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SUMMARY

. ., Experience with the Chemical Agent Munitions Disposal System

(CAMDS) prototype suggested the need for development of thermal destruc-

tion technology to support the design of larger scale disposal facilities,

These larger scale facilities will be required to demilitarize existing

chemical agent stockpiles. As a first step in this further development,

"this Thermal Process Development program was undertaken by Battelle for

' 9the Army.

The program began with a study of literature and industrial

information on thermal destruction concepts which were at various stages

of development. The concepts were evaluated by a team of engineers

knowledgeable in 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-

L_ o 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 listed in Table I 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 is recommended that these four processes be evaluated in detail in

"laboratory and pilot scale studies.

Jie. duplication, or diaclosure Is subject to restrictions stated in Contract Nlo. DAAKll4?2-C-0055 with ARRAOCOM
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. c • • TABLE 1. SIHtARY Of THERMAL PROCESS EIIGIII£ERIHG 
t AND ECOIICJUC EVAI..UATIOit 
~ (Processes listed in General Order of 
ft Engineering and Econo.ic Preference) .. 
~ 
0 :s . .. 0 ... ... Life C~le Costs SM -• Applicable S~le S'ite Collocated ft 

0 Process Feed Configt~ration too lb/Jir lb/Jir !000 lb/Jir 1000 lb/Jir lOOO lb/hr 5000 lb/hr Ret~arks 

• c: ... . • Acid Rodster 1. Separate llltlole a.mitions 23.6 21.0 31.1 87.2 104.6 134.3 Mini.u. front-end .. preparation; iow ... technical risk; pro-c: 
V" bably lowest total ...... 
~ facility cost ... - Rotctry Kiln 1. Munitions with agent 62.7 36.0 30.2 66.4 38.4 36.1 Mini~ technical r!:k; 0 

""' 
cavity opened and energetic Si~le syste.; high 

• .aterial re.oved and cut reuse potential; state-... - 2 • Shredded .unition 17.8 12.8 13.2 29.9 27.3 30.4 of-the-art technology; ... 
~ potential for •fast-n ... track• -0 
~ • Molten Metal I. 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 _ .. .. 11c1terial re.oved and cut • techno logy; opt i-... z. or shredded munition~ ultimate disposal and 

;- .etal parts handling; 
higta then~al inerta; low 

~ 11c1npower requ ire~~~e~~t s 
~ ... , Fluidized Bed I. Munitions with agent 20.2 17.6 ....... • 1 39.2 JZ.J 35.1 Moderate technical ris~; • ft cavity opened and energetic near state-of-the-art .. 
~ 

.aterial reaoved and cut techno logy; high ther.a I 
2. Shredded .unitions 18.6 16.2 18.6 36.4 31.8 34.6 inerUa; .ore co.plex 

10 than .olten .etat 
~ 
~ IR Yacuu. Removal 1. Whole •mHion. punctured 23.5 11.1 18.9 36.4 35.5 41.0 High tec.hnical rhk; 
I and fuses re.oved low ther11c1l inertia -N 
I Shaft Furnace 1. Cut or punched rockets. ton 34.1 31.9 50.5 100.0 158.6 215.0 'tery high technical n 
I containers, ~s and spray risk 8 ... tank. otherwise whole ... .unttions 
!. ... Molten Salt 1. Shredded ~nitions 22.8 18.4 22.4 45.4 59.7 77.9 High clegr·ee of front ::7 

• end preparation re-
:a quired; 1110derate 
~ 
g risk; no advantages 

w not inherent in 
.olten -tal 

Underground L Stored .unitions 393 Very high cost; high 
Detoni1tion (loaded pallets) technical risk 
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1.0 INTRODUCTION

As a result of environmental constraints and legislation,

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-

lization and incineration. To study these processes, the Army devel-

eoped 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 in 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-

lization processes used with the nerve agents, these are:

Use, duplication, or disclosure Is subject to restrictions stated in Contract No. OAAK11-a82C-OO55 with ARRADCOM.
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The chemical neutralization reaction is relatively

slow, so that large reactors are needed to achieve

reasonable throughput.

The waste products are soluble, strongly alkaline,

and toxic materials. The neutralization process

consumes reagents. There is some chance of regen-

eration of agent from the neutralization products--

at least for GB.

e The process is labor- and energy-intensive.
The specific incineration process selected for destroying

the mustards at CAMDS was chosen in large part for its simplicity in

handling the agent. However, simplicity in that area imposes signifi-
cant disadvantages for the overall process. These disadvantages are:

e 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.

e 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.

Use, duplication, or disclosure is subject to restrlctlons stated in Contract No. 0MK11-82-C-005 with ARRAOCOM.
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1.1 Thermal Destruction of
Toxic Chemical Agents

Thermal dest;-uction is 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 ioxic element incorporated in the molecule. Incineration is
used to destroy chlorinated hydrocarbons, pesticides, and various

other toxic organic materials. Incineration is potentially capable of

destroying any primarily organic material by oxidizing its carbon and
hydrogen to C02 and water, and possibly altering the oxidation state

"-1 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 limit emissions of

undesirable products 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 incinerator for their destruction. The incinerated material

"may also formh intermediate species thermally and oxidatively stable

:2 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., HC1, S02/S0 3 , fine particulates 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 HO, 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.

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAK11-82-C-0055 with ARRAOCO.
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These agents do, however, contain elements C1, F, P, and S,

Swhose 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.
All 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 is summarized

in this report involved five tasks:

Task 1. Plcnning and Baseline Review

Task 2. Literature Search

Task 3. Industrial Survey

Task 4. Concept Formulation and Evaluation

Task 5. Engineering and Economic 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 literature and industry sources to

identify technologies with potential for agent munitions destruction.

In Task 4 an evaluation of these technologies was made and promising

technologies were selected. In Task 5 an engineering and economic

evaluation of the selected technologies was made and a Design Plan
prepared outlining recofnended further studies on four of the selected

technologies.

Because of the volume of material presented in this report,

generous use of appendices Is nade. For example, only a brief

discussion of each of the processes evaluated in Task 5 is presented

Use. dup1¢cation, or disclosure is subjeO to restrictions stated in Contract No. DMKl.-82-C-0055 with ARKAOCOM.
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2.0 DISCUSSION

2.1 Task 1. Planning and Baseline Review

Task 1 began with the organization of the project team, an

initiation meeting with Army personnel and a visit to the Chemical

".I .~Agent Munitions Disposal System (CAMDS) at Tooele, Utah. A conceptual

facility based on the CAMDS facility and the proposed agent disposal

facility for Johnston, Atoll was developed by the Army to provide a

baseline against which technologies identified in the study could be

compared. Figures 1A and 1B show in block-diagram form the four

processing lines of the baseline concept.

The baseline concept was reviewed prior to its application

in this program and a number of comments submitted to the Army.

*. The review team found it difficult to comment on the costs

for buildings and equipment because the function and physical

arrangement of equipment was not defined in the baseline. It was

suggested that the information be presented in a different format to
highlight the capacity (physical size and maximum munition processing

rate for each munition), capital costs, and detailed operating costs

I• for each of the major equipment items or areas within the two hypo-

thetical facilities. This format would also facilitate use of the

baseline in conducting process evaluations In subsequent tasks.

• Several suggestions relative to the costs cited in the base-

line were submitted during the first task. These suggestions/comments

are summarized below.

" Ui

I ii

.*r
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2.1.1 Main Demll Bulldinl. 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/ft 2 to $400/ft 2 .

The control room, at $90/ft 2 , 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 designed. 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 lb/ft 3 . 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 go-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 incinerator at Hawthorne AAP and the Deactivation Furnace

(DEAC Furnace) at CAMDS. The unit size is at least 50 percent 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 liquid 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 CAMOS Metal Parts

Furnace, also appeared to be lower in cost than the CAMOS furnace.

Use, duplication, or disciaIue is subjeKt to restrictlons stated in Contract No. OAAKI1-82-C-00S5 with ARRAOCOM.



Although the complexity of the R/M/D/Lw/A/E Furnace may be

sufficient to prohibit a direct scale-up from the DEAC Furnace of

CAMDS, there appeared to be no alternative. However, it was suggested

that a scale factor of 0.6 not be used for this furnace due to the

added complexity. The recommendation was made to scale the cost

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

scaled from the CAMDS Metal r-arts Furnace using the normal scale

"factor.
It was also suggested that the ultimate disposal costs be

-• addressed in the baseline. This would make the baseline evaluations

more useful on an actual cost basis.

2.1.2 Manpower. The glove box operation did not appear to

be directly addressed in this analysis. Recommended labor could not

be judged, other than by work involved. To process up to 75 munitions

per hour by manual removal of fuzes or noseplugs would probably

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

tioned, the nose plug or the fuze unscrewed, the explosive componient
"removed, and the munition end plugged, all within a glove box.

The laboratory staff was thought to be understated. During

the M34 demil operation at Rocky Mountain Arsenal, the lab was running

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

analysis since 4000 bubblers are analyzed weekly. It was recommended,

therefore, that the laboratory staff be raised to at least 30
individuals.

• *~.As a 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.

Use, duplication, or disclosure is subject to restrictions stated In Contrect No. DAAK1I-8I2-C-OO55 with ARKAOCO,
- . . . ,, ,. . . . , .. . . . . .- .
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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 literature searches were:

a. Computerized Literature Search.
Sources: Chemical Abstracts

Engineering Index
Defense Technical Information Center
Ph ,,ial Technical Information and Air

"yution Technical Information Center

Search terms: destruction
,ii high temperature

Incinerate (Truncated)
Pyrolysis

Thermal degradation

b. BZ Program Files (Contract No. OAAK11-81-C-0081)
Search terms: B 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

Smithsonian Science Information Exchange
Comprehensive Dessertation Index

US@, duplication. or diSCIOSUPe iS Subject to rettrictions stated in Contract No. OMK11-82-C-0055 wifth ARRACCOM.
I . .L • • • • .. ...'. . . .... 4 ' ' ' . '* " . .- ' '- :. .' .' - .,* . .
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Oil 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
libraries and catalogs, conversations with

Cincinnati EPA officials, examinations of pub-
lications from recent symposiums and1 conferences, and references listed in reports

received.
.' ThThe literature searches turned up nearly 2000 references.

