS
f1 . ADVANTAGES: No munition preparation required
s DISADVANTAGES: Munitions/items would need to be transported to a site with

suitable underground structure

Small-scale tests to determine feasibility or proper
Ve mixtures will be difficult to interpret

FEN The chemical munition/item density will be Tow requiring
a large cavity volume per item

Debris and decomposition products remain buried with no
reasonable method of further processing

REMARKS: Worth further consideration
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™ DESCRIPTION:
K
y
i
DIAGRAM:
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g STATUS :
3
2 ADVANTAGES :
g DISADVANTAGES::
i REMARKS :
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Use, duplication, or d1sclosuro is subjcsc to rcltrictions stated 1in Contrnct No. DAAK1<82-C-00S8 with ARRADCOM,

C-48
PROCESS NO. 36

VERY LARGE ENCLOSURE

A fire 1s started in the enclosure. Packed munitions,
agent containers, etc., are dropped into the fire through
the air lock. Sufficient fuel value (agent, explosives,
nropellants, dunnage) is associated with the munitions and
containers to maintain burning.

When accumulated scrap becomes excessive (possibly when

the central pile becomes high enough to threaten the possi-
bi1ity of munitions rolling to the wall), munition/agent
feed 1s terminated and burning is maintained by firing
clean fuel for a period long enough to ensure explosion

of any munition and vaporization or decomposition of any
agent. After a cooling period, the locks are opened and
scrap removed (possibly by a clam shell), The fire is then
restarted and feed resumed. Scrap can be 5X decontaminated
in a conventional furnace.

(NOTE: ACTUAL
ROOF CONICAL HEAT AND

OR DOMED) FRAGMENT SHIELD

Lodiondd ok lnd

PRERSIRE
SHELL "~ 100°

VENTILATED 50"
FRAGHENT
SHIELD
BLAST - -

VALVE )’ﬂ %\\\ _.
- T v
m—k;hf%‘x,( kPR Pl

PRELOADED GRADE
SCRAP

CONTROL
VALVE

—= T0 AFTERBURNER
== AND POLLUTION
N CONTROL

Conceptual
Capable of processing all-up munitions

Airlock and fragmentation shields are difficult to design
Simultaneous processing of a large number of munitions
increases hazards

Worth further consideration
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PROCESS NO. 37
SHAFT FURNACE/SCRAP CYCLE

DESCRIPTION: Unpacked munitions are fed with recycled scrap to a shaft
furnace. The feed is arranged to cause the munitions to be
approximately at the shaft centerlirne. The munition is
heated as 1t descends and eventually explodes as a result
of increased internal pressure caused by agent volatili-
zation or explosive detonation,

The surrounding scrap stops fragments and attenuates the _
blast wave, reducing the containment capability required
of the wall, Released agent burns contr1bdt1ng heat.
Scrap 1s discharged, cooled, screened for oversize and
undersize, and recirculated. The scrap recirculation rate
1s high compared to the munition feed rate.

DIAGRAM:

GASES TO
POLLUTION CONTROL

N

)(

d
Q>P 7
040 Q
% po/a—é-o-m b FUEL
.’
s

OVERSIZE
UNDERSIZE

STATUS: Conventional
ADVANTAGES: Munitions explosions are acceptable

DISADVANTAGES: Design requirements for vessel must be determined accounting
for blast containment, static/dynamic overpressure contain-
ment, allowable wall temperature, internal refractory, feed
and discharge locks, gas inlet and outlet locations, inter-
action between inlets and exits during surges and backflow

REMARKS : Worth further consideration

5 Use, duplication, or disclosure 13 subject to restrictions stated in Contract No. DAAK!1-82-C-0055 with ARRADCOM.
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PROCESS NO. 38 C-50

% STEAM PYROLYSIS
30 (SEGAS)

DESCRIPTION: A continuous, non-catalytic stream reformation process in
which steam 1s contacted with hydrocarbons at high tem-
peratures (1227 C) over relatively long retention times.
The reactor used (see diagram) 1s a pressure vessel with

i an array of tubes inserted in order to lengthen the

b e reaction path. The reactants can be heated either

L electrically or by burning a portion of the product gas.
} Careful selection of the materials of construction of the
il reactor is necessary when the fuel is the product gas.

it Graphite or silicon carbide tubes are used as the heating
ﬁﬂ elements in electrically-heated reactors,

. DIAGRAM: 'T

:'!; Cotomened G Ui

b Wik I

N {rsulation
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{ eramnite Tuaes
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i

'-i: : t'L!CTRICALLY-Hi‘.ATED SEGAS WASTE DESTRUCTION REACTOR
"

'ﬁﬁ STATUS: Laboratory scale

i PREVIOUS

-~ APPLICATIONS: PCB destruction

¥}

X PROPRIETOR:  A. L. Sandpiper Corporation
-?“’ COST: Assuming a feed rate of 600 gal/hr of pure PCB, costs were
"w estimated to be:

o Capital $2.44 M

.ﬁQ Operating $0.41/gallon of waste 1iquid feed

¥

™

Use, duplication, or disclosure is subject to restrictions stpm in Contract No. DAAKI1-82.C-0055 with ARRADCOM.




" C-51
;'x e PROCESS NO. 38
o STEAM PYROLYSIS PAGE 2
il
" ADVANTAGES:  Simple reactor construction
3
o DISADVANTAGES: Possible materials compatibility problems
% ‘t:_,:}
REMARKS Limited application but worth further consideration

L,
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c-52
PROCESS NO. 39

INSITU PYROLYSIS/OPEN CAVITY

DESCRIPTION: Pyrolysis of agent within the munitions and bulk contairers.
The concept involves the placement of nonburstered/deburstered
munitions into a heated chamber. The heating chamber would
be sealed and purged with nitrogen, so that palleting
materials would not burn, The chamber would be heated
above the decomposition temperature of the agent and held
at that tempcrature to insure agent destruction. In order
to prevent agent cavities frem rupturing due to the ircrease
in internal pressu. e during heating, an expansion volume
container 1s attachad to the cavity., The container allows
the gases to expand and not cause vessel rupturing. The
concept would require munition unpacking and accessing of
the agent cavity for thuse configurations which could not
withstand the internal pressures (mines, rockets, bombs,
spray tanks, mortars, and ton containers),

STATUS: Conceptual

ADVANTAGES: No pollution control required

DISADVANTAGES : Pallets ma{ Tose the ability to support munitions/items
after pyrolysis

Munitions/i1tems which could not withstand internal pressures
would have to be unpacked

Enclosed explosives, fuzes, propeliants would have to be
removed since high temperatures and pressures would lead
to detonation '
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DESCRIPTION:

STATUS:
ADVANTAGES

DISADVANTAGES ¢

C-53
PROCESS NO. 40

INSITU PYROLYSIS/CLOSED CAVITY

Pyrolysis of agent within the munitions and bulk
containers., The concept involves the placement of
nonburstered/deburstered munitions into a heated
chamber. The heating chamber would be sealed and
purged with nitrogen, so that palleting materials
would not burn. The chamber would be heated above
the decomposition temperature to insure agent
destruction. In order to prevent agent cavities
from rupturing due to the increase in internal
Eressure during heating, the chamber pressure would
@ cycled to match the munitions' internal pressure
as it 1s heated or cooled.

Conceptual
No pollution control required
Minimum feedstock preparation requirements

Pallets may lose the ability to support munitions/itams
aftar pyrolysis

May be difficult to match cavity and chamber pressures
if cavity pressures are not monitored

Enclosed explosives, fuzes, propellants have to be
removed since high temperatures and pressures would
lead to detonation

After pyrolysis and cooling, the agent cavity would
st111 be under pressure dve to decomposition products

| L
’ q Ul!. duul!clt'on. or d1|c1osuro 1s subject to restrictions stated in Controct No. DAAKII-OZ-C 0085 uith ARRAocoM
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DESCRIPTION:

DIAGRAM:

STATUS:
ADVANTAGES:

DISADVANTAGES:

REMARKS :

C-54
PROCESS NO. 41

AUID DISSOLUTION/INCINERATION

All-up munitions are placed in an acid-proof vat and acid
solution {s pumped over them, dissolving the metal. Resul-
tant sludge 1s filtered and incinerated. When dissolution
is "complete", residue (explosive, undissolved metal) is

. dredged from the vat and incinerated. Released agent is

dissolved, hydrolyzed, and incinerated. Acid recovery may
be practical. Incineration can be performed in a rotary
kiln, molten salt bath, molten metai bath, or wet-air oxida-
tion unit.

i
VENT [
M
r AC1D MEDIA
Q l MAKE P
o0 o -
FILTER
CAKE
ACID &
<Lubat
ALKALINE
SULUTION ey
w pUMP
WASTE
Conceptual

Pollution control requirements can be reduced if acid can
be recovered and molten salt bath, molten metal bath, or
rotary kiln with 1imestone feed can be used for incinera-
tion step

Dissolution rate not known, and if slow, required vat size
may be excessive

If acid cannot be recovered, extensive waste treatment required

Effect on fuzes unknown

Worth further consideration

Uld. dualicltion. or disclonurc ts tubject to roltriet1ons stntad in Contrnct No. OﬁAK1l-lz-c ooss with ARRADCOM,
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DESCRIPTION:

DIAGRAM:

STATUS:

PROPRIETOR:

ADVANTAGES :

j Use, duplication, or disclosure {3 subject to restrictiuns stated in Contrach No. DAAK)1-82.C-0085 with ARRADCOM,

C-558
PROCESS NO. 42

MULTI-SOLID FLUIDIZED BED
(MSFB)

Fluidized bed with the abil1ty to fluidize coarse

particles that are usually not fluidizable. Fluidization
takes place in a flowing gas/solids suspension., With
coarse particles fluidized, the backmixing of the fluidized
bed and the collisions between the entrained solids in the
gas/fine solids suspansion and dense phase fluid-bed
particles rasult in a greatly increased rasidence time for
the entrained solids.
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SIMPLIPIED PROCESS FLOWSHEET--NSFB WOOD GASIFIUATION COMMERCIAL DESIGN

Pilot scale/commercial
Battelle

High throughputs achievable

High fluid-bed density and vigorous mixing make the MSFB
relatlw?ly insensitive to the properties of the feed
materia

High rates of heat and mass transfer have been achieved

Solids distribution 1s simplified because of high velocities
and vigorous mixing

High potential for waste heat utilization




C-56
PROCESS NO. 42

MULTI-SOLID FLUIDIZED BED PAGE 2

LT A S g L

-
)

DISADVANTAGES: Complexity of oepration

REMARKS: Worth further consideration

rh Use, duplfcation, or disclosure i3 subjecy to restrictions stated tn Contract No. DAAK)!.82-C-0055 with ARRADCOM,




C-57
PROCESS NO. 43

VACUUM FURNACE

3z

E;‘ DESCRIPTION: A furnace run at an absolute pressure of approximately

- 0.1 atm and having 100 cu ft of volume per pound of explo-

§3 sive and propellant., The large volume and reduced pres-

o sure prevent chamber pressure from exceeding one atmosphere
% ﬁﬁ during rapid burning of the explosive. Enough air leaked
YN into the chamber to burn agent as it evaporates out of

ﬁi munition. The furnace can be heated by either infrared

W or induction heaters. The walls of the chamber should be
{ Fi kept warm to prevent the condensation of agent or combus-

J tion products.
.% ES Since the Nash Pump 1s a constant volume pump, the time in

K the afterburner should be independent of pressure and set

K'fﬁ by the afterburner volume and pump capacity rather than
. agent release rate. Steam ejectors can also be used as a
% ﬁ% vacuum source.

'| STATUS: Concaptual
' Ef ADVANTAGES: Explosives do not deionate under reduced pressure

F) The Nash pump can serve as a scrubber
R The agent cavity may not need to be opened sirce heating
% %3 could evaporate agent and burst cavity
1 > DISADVANTAGES: High potential for materials compatibility problems
; tﬂ REMARKS : Extensive development rcquired
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C-58
PROCESS NO. 44

INDUCTION FURNACE

o DESCRIPTION: A fume incinerator in which energy required to promote

: oxidation 1s supplied by preheated air instead of by com-
bustion of an auxiliary fuel or ignition of the fume itself
with a pilot. Air is preheated as it passes over induc-

» tion coils before entering mixing chamber (fume inciner-
s ator).
i$§ STATUS: Experimental/bench-scale
§ DEVELOPER: Midland-Ross
i@@ ADVANTAGES: Induction heating offers 2 means of rapid heating and
fﬁ3 possible iacreased production rates )
N Less carbon dioxide generated reducing the salt
generation in the scrubber
DISADVANTACGES: Energy conversion efficiency less than in an IR
furnace ‘
. Possibla cold walls could lead to agent and/or tar
0 condensation
P
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C-59

The following are concepts or processes which were not inciuded
in the evaluation as separate items because they had no significant benefits
over a concept evaluated or were included as part of a concapt evaluated.

Multipnle Hearth Furnace

Hearth furnaces are typically used to Incinerate sludges and
normally operate in a counter-current flow mode. An IR furnace that has
been evaluated is a modified hearth furnace. Other hearth furnaces appear
to offer no advantages over rotary kiins and typically have higher capital
and operating costs,

Laser Systems

The present application of laser technology is as a UV photolysis
process. This appears to be very expensive hardware to be used as a UV
source and other utilization of the laser does not seem feasible.

Microwave Plasma

This technology is similar to plasma arc but 1s not as well-
developed. There does not appear to be a significant benefit in using
a microwave instead of an electric arc to generate the plasma.

Lime Kiln
Lime kilns all fall under the following categories: shaft furnaces,
rotary kilns, rotary hearths, and fluidized-beds. These have been evaluated

independently.

Glass-Melting Furnace

This technology is the same as molten salt and molten metal and
is incorporated in those evaluations.
Detailed descriptions of these concepts follow.

Uso. dunl1clt1on. or d1sclosuro 1: subjoct :o rostr1ct1ons statnd 1n Contruct No DAAKII-az C ooss witn A!RAocon
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MULTIPLE HEARTH

DESCRIPTION: A refractory-1ined steel cylinder divided into smaller
chambers by self-supporting refractor arches. A central
shaft with horizontal arms plows waste along refractor
arch to drop-opening where wastes fall into next chamber.
The wastes fall through successive chambers and ash is
removed at bnttom of the furnace. Fuel and air are intro-
duced through a port on the side of the furnace and combus-
tion gas flow ccuntercurrent to wastes. Liquid and gas
wastes can be incinerated by injection through burner

nozzles.
DIAGRAM: WASTE AIR TO CLEAN GASES TO
ATMOS PHERE ATMCS PHERE
DAMPER t
VACUUM \E
FILTERS 2= | INCENERATORS
SLUDGES -
. -
. TS INDUCED
AIR RECYCLE ovpass DRAFT FAN
DAMPER
FILTRATE '
M SCRUBBERS
GREASE AND TARS (WAT
3URNERS WATER e WATER
(FUEL OIL, GAS,
LIQUID AND GASEOUS WASTE)
-
AlR i ]
AR -1 ASH SLURRY TO FILIRATION AND
ASH TO ASH DISPOSAL
BLOWER  DISPOSAL
STATUS: Commercially available
PREVIOUS
APPLICATIONS: Sewage, sludges, tars, liquids, gases

.......
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MULTIPLE HEARTH (continued)

ADVANTAGES: High residence times
Desired temperatures profiles can be maintained
by addition of fuel burners to various
hearths
High fuel efficiency is achieved in the
multizone configuration
A wide variety of wastes can be incinerated

DISADVANTAGES: Moving parts and associated maintenance and
maintenance costs
Susceptible to thermal shock resulting from
feed interruptions
High capital cost
Possibility of partially-combusted materials to

~exit with ash :

High fuel and air consumption are typical
Countercurrent flow

EVALUATION: A secondary combustion chamber would be required for
hazardous wastes
Limited application

)
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C-62
%
=
fod LASER
) DESCRIPTION: The irradiation of wastes with ultraviolet iight
N suppiied by a laser.
I:';',-_-{ lNlMY
N DIAGRAM:  MoNToR
LASER: WFLI\
KeF o
41 Nd YAS &
% or 208 m
10=80 mJ/SHOT
STATUS: Experimental
PREVIOUS '
APPLICATIONS: GB, VX ,
DEVELOPER: Los Alamos Scientific Laboratory, University of Pittsburgh
ADVANTAGES: Light energy (photons) can be delivered at higher rate
than with conventional processes, thus increasing the
rate of hazardous chemical compound destruction or
catalyzation. Range of wavelengths emitted can be 1imited
to narrower regions if desired.
DISADVANTAGES: High capital cost (higher than other means of UV irradi-
i ation)
'QJ Higher operating cost due to inefficient energy conver- |
s sion associated with laser !
E@ EVALUATION: UV pyrolysis with the expensive lacer as the source !
.
o |
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;;If}_ MICROWAVE
@i
?q DESCRIPTION: Destruction of wastes in a thermal plasma energized by
2 a microwave material (1iquid, slurry, solution in water,
U compressed cake or pellet) 1s fed into reaction chamber
= (silica or quartz) with a carrier gas. The carrier gas
\l 1s ionized and the microwave-induced electrons react with
¥ neutral organic molecules to form free radicals which
3" ultimately dissociate or react with oxygen to form simple
i reaction products.
i DIAGRAM:
of
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: 1\{ Dropping
-y Funnel
% ?
<
W Tuning
S Unl\'
\
g 1st :l_\‘ Flow Meters
t:'-‘ Microwove - :I:":;:r
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Mlcrc;wuvo |, 3-Way Stopceck
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i U
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L1 Use, duplication, or disclosure 1s subject to restrictions stated in Contract No. OAAK!1-82:C-0055 with ARRADCOM.
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STATUS:

PREVIOUS
APPLICATIONS:

DEVELOPER:
ADVANTAGES:

DISADVANTAGES:

EVALUATION:

C-64

MICROWAVE (continued)
Bench-scale/nrototype

Pesticides, PCBs, nerve poisons, organometallic compounds
Lockheed Missiles and Space Company

Low cost

High destruction efficiencies predicted

Metal fumes are less 1ikely to cause problems than
in other high-temperature processes

Plasma reaction products are unpredictable and can be
toxic

Oxygen must be used as carrier gas to insure complete
combustion of wastes and prevent the formation of
additional toxins

Extensive development required

No known work being performed in the area at present time

Essentially plasma pyrolysis with a different energy
source
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A

21 il

‘é B LIME KILNS

% ﬁa DESCRIPTIOM: The calcination process to produce 1ime has been performed ‘
‘5 e in rotary kilns, vertical shaft kilns, rotary hearth

i Eﬁ furnaces, and fluidized-beds. The calcination process

i

involves the burning of calcium carbonate to form 1ime:

caC0, <— Ca0 + C0,

o~y
AN
22ix"s

ﬁ? Vertical shaft kilns have been used to produce Tump 1ime
= and rotary kilns have been used to produce fine 1ime.

Eﬂ Highly-reactive 1ime has been produced in fluidized-beds
e

and rotary hearths,

In vertical kilns, crushed 1imestone is dropped into the
top of the kiln and 1s calcined as it falls. Vertical
kilns are fired either by burning a mixed feed of coke
and limestone or by burning 01l or gas. The more sophis=-
ticated and higher canacity vertical shaft kilns are oil-
or gas-fired,

[ St T D R R

i“' 2

[
Py

—
vedt ==
‘- b

M Rotary kilns used in 1ime calcination are commonly 150 feet
Tong but have extended to lengths of up to 400 feet with
Y f% 11 faeet diameter. '
i In the rotary hearth calciner, limestone is dropped onto
g @i a slowly-ritating disk that serves as the furnace bottom,
e Combustion air and fuel are fired into the kiln tangent
§ Eg to the side walls and above the limestone bed. A vortex

is formed as hot combustion gases move upward toward the

3 ? stack., After one complete revolution, the waste is plowed
A off the disk and exits through a drop hole.

L STATUS: Commercial

E 2 ADVANTAGES : Capture of acidic pollutants by lime .
X .

E * DISADVANTAGES: Commercial units too large and have higher capital cost

s Ej than necessary.