These were reviewed and reduced to 139 pertinent references. The com-
>1 '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 Formulation
and Evaluation.

"".1 Use, duplication, or disclosure It subJect to restrictions staed in Contract No. OAAK1-.2-C-O055 witPh ARRADCOM
_ .",' _. ,..",'. .. "'',. - '.'- / . , , , . 1. . T ; ,t,",> .• " "•:, "' " .i•"I? ,, " '< L. '' , ' . 1.T. T Le ,.L,'i ..•. -,.
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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. These

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 processes. 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
little 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.

"Use, dupilil|aon, or disclosure is subject to restrictions stated in contract No. DAAKll-82-C-0055 with ARRACCOM.
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2.4 Task 4. Concept Formulation and Evaluation

The purpose of this task was to evaluate the thermal
"destruction processes identified in Tasks 2 and 3 and from this

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 listed according to

the estimated development time (time for completion of required

laboratory and pilot plant programs.)

The methodology used to evaluate the 44 concepts is shown in

., I detail 'in Figure 2.
S'I To begin the evaluation, the team was first familiarized

1 with the criteria, the concepts, and the feed configurations.
Applicable feed configurations for each process were then agreed on by
the team. Next, each team member individually rated each process.

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

the criteria. The final rating for each process (and each applicable
feed configuration) was then calculated.

2.4.1 Evaluation Criteria Factors. k .... ....

;:: Army A list of pre-screening evaluation criteria supplied by the
Army is given in Table 3. These criteria were slightly modified for
use in theis evaluation. Two criteria identified by the Army,

"technical risk (1) and scalability (G), were combined into one
v" criterion. A third criterion, process applicability (D) was

eliminated because the method of evaluation used evaluated this factor

,- separately.
The evaluation criteria used by the thermal process evalua-

I. tions team members are given in Table 4. (The sub-criteria indicated
in Table 3 by numbers wore used in the evaluation although they are

not shown in Table 4.)

,n

, . Ula, duplication, or diilcoiurs Ii aubjact to restrictions itateld in Contract No. OAAlt-82-C-O065 witth ARRAOcCN.

•% . \... ,,. ... ,,, ,..,., .. '.'. u *. =. . * *a., ,¾,• .. ' , . . . . . . . . . . . . . , ' •," . , '".. ...
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TABLE 2. ESTIMATED DEVELOPMENT TIME

LESS THAN 5 YEARS

1. Rotary Kiln (cocurrent)/Molten Metal

3. Slagging Rotary Kiln (Ecorock)
5. IR Furnace
8. Fluidized-Bed

11. Liquid Injection

12. Cement Kiln
13. Rotary Kiln
14. Industrial Boiler

18. Single-Stage Molten Salt
19. Molten Salt/Metal Cleaning
20. Thermal Plasma Systems
21. Molten Metal
23. Mashed-Munition Fluidized-Bed
25. SUE Burner
27. Fluidized-Bed/Fume Incinerator (Inactive)

28. Sequential Fluidized-Bed (E3 I)

29. Plasma Arc Pyrolysis
30. Molten Metal/Slag (Thermal Download)

31. Rotary Kiln (Pyrolysis)
32. Fluldized-Bed (Thermal Download)
33. Resistance-Heated Fluidized-Bed (Pyrolysis)
35. Underground Detonation
37. Shaft Furnace/Scrap Cycle
41. Acid Dissolution/Inclneration

42. Multi-Solid Fluidized-Bed
43. Vacuum Furnace
44. Induction Furnace

Use, duplication, or disclosure Is subject to restrictions stated In Contract No. OAAK11-82-C-00. 5 with ARRAOCOM.

................
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TABLE 2. (Continued)

5 TO 10 YEARS

"2. Supercritical Fluid Download

4. Supercritical Oxidation

7. Spouted Bed

9. UV Photolysis

10. Solar Zapper

15. Internal Combustion Engine

16. Wet-Air Oxidation
17. High-Temperature Fluid Wall

24. Swinging Molten Salt

26. Swinging Molten Metal

* 36. Very Large Enclosure

38. Steam Pyrolysis (SEGAS)
39. Insitu Pyrolysis/Open Cavity

,.1 MORE THAN 10 Years

6. Magneto Hydrodynamics

"22. Geothermal (Subduction Zone Burial)

34. Plasma Arc Vaporizer

40. Insitu Pyrolysis/Closed Cavity

:J

Uunw,

S1

.', '• Uae, duplication, a,' d fls ;loiu ~u I $ sUbject 1o ,'estrctlOns s Itit d in Contract NO , OAA•KlI-a2.C -OO5 ! witM ARRAOCOM,
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FIGURE 2

METHODOLOGY FOR SELECTION OF PROCESS CONCEPTS

TEAM TEAM
FAMILIARIZATION1  DEVELOPMENT

OF CRITERIA, OF APPLICABLE
CONCEPTl, FEED CONFIGURATIONS

AND
FEED CONFIGURATIONS

INDIVIDUAL TEAM DEVELOPMENT
RATING OF ' OF CRITERIA
CONCEPTS WEIGHTING FACTORS

"DEVELOPMENT
OF

--- CONCEPT
"RATINGS

IDENTTFICATION
OF HIGH-

RATED CONCEPTS

SELECTION/DEVELOPMENT
"OF CONCEPTS

BY TEAM CONSENSUS

"Use, duoltcatlon, or diScloIure Is subJfct to restrictions stated In Contrmt No. DOMK11-a2-C-OO55 with ARRADCOM.

.o . . •
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TABLE 3. ARMY PRE-SCREENING EVALUATION
CRITERIA

A. COST
1. Facility Capital

2. Equipment Capital

"3. Operating

4. Developmental

B. SAFETY

C. LIKELIHOOD OF DEVELOPMENT WITHIN 5 YEARS

D. PROCESS APPLICABILITY
w, 1 1. Agent Destruction

• 2. Explosive

3. Metal Part Decontamination

4. Dunnage

E. PRE-PROCRESSING REQUIREMENTS
I F. POST TREATMENT REQUIREMENTS

G. SCALABILITY TO 400-3000 POUNDS PER HOUR AGENT
• 6.1 H. FINAL WASTE CHARACTERISTICS AND ULTIMATE DISPOSAL

I. DEGREE OF TECHNICAL RISK
1. Commercially Available (State of the Art)

2. Pilot Scale

'. Lab Scale
* 4. Technology Gaps

S.• J. RAM FACTORS
1 . Reliability

2. Availability

"3. Maintainability

K. MATERIAL COMPATIBILITY PROBLEMS

L. ENERGY REQUIREMENTS AND SOURCE

M. EASE OF OPERATION

1 1. Operability
2. Flexibility

3. Complexity

:o Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKJ1-8Z-C-.O55 wltM ARRADCOM.
S.~.... ...... - .. ...... . ... .... .. ............ . ... .. .. . ........ ... ........ ................... ... i
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1" TABLE 4. MODIFIED EVALUATION FACTORS

*111. SAFETY

2. LIKELIHOOD OF DEVELOPMENT WITHIN 5 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

Use, dup1i~stion, or disclosure is subject to restrictions stated in Contract No. OAAK11-82-C.0055 withi ARRACOCC.
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'" 2.4.2 Feed ConfiQurations

"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

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

b. Separate whole munitions.

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

d. Whole munition with agent removed. Explosive

S,.;, cavities open.

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

f. Whole munition with agent and
burster/exp'loslve/propel 1 ant removed.

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

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

For evaluation purposes, each feed configuration was broken

down further into one or more of the following classifications:

i . ubc

A 'i Use, dIupIlction, or (1i$c1|ufl is subjjeCt to reStricttons sttatd in Contract No. DOMKll-62.C-OO5S with ARRAOCOM.
A ,



FIGURE 3. MUNITION FEED CONFIGURATIONS 22

a. STORED f.AGENT &I~ J -I ~ EEG~C
, <•-- , .L•ENERGETICS

REMOVED

IHI b. SEPARATE iI~Ig. CUT

iEY

L]L•] c. PUNCTURED

., h. SHREDDED

-,,j LflJ [J d. AGENT REMOVED

e. ENERGETICS REMOVED

Use, duplicat.ona or disclosure I subject to restrictions statd In ContraCt No. OAAKt-8.2.cO055 with ARfRACOCq.
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E Explosive (munitions containing explosive and/or
N 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

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

V •'concepts.

An evaluation form was prepared (see Figure 4) with
'p Zevaluation criteria listed 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
"I ~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 0 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

P711 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.