2

8 . EVALUATION: Repeat of conventional technology plus a reactive medium
"

-i [3%

I

j &

Use, duplication, or disclosure {s subject to restrictions stated in Comtract No. DAAKI1-82-C-0055 with ARRADCOM.
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g GLASS MELTING FURNACES

g DESCRIPTION: Small-scale manufacture of glass is performed by melting

the raw materials in crucibles or pots containing from

; one to two tons of glass. The crucibles are heated batch~
* wise in large furnaces. Large-scale manufacture is per-
formed either batchwise or continuously in large, enclosed
furnaces that are 1ined with refractory brick. The heat
necessary for melting the glass can be supplied by burning
fossil fuels over the surface of the glass, by electrodes
which project from the furnace walls into the melt, or by

a combination of the latter two techniques. In continuous
processing, the raw materials are charged into the melting
furnace and, after melting, pass through a narrow passage
(throat) to the refining section where gases escape from
the malt. Regenerative firing 1s commonly practiced when
heat 1s supplied by combustion. In regenerative firing,
the flow of combustion air and flue gases 1s reversed every
. 16 to 30 minutes to take advantage of sensible heat stored
3 in brick lattices (checkers) and preheat intake air. The

ﬁ major raw materials are sand, soda ash, and 1imestone or

i 1ime. The following chemical reactions are involved:
N |
A
\f

Na,C0, + 2510, ~ Na20-a5102 + €O,
CaC03 + bS102 - CaO-bS102 + COZ

‘(n'tr'ad
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GLASS MELTING FURNACES (continued)

Commercial
Capture of pollutants in glass melt

Commercial units may be too large and have high
capital cost

Essentially a molten salt process
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APPENDIX D
ENGINEERING AND ECONOMIC ANALYSIS -
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APPENDIX O

ENGINEERING AND ECONOMIC ANALYSIS -
-

Engineering Analysis

The state of the art technology for destroying hazardous
11quids 1s liquid injection incinaration. In the acid roaster process
corncapt, the items/munitions in lethal agent inventory are converted
to a feedstock suitable for 1iquid injection incineration by treating
them with hydrochloric acid. The sequential processing steps are
f1ustrated in Figure D-1 by a process flow chart. The thermal pro-
cess equipment receives the munition and items from the mechanical
praparation area as whole munitions/items separated from the non-metal
dunnage (feadstock configuration b). The whole munition/items arae
placed in dissolution tanks where they are contacted with flowing
hydrochloric acid which sequentially dissolves the munition body,
washes out, mixes and possibly reacts with the agent, dissolves the
fuze and burster well, and then degrades the energetic materials
(explosives and rocket propellants). The acid and the products of
dissolution are collected in the bottom of the tank (ground if
necessary) and then pumped as a slurry to a 1iquid injectidn incin-
arator or roaster where the agents and/or their hydrolysis products
are thermally destroyed, the degraded energetic materials combusted,
the water and excess acid evaporated, and the metallic salts roasted.
The separated dunnage 1s also fed to the roaster where it is combusted
contributing to the heat duty of this unit. The so01id residues leave
the roaster in a 5X decontaminated form that is suitable for land-
fi1ling and has a high potential for reuse. The hot gas stream from
the roaster passes through an afterburner which provides redundancy in
agent destruction capability, and then enters an acid recovery unit
similar to those used by the steel industry in steel pickling
p1ants(1'2'3). The acid recovered in this unit is recycled to the
dissolution tarks and the gaseous effluent is sent to a spray dry

ctions itated in Cont!

S T S e R WO TR A e A e,

ract No. DAAKI1.82.C-0058 with ARRADCOM,



MUNITIONS/ITEMS

‘ D-2
OVERPACK REMOVAL ]——-——» DUNNAGE !
4

|

{ 1
FEEDSTOCK ‘
CONFIGgRATION SIZE REDUCTION

!

HYDROCHLORIC ' |
ACID  eommemmel AGCID DISSOLUTION |
_ |

# T | ;

SLURRY |

|

HIGHRSEQ‘T‘%]%QTURE }-’ SOLID RESIDUE s L ANDFILL

'

ACID GASES

;

h——-—{ ACID RECOVERY FIGURE D-1. ACID RODASTER
PROCESS FLOW

; CHART

EFFLUENT

GAS CLEAN-UPj—— SALTS

IRt §

£,

“

)

o

i‘.}

o CLEANED GAS

: TO STACK

) .

‘ Use, duplication, or disclosure s subject to restrictions stated in Contract No. DAAK1-82-C-0058 with ARRADCOM,
b ot e e e e e s T T T T e U U e e e e




i D-3

scrubber and baghouse for final cleanup of the acid gases before being
vented to the atmosphere through an induced draft fan. The concept
and the required hardware are discussed in more detail below.

— —
!--. L
—ze R iy

A. System Concept Description
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The Acid Roaster Process 1s made up of the following four
systems:
Dissolution System
Roaster/Afterburner System
Acid Recovary System
Pollution Abatement System.
A detailed description of each of these four systems as well as a
detailad energy and material balance for a 400 1b/hour agent through-
put are given below. Additional details associated with scaling the
process for other agent throughputs can be found in the Economic
Analysis section of this appendix.

i-:-;i:w N E 5,‘9';3
o & & o

- i ‘.: .'.I
4 2 e mR2 x

.
ETE

A-1, Acid Dissolution System. Using acid to dissolve and
provide entry into metallic bomb cases is the basis of acid trepann-
ing, technology that has been in existence for several decades(4'5)
and is currently utilized by the Naval Explosive Ordnance Disposal
Technology Center. In this concept, complete dissolution of the metal
parts rather than simple entry of the explosive cavity is required.
The magnitude of the demilitarization program instills the added
desires to reduce the costs associated with both acid use and environ-
mental cleanup. For these reasons, use of a hydrochloric acid is pre-
ferred over the nitric acid systems normally used in acid trepanning.

To determine the time required to dissolve the munition
bodies, and thereby determine the needed size and quantity of dissolu-
tion tanks, it was first necessary to determine the rate at which
hydrochloric acid will dissolve steel. A review of the available
11terature(5'7'8'9) indicates that a quiescent solution of
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20 percent hydrochloric acid in water at a temperature of 85°C will
penetrate steel at an average rate of 0.042 inch/hour. These sources
also indicate that the dissolution rate of aluminum rocket bodies
would be greater than steel. This rate data was used as the basis for
the dissolution tank design. However, the literature also indicates
that a flowing system and the presence of ferric chloride in the solu-
tion will markedly increase corrosion rates(g’lo) Calcott reported a
five-fold increase in the acid dissolution rate when the acid velocity
was increased from O to 9 feet/minute. Since the munition bodies will
be dissolved by a flowing hydrochloric acid system that also will con-
tain dissolved ferric chloride, use of the available guiescent solu-
tion rate data would lead to a conservative design.

The second determinant of the dissolution time is the thick=
ness of the metal being dissolved. Review of the munition/item des-
cr1pt1ons(11) indicate that the thickest metal parts in the inventory
are in the 8-inch projectile. At its thickest point, the casing for
this munition 1s 0.95 inches thick with 90 percent of the casing less
than 0.625 inches thick. The next thickest item (155-mm projectile)
is only 0.625 inches at 1ts thickest point. While initial dissolution
of the items will take place only on the outer surfaces, once the
cavity has been penetrated and the agent drains out, the inner surface
will be subject to attack which could conceivably double the surface
area available for dissolution.

Based on the above discussion, the following conservative
assumptions were made during the design estimations:

¢ The munition/item casings are uniformly one inch thick

® The dissolution rate of steel in the acid stream is 0.042

inches/hour

e Once the munition has been penetrated exposing a greater

surface area, a slight reduction in the acid concen-
tration would be acceptable
The dissolution system was therefore designed on the basis that the
munition bodies would dissolve in 20 hours.

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAK11-82-C-0055 with ARRADCOM.
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Since grinding and pumping of slurried explosives 1s
accepted practice in the munitions industry, the dissolution system is
not being designed for blast containment. Experience in this industry
indicates that as long as the liquid velocity and temperatures are
maintained at levels adequate to prevent the settling or condensation
of slurried or dissolved explosives propagation of an explosion
through the piping is not possible.

Dissolution Tanks. The dissolution tanks will be rubber-
1ined, carbon steel tanks similar to those used in electroplating.

The tanks will be completely sealed with an access door in one end.
The entire tank will be further enclosed within a ventilation hood to
prevent hydrogen leakage. The number and size of tanks that are
required by the concept {s determined by the following consideration:

o Three equal batteries of tanks will be provided; one

being loaded during each shift of operation while the
other two are processing munitions,

¢ The required processing rate of munition/items needed to

supply the desired agent throughput

o The maximum physical dimensions of the inventory items

The need to assure uniform acid distribution

The assumption that a fully loaded tank would have a void
fraction of 50 percent with a 6-inch buffer space between
the munition and the tank sides.

To assure that uniform acid distribution will be provided to
the munition/items at all times, the dissolution tanks are limited to
a depth of 6 feet., The minimum length of all tanks 1s fixed at
16 feet in order to accommodate the spray tanks. The minimum width of
the dissolution tanks was fixed at 6 feet in order to hold two ton
containers simultaneously. A maximum width of 16 feet was selected in
order to 1imit the weight of munitions a reasonably constructed tank
must support. The number of tanks required for a given agent through-
put was then determined by these geometric restrictions and the volume
of the various munition/items that would provide the agent capacity.
For example, at a throughput of 400 1b/hr of agent, three 6-foot wide
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tanks are required while at 5000 lb/hr of agent, fifteen 16-foot wide
tanks are utilized.

Acid Distribution System. The acid distribution system con-
sists of the pumps, spray nozzles, and plumbing required to move the
acid solution to its destinations. This system is constructed
entirely of acid resistant materials such as plastics, graphite, and
titanium., Each dissolution tank has two pumps in parallel, one in
operation and one in standby. This arrangement permits maintenance or
replacement without interrupting service. A second set of pumps,
agatn with parallel redundancy, serves to pump a used acid stream to
the incinerator/roaster for destruction of contained agent and
energetic materials as well as reclamation of the acid. A1l acid
pumps are specified as centrifugal types, constructed of palladium
stabilized titanium to be corrosion resistant. From the pumps, the
acid is transported to its destination in acid resistant plastic pipe.
Acid which is recycled directly to the dissolution tank first passes
through a graphite heat exchanger which removes the excess heat of
dissolution from the stream. (It should be noted that dissolved
explesives could plate out in this heat exchanger and blast contain-
ment might be required for this component.) The recycled acid mixes
with a stream of reclaimed acid before entering the dissolution tank
via acid resistant spray nozzles. The nozzies are designed to assure

uniform distribution of the flowing acid stream across all munition
items in the tank.

Ventilation System. The ventilation cystem is represented
graphically in Figure D-2. The dissolution of steel munition ijtems by
acid will release hydrogen gas as a by-product. Operation of the
tanks at 80%C will volatilize small quantities of agent, hydrochloric
acid, and water vepor 3s well as gases from the possible decomposition
of the energetic materials. Purging the tank ~ith air at a negative
pressure to safely eliminate these gases would markedly increase the
acid carryout. Therefore, to remove these gases and avoid the hazards

Use, duplication, or aisclosure is subject to restrictions stated in Contract No. DAAKY) -82-C-0055 with ARRADCOM,
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of handling hydrogen, the dissolution tank will be allowed to fil1
with the gaseous products of dissolution and operate at near ambient
pressure. To prevent the influx of air into the dissolution tank and
to immediately remove and dilute any hydrogen containing gases that
might leak out of the tank, the hood surrounding the dissolution tank
will be reduced to -5 inches water pressure and purged with a high
volume of air, The gases will then be withdrawn from the tank,
diluted with air at a ratio of greater than 24/1l, and transported to
the roaster by an air eductor. The blower that evacuates the hood
also provides the air that operates the eductor. The ventilation
system will thus convey the gaseous products from the dissolution tank
to the roaster for safe destruction., In this manner the air/hydrogen
mixtures ratios are kept above the hydrogen/air explosion in the tanks
and below this limit elsewhere.

Roaster/Afterburner System. While acid hydrolysis of some
agents may occur in the dissolution system, the roaster/afterburner is
the system that is ultimately responsible for agent destruction. This
system consists of a roasting chamber and an afterburner chamber as
serial parts of a single unit, It {s a carbon steel unit lined with
acid resistant fire brick., Conventional oil-fired burners provide
temperature control of both chambers.

Roasting Chamber. Liquid injection incineration and conven-
tional roasting differ only in the location in which the stream to be
processed is injected. In roasting, the process stream is normally
sprayed into the hot gases at the exit of the unit permitting counter
current flow to dry and oxidize the salts. The operating temperature
is kept low to reduce fuel costs and promote the growth of large oxide
crystals. Liquid injection incineration utilizes concurrent flow.

The liquid to be destroyed is injected directly into the flame fre-
quently with or in place of the fuel promoting a well stirred reactor
zone at the inlet. The downstream reaction zone is kept as a plug
flow reactor in which the operating temperature and residence time are
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kept sufficiently high to assure ~omplete combustion of the material
being processed. Since agent dest .ction 1s the primary function ¢f
this unit, corrosion resistant nozzles will spray the process stream
directly into the fuel oi1 flame near the bottom of the roaster and
the unit will operate at downstream conditions that are severe enough
to assume agent destruction (nominally 1600°F for 2 seconds). To
permit additional residence time at temperature for the salts to roast
as well as to serve as method to burn dunnage, a small stoker grate is
incorporated in the bottom of this unit. The burning of the dunnage
as well as the hydrogen gas vented from the dissolution system in the
roaster substantially reduces the fuel oil requirements of this unit.
The majority of iron salts that have been roasted and the ash from the
combusted dunnage will exit the bottom of this unit., In steel pick-
1ing operations, this stream of iron oxide is pure enough to be used
in magnetic tape production and in fact, competes favorably with
oxides from other sources. While the incorporation of wood ash as
well as fron salts of phosphorus, fluorine, and/or sulfur may preclude
this market, the residue should meet RCRA standards for landfilling
and could have a significant resale value.

Afterburner. The afterburner is simply an additional incin-
eration chamber located directly above the roasting chamber. Its pur-
pose 1s to provide temperature and residence time redundancy to pre-
vent accidental release of agent. A smaller quantity of reclaimed
acid is injected at the top of the afterburner to cool the flue gas to
protect downstream process equipment. A small carbon steel cycione is
also attached to the flue gas outlet to remove entrained solids, This
cyclone is externally heated to keep its walls above 300 C to prevent
corrosion by condensed acid gases.

S Acid Regeneration System. The acid regeneration system is
i! ' adapted from the design of regeneration plants that have been commer-
\ cially available fron Dravo Engineers Incorporated for approximately
" B 20 years(lz). The emphasis of the design of this equipment is the

: Use, duolication, or disclosure is subject to restrictions stptod {n Contract No. DAAKY1.82-C-0055 with ARRAOCOM,
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production of a high concentration acid stream ( 20 percent) without
regard to the quantity of acid gases in the effluent. It therefore

;ﬁ represents a worst-case pollution abatement scenario for evaluating
L the acid roaster concept for demilitarization applications and as
P such, has been incorporated in the concept design It is anticipated

that, when more is known about upstream processes, the concept can be
refined to reduce the pollution abatement needs.
The gaseous effluents from the roaster/afterburner first

Lt e A
' Seiastrat
K -

d pass through two heat exchangers of titanium construction where they
. are cooled to saturation temperatures. They then pass into an iso-
‘S thermal absorber constructed from graphite where acid gases are con-
:“ densed in the presence of liquid water. The uncondensed gases leave
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the absorber and proceed to the bottom of an adiabatic scrubber. The
11quid stream is mixed with makeup acid and pumped to the top of the
adiabatic scrubber, In the scrubber, which is constructed of fiber-
glass materials, the rising gas stream from the absorber is brought
back into contact with the acid stream from the absorber which strips
most of the remaining acid from this gas. The regenerated acid stream
leaving the adiabatic scrubber has an acid concentration of 20 percent
and is then, with the exception of a small bleed stream to the after=
burner, pumped back to the dissolution system for reuse. The gaseous
effluents from the adiabatic scrubber are warmed in a pass through a
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1§§ final heat exchanger which warms the gases above the dewpoint before
by being vented to the pollution abatement system.

et

'§§ Pollution Abatement System. The pollution abatement system
o1 ’

;ﬂ consists sequentially of a spray dry scrubber where remaining acid

gases are removed by sodium hydroxide; a baghouse which removes any
suspended particulates from the gas stream; an induced draft fan that
maintains the entire process under negative pressure and assures the
smooth flow of gases; and a stack through which the gaseous effluents
are emitted to the atmosphere. Since the recovery unit effluent has
been warmed above the downpoint, the scrubber can operate as a dry

unit. As such, it is baseline technology and needs no further
description.
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¢ I
R Energy and Material Balance. The concept described in the
ﬂké i above narrative, is represented graphically in Figure D-3 by a process
-E‘ & flow diagram. An energy and material balance was performed by
: computer simulation around the major pieces of equipment in order to
RIS produce the listing of stream temperatures and compositions summarized
fﬁ & the computer printout in Table D-1., This balance was based on the
f‘ B operating constraints discussed previously, the assumption that the
(: w processing rate would be 400 1b/hr of GB, and the Army guidelines
o Qﬁ concerning the quantities and, when appropriate, heats of combustion
e S of the accompanying dunnage, metal, and explosives. Thermodynamic
&A 6 data available in the literature were used to compute the stream
f & compositions in the HC1-H20(13), HF-H20(13). and HCL-FeCl2, H20(14’15)
) equilibrium systems.
N
~§ S| B, System Feed Requirements
ﬁh (A As stated previously, this concept is designed to process
EQ g feedstock configuration b, In designing for this configuration, it
éﬂ o was assumed that when the unpack area separated the item/munitions
- ~ from their packing, they were cleaned which 1s assumed to include
< ut removal of grease and removal of paint from all items and, in addi-
f& 2 tion, removal of the fiberglass sheath from the rockets. It was
S further assumed that the items were placed on reusable fiberglass .
;_ ! pellets that permit the use of mechanical devices in loading the
¥ dissolution tanks (e.g., fork trucks).
10N
_?% ~ C. Pollution Abatement System
:‘ i
S There are no liquid effluents from this process. As dis-
;f B cussed in the concept description, the only gaseous effluent is
fé %‘ treated with the baseline spray dry scrubber technology. While the
ii . concentration of acid gases being removed from this stream is appre-
I ciably higher than the baseline, this is not expected to produce
ff additional technical problems.

Use, duplfcation, or disclosure 13 subject to restrictions statod in Contract No. DAAKI1-82-C-0055 with ARRADCOM.
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FIGURE D-3.
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; TABLE D-1. ENERGY AND MATERIAL BALANCE -
3 ACID ROASTER
STREAN ! 2 3 4 5 b 7 g 9 10
volle TEMP DES C §0.00 80,00 80,00 80,00 80,00  B0.00 8000  80.00 80,00 50,00
% @’.} PRESSURE PSIA W0 170 1470 1470 1470 1AT0 1470 1470 14,70 1470
’ ENTHALPY BTU 2032983, 12756093, 12881187, 2099220, 10734307, 214481, 13504837, 13631409, 2099220, 11359474,
g H HYDROGHLORIC AC  4439.47 19701,87 1829083 73,32 15242.21 3048.44 1[1234.54 982331 73,32 818409
: NATER 1040889 £0827.5% 40905.99 321,55 €0421.46 10084.33 58B98.22 S8%7s.67  320.%% 4681389
o FERROUS CHLORID 0,00 31427.73 139%3.27 0,00 11427.73 232555 25%581.00 2790855 0,00 2328%.44
£ FERRIC CHLORIDE 0,00 0,00 0,00  0.00 0,00  0.00 000 000 000 0,00
HYDROBEN 0,00 0,00 0,00 3699 0.0 000 000  0.00 359 0,00
(i N1TROBEN 0,00 0,00 0,00 93MI7L 0,00 0,00 0,00 0,00 93171 0.00
i CARBON DI0XIDE 0.00 0,00 0,00 0,00 000 0,00 0,00 0,00 0,00 0,00
OXYREN 0,00 0,00 0,00 2018.3 000 0,00 -~ 0.00 0,00 2818.3  0.00
-, ;"ﬂ FERRIC OXIDE 17,58 0,00 0,00 0,00 000 0,00 0,00 000 0,00 0,00
SRR PHOSPHORIC ACID  49.9 0,60 0,00  0.00  0.00  0.00  0.00 0,00 0,00 0,00
X HYDROFLUORIC AC 29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
v ABENT 0,00 1000,00 1200,00 0,00 100000 200,00 2200.00 2400.00 0,00  2000.00
q FUEL 0IL 0,00 09 0,00 0,00 0.0 000 000 000 0,00  0.00
DUNNAGE - 0,00 0,00 0,00  0.00  0.00 000 500  0.00 0,00 0,00
.‘ EYPLOSIVES 0.00 425,00 790,00 0,00 42500 125,00 I375.00 1%00.00 0,00 1250.00
GODIUM WYDROXID 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 0,00  0.00
B TOTAL LB/MR 1A9%3,37 93782,1% 74499,92 12981.94 78916,59 15783.32 99268.7¢ 100204.53 12531,94 G3505.44
N TOTAL LB=MOL/KR 700,75  4614,91 3780.41 438,49 3317.00 663,40 3797.87 3761,36 458,49 3L34.47
o HYDROGEN 1269,68  TAAS 59  7389.70  TA.99  4i%8.08 (231,62 T110.25 70M.36 7499 %8783
Y CARRON 0.00 939,02 446,83 0,06 93902 107,80 {I6%.8% 1293.66 0,00 10780
DXYBEN 9292,44 SAS97,70 34427.50  3103.94 ASIS4.25  9070.25 33576.41 8340620 310394 44508, 14
i SULPHUR 0,00 0,00 0,00  0.00 0,00  0.00 6,00 0,00 0,00 0,00
D2 NITROBEN 0,00  S7.19 4842 93ELTL ST9 (L4 12581 137,25 9L (1437
PHOSPHOROUS 2,01 20,10 5,32 0,00 220,10 44,22 48,42 S30.64 0,00 442,20
FLUORINE 27 135,40 18272 000  I3N.40 27,07 296,32 I2MML 0,00 270,20
CHLORINE 0336.50 25662.65 2539029 730 2U326.07 426521 2523447 2816301 71,30 20949.%
IRON 12,29 $123,18  &147,81 0,00 12318 102464 11270.99 1229%.62 0,00 1024439
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TABLE D-1, continued