I Use, duplication, or disclosure Is subJect to restrictions stated in Contract No. DAAKIll-2.C-0055 with ARAOCOM,
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2.4.4 Criteria Factor Weights

I To obtain a numerical rating for each process, it was

'.i .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
2 8.9
3 11.0

• 4 13.0
5 10.1

6 8.7
7 6.4

8 7.9
9 5.4

10 15.5

"• r2.4.5 Process Concept Rating

.1

". *1 Using the rating sheets and the evaluation criteria
weighting factors, a numerical rating was developed for each process

S'.concept for the applicable feed configuration/classification.
"Figure 5 gives the rating results rounded to two significant figures.
From Figure 5 it 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 disclosuglt is subjct to restrictions stated in Contract No. OAAKII-82-C-OO55 with ARRAOCOM.
•._:,'.. ,_. _.,:. '"- ._' .. " ".-' ." , ' '..'.. .:"• ,'L'• ., ,/ ''•,• - ,--i, . . L-• -" :.1 - - - :-::L
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were found to have ratings in excess of two standard deviations (a)

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 itparticularly attractive. In the

final review meeting, each concept was discussed and comments elicited
from low- and high-ratlng 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 Configuration

Underground Detonation a

*Shaft Furnace b/c

*Acid Roaster b
(acid dissolution)

Molten Metal c/e or h
*IR Vacuum Furnace c

Rotary Kiln c/e or g/h

Fluidized-Bed e or h

Molten Salt h

The above list contains three concepts, identified by

asterisks, which were not rated high in the balloting (Shaft Furnace,

U .-
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I ; Acid Roaster, and IR Vacuum Furnace). These three concepts were added
to the above list as a result of the team consensus after reviewing
comments individual team members had on significant advanages of these

4J processes. (None of the five concepts selected as a result of the

statistical analysis were rejected in this meeting.) One of the
significant reasons for including these additional three concepts was

* "that each provided a basis for minimizing the degree of downloading.
* It will be noted that in some cases in the list of concepts

(Appendix C), there are several variations presented for an individual
process. For example, concepts 7, 8, 23, 27, 28, 32, 33, and 42 are

:1 ~ all fluidized-beds. Only concept 32 received an acceptably high
rating. However, the significant features of all similar concepts

: .>were considered when developing a final concept for evaluation in Task
5. That is, all eight fluidized-bed concepts were reviewed by the

': <~team to develop a final optimum concept for Task 5. The final
fluidized-bed concept is not exactly any one of the eight concepts but

includes those features of all eight which the team believed to
provide the best final concept. The same was done with the other

* .1 final eight concepts where appropriate.

SAs noted in Table 2, all eight concepts selected were judged
,1 by the team to be capable of development within 5 years.

2.5 Task 5. Engineering and Economic
Evaluation and Reportnin

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

"Task 5 consisted of three activities:

•• u:., * Engineering and economic evaluation of the eight concepts
selected in Task 4.

.iI y. * Preparation of a design plan for further laboratory

studies of four of the concepts.
e Preparation of the final report.

Use, duplication, or disclosure is subject to restyictions stated it Contrict No. DAAKIl-62-C-OO5 with ARRADCOM,
.4 ', , ,.. . * - 4. . 4,
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2.5.1 En(ineering and Economic Evaluation
of th El ht Concepts Selectedin Task 4

The engineering evaluation of the eight concepts consisted

of a process description and an analysis addressing several factors:

# Systems feed requirements
* Pollution abatement system

e Ultimate disposal

* System concept advantages
9 System concept disadvantages

s System concept knowledge gaps

. Safety
9 Likelihood of development within 5 years
s Scalabillty to 400-3000 pounds per hour of agent

s Degree of technical risk

e 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 life cycle cost. The analysis was carried out using
techniques which were internally consistant and consistant with the

baseline study, and was reviewed for accuracy by experienced

personnel. Therefore, while the absolute value of the numbers
generated may be subject to some question, the relative values are
believed to be well within the range acceptable for preliminary

estimates of this kin. 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

economic evaluation follow:

Use, duplication, or disclolure Is subject to rustrictions stated In Contract No. OAKAII.8-C-0055 with ARRADCQM,
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To provide a pictorial comparison of the process, life cycle
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. In the acid roasting concept, 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 resulting
slurry is pumped to a roaster where agents (and their hydrolysis
products) and degraded energetic materials are thermally destroyed.
Acid gases recovered from the roaster are recycled to the dissolution
tanks.

The acid rc(asting concept has several advantages over most
other processes evaluated. No munitions downloading is required; no
mechanical preparation or disassembly, other than possibly paint
removal is necessary. Furthermore, all the processing steps following
the dissolution step are commercially available technology.

"Knowledge gaps are mainly those associated with the acid
dissolution step. The effect of the acid environment on the energetic

K matelals and the handling of those materials are the primary concern.
Total life cycle costs range from $21.0 million to $31.1

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.

A detailed engineering and economic analysis on the Acid
Roaster process will be found in Appendix D.

2.5.1.2 Rotary Kiln. Two variations of the Rotary Kiln
concept were evaluated. The first concept is based on a single size
large kiln; the kiln size is independent of feed rate and is
sufficiently large enough to handle the largest munition/items in the
inventory (ton containers). The second concept Is based on the

U .O

."" Use, duliP|cation, or d•liclosure ts SUbieCt to rustricttons statind In Contract No, OAAKfl-82-C-OO55 w~tM ARRADCOI4.
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selection of a kiln size proportional to the feed rate and independent
of munition/item size. This latter concept is called the proportional

kiln concept.
The large rotary kiln is capable of handling burstered muni-

tions with the eAplosive removed and agent cavity opened (configure-
action e) and non-burstered munitions with agent cavity opened
(configuration c). At the smaller sizes, the proportional kiln will
handle only cut-up munitions (configurations g and h). At the

:. .5000 lb/hr rate the proportional kiln is -he same as the large kiln
and can handle configuration e/c.

' The large rotary kiln system is a simple system to operate
because it consists of one major furnace and an afterburner that will
handle all munitions in the appropriate feedstock configuration. The

rotary kiln is a state-of-the-art device for incineration of hazardous
wastes and rotary kilns of the size required for the demilitarization
process have been built. There is thus a background of industrial
experience which applys directly to the development of the rotory kiln
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
J $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
life cycle costs range from $13.2 million to $17.8 millin for single

p.;

site and from $27.3 million to $32.3 million for collocated site.
Life cycle costs are presented in Figures 9 through 12.

A detailed engineering and economic analysis on the rotary
S".kiln process will be found in Appendix E.

2.5.1.3 Molten Metal. The molten metdl concept is based on

J, technology commonly used in the iron and steel industry. In this

Use, duolication, or disclosure Is subject to restrictions stated in Contract No. OAAKil-82-C-0055 with ARRAOCOM.
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process agent is volatilized in a voltalization chamber. The
volatilized agent passes through a hot plasma air stream where it is
pyrolized. Pyrolized agent and metal parts pass into a molten
"metal/slag chamber where metal is melted and removed. The gases pass

out through an afterburner and scrubbing system.
This concept is designed to handle agent-only inventory in

feed configuration c (agei.t cavity opened) and inventory containing
energetic materials in feed configuration e (burster/propellant
removed).

Aside from having the potential for extremely high agent
destruction efficiencies, the molten metal concept uses state-of-the-
art components. The process is simple, versatile, and flexible.
There are no liquid wastes.

Knowledge gaps center around materials compatibility
considerations.

Total life cycle costs range from $15.0 million to $18.9
million for single site and from $37.4 million to $48.7 million for
collocated site. Life cycle costs are presented in Figures 13 and 14.

A detailed engineering and economic analysis on the molten
metal process will be found in Appendix F.

2.5.1.4 Fluidized-Bed. The fluidized-bed is capable of
handling several classes of munitions feed. In the engineering and

economic analysis the fluldized-bed was designed to handle munitions
with the explosive removed and the agent cavity opened (configuration
e) as well as feed from a munition shredder (configuration h). At low
feed rates of configuration e, a volatilization chamber is recommended

for volatilizing agent from ton containers and other large items.
Removal of solids would be through the bottom of the bed with a moving
bed system and a ram type shear.

Two of the major advantages of the concept are its ability
to process munitions with minimal downloading relative to that
required by the baseline and its low requirement for supplemental

' fuel. Furthermore, certainly for processing munitions of feedstock

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKll-82-C-0055 with ARRAOCOM.
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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 propertiai and short-term irregulaties in fuel
feed rates, their ability to acep-; solid and unatomized liquid fuels
(and thus be tolerant of suspended solids and polymerized agent
remaining in certain munitions), :.ind. 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
agglomeration, and heat transfer rates. The system is considered
safe.

For feedstock e, total life cycle costs range from $17.6

million to $20.7 million for single site and from $32.3 million to
$39.2 million for collocated site. Costs are $2 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.

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 c 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 liquid seal pump
which also acts as a scrubber for the acid gases. The exhaust gases

Use, duolication. or discloSUre is subJect tý restrictions stated in Contract No. OAAKlla82-C-OO5 with ARRA•OCOM.
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pass through an afterburner (to burn pyrolysis products) and a spray

dryer (to dry salts generated in the liquid 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 life 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.

S- A detailed engineering and economic analysis on the [R

.1 vacuum furnace process will be found in Appendix H.

2.5.1.6 Shaft Furnace. In the shaft furnace concept,

S",I munitions are heated in a shaft furnace filled with metal scrap. The

I. ..• 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 it 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.

Knowledge gaps include the question of blast wave loading on

, 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.

Total life cycle costs range from $31.9 million to $50.5

.9 million for single site and from $100.0 million to $215.0 million for

collocated site. Life cycle costs are presented in Figures 21 and 22.

This concept was eliminated from further consideration.

A detailed engineering and economic analysis on the shaft

furnace process will be found in Appendix I.

2.5.1.7 Molten Salt. The molten salt system handles a

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

unit contains a bed of molten salt, which is maintained as a froth by

the flue gas

, Use, dup1ic4tt•A, or dtsclOsurs Is %ubj#Ct tO restrictioas stated In COMtract No. OAKI1-82-C-005S with ARRl OCOM,
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the flue gas stream, over a pool ot molten metal. In concept, noxious
gases are removed by the molten salt, however, it is likely that a
downstream scrubbing system will be required to provide redundancy.

Knowledge gaps center around the fate of phosphorus
and materials compatibility.

Total life cycle costs range from $18.4 million to $22.8
million for single site and from $45.4 million to $77.9 million for
collocated site. Life cycle costs are presented in Figures 23 and 24.
This concept was eliminated from further consideration.