STREAM

TEMP DEB C
PRESSURE PSIA
ENTHALPY BTU

HYDROCHLORIC AC
WATER

FERROUS CHLORID
FERRIC CHLORIDE
HYDROGEN
NITROGEN

CARBON DIOXIDE
QXYGEN

FLIRIC OXIDE
PHOSPHORIC ACID
KYDROFLUORIC AC
AGENT

FUEL QIL
DUNNAGE
EAPL.OSIVER
SUDIUM HYDROXID

TOTAL LB/HR
TOTAL LB=NOL/HR

1{YDROGEN
CARBON
OXYBEN
SULPHUR
NITROGEN
PHOSPHOROUS
FLUGRINE
CHLORINE
IRON

11

§0.00
14,70
27193,

1637.22
9762, 73
4431.09
0,00
0,00
0,00
0.00
0.00
0.0V
0,00
0.00
400,00
0.00
0,00
20.00
0.00

16708, 09
626,89

173,73
215,481
8901.03
0,00
2.87
88.44
34,24
4193.83
089,27

12

80.00
14.70
4190439,

146,43
643, 11
0.00
0.00
7.9
1862342
0-00
3636.73

0.00 .

0,00
0.00
0,00
0.00
0,00
0.00
0,00

23123.88
17.37

149.99
0.00
6207.87
0.00
18623, 42
0.00
0.00
142,40
0.00

13

20,00
14,70
12312,

- -
o O o O o
OO OoOC O

-
Pl = — 2~ ]

O OO SO OO O
-
oo oo oO

1348.43
0.00
0,00
0,00

1348.43
]

167.2
1173.83
54
2.8
008
0.00
0.00
0.0¢
0,00

14

20,00
14,70
1082447,

0.00
0,00
0.00
0.00
0.00
118,31
0,00
1816, 27
0,00
0,00
0.00
0,00
0.00
0.00
0.00
0.00

7934.38
'Y

0.00
0,00
1814.,27
0.00
8118.3t
0.00
0,00
0.00
0,00

20,00
14.70
48399,

o
(4.3
OO OO OCTT OO OO0 0O
- ® o = e ® =
O o O OO OO OC OO OO0 C OO

=~ = A A k- — A~ — I = O — RS = =

630.00
4,01

J6.40
260,13
288.73

0,00
0,00
0.00
0.00
0.00
0,00

18

89,00
14,70
9817241,

21654.90
90328, 10
0.00
0,00
0.00

0.00

0.00
0.00
0,00
0,00
0,00
0,00
0,00
0.00
0.00
0.00

72183.00
3398, 34

§251L.717
0,00
44874.00
0.00
0.00
0.00
0,00

21087.22

0.00

17 18 19
800.00  730.00 320,00
14,70 14,70 14.70
1164129, 43706100, 35537988,
0,00 4439.52 2b114,32
0,00 12443.83 62991.94
0.00 0.00 0,00
0,00 0.00 0,00
0,00 0.00 0.00
0,00 24764,68 24744,48
0,00 &087.34 6037.34
0,00 477,33 477,33
%406 L79Y TR
139,91 139,91 1399
B2 2,88 2,84
0,00 0,00 0,00
0,00 0.00 0,00
63,00 0,00 0,00
0,00 0.00 0,00
0.00 0.00 0,00
3013.24 48741.61 120924.42
U9 1899.66  3236.22
10.70 1522.26 7774.03
26,00 1633.05  1633.0%
948.12 14293.21 &1149.21
0.00 0.00 .00
0,00 24754.58 24764.48
M, 23 44,23 44,23
3Lt 4! a1
0,00 4336,34 25393.74
926,19 122.9% 12293

Use, duplication, or disclosure 13 subject to restrictions stated in Contract No. DAAKYV-82-C-00%5 with ARRADCOM.
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. TABLE D-1, continued

LA
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A

& V]

B ITREAN 21 2 3 ] 25 2 2 8 2 1

W

- TENP DES C 320,00 113,00 20,00 20,00 82,00 80,00 80,00 75,00 75,00 40,00

L . PRESSURE PBIA 1470 170 1470 1L70 14,70 1470 1470 W70 W0 1470

AR ENTHALPY BTU  $38014%. 13919042, 22739, 17017, 16319267, 4298648, 11G50194, S7LABA. 20492, 91125,

L: i

ol e HYORGCHLORIC AC 26114,52 26114,32 0,00 70,19 209777 S234,M 2601457 70,14 &8.04 0,00

SR NATER 6299096 4299.96 43220 28073 3033631 25MB.60 G0FINIT 970,92 0,00  1078.07
& FERROUS CHLORID 0,00 0,00  0.00 0,00 0,00 000 0,00 0,00 0.0 00

» . FERRIC CHLORIDE 0,00 0,00 0,00 0,00  0.00 000 0,00 0,00 0.9 0,00

XN HYDROGEN 0,00 0,00 0,00 000 0,00  0.00 000 0,00 0.0 0,00

& - NITROGEN UTHAGE UTEAE8 000 000 2476488 000  0.00 276648 0.00 0,00

o CARBON DIONIDE  40N7.34 405734 0,00 0.00 405734 0,00 0,00 4083 0.00 0,00
a3 OYYGEN 67,55 e77.85 0.00 0,00 47755 0,00 0,00 477,55 0,00 .00

- FERRIC OXIDE 17,58 1788 000 0,00 000 U758 175 000 0,00 0,00

- PAOSPHORIC ACID 138,91 130,91 0.00 0,00 13991 0,00 4996 &9 I 0.00

VI HOROFLUORIC AC .29 .29 000 0,00 .29 €00 .29 0,00 000 0.0

('3 ABENT 0,00 0,00 000 000 0,00 000 0,00 0,00 0,00 0.0

O FUEL OIL 0,00 0,00 000 0,00 0,00 000 000 0,00 0,00 000

e DUNNAGE 000 0,00 000 000 000 000 000 000 000 0,00

o EXPLOSIVES 0.00 0,00 000 000 000 0,00  0.00° 0,00 0.0 0,00
o SODIUM WYOROXID 0,00 0,00 0,00 0,00 0,00 000 000 000 18,19 119,79
|,

A TOTAL (B/HR  120763.84 120763.84 43220 350,94 90923,86 30823.12 6713637 F4610.89  28.06 119738

e TOTAL LB-NOL/MR  5207.10 3287.10 3509 7.8 3MeH %296 A0SR 120,39 B2 6.8

b~ HYDROBEN MIA0 TG0 T0.A L3S 4EI233 005,67 TSALAS 3354 S8 12560

b CARBON 1683.05  1653.03 0,00 0.0 1853.05 000 0,00 (4505 0.00 0,00

S OXYSEN 620,06 6112066 618 20934 3921949 2271276 SALe6AT  TTHE.00  eB.64 100533

by SULPHUR 0,00 0,00 000 000 000 000 000  0.00  0.00 0,00

S NITRUSEN T6h 68 764,68 0,00  0.00 2076448 000  0.00 2474468 0,00 0,00

S PHOSPHOROUS W3 W2 000 600 MWD 000 220l 2201 1072 0,00

i FLUGRINE 2120 000 0,00 L2 0,00 .27 000 0.0 0,00

v CALORINE . 2939376 2535078 0.00 68,25 20369.41 509240 2530380  e8.20  4k.l6 0,00

. IRON 1229 1229 000 000 000 1229 1229 0,00 0.0 0.0

Y]

Y

U

Use, duplication, or disclosure {3 subject to restrictions stated in Contract No. DAAKIY-82-C-0085 with ARRADCOM. '
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TABLE D-1, continued

STREAN M 32 3 34 33 3 Y] 38 39 40
TEMP DEB C 70,00 70.00 70,00 70,00 700 70,00 70,00 70,00 70,00 70,00
PRESSURE PGIA 14,70 14,70 14.70 14,70 14,70 14,70 14,70 14,70 14,70 14.70
ENTHALPY BTU 4101767, 814, 8100934, 4100934, 6100934, 1874322, 1874321, 0. 04 0
HYDROCHLORIC AC 10 .10 00 O 0.00 0,00 0,00 0,00 0,00
WATER 4048, 99 0.00 4048,99 4048.99  4048.99 0.00 0,00 0,00 0.00 0,00
FERROUS CHLORID 0.00 0,00 0,00 0.00 0.00 0,00 0,00 0. 00 0,00 0.00
FERRIC CHLORIDE 0.00 0,00 0.00 0,00 0.00 0.00 0,00 0,00 0.00 0,00
U HYDROBEN 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0,00 0.00 0,00
I NITROGEN 20764, 68 0,00 24784,68 24764,58 24764.48 931171 931171 0,00 0,00 0,00
i CARBON DIOXIDE  4037.34 0,00 4087.34 6087.34  5097.34 0,00 0,00 0,00 0,00 0.00
.;’;-.; OXYBEN 477,93 0.0v 477,85 67753 477,38 2818.36 2818.34 0,00 0,00 0,00
o FERRIC OXIDE 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00
- PHOSPHORIC ACID 34,03 1,08 34,98 34,98 34,98 0,00 0,00 0.00 0.00 0.00
£ HYDROFLUGRIC AC 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0,00 0.00
i3 ABENT 0.00 0.00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,00
;‘- FUEL OIL 0.00 °, 0.00 0,00 0.00 0.00 0,00 0,00 0.00 0.00 0.00
:J\j DUNNAGE 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00
s EXPLOSIVES . 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0.00 0,00 0,00
SODIUN HYDROXID 3.5 3.9 00 08 08 0,00 0.00 0.00 0,00 0,00
1 TOTAL LB/HR 33390.29 6,73 38583,54 33%83.54 15%83.54 12130.07 12130.07 0.0 0.00 .00
: TOTAL LB-MOL/HR  1248.11 b 1267,93  1267.95  1267.93 420,48 420,48 0,00 0.0 00
Q':E'J HYDROBEN 34,34 J8 A4S 16 43416 43416 0.00 0.00 0,00 0.00 0,00
% CARBON 1633, 03 0,00 1433,03 1433,03 1453.03 0.00 0,00 0,00 0,00 0,00
N UXYBEN g702,71 2,12 8700.%9 8700,89 8700.39 2818.%6 2818.3¢ 0.00 0.00 0.00
‘W SULPHUR 0.00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00
& NITROGEN 24754 .68 0,00 247b4,48 24744.58 24764.58 93'L.71 93MLLTL 0,00 0.00 0.00
;{-_'u.. PHOSPHOROUS 11,39 33 11,04 11,06 11,08 0.00 0.00 0,00 0.00 0,00
6‘) FLUORINE 0,00 0.00 0,00 0.00 0.00 0.00 0,00 0,00 0,00 0,00
— CHLORINE 2,08 2,08 .00 08 0 0.00 0.00 0,00 0.00 0.00
- [RON 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0,00 0.0
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D. Ultimate Disposal

The oxides and ash from the roaster should satisfy RCRA
landfi1] criteria and could have a significant resale value. As
designed, the quantities of NaCl produced by the pollution abatement
system will be larger than the baseline. While in the baseline, such
salts must be disposed of in a hazardous materials landfill, this
potential problem is diminished in this concept by the following
considerations:

e The quantities projected in the material balance
represent a worst-case that could be markedly reduced by
refinement of the concept

o The salts are not produced from or by agent and as such
may be more readily certified agent free.

E. Concept Advantages

The key advantage of this concept is its ability to process
feedstock configuration b eliminating the costly disassembly opera-
tions from the baseline, In addition, the process concept subjects
all items and agents to the same processing steps. This produces a
simple system without branching and, coupled with elimination of
disassembly, removes the costly change over periods from the
processing schedule. The final advantage is that commercially proven
hardware {is utilized. The agent destruction furnace design 1s based
on liquid injection incineration which 1s state-of-the-art technology
for disposal of hazardous 1iquids. The acid regeneration system 1s
also adapatad from state-of-the-art technology. Besides Dravo
Enginears, Lurgi and Woodall-Duckham Ltd design and license acid
recovery systems. Oravo Engineers have expressed a willingness to
support the development effort for this concept.

ation, or disclosure s subject to restric

L e ) y"
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F._Concept Disadvantages

The major disadvantages of this concept is the expensive
materials of construction and lack of economy of scale do to the need

?EE for multiple units at high throughput. The combination of these two
Eﬁ facts lead to escalation of the capital equipment costs for a

RN collocated facility. The final disadvantage is the possible increased
n Ty

salt disposal problem discussed previously.

o~

Ay

S G. System Concept Knowledge Gaps

u

iq As related to agent destruction, the key knowledge gap is
s whether the agents and their decomposition products can be destroyed

effectively under conditions conducive to roasting iron chlorides.
Incompatibilities in these reactions which occur simultaneously could
lead to reduced acid recovery and an increased pollution abatement
demand. However, since the temperature and residence time
requirements for both reactions are similar this is not anticipated to
be a problem. In fact, it 1s anticipated that the presence of iron
salts in the incinerator might even enhance agent destruction
efficiencies.

»
[

WAL RSE: sl

iIIE <
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»

G

123 The knowledge gaps most critical to successful implementa-
N tion of the concept is the behavior of the explosives. There is

Y

evidence that acid solutions will decompose explos1ves(4'5). While
documents suggest that the combination of hot nitric acid and iron
salts in an ox1d1i1ng system has the potential to sensitize explosives
to friction and impact, no such evidence exists for the hydrochloric
acid/hydrogen system proposed here.

Based on the literature data, a conservative estimate was
made of the rate at which acid will dissolve the metal parts. Con-
firmation of the dissolution rate with the actual acid stream

<., -,
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&q composition is required. Rates slower than those predicted would
o require additional dissolution tanks and, while increasing the costs,

would not significantly effect the viability of the concept. However,

fﬁ_. Use, duplfcation, or disclosura 1y subject to restrictions stated in Contract No. OAAK11-82-C-0055 with ARRAUCOM,
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1f it can be shown that, as suspected, markedly faster rates can be
achieved, then operating at lowar acid concentrations and/or
temperatures would be practice. These parameters can have major
impact on the waste stream disposal and possibly the safety scenarijos.

The final knowledge gap is one that all concepts have in
common, materials compatibility problems. While commercial
hydrochloric acid roasting units exist that have been in service for
20 years, none of these units contain acids of sulfur, phosphorous,
and fluorine along with the hydrochloric acid. The fate and impact of
these materials contributed by the agent destruction process must be
determined.

H.,  Safety

Standard acid plant safety guidelines must be followed in
the design and operation of this concept. This includes curbing the
dissolution tank room to contain spills and the avoidance where pos-
sible of overhead acid T1ines. Hazards associated with the hydrogen
vent stream have also been addressed in the design. In addition, the
dissolution area 1s manned only during tank loading and operating
personnel would not be exposed to detonation hazards should experi-
mental work should prove that sensitization of explosives occurs
during acid dissolution.

[. Likelihood of Development Within Five Years

The majority of the process steps use state-of-the-art tech-
nology. While several knowledge gaps have been identified, none
appear to be a barrier to development of the concept., Even datermi-
nation that the explosives are sensitized by the acid could be
resolved technically. Introduction of a step for desensitizing the
explosives could be includerd. Resolution of this issue could also be
accomplished at the expense of process economics (e.g., reducing the

size of the vats, imposition of quantity/distance requirements, and/or
strengthening the tanks to contain a detonation).

Ul.. duoliclt1on. or ¢1lc10lur| 1y subjoct to rostrictionl |t|t|d in Contrlct NO. DAAKY1-82-C-0088 uith ARRADCOM,
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J. Scalability to 400-3000 Pounds/Hour of Agent

~we® -w B
-A.'-'!

At the agent rate of 400 1b/hr of agent, the roasting and
acid reclamation systems are operating at near capacity. Conse-
quently, scaling to higher rates soon requires installation of
parallel systems. Therefore, while scaling to higher throughputs is
technically feasible, no economy of scale is anticipated.

K. Degree of Technical Risk

.t
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As praviously discussed, the major system components are
commercially available. No technology gaps exist and the knowledge

gaps that have been identified deal mostly with possible improvements
of the concept design.

-
st

L. RAM Factors

A detailed analysis of the availability and maintainability
of this concept can be found in Appendix L. It should be pointed out
that built-in redundancy has been incorporated in the design and cost
estimation for those equipment items that are considered mest 1ikely
to have failures. However, following Army guidelines, the RAM
analysi{s permits no credit for this redundancy. In fact, due to the
increzse in equipment {tems, strict adherence to the RAM analysis
guidelines yields a system availability that 1s lower than would be 1
determined if the redundancy was not present.

M. Materials Compatibility Problems

The state-of-the-art hardware is designed to be acid
resistant. With the exception of attack of the roaster refractory by
HF, no additional materials compatibility problems are anticipated.
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N. _Energy Requirements and Source

The roasting process requires the high use of fuel oil to
evaporate the acid and water. It is anticipated that a significant
concept refinement effort would be focused on reducing the fuel demand
by minimizing the quantity of acid being roasted. This could lead to
a marked reduction in the operating costs for this concept.

0. Ease of Operation

As designed, this 1s one of the simplest concepts to
cperate. A minimum of moving parts exists and all agents and items/
munitions in the inventory are processed in the same manner, simply
Toad the tanks and start the acid. There are no complex variables to
control and no complex hardware to operate.

Economic Analysis

The design specifications received from Oravo Engineers
Incorporated(lz) included a cost estimate of $7M (1981) for a turnkey
operation., But, this estimate included hardware such as a tank farm
that this concept does not require. It also included items beyond the
scope of the thermal process (e.g., site improvements, utilities).
Since Dravo considers the individual cost items proprietary, it was
not possible to use their cost estimate directly. However, the
equipment size specification supplied by Dravo was quite useful in
producing the following estimation of the costs.

W A. Facility Costs

ﬁ ) Army guidelines were used for the costs of constructing the
. + various buildings required by this concept. It was assumed that all
ﬁz gﬁ operations downstream of the roaster were non-agent and the commercial
:‘{ Ay

N

practice of installation on pads could be utilized, The dissolution
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tanks and the roaster were assumed to be agent containment facilities
and were costed accordingly. While the tanks are not designed for
blast containment, the facility costs for agent containment and blast
i containment are the same.

g To determine the areas in each building category required
for these types of facilities, plot plans were constructed for 400
Tb/hr and 5000 1b/hr of agent based on the sizes of the identified
equipment items. The areas determined from these plans were used to
determine exponential scaling factors for each building category.
These factors were then used to determine the building and pad areas
for the other plant sizes. The estimated facility costs calculated in
this manner are summarized in Tables D-2 (Single Site) and D-3
(Collocated).

TS

L WDty
Pt

T

B. Capital Equipment Costs

Costing Method. Detailed capital equipment cost estimates
were generated on an item-by-item basis for a plant size capable of
handling 400 1b/hr of agent. The equipment size specifications for
the pickling liquor plant supplied by Dravo Engineering Inc were used
to estimate the acid regeneration system equipment sizes. Each equip-
ment item cost was then derived from standard relationships between
the appropriate size parameter and cost which are documented in
Guthrie(ls). Peters and T1mmerhaus<17) and others. Factors were used
to convert the costs derived for carbon steel equipment computed from
< these relationships to corrected values for {tems constructed of
N corrosion resistant materials such as graphite, fiberglass-reinforced

plastic (FRP), and palladium-stabilized titanium. These factors vary
i according to equipment item and they correct for both the cost of
N materials and the difficulty of fabrication. The Marshal and Swift
installed equipment index was used to correct all costs for the 400
1b/hr facility to mid-1982 dollars.