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

2.5.1.8 Underground Detonation. The underground detonation

concept is a collocated operation designed to destroy the entire
lethal agent inventory with one underground detonation. The
applicable feed stock is configuration a.

This approach requires no mechanical preparation, no flue

gas cleanup, and provdies the most effective ultimate disposal
scenario. However it would be a politically sensitive approach.

Furthermore, testing would be extremely difficult. This concept was
eliminated from further consideration.

It is estimated that total life cycle costs would exceed
$393 million.

Details on the underground detonation engineering and
economic analysis will be found in Appendix K.

2.5.2 Design Plan

A Design Plan was prepared outlining laboratory studies on
the four most promising concepts:

Acid Roaster

Rotary Kiln
Molten Metal

Use, duol]cat!on, or disclosure 1s subJ@Ct to rIstrictions Itatea in Comtruct No. OAAK1I.82-C-00Q 5 with ARRACcOM.
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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

be used to develop these concepts can be found in the Design Plan

issued January 31, 1983.

Ut.w
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3.0 CONCLUSIONS

A large number of thermal processes for destruction of
hazardous and toxic materials are developed or are under development
in industry. Many of these processes could be applied to the destruc-
tion of chemical agents with little or no additional development. But
when the destruction of chemical agents is coupled with the problems
inherent in handling and rendering safe munitions containing fuses,
bursters, and propellants, the selection of appropriate processes

becomes much more difficult and limited.
Of 44 thermal processes identified in this study, 4 appear

to have sufficient promise to be considered for further development in
the laboratory. These processes are:

1. Acid Roaster. A process in which separate whole
munitions are eroded in an acid bath to free the

chemical agents and energetic materials. The resultant
slurry is roasted to destroy the agent and energetic
materials and to recover acid gases which are recycled

to the acid bAth.
N 2. Rotary Kiln. A process which uses a rotary kiln to

incinerate feeds ranging from whole punctured munitions

to cut munitions.
3. Molten Metal. A process which pyrolizes and incinerates

agents and energetic materials yielding a molten metal
"and fused salt product. This process accepts punctured
whole munitions or munitions cut into pieces.

4. Fluidized-Bed. A process in which punctured whole
munitions or munitions cut into pieces are incinerated
in a fluidized-bed.

These processes have muderate to low technical risk, are at
or near state-of-the-art technology, and have the potential of
offering economic advantages when coupled with the required mechanical
preparation.

Use, duplication, or disclosure Is subject to restrictions stated in Contract No. OAAKla.12-C-0055 with ARRAOCOM.
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4.0 RECOMMENDATIONS

It is recommended that one or more of the following pro-

:d- cesses be developed further in the laboratory to identify the more
viable processes and to obtain design information necessary for

S..further development at a pilot scale. The processes, in order of
' •present economic and engineering preference, are:

1. Acid Roaster
2. Rotary Kiln

" 3. Molten Metal

4. Fluidized-Bed

Detailed recommendations for the laboratory study are given

•,T:! in the Design Plan issued January 31, 1983.

";%

"S,
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ACCESSION NUMBER REFERENCE

B-I Kiang, Yen Hslung; and Metrey, A. A.
Hazardous Waste Processing Technology I
Ann Arbor Science, Ann Arbor, Mlchlgan(l 82

Battelle Circulation: Bert O'Connell

Technol ogies

Multiple Hearth, Fluidized Bed
Liquid Injection, Fume Incinerator, Rotary
Kiln, Mult'iple Chamber, Cyclonic, Auger
Combustor
Ship-Mounted, Catalytic , Oxygen, Pyrolysis,ý
Calcination, Boilers, Wet-Air Oxidation,
Distillation, Evaporation
Molten Salt, Plasma Arc
Microwave Discharge

B-2 Sittig, Marshall, Incineration of Industrial
Hazardous Wastes and Sludses. Noyes Data
to-rporatpon. Pirk Ridge, New Jersey (1979).

Battelle Circulation: Bruce Rising
4d

Technol ogles

Afterburners, Catalytic Incinerators, Cyclon,
Furnaces, Direct-Flame Thermal Incinerators,
Electric Furnaces, Flares, Fiuldized Beds,
Liquid Waste Combustors, Molten Salt, Multip'
Chamber, Multiple Hearth, Open Burning, Pebb
Bed Incinerators, Rotary Kiln, Seagoing, Wet
Air Oxidation Units.
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B-3 Conway, R. A., Ross, R. D. Handbook of
Industrial Waste Disposal. Van Nostrand
Rheinhold Company, New York (1980).

OSU Libraries

1¼* r Technol ogi es
o.: ~-1Multiple Chamber, Open-Pit, Cyclonic,

Multiple Hearth, Fluidized-Bed, P,.otary
Kiln, Rotary Hearth, Pyrolysis, Wet-Air
Oxidation.

B-4 Pojasek, R. Toxic and Hazardous Waste
Disposal, Volumes 1, 2, 3, 4. Ann Arbor

SScience Publishers, Ann Itrbor, Michigan(1979).

Battelle Library

Technologies

: rI• Molten Salt, Ocean Incineration

S'

B-5 Bonner, T., et al. "Engineering Handbook
" for Hazardous Waste Incineration", Draft*

Prepared by Monsanto Research Corporation,
Dayton, Ohio for U.S.EPA Office of ResearchI•.• and Development (November 1980).

Battelle Circulation: Bruce Vigon

V7 .:Technologies
Rotary Kiln, Liquid Injection Fluidized
Bed, Multiple Hearth, Coincineration
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B-6 American Society of Mechanical Engineers.
1982 National Waste Processing Conference:
Feeting the Cha llenge, New York, New York
(May 1982).

Battelle Circulation
Also, Dick Engdahl

Technol ogies

Fluidized Beds, Cement Kilns, Industrial
Boilers, EPA Mobile Incineration System.

B-7 Bell, J. M., ed, Proceedings of the 36th
Industrial Waste Confernoce. Ann Arbor
Science Publishers, Ann Arbor, Michigan
(1982).

Battelle Circulation

Technologies

High Temperature Fluid-Wall Reactor, Plasma
Pyrolysis.

B-8 Office of Technology Assessment. Nonnu-
clear Industrial Hazardous Waste.--TT8l)

Battelle Circulation

Other

Classifications of Hazardous Wastes
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:: B-9 Dillon, A. P., ed. Pesticide Disposal and
"Detoxification Processes and Techntques.
INoyes Data Corporation, ParK Ridge, New

%' !Jersey (l981).

A; Battelle Circulation
Also, Ted Proclv

•:, ~Techno I ogi es

Multiple Hearth, Rotary Kiln, Fluidlzed Bad,
Liquid Injection, Multiple Chamber, Microwa%

-. •;,b Plasma, Wet-Air Oxidation, Photolysis, Ozonl
tion, Molten Salt, UV Irradiation.

B-10 Pierce and Vesilind, eds. Hazardous
Waste Management. AnnArbor" Science
Publishers, Ann Arbor, Mi. (1981).

Battelle Circulation

Technol ogi as

Liquid Injection, Rotary Kiln

5-11 Hackman, E. E. Toxic Organic Chemicals
Destruction and Waste Treatment. Noyes
Data Corporation, Park RidgeFew Jersey
(1978).

Battelle Circulation: Bruce Rising

Technol oci es

Wet Air Oxidation, Pyrolysis, High Energy
Ele:trons, Gamna Radiation, Radiation
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B-12 "Conventional Ammunition Demilitarization
and Disposal Technology Handbook". Prepared
by the Joint Conventional Ammunition Progran
Coordinating Group (1976).

Battelle Circulation: Ted Proclv
Other

Munitions Destruction

B-13 American Defense Preparedness Association,
Chemical Systems Division. "Proceedings of
the Second Demilitarization and Dis posal
Technology Conference". (April 1979).
Battelle Circulation: Ted Prociv

Other

Munitions Destruction
Technol ogi es

B-14 Stockhvlm International Peace ResearchInstitute. Chemical Weapons: Destruction
Conversion. Crane, Russak and Company, Inc.
qew York (1980).

Battelle Circulation

Other

Overview of world-wide chemi~ical-warfare agen
destruction programs
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ACCESSION NUMBER REFERENCE

B-is Process Desicn Manual for Sl.ude Treatment
d Dis-osal, EPA 6251-174-006. Prepared

F lack, Crow, and Eidsness, Gainesville,
1 orida for U.S. EPA Office of Technology

Transfer (Ortober 1974).

Battelle Circulation: Dale Folsom

Technologies

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

B-16 Shapira, N. I., at al. "State-of-the-Art
Study: Demilitarization of Conventional
Munitions", EPA-6001 2-78-012. Prepared
by Amarican Defense Preparedness 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
-17 1Yo ok,, New York (1972).

r. 1" Technol ooy

Cyclonic

U.t
Iq ..
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AUCESSION NUMBER REFERENCE

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

Property of Dick Engdahl

Technol ogie s

Liquid, Fume, Fluidized Bed, Rotary Kiln,
Cyclonic, Multiple Chamber, Catalytic
Mutltiple Hearth

B-19 American Society of Mechanical Engineers.
,' Nw 1978 National Waste Processing Conference.

N-ew York, New York (1978).
,Ak Property of Dick Engdcahl

Technololies

Rotary Kiln, Wet Oxidation, Fluid Bed,
Pyrolysis

B-20 Outterson, G. C., and Prociv, T. M., eds,
"Proceedings of Toxic SubstanceControl:
Decontamination Symposium". Columbus,
Ohio (April 1980); Sponsored by U.S. Army
Chemical Systems Laboratory, Physical

Protection Division, Aberdeen Proving
Ground, Maryl and.

Property of George Outterson

Technology

Laser Destruction

Use, duplication, or discloslro is subject to restrictions stated in Contract No. OAAKll-82.C.OOfl with ANRAOCCO,
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,, ACCESSION NUMBER REFERENCE

SR-1 Sharp, 0. A., Gurkils, 9J A., and Stenburg,
R.L. "State of the Art of Hazardous Waste

.. Disposal in the United States". Paper
presented at the International Conference
on Solid Wastes, Sludges and Residual
Materials, Rome, Italy (June 1981).

Technol ogi es

Rotary Kiln, Single Chamber (Liquid),
Fluidized Bed

R-2 Wilkinson, R. R., Kelso, G. L., and Hopkins,
F. C. Stt-fteAtRe ort: Pesticide:•,, i"*, Disposal, ,esearch, EPA-6OO/'2-'7B-13,'
Prepared by Midwest Research Institute forU.S. EPA Office of Research and Development,
Municipal Environmental Research Laboratory,
Cincinnati, Ohio (September 1978).

/'A 'Technolo gies

Multiple Hearth, Rotary Kiln, Fluidized
Bed, Liquid Injection, Multiple Chamber,
Microwave Plasma, Molten Salt, Wet-Air
Oxidation, Vortex, Portable Rotary Kiln

R-3 Hazardous Material Incinerator Design
Criteria. Prepared by TRW, Inc., Redondo

*- " Beach, California for U.S. EPA Industrial
Environmental Research Lab, Cincinnati,
Ohio; NTIS, Springfield, Virginia,
PBBO-131964 (October 1979).

Property of Bruce Rising

' '.Technologies

Liquid Injection, Fluidized Bed, Multiple
Hearth, Rotary Kiln

,J Use, duplication, or discIosure is subject to restr IctIons stted In Contruct No, MKIkl-S2-C-O055 with ARRAOCOM.
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ACCESSION NUMBER REFERENCE

R-4 Johnson, R. J., Flynn, F. E., and Weller,
P. J. "A Preliminary Feasibility Study for
an Offshore Hazardous Waste Incinerat 4 on
Facility", Prepared by TRW Environmental
Engineering Division for U.S. EDA Industrial
"Environmental Research Laboratory, Research
Triangle Park, North Carolina (June 1960).

Property of Bruce Rising

Tech.n.olIogi es

Rotary Kiln (Offshore Platform)

R-5 Adams, J. W., et al. Destroying Chemical
Wastes in Commercial Scale Incinerators.
Facility RepOrt No. - Surface Combustion
ivis ion, Midland Ross Corporation. EPA/

53'/SW-122C.2. Prepared by Arthur D.
Little, Inc. for U.S. EPA Office of Solid
Waste, Washington, D.C. (November 1976).

Propei'ty of Bert O'Connell

Technologies

Rotary Hearth Pyrolyzer/Incinerator

R-6 Ackerman, D., et al. Destroying Chemical
Wastes in Commercial Scale Incinerators.
Facility Report No. 6 - Roll-Ins-Envro-n-
mental Service Inc. Prepared by-TRW
Defense and Space Systems Group for U.S.
EPA Office of Solid Waste Management Pro-
grams, Washington, D.C. (1977).

Property of Bert O'Connell

Technologies

Rotary Kiln, Liquid Injection

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAKI1.82-C-00s5 with ARRACC•M,
,i,] .... .... ........ . .
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ACCESSION NUMBER REFERENCE

.:k -7 D~eFil ippi', R. P., et al. Supercritical
Fluid Regeneration of Activated Carbon for
Adsorption of Pesticides, EPA-600/2-80-054.

r.'' Prepared by Arthur D. Little, Inc. for U.S.
EPA Office of Research and Development,Washington, D.C. (March 1980).

4... Property of Ted Prociv

"Technologies

Supercritical Fluid

R-8 Bailin, L. J. Microwave Plasma Detoxifica-
tion Process for Hazardous Wastes, EPA-
"600/2-78-080. Prepared by Lockheed
Missiles and Space Company for U.S. EPA
Office of Research and Development,
Municipal Environmental Research Laboratory,
Cincinnati, Ohio (June 1978).

"Property of Ted Prociv

Technologies

Microwave Plasma

R-9 Bell, B. A., and W.'hitmore, F. C. Kepone
Incineration Test Program, EPA-600/2-78-108.
U.S. EPA Office of Research and Development,
Municipal Environmental Research Laboratory,
Cincinnati, Ohio (May 1978).

Property of Ted Prociv

Technologies

Rotary Kiln (Pyrolyzer), Incinerator (After-

burner)

Use. duplication, or disclosure Is subject to restrictions stated im Contract No. OAAKlI-62-C.0055 with ARRAOCO•..:...-_.._.......-..........-..... -, .. . •. ... . .. ... •.. ,,...-..,- . ... ......-.. .,., •



ý-12

ACCESSION NUMBER REFERENCE

R-lO 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

R-ll Castaldini, C., et al. "A Technical Over-
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

R-12 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).

Technol ogies

Industrial Boilers

"Use, duplication, or disclosure Is subject to restrictions stated in Contract No. OAAK1l-82-C-0055 with ARRAOCOM.
i,•.,•, ,•, , , . ., .. . . . . . . . . . . . . - . .. .. . . ... .- .-. . . , .,. •. , -. .. , ' ' . 1 ., . .- . .. • . .. .
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f ACCESSION NUMBER REFERENCE

R-13 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 Laboratoy,
Cincinnati, Ohio (n.d.).

Technol ogles

"Molten Salt

R-14 "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. EA Industrial Environ-
mental Research Laboratory, Cincinnati,
Ohio (November 1980).

Technologies

Cement Kiln

R-15 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

Other

Munitions and Explosives Preparation
Technologies

~ Use, duplication, or disclosure is subject to restrictions Stited in Contract No. DAAKll-82-C-0)55 with ARRACOCq.
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ACCESSION NUMBER REFERENCE

R-16 Brazhnikov, V. I., et al. Furnace for
Thermal Treatment of Liquid indust=ria
Waste Waters Containing Toxic Oroanic
Impurities. Army Foreign Science and
Technology Center, Charlottesville,,
Virginia; NTIS AD-783 850 (September 6,
1972).

Technologies

Liquid Injection/Vertical Shaft

R-17 Shapira, N. I., et al. State-of-the-Art
Study: Demilitarization a• ConventionalMunitions, EPA-600/2-7 :-012. Prepared by
American Defense Preparedness Association
for U.S. EPA Office of Research and Develop

V. ment, Industrial Environmental Research
Laboratory, Cincinnati, Ohio (February
1978).

Property of Ted Proclv

d Tichnol ogi es,

Rotary Kiln, Wet Air Oxidation, Fluidlzed
Bed, Closed Pit Incinerator,. Batch Box
Incinerator, Microwave, Air Curtain
Incinerator

Other

Munitions Preparation Technologies

R-18 Leary, J. F. Ultimate Disposal of Oil and
Hazardous Materials, CG-D-36-76. Prepared
for United States Coast Guard Department
of Transportation, Washington, D.C.; NTIS,
Springfield, Virginia, AD-A035 137
(October 1975).

Technol ogles

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

Use, duplication, o. disclosure is siubject to restrictions stated in Contract No. OAAKll-a2.C.0u5o with ARRAOCO..
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ACCESSION NUMBER REFERENCE

R-19 Lawless, E. W., Ferguson, T. L., and
Meiners, A. F. Guidelines for the Disposal
of Small Quantilies of Unused Pestic{ies,
EPA-670/2-75-057. Prepared by Midwest
Research Institute for U.S. EPA Office of
Research and Development, National
Environmental Research Center, Cincinnati,
Ohio; NTIS, Springfield, Virginia, PB-244-557
(June 1975).

Property of Ted Prociv

Technol ogi es

Small-Scale Pesticide Disposal Techniques

R-20 Rosen, H. H. Pesticide Pyrolysis Device.
Army Land Warfare Laboratory, Aberdeen
Proving Ground, Maryland (June 1974);
NTIS AD-784 553, Springfield, Virginia.

TACTEC

Technol ogies

Pyrolyzer

L)
R-21 Bucci, R. J., and Meseke, E. L. Process

Description and Compendium of Chemical
AKent Identification Sets Disposal Pro ram
Studies and Reports, ARCSL-SP-81018.
Chemical Systems Laboratory, Aberdeen
Proving Ground, Maryland (November 1981).

TACTEC

Technologies

Molten Salt, Rotary Kiln, Rocky Mountain
Arsenal Facilities

Use, duplication, Or disciosure is subject to restrictions stated in Contract No. OAAKll-82-C-0056 wit1h ARRAOCOM.
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ACCESSION NUMBER REFERENCE

R-22 Stearns-Roger Incorporated. Final Process
Design of the A ent Destructiin Sysie-mo3r
CAMOS. Prepared for Edgewood Arsenal,
Aberdeen Proving Ground, Maryland;
Defense Technical Information Center,
Alexandria, Virginia (February 1977).

TACTEC

Technol ogX
Chemical Neutralization Process

Other

Agent Detoxification Processes

R-23 Chem Demilitarization Install Restoration.
"Demilitarization Plan Operation of the
Chemical Agents Munition Disposal System
(CANDS)". Aberdeen Proving Ground,
Maryland (March 1977).

TACTEC

Technologies

Deactivation Furnace, Metal Parts Furnace,
Dunnage Incinerator

Other

Munitions Preparation Systems

Use. duolication, or discloSurQ Is subject to restrictions stated In Contract No. OAAKIl.82-C-0Q55 with ARRADCOM.
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ACCESSION NUMBER REFERENCE

R-24 Meseke, E. L., and Herd, R. E. Small-Scale
Pilot Incineration Feasibility Study of
Cfhemical Identification Sets, ARCSL-TR-
78059. Chemical Systems Laboratory,
Aberdeen Proving Ground, Maryland (May
1979).