Equipment costs for the other size plants were then computed
based on exponential sizing factors derived from Guthrie or Peters and
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2 TABLE D-2. ACID ROASTING FACILITY COSTS - SINGLE SITE

Item Agent Destruction Rate
il OO/ a0 T/ 000 e R
;ﬁ N Dissolution Area -
YRR Surety (1 floor) 1320 ft2 1520 ft2 3400 ft2
at $400/ft2 $528,000 $608,000 $1,360,000
Y
o tj Furnace Area -

’Ti Surety (50! high) 144 ft2 361 ft2 950 ft2
& h% at $400/ft2 $57,600 $144,400 $380,000
I
N OQutside Pads -

o Acid Recovery 200 ft2 600 ft2 1600 ft2

b Pollution Abatement 180 ft2 550 ft2 1500 ft2

| Ore Handling & Storage 1500 ft2 5000 ft2 12,000 ft2

W Salt Handling 1000 ft2 2500 ft2 4300 ft2

A Fuel Tank 1320 ft2 3460 ft2 6000 ft2

J FY Total Pad Costs at $2.50/ft2 $10,500 $30,275 $63,500

¢, o)

;1 i Total Facility ' $596,100 $782,675 $1,803,500
LN
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ﬁ;g TABLE D-3. ACID ROASTING FACILITY COSTS - COLLOCATED SITE
543
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Item Agent Destruction Rate

b Dissolution Area - 3400 ft2 9100 ft2 14,384 ft2
o at $400/ft2 $1,360,000 $3,640,000 $5,753,600
e Furnace Area - 950 12 3050 £t2 5208 Ft2
o at $400/ft2 $380,000 $1,220,000 $2,083,200
E% Qutside Pads -
o Acid Recovery 1600 ft2 5500 ft2 9500 ft2
o Pollution Abatement 2500 ft2 8500 ft2 15,000 ft2
&8 Ore Handling & Storage 15,000 ft2 40,000 ft2 60,000 ft2
Y Salt Handling 6000 ft2 15,000 ft2 20,000 ft2
*j Fuel Tank 6000 ft2 1?,000 ft2 16,000 ft2
L Total Pad Area 31,100 f£2 81,000 ft2 120,500 ft2
Total Pad Costs at $2.50/ft2 $77,750 $202,500 $301,250
g ‘Total Facility $1,817,750 $5,062,500 $8,138,050
.Z‘sg
:gjﬁ
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Timmerhaus that could be applied to the 400 1b/hr agent case. The

factors used were a characteristic of each type of chemical process

Qﬂ equipment. In many cases the maximum or minimum equipment size 1imits
were imposed by practical considerations. In these instances, -2

"l costing was based on the use of a minimum number of equal size items

that could perform the function operating in pafa11el.

For each facility size the total plant equipment purchase
costs were then summarized and additional capital equipment costs were
o calculated by applying the multiplication factors for installation,
instrumentation, piping, electrical and design that are recommended on
page 180 of Peters and Timmerhaus. Additional rationale behind the

. computation of the individual equipment items is discussed below.

R
NS

“'I
P
P

i Equipment Item Costs.

=
2ot s
|1‘»1' £
p 3

Vessels., The dissolution tanks, roaster cyclone, solids
hopper, stack, and dry scrubber were considered to be pressure
X vessels. Vessel costs were based on the weight of steel using the

x.
a0 5l
r——
)
>t

e following equations from Mulet(18)

\.J u‘

i . Vessel Cost

o e 2
gl = Exp (8.8 - 0.28885 Im (weight) + 0.04576 1n (weight)“)
‘l}‘ "'l .
N Platform and Accessory Cost

q « 182.5 (dfan. £t)0:739 (He1gnt £t,)0-70684

‘: (M1

{ N These costs are for the first quarter of 1979,

dt - Insulation costs for the roaster cyclone are from Koen1g(19)
and are based on external surface area. '

, The dissolution tanks 1ining of either hard rubber or

S plastic was costed at $12.00/Ft2(16) The calculated cost of the

i dissolution tanks might be Tow because no correction was used to

account for the complexity of a sealable, vertical 6' x 6' door.

Use, duplication, or disclosure
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¢

boi. The dry scrubber 1s constructed of FRP and a multiplier of
o 1.1 was used to correct for this material.

™ Fans and Blowers. The costs of the fans and blowers was
L derived from page 562 of Peters and Timmerhaus, and were based on

L capacity in cfm. The dissolution vent fans, furnace air fan, and

j&; induced draft (1.D.) fan were a1l sized as centrifugal blowers and the
S~ oxide blower sized as a rotary blower. The predicted costs of the

N furnace air fan and 1.D, fan are probably high due to their lower

QL pressure ratio. This factor is compensated in the dissolution vent
%1 fans by the need for a corrosion resistant 1ining. Otherwise, the
. fans and blowers are of standard construction. Motors are totally
] enclosed, fan-cooled.

iR
iﬁl Pumps. A1l pumps were costed as centrifugal, horizontal,
1“‘ Tn=-11ne pumps. The costs used were derived as suggested on page 557
b of Peters and Timmerhaus, and were based on capacity in gpm multiplied
.1ﬁ by head in psi, The following equations from Corr1p1o(20) were used
f% as an addition check and for sizing:

o s = (gpm) Heat ft.

N, Base cost = Exp (8.3949 - 0.6019 In(s) + 0.0519 1n(s)?)

I“1

o Correction Factor (1750 rpm, horizontal)

= Exp (2.029 -0.2371 In(s) + 0.0102 In(s))

|

= Correction Factor (3550 rpm,horizontal

% » Exp (0.0632 + 0.2744 In(s) - 0.0253 1n(s)2)

< Pump Efficiency = 0.316 + 0.24015 1n (gpm) - 0.01199 1n (gpm)2

(19 to 5000 gpm)

W o

;] Motor Efficiency = 0.8 + 0.0319 In (HP) - 0.00182 In (HP)2

N, (1 to 500 horsepower)

:

' A1l pumps were considered to be palladium-stabilized tita-
:j nium except the fuel oil pumps and the dry scrubber pumps. The multi-
;;: plier for titanium construction of pumps is reported to be 9.7 by

RS

Use, duplication, or disclosure ts subject to restrictions stated in Contract
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Corr1p1o(2°) and 5.71 by Ha11(21) | The Tower number was used because
Hall specifically claims to be current while vorripio does not., The
reason for the discrepancy may either be due to improved titanium
fabrication techniques or to more widespread use of titanium pumps.
The potential error in plant cost due to this difference, in factors is
about 4 percent.

Pump motors are totally enclosed, fan cooled. Provisions
must be made to double seal and return seal flush liquid to the
process in all pumps except the fuel oil pumps.

Heat Exchangers. Costing on heat exchangers was based on
the required heat transfer surface area and on materials of construc-
tion. The dissolution coolers, isothermal absorber and adiabatic
scrubber cooler are all of graphite construction, while the cyclone
gas cooler and dry scrubber preheater are palladium-stabilized
titanfum. American V1carb(22) quoted a price of $70/rt: + 15% for
small graphite heat exchangers and $75/ft2,: 15% at sizes larger than
2000 ftz. This.company produces heat exchangers that can operate with

hydrochloric acid at temperatures up to 200°C and claims to have
worked with Dravo.

The following equations from Corr1p10(23) were used to
calculate first quarter 1979 costs for the titanium heat exchangers:

A = surface area in ftz.

Base Cost = Exp ( 8.551 - 0.30863 In A + 0.06811 (1nA)°)

Fixed Head Correction Factor = Exp (~1.1156 + 0.0906 1nA)

The costs for the two titanium heat exchangers calculated in this
manner were 2.4 percent higher than those calculated using Peters and

Timmerhaus.

Roaster-Afterburner. The cost for the roaster-afterburner
was derived from charts presented by Hal1(2l) and were based on heat

ation, or disclosure is subject to restrictions stated in Contract No. DAAK]1-82-C-0085 with ARRADCOM.
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utitization. The calculated cost assumes internal insulation and
internal heat exchange tubes. The extra cost of the unnecessary heat
exchange tubes were assumed to account for the cost of the after-
burner, the titanium spray nozzles, and a slightly more expensive acid
brick 1ining.

Adiabatic Scrubber. The cost of the adiabatic scrubber was
obtained from charts to determine the vessel cost, connection,
ladders, platforms, and packing costs given on pages 768-771 in Peters
and Timmerhaus. Polypropylene, l-inch intalox saddles were assumed to
be the packing material. A multiplying factor of 1.1 was then used to
convert carbon steel material cost to FRP material cost. The scrubber
cost could be low, if the large diameter column that {s specified
requires the use of flow redistributions or high efficiency packing
material. '

Baghouse. The baghouse cost was calculated from the
equation given by Vatavuk(24):

Cost = 5370 + 7.6 (Bag Area in ft2).

This cost is based on carbon steel construction and continuous
operation at negative pressure. Polypropylene bags were used at
0.70/7t2,

Cooling Tower. The cost of the cooling tower was based on
the required cooling water flow rate using Figure 13 in Guthrie. The
1968 cost was scaled to mid-1982 using the respective Marshall and
Swift indices of 273.1 and 746.

Scale~up Methods.

Vessels. The dissolution tanks, roaster cyclone, solids
hopper, stack, and dry scrubber costs were derived from the 400 1b/hr

Uu. duplication, or d1sc1own 11 wbjoct t0 restrictions stated 1n Contnct No DMKH-O:-C 0055 -1th Amocon‘
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1 Dissolution Tanks 2 3 3 6 15
. Roaster Cyclones 1 1 2 4 6
I Solids Hoppers 1 1 3 7 12
" Stack 1 1 1 1 1
il Dry Scrubbers 1 1 1 3 4
A
53 Fans and Blowers. In all cases the fans and blowers were
[ b scaleable to each plant size using single units. The exponents used
| o for relating relative costs to size was 0.65 for the fans and 0.75 for
b
“d the oxides blower. These exponents were also given by Desai. The
g size parameter was capacity in standard cubic¢ feet per minute.
o
| 0 Pumps. There were no size limitations on the pumps and in
p each plant size. The bacis for scaling costs from the 400 1b/hr size
o to the other sizes was the ratio of pump capacities in gpm raised to
oA the 0.6 power. This exponent is from Desai, Pump sparing was 100
i
il
533 Usa, duplication, or aisclosuro is subjoct to rnstr1ct1ons stttod 1n Contract No oAAx11-sz-c-ooss with ARRADCON
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agent equipment costs using the vessel weight ratios to the 0.7 power.
The exponent is from Desa1(25). Except for the dissolution tanks, the
maximum single unit size was limited to a 13-ft diameter. As men-
tioned previously, the 6'x6'x16' size of the 400 1b-agent/hr dissolu-
tion tanks was taken to be the minimum size practical for material
hand1ing and the 6'x6'x16' size of the 1000 1b-agent/hr dissolution
tanks was assumed to be the maximum allowable size. Two minimum size
tanks were used in the 100 Tb-agent/hr plant costing. The above
constraints resulted in the number of units required for each plant
size shown in Table D-4 below.