TACTEC

Technologies

Liquid Injection

R-25 Brankowitz, R. W. Demilitarization of
Mustard Agent (HD) at For McClellan,
AXla.bma, ARCSL-TR-77051. Chemical Systems
Laboratory, Aberdeen Proving Ground,
Maryland (April 1978).

TACTEC

Technologies

Chemical .Neutral i zation

R-26 Scott, J., et al. Engineering Study of the
Incineration Facilities at RocAky Mountain
Arsenal. Department of the Army, Edgewoo'd
TArsenal, Aberdeen Proving Ground, Maryland;
Defense Technical Information Center,
Alexandria, Virginia (February 1977).

TACTEC

Technologies

Processes Used at Rocky Mountain Arsenal

u.o

'. Use, dupl¢ictlofi, or dticlO|uur i Is ubjl•t tO restrictions stated In Contrect No. ODAAKI1-S2*C-0055 wit~h ARMOCOP.

•' • *% • '• .• -," -. '% % .= "•" % .! ." " ." .' . * '. ' ,. . . • , . , " • , ' ' . .. • . ,. ..
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ACCESSION NUMBER REFERENCE

R-27 Midland-Ross Corporation, Surface Combustion
Division. Final Concept Design Report
Deactivation Furnace, DRCPM-OR'D-CR-74042.
Chemical Demilitarization and Installation
Restoration, Aberdeen Proving Ground,
Maryland; Defense Technical Information
Center, Alexandria, Virginia (November 1974).

TACTEC

Technologies

Continuous Processing Rotary Retort Furnace

R-28 Valis, R. J., and Vigus, E. S. Pyrolysis
of Detoxified Agent Wastes I, AIM -TR
77024. Chemical Systems Laboratory,
Aberdeen Proving Ground, Maryland
(September 1977).

TACTEC

Technol ogies

Experimental Pyrolysis Equipment

R-29 Santos, J., et al. Design Guide for
Propellant and Explosive Waste Incgineration.
U.S. Army, Picatinny Arsenal, Dover, New
Jersey (October 1973).
TACTEC

Technol ogies

Rotary Kiln, Vertical Induced Draft, Fluid
Bed

U.srs

!,t USe, duplica¢tiofi, or ditl¢osure is subject to reStrictiOnS stated in Contract Nlo. OA•AKI1.82-C-0055 with ARRACCOI4.

:_:•'', ' '.•-• '. , ., ," ,".'.""•". ,: .. "."'." .- ' -" ,, .'": ** ' . " . *".' ,"," :"., .. , ." . ' .. '' .'.•' " ,'' .' .. .. ... .'.,-.**.*.. .,
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ACCESSION NUMBER REFERENCE

R-30 Cheselske, F. J., et al. Study of
Catalytic and Thermal Oecom-os -on of
Toxic Aents. Dnpartment of the Army,
Edgewood Arsenal, Maryland (October 1970).

TACTEC

,.•,Othe;r

Kinetic Studies

R-31 Sass, S., and Davis, P. M. Laboratories
Studies on the Incineration of -ustard -(HD),
EATR 4516. Department of the Army, Edgewood
Arsenal, Maryland (May 1971).

"l ~~Othe._r
Mustard Destructiun Efficiency

R-32 Pugh, U. L., et al. Incineration of GB and
Containment of Gaseous Products, EATR 4463.
Department of the Army, Edgewood Arsenal,
Maryland (October 1970).

Other

.J GB Destruction Efficiency

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKI-82-C-O055 with ARRAOCU4.
I, *& ' - . *
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ACCESSION NUMBER REFERENCE

R-33 Hildebrandt, H. F., Gervasoni, T. R., and
Baker, J. A. Incineration of VX and Con-
tainment of Ga.eous Products (U), EATR 4586.
Department of the Army, Edgewood Arsenal,
Maryland (March 1972).

Other

VX Destruction Efficiency

R-34 Molten Salt Coal Gaslfidation Process
De've•opment, Phase I Final ReportF7DU
O.erations, DOE/ET/10296-66. Prepared by
Rockwell International Environmental and
Energy Systems Division for U.S. Depart-
ment of Energy (May 1980).

Technol ogi as

Molten Salt Gasification

R-35 Molten Salt Coal Gasification ProcesslDevelopmint Unit. Phase Il FiR'al Re'or-t.

Commercial Plant Study, "DOE/ET/I9m
Prepared by Rockwe-1T-1nternational for the
U.S, Department of Energy (May 1980).

Technologies

Molten Salt

Use, duplication, or disclosure is subject to restrictions stated Im Comtract No. DAAKll-82-C-0055 with ARRADCOM,
•'• ," ,• ., .. ., .. . ., . .. . , . .. -. . .. . . .. . .. . . . . . , . . . ... .. . .. . . . .
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ACCESSION NUMBER REFERENCE

R-36 Reeves, A. M., and Kurtz, M. C. "Thermal
Decomposition of GB". Prepared by Army
Chemical Center, Chemical and Radio-
logical Laboratories (August 31, 1954).

t' Other

Agent Chemistry

!ii

R-37 Lapp, R. R., and Schneider, C. J. "An
SInvestigation of the 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).

Other

Agent Chemistry

R-38 Runnio'n, K. N., and Wagner, Arnold.
Incineration of VX and GB with Erlphasis on
Pi ..... lhOSphor'ic Acid Mist ReE:Mval, EM-TR-75037.
Department of the Army,- wood Arsenal,S~Aberdeen Proving Ground, Maryland (April

i975).

Technologies

Liquid Injection

I R-39 Data from Mustard Disposal Operation
• Project Eagle) at Rocky Mountain Arsenal

1972-1974). Provided by Mike Asselin.

Use, duplication, or disclosure Is subjet to restrictions stated In Contrect No. OAAK1•l 82.C-OO55 with ARRAOCOM,
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ACCESSION NUMBER REFERENCE

R-40 Fradkin, L., and Barisas, S. Technologies
for Treatment, Reuse, and Disposal of Poly-
chlorinated Biphenyl Wastes, ANL/EES-TM-168.
Argonne National Laboratory, Argonne,
Illinois (January 1982).

Technol ogi es

Rotary Kiln, Liquid Injection, Multiple
Hearth, Fluidized Bed Mul tple Chamber,
Catalytic Combustion, Pyrolysis, Starved-
Air Combustion, Molten Salt, Catalytic
Afterburner, Mobile Incinerator, Controlled-
Air Incinerator, Molten Iron, Diesel
Engine, Incineration at Sea, High-
Efficiency Boilers, Plasma-Arc, Catalyzed
Wet Oxidation, Hydrothermal Dechlorination

71,

R-41 Muralldhara, H. S., and Young, J. B.
"Comparative Evaluation of Sumitomo Metals
Coal Gasification Process". Report for
Sumitomo Metal Industries Ltd. prepared
by Battelle Columbus Laboratories
(November 1981).

TechnoloUy

Molten Metal/Steel Furnace

R-42 Howes, J. E., O'Connell, W. L., and
Riggin, R. M. "Measurement of Emissions
from Burning PCBs in the Mobile Waste
Processor". Report for Pyrotech Systems,
Inc., prepared by Battelle Columbus
Laboratories, Columbus, Ohio (May 6, 1982).

Technology

Mobile Liquid Injection/High-Temperature
Oxygen Incineration

"Use, duplication, Or disclosure It SUbject to ristrictIoni Stated in Contrict No. OAAK1I-82-C-0055 with ARRADCOM.
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ACCESSION NUMBER REFERENCE

K R-43 Schorr, J. Richard, et al. "Breakthrough
Tcchnologies". Report to Mitsubishi
Research Institute from Battelle Columbus
Laboratories, Columbus, Ohio (January

r• 1982).

Technologies

Nuclear Fusion, Geothermal

D

Ui,

'. ' ., ",

i (...
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ACCESSION NUMBER REFERENCE

J-1 Hitchcock, 0. A. "Solid-Waste Disposal:
Incineration". Chemical Engineering
(May 21, 1979) -pp-n5-194.

Technologies

Pyrolysis, Multiple Hearth, Fluidized Bed,
Liquid Incinerator, Gas Incinerator,
Rotary Kiln, Wet-Air Oxidation, MoltenSalt, Multiple Chamber, Ship-Mounted
Inci nerators

J-2 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.

J-3 PoJasek, R. B. "Disposing of Hazardous
Chemical Wastes". Environmental Science
and Technolo y, Vol 13,No.7 (July'79)
pp. 810-314.

Technologies

Molten Salt, Ocean Incineration

J.4 Fish, R. A. "Disposal Methods for Hazardous
Wastes". Journal of Oil Col. Chem. Assoc.,
Vol. 60, No. 8 (1977) pp. 296-299.

Technologies

"Rotary Kiln, Ocean Incineration

J-5 Berry, E. E. and MacDonald, L. P., "Experi-
mental Burning of Used Automotive Crankcase
Oil in a Dry-Process Cement Kiln". Journal
of Hazardous Materials, Vol. 1 (1975/76F
pp. 137-156.

Technology

Cement Kiln

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKII-2-C-aOO66 with ARRADCOM.
' " ." .. ' • ' ' .' ." . ." - . ' .. .. ' ." . .. . . .. I.. , ... " • , ' " ,. . " .• , I I. ;. . . •: .
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ACCESSION NUMBER REFERENCE

J-6 Tenzer, R. et. al. "Characteristics of the
Mobile Field Use System for the Detoxifica-
tion/Incineration of Residuals from Oil and
Hazardous Material Spill Clean-Up Operations".
"Journal of Hazardous Materials, Vol. 3 (1979)
pp. 61-75.

Technol ogy

Mobile Rotary Kiln

J-7 "EPA-Funded PCB Test Burns are Likely Success".
- Chemical and Engineering News, (July 19, 1982):• ,.-•pp. 29-30.

Technology

Two-Chamber, controlled
Air Incinerator (conventional)

J-8 Basta, Nicholas. "Firms Avidly Seek New
Hazardous Waste Treatment Process".
Chemical Enineering, Vol. 89, No. 18
(September 6, 1982) pp. 53-57.

I Technol oQi es

Mobile Rotary Kiln, Wet-Air Oxidation,
Supercritical Fluid

J-9 Yasui, TAkaji and Matsuoka, kynshi.
"Hydrothermal Decomposition of Poly-
chlorinated Biphenyls". Environmental
Science and Technology (1980) pp. 550-552.

Technol oov

Hydrothermal

Use, duplication, or 41sclasure is subjct to restrictions stated in Contract No. OAKII*-2-C-O055 witht ARRAOCOM.
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ACCESSION NUMBER REFERENCE

J-10 Modell, Michael, et al "Supercritical
Water". Solid Waste Mianagement, Vol. 25,
No. 8 (August 1982) pp. 26-76.

Technol.oa.y.

Supercritical Fluids

J-l1 "Using Supercritical Water to Destroy
Tough Wastes". Chemical Week, Vol. 130,
No, 16 (April 21, 1982) p. 26.

Technol ogy

Supercritical Fluid

J-12 Flachseberg, Paul. "German Lime Kiln
Developments Meet Quality Demands". Rock
Products (July 1970) pp. 75-83.

Technologi es

Cross-Flow Kilns, Double-Inclined Kiln,
Annual Shaft Kiln, Rotary Kiln

J-13 Gribbin, Walter. "Vertical Shaft Kiln'--
Present and Future". Rock Products
(December 1970) pp. 6870.

Technology

Vertical-Shaft Kiln

Use, dUpliatoan, Or diSClOSUre it subject to restrictions stated in Contract No. DAAKI1-82-C-00S5 with ARAOCOM.
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ACCESSION NUMBER REFERENCE

PP-I Baillod, R. C. et al, "Wet Oxidation
of Toxic Organic Substances". Proceed-
ings of the Industrial Waste CoWrn:e_
34th; Ann Arbor Science Publishers, Ann
Arbor, Michigan (1980), pp. 206-213.

Technology

Wet-Air Oxidation

HPP-2 Johnson, J. G. et al. "Destruction o-F
Hazardous Wastes by the Molten Salt

-L.• Destruction Process". Paper presented
at the Envi ronmental Protection Agency
Seminar, Ft. Mitchell, Kentucky March
1982).

4.~I Technology

Molten Salt

PP-3 Yosim, S. J. et al. "Destruction of
"Hazardous Wastes by Molten Salt Combustion".
Toxic and Hazardous Waste Disposal,
Volume 4; Ann Arbor Science Publishers,
Inc., Ann Arbor, Michigan (1979), pp.
227-243.

Technol ogy

, Molten Salt

,i..,

S' Use, duplication, or dtsciOSUri is subject to restrictions $titedl in Contract No. OM•Kll-82-C-OOSS witth ARRAOCOM,
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ACCESSION NUMBER REFERENCE

PP-4 Kenson, R. E. et al. "Development of
"Effective Incineration Processes for
Toxic Organic Air Pollutants". Paper
presented at the 70th Annual Meeting of
the Air Pollution Control Association,
Toronto, Ontario, Canada (June 1977).

Other

.,. Incineration Operating Variables

PP-5 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 Wasterrn States
Combustion Institute's Spring Meeting,
Seattle Washington (April 1977).

Technol og i es

Midland-Ross' Explosives and Metal Parts
"Furnaces.
Midland-Ross' Kepone Incineration Equip-
ment.
Rotary Kiln, Roller Hearth Furnace

PP-6 Barton, T. G., and Arsenault, G. P.
"Toxic Waste Destruction by Plasma
Pyrolysis". Proceedings of the 36th
Industrial Waste Conference; Ann Arbor
Science Publishers, Ann Arbor, Michigan
(1982), pp. 177-183.

Technoloay

Plasma Pyrolysis

-. Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAKII-8a2-C-0055 with ARRAOCOM.
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H ACCESSION NUMBER REFERENCE
1=•I '•, PP-7 Hornig, A. W. "Decomposition of

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

Technology

High-Temperature Fluid Wall

PP-B Freeman, 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

PP-9 Frankel, I,., Sanders, N., Vogel, G.
"Profile of the Hazardous Waste Incinerator
Manufacturing Industry". Paper for presen-

; itation at the American Institute of
4• Chemical Engineers Conference, Cleveland,

Ohio (September 1982).

Technologies

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

Use, duplicatlon, or disclosure Is subject to restrictions stated in Contra'. No. OAAKII42-C-0055 with ARRADCOM.
_ . . . . . . ..p.. . . . . .



A-30

ACCESSION NUMBER REFERENCE

PP-10 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

PP-l1 Cook, C. S., et al. "A Regeneratively
Air Cooled Cyclone Coal Combustor for
Utility Boiler Application". General
Electric Company, Space Sciences
Laboratory, King of Prussia, Pennsylvania
(n.d.).

Technol ogy

Cyclone Coal Combustor

PP-12 Rinker, T. L. "Regional Facilities for
Hazardous Waste Disposal". The American
Society of Mechanical Engineers, New
York, New York (July 23, 1980).

Technol ogi es

Fluidized Bed, Rotary Kiln

ut',

Use, dUPlicattIon, O'* disclosure is subject to reIstrititOns stated In Conltraict No. OAAKll.I2.C.OO55 with ARRAOCOM.
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ACCESSION NUMBER REFERENCE

SP-1 Greenberg, Jacob, "Method of Catalytically
Inducing Oxidation of Carbonaceous Materi-
&I als by the Use of Molten Salts", U.S.
Patent 3,647,358 (July 23, 1970).

Technology

.'1 Molten Salt

P-2 Eck, J. C., "Furnace for Combined Incinera-
tion of Rubbish, Garbage, and Sewage Sludge",
U.S. Patent 3,777,680 (December 11, 1973).

STlecnology

Multiple Hearth

P-3 Porter, S. M., Weiner, E. C., Shielder, H.
H W., "Solid Waste Disposal Method and Appara-

tus", U.S. Patent 3,716,002 (February 13,
1973).

Technology

c. Rotary Kiln

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

,;I..' Technology

Fluid Bed

P-5 Saitoh, Shigeru, et. al., "Moving Bottom

Incinerator", U.S. Patent 3,861,331 (January

21, 1975).

Technology

Moving Bottom

"Use, duplication, or disclosure Is subject to restrictions stated in Contract No. OAAKII-12-C*OO5S with Afl.AOCOM.
•_ •_•?_,_,,_•. .,._. . . . . ..._• _ _ , _, , . . .. . . .. , .. .. . ..... . . " . . . "'. , ". 1 . .,. - .. , , .. _



A-32

ACCESSION NUMBER REFERENCE

P-6 Yosim, S. J., "Non-Polluting Disposal of
Explosives and Propellants", U.S. Patent
3,778,320 (December 11, 1973).

Technology

Molten Salt

* . -,ei

P-7 Sharpe, P. S., "Thermal Oxidation of Wastes
and Apparatus Therefor", U.S. Patent 3,892,190
(July 1, 1975).

Technol ogy

Liquid Injection

P-8 Tsurata, H,, Makiguchi, M., "Rotary Kiln
Type-Solid Waste Incinerating System and
Method", U.S. Patent 3,827,379 (August 6,
1974).

Technology

Rotary Kiln

P-9 Sargent, E. A., Doner, A. J., "Apparatus for
Disposing of Solid Wastes", U.S. Patent
3,842,762 (October 22, 1974).

Technology
Rotary Kiln

P-1O Yosim, S. J., et. al., "Disposal of Organic

Pesticides", U.S. Patent 3,845,190 (October
29, 1974).

T'echnology

Molten Salt

Use, duplication, or disclosure is subject to restrictions stated in Contract No. AAKI•421.C-.OO55 with ARRAOCOM,

~ . . 2
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ACCESSION NUMBER REFERENCE

P-1l Bolejack, W. J., Jr., Daniel, T. K., Rolison,
"D. E., "Incineration Process for Disposal of
Waste Propellant and Explosives", U.S. Patent

•., '3,848,548 (November 19, 1974).

Technology

"Rotary Kiln

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

Technology

Liquid Injection

P-13 Monroe, E. S., Jr., "Cyclonic Incinerator",
U.S. Patent 3,865,054 (February 11, 1975).

Technol ogy

Cyclonic Incinerator

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

. Technol o_

. 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

Fluidized Bed

"Use, duglicitlun, or disclOsure is sUbJeCt to restrictions stated in Contract go. OAAK11.82-C-OOS with ARRAOCO4.



A-34

ACCESSION NUMBER REFERENCE

P-16 Albrecht, E., et.al., "Fluidized Bed Furnace
Having Coarse Particle Discharging Device",
U.S. Patent 3,910,208 (October 7, 1975).

Technology

Fluidized Bed

P-17 Roberts, E. J., Angevine, A., "Fluid Bed
Incineration of Wastes Containing Alkali Metal
Chlorides", U.S. Patent 3,907,674 (September
23, 1975).

Technolo gy

Fluidized Bed

P-18 Zetterstrbm, K. A., "Device for the Purifica-
tion of Process Wastes Gases", U.S. Patent
3,940,253 (February 24, 1976).

Technology

Pollution Control

P-19 Copeland, G. C., "Method for Oxidation of
Sulfur-Containing Substances", U.S. Patent
3,949,684 (April 13, 1976).

Technology

Fluidized Bed

P-20 Bernaliner, M. N., et. al., "Process and
Cyclone Reactor for Fine Decontamination of
Industrial Waste Water Containing Organic
and Refractory Mineral Impurities", U.S.
Patent 3,974,021 (August 10, 1976).