TABLE D-4. NUMBER OF VESSELS FOR EACH PLANT SIZE

—

Plant Size (1b/hr Agent) 100 400 1000 3000 5000

_— . L
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percent for all pumps except the dissolution pumps in the 1000, 3000,
4 and 5000 1b-agent/yr plant sizes. In these cases, each bank of

i? dissolution tanks ,out of a total of three, 1s serviced by 3 half-size
pumps to yield 9 total pumps per plant.

Heat Exchangers. Single unit heat exchanger sizes were
1imited to 20-foot tube lengths and 37-inch tube sheet diameter, The

{ size constraints limited the size of the cyclone gas cooler in all

,ﬂ cases except 100 1b/hr and limited the isothermal absorber only in the
'ié, 5000 1b/hr plant size. Because definite costs were given for each

ﬁﬂ square foot of graphite heat exchange surface, the size limitations

kf only affected the cost of the titanium cyclone gas cooler. The

& exponent for scaling the titanium heat exchanger costs from the heat

g% transfer, surface area was 0.6 from Desai.
1
:

Roaster-Afterburner. The roaster-afterburner was limited to
a single unit size capable of processing 1000 1b/hr of agent. Trhis
. occurs at a diameter of 20 feet., Larger diameters are likely to

;g . result in non-uniform reaction conditions in the vortexing flame. The
cost sizing exponent used was 0.87 from Corripio.

.}

,ﬁ Adiabatic Scrubber. The sirgle unit absorber size was

LE 1imited to 13 feet which corresponds to a maximum plant size of 1730

- ib=-agent/hr, The cost scaling was based on vessel weight ratios

E; raised to the 0.7 power. this exponent was given by Desai. Although

Iﬁﬁ packing cost is proportional to the absorber volume, the absorber

f% volume 1s in turn roughly proportional to the vessel weight raised to

i _ the 1.08 power. Thus, vessel weight is a good size paiameter and was

I used to scale the cost scaling.

Eﬁ Baghouse. Baghouse costs are directly proportional to size.

f' Consequently, there are no size limitations to scaling.

K

8

X
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Cooling Tower. There were no size limitations to¢ the
conling tower in the picat size ranges of interest. Costs were scaled
by the water flowrate ratio raised to the 0.6 power. The exponent was
given in Guthrie.

The total capital equipment costs estimated in this means
for single site are summarized in Table D-5. The collocation capital
equipment costs are summarized in Table D-6.

C. Operating Costs

To estimate the total 1ife cycle operating costs, it was
first necessary to determine the labor requirements as well as the
other operating costs on a yearly basis. The inventory quantity, the
item processing rate, and the system availability were then used to
determine the years of production required for each category. Those
numbers were then multipled by the operating costs to produce the life
cycle operating costs.

Labor Costs. The system personnel requirements summarized
in Table D~7 were estimated from the information supplied by Dravo.

Cther Direct Costs. At the 400 1b/hr of agent throughput,
the quantities of water, fuel oil, HCL makeup, and caustic used as
well as the quantities of Fe203 and NaCl produced were gleaned from
the material balance. The electricity requirements for this capacity
were estimated from the size and quantity of electric motors. To
determine the requirements ror these items at other agent throughput
rates, it was assumed that demand would scale linearly with
throughput, a reasonable assumption for this process.

The Ariny guidelines were used for the charge rates for
water, electricity, and fuel oil. Caustic and acid costs were
determined from present market costs. Disposal costs for Fep03 were
assumed to be only the trucking costs which were estimated at $5/ton.
As a worst case assumption, the NaCl salts were assumed to require

. N I R “ . . . P
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i

@,. TABLE D-5. CAPITAL EQUIPMENT INSTALLED COSTS -

kv SINGLE SITE

éi [tem Agent Destruction Rate

L TSR T T/ 1000 15 7Fr
B

- Dissolution Area

e Dissolution Tanks $ 56,000 $ 84,000 $ 196,000
o Dissolution Vent Fants 4,549 11,200 20,318
(‘ Disso}ut1on Pumps 9,140 21,000 iG,ggQ
- Dissolution Coolers 4,832 11,100 9,235
o SUBTOTAL TG T2,300 321,560

'iﬁ Furnace Area

il Roaster-Afterburner $§ 207,463 $§ 693,000 § 1,999,230
S Roaster Feed Pumps 4,135 9,500 16,462
9 Fuel 011 Pumps 1,567 3,600 6,238
o Furnace Air Fan 6,072 14,950 27,121
o
" xide Blower

:3 SUBTOTAL , , » 103,

b Acid Regeneration Area

i Cyclone-Gas Cooler $ 168,369 $ 510,400 $ 1,276,000
w Adiabatic Scrubber 24,706 65,200 123,824
: Absorber Feed Pump 14,843 34,100 59,090
X Absorber Bottom Pump 17,672 40,600 70,354
. Adiabatic Scrubber Cooler 1,328 3,050 © 5,285
™ éso??erm%l Absorber sg'ggg 152,488 2%5,350
b5 ooling Tower 9 2,969
S SUBTOTAL 5 289,293 T 796,650 ¥ 1,782,872
.5; Pollution Abatement Area '

: Dry Scrubber $ 8,336 $ 22,000 $ 41,781
‘ Dry Scrubber Preheater 29,794 68,450 118,614
M Dry Scrubber Pumps 1,698 3,900 6,758
ot Baghouse 11,212 44,850 112,125
; Stack 6,669 17,600 33,425
A 1.D. Fan 9,605 23,650 42,903
i; Eo]{d? Hopper %4,728 38.000 %02,909
—~ uel Tanks 6,000 90,000 55,957
% Total Equipment Purchase Costs $ 710,379  $1,979,100 $ 4,774,380
¥~ Installation (40%) 284,152 791,640 1,909,752
T Instrumentation (13%) 92,349 257,283 620,669
s Piping (31%%1 ) 2;?,817 ?l;,S%l 1,480,058
v Electrical (10% 38 97,910 477,438
2 SUBTOTAL 31,378,135 $ 3,839,454 $ 9,262,297
o DESIGN (32%) 441,003 1,228,625 2,963,935

Total Capital Equipment $1,819,138 $ 5,068,079

$12,226,232

Use, duplication, or disclosure s subject to restrictions stated in Contract No. DAAKI1-82-C-0055 with ARRADCOM.
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X TABLE D-6. CAPITAL EQUIPMENT INSTALLED COSTS -
e~ COLLOCATED SITE
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Item

Agent Destruction Rate

r

Dissolution Area

Dissolution Tanks
Dissolution Vent Fants
Dissolution Pumps
Dissolution Coolers

SUBTOTAL

Furnace Area

Roaster-Afterburner
Roaster Feed Pumps
Fuel 011 Pumps
Furnace Air Fan
Roaster Cyclone
Oxide Blower

SUBTOTAL

Acid Regeneration Area

Cyclone-Gas Cooler
Adiabatic Scrubber
Absorber Feed Pump
Absorber Bottom Pump
Adiabatic Scrubber Cooler
Isothermal Absorber
Cooling Tower

SUBTOTAL
Pollution Abatement Area

Dry Scrubber

Dry Scrubber Preheater
Dry Scrubber Pumps
Baghouse

Stack

[.D. Fan

Fuel Tanks

Solids Hopper

SUBTOTAL

Total Equipment Purchase Costs

Installation (40%)
Instrumentation (13%)
Piping (31%)
Electrical (10%)

SUBTOTAL
DESIGN (32%)
Total Capital Equipment

$ 196,000 $ 590,859 $ 984,765
20,318 41,496 57,838
To 958 8 1o 2’ 250
9,235 7.18
$ 1,999,330 $ 5,997,989 $ 9,996,648
16,462 31,824 43,238
6,238 12,060 16,385
27,121 55,390 77,203
e a9 530
5 6,9 4.930
$ 1,276,000 $ 3,615,037 $ 5,950,211
123,824 328,927 531,155
59,090 114,233 155,203
70,354 136,007 184,787
5,285 10,217 13,882
35,350 68,339 122,515
. 212,969 411,707 559,368
41,781 125,343 195,379
118,614 229,303 311,544
6,758 13,065 17,750
112,125 336,375 560,625
33,425 72,120 103,122
42,903 87,624 122,130
$ %55,987 $ 201,384 $ 20?,%2;
02,909 86 9 81,20
T 64057 T TO5003 S 2007388
$ 4,774,380 $13,119,726 $21,280,238
1,909,752 5,247,890 8,512,045
620,669 1,705,564 2,766,431
1,2;0,058 i,g?{,l;g g,§96,874
7,438 ; 9 ;128,024
9 ] ] ] ] 1]
2,963,935 8,144,726 13,210,772
$12,226,232 $33,596,994 $44,494 ,433

——————
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TABLE D-7. SYSTEM PERSONNEL REQUIREMENTS

Personnel/Shift Agent Rate
Operator 100 700 1000 3000 000
Control Room 1 1 1 2 2
Dissolution Tanks 2 2 4 6 8
Pumps, Blowers, Roasters 1 1 2 3 3
Outside 1 1 " 3 3
Supervision 1 1 1 1 1
General Maintenance 1 1 2 3 5
Machining 1/3 1/3
Inventory 1/3 1/3

Analytical 1 1 1 2 2
Instrumentation 1/3 1/3 2/3 1 1
Total/Shift . 8-1/3 8-1/3 13-2/3 21-2/3 25-2/3
Shifts/Day x3 x3 . x3 x3 x3
Person Years/Year 25 25 41 65 77

Rate x$50,000 x$50,000 x$50,000 x$50,000 x$50,000

i Labor Costs/Year $1,250,000 §$1,250,000 $2,050,000 $3,250,000 $3,850,000
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disposal in a hazardous landfil1 operation which would cost
$205/ton(26). Annual spare parts costs were assumed to be 6 percent
of the installed capital equipment costs. Summaries of the other
operating cost estimates for single sites are shown in Table D-8 while
collocation estimates can be found in Table D-9.
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Production Time. Summaries of the