Technoloqgy

Cyclonic Incinerator

Use, diplicatton, or dilclosure is subject to restrictions stated in Contract W, OAAK11-8Z-COO55 with ARRAOCOM.
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ACCESSION NUMBER REFERENCE

P-21 Greenberg, Jacob, "Solid-Liquid Waste Inciner-
ator Utilizing Liquid Catalysts", U.S. Patent
3,974,784 (August 17, 1976).

Technology

":Ii Liquid Injection (Submerged Flame)

P-22 Priestely, R. J., "Dilute Phase Waste Incinera-
tor", U.S. Patent 4,021,184 (May 3, 1977).

b, Technol ogy

Fluldized Bed

P-23 Barry, L. T., Czope, G. W., "Method and
"Apparatus for Treating Waste Material in a
Counter-Current Incinerator", U.S. Patent

.', 4,046,085 (September 6, 1977).

Technology

.! rMultiple Hearth

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

Technology

Multiple Hearth

P-25 Hara, S., Kato, T., "Method of Treating Sewage
S,,*.. Sludge", U.S. Patent 4,050,390 (September 27,

1977).

Technology

"" Multiple Hearth

Use, duplication, or disclovure is subject to res•rictions stated in Contract No. DMAKII-82-C-0055 with ARAMOCOM,
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ACCESSION NUMBER REFERENCE

P-26 Miller, S. T., Hardison, W. G., "Catalytic
Abatement System", U.S. Patent 4,054,418(October 18, 1977).

Technology

Pollution Control
I'..,

P-27 Sowards, N. K., "Low Pollution of Solid
Waste", U,S. Patent 4,075,953 (February 28,
.1978).

Technol ogy

Fluidized Bed (combined with cyclonic)

P-28 Kershner, Seymour, "Fibrous Filter Incinera-
tor", U.S, Patent 4,085,689 (April 25, 1978).

Technology

Filter Incinerator

P-29 Lanier, John H. Jr., "High Temperature Oxy-
"gen Hazardous Waste Incinerator", U.S. Patent
4,338,870 (July 13, 1982).

Technol ogy

"Liquid Injection (injection into preheated
oxygen chamber)

P-30 Hoskinson, Gordon H. , "Combustion Apparatus
"Utilizing an Auger Having an Integral Air
Supply Sytem", U.S. Patent 4,338,869 (July

""* ... 13, 1982).

Technology

Auger Combustor

Use, duplicatlfto, or disclosure, Is subject wo restrictiuns stated in Contract Pic. OAAKI-6a2-c.OO55 with AUKAOCOM,
• ,' • •," ."' •i '•,''': ''._''"1. . " " . ." .. •• • • • - _: __'/ - • : ' _:
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Iwo ACCESSION NUMBER REFERENCE

P-31 Lientz, la Clede, "Refuse Burning Process and.4 TApparatus", U.S. Patent 4,338,868 (July 13, 1982).

Technology

Rotary Furnace

P-32 Moore, Walter T., "Solar Powered Chemical Proces-
sing Method and Apparatus", U.S. Patent 4,339,922
(July 13, 1982).

: .4 TechnologY

Solar Powered Chemical Processing Method
and Apparatus

P-33 Van Loar, Jacobus, Felthuis, Jacob, and Kastelic,
Wilhemus, "Shaft Furnace Having Cooling Plates",
U.S, Patent 4,332,554 (June 1, 1982).

Technol on~

Shaft Furnace

P-34 Fitch, R. E. and Tyer, C., "Fuel Feed Technique
"for Auger Combustor", U.S. Patent 4,331,084
(May 25, 1982).

Technology

Auger Combustor

P-35 Gold, Louis, "Management of Chemical Toxic Waste",
U.S. Patent 4,331,088 (May 25, 1982).

Technology

Coal Reactor (vertical shaft furnace)

Use, dfiglcatlon, or disclosure Is subject to restrictions stated In Contract No. OAAKll-0.-C-.OO5 with ARADOCO,-
-, , .: -:=- .-* I- ' -, . _Z '''L _ ; - _. • • " • . • _ -_• -L 1 " :. ..
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ACCESSION NUMBER REFERENCES

P-36 Kranzl, Franz A.,and Springer, Helmut, "Walking
Beam Furnace", U.S. Patent 4,330,262 (May 18, 1982).

Technology

Walking Beam

P-37 Burton, Robert E., "Burnin2 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

,e dupliCition, or disclosure is subject to restriction% Itith IM Contract No. DOAKI-62-C-*OOSS with AlMC•€ON,
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ACCESSION NUMBER REFERENCE

MI-i Summary of the University of Tennessee's
Magnetohydrodynamic Process for the Generation
of Electricity.

Technology

Magnetohydrodynami c

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

Technology

I'. t Fluidized Bed

ML-3 Summary of Battelle's Spouted Bed Combustor

Technol ogy

Spouted Bed
2. •.

ML-4 Summary of Energy Concepts Company's Fuel
Gas Cleaning Process.

Technol ogy

Molten Salt

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

•-' " 'Technology

"Molten Metal (Iron)

ML-6 "Process Description for the Thermal Destruc-
tion of Toxic Waste Materials". Proposal
prepared by the Franklin Research Center,
Process Technology Division for Battelle Memori
al Institute (July 21, 1982).

Technolo.y

Rotary Kiln

Use, duplication, or disclosure is subject to restrictions stated in Contract No. lMKl1.82.C-0055 with ARRA.O...
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"ACCESSION NUMBER REFERENCE

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

Technology

Solar

ML-8 Description of High-Temperature Fluid-
Wall Reactor. Thagard Research Corpora-
tion, Irvine, California (n.d.).

*,, Technology

High-Temperature Fluid Wall

U .'."-'4

'I%

...A

'• Use, duslicetion, or disc~losure is subject to restrictions stateI in Contract No. OAAKl1-62-C-OO55 with ARRMOCOM.
"4 - , , .. ... , ,- . - -,", , -.,' - .''o -. .. . . ". . . . . . ' ' " .. . " " .' . .- ." " ' .. - "-"'. ' " ".--



A-41

ACCESSION NUMBER REFERENCE

M-1 Wilkinson, R. R., Kelso, G. R., and Hopkins,
F. C. State-of-the-Art Report: PesticideDisposaT Research, EPA-600/2-78 183.

Prepared by Midwest Research Institute for
U.S. EPA Office of Research and Development,
Municipal Environmental Research Laboratory,

V. -Cincinnati, Ohio; NTIS PB 284 716
(September 1978).

Microfiche of report

M-2 Scurlock, A. C. Incineration in Hazardous
Waste Management, EPA/530/SW-141. U.S.
EPA Office of Solid Waste Management
Programs, Washington, D.C.; NTIS PB 261 049
(1975).

Technol ogy

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

M-3 Gruber, G. I. Assessment of Industrial
Hazardous Waste Practices. Oroanic
Chemicals, Pesticides and Explosives
Industries. Prepared by TRW Systems
Group for U.S. EPA Office of Solid Waste
Management Programs, Washington, D.C.;
NTIS PB 251 307 (April 1975).

Technolocy

Rotary Kiln, Fluidized Bed, Liquid
Injection

,I'-

Other

",'.J• Treatment and disposal technologies
employed in the military explosives
industry

Use, duplication, or disclosure is subject to restrictions stated In Contract No. DAAK1l-82-C-OO55 with ARRA)COM,

¾',. . .. ... ... , . , .. . .*.' *.* ..* * .% ,, .. . .. ., .,,, ., ,.. .
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ACCESSION NUMBER REFERENCE

M-4 Ottinger, R. S., et al. Recommeded
Methods of Reduction. Neutralization.
Recovery or Disposal of Hazardous
Waste, Volume III, EPA-670/2-73-053-C.
Fri-epared by TRW Systems Group for U.S.
EPA National Environmental Research
Center, Cincinnati, Ohio; NTIS
PB 224 582 (August 1973).

Technol ogy

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 1'982).

Use, duplication, or disclosUre is Subject to restrictions stated in Contract No. OAAKII8.2.C-OO5 with ARRAOCOM,
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THERMAL PROCESS QUESTIONNAIRE

Company Name:

S:':\," A. PROCESS DESCRIPTION: A general conceptual description of the candidate
process itemizing-the major components is needed. A process flowdiagram would be preferred.

SB. STATUS OF TECHNOLOGY (Check one):

"(1) Commercially available Pilot Plant Bench Scale

Lab Scale Conceptual

(2) Probability of successful development within 5 years?

(3) 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 tho information (e.g.,
pilot plant data) would also be beneficial.

C. FEEDSTOCK REQUIREMENTS:

(1) What feedstocks can the process accept?

Liquid Agents

Combustible Solids
S.... '" Non-combusti bl e Sol ids

Contaminated Aqueous Alkaline Solutions

, ' Etc.

(2) What is the maximum size of feedstock?

(3) Are there other restrictions on physical form?

(4) What is the acceptable concentration range?

(5) What is the expected throughput?

(6) Can the process accept explosives and propellants? Yes No

(7) Are there any other feedstock limitations or contraints?

Use. dupliCation, or disclosur'e Is subject to restrictions stated in Contract No. OAAKl1-82-C-0095 with ARRAOCCO.



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:

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

(2) What is the recommended methodology?

(3) What are the alternate products?

(4) Are there alternatives?

F. THERMAL DESTRUCTION POTENTIAL:

(1) What is the projected destruction efficiencies?'

Agent Explosives Metal Parts

(2) What factors affect these?

G. RELIABILITY:

(1) What are the probabilities of a system upset occurring?

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

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

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

(4) What is the mean time between failures?

Use, duplicatlon, or disclosure Is subject to restrictions Stated in Contract No. OAAK1I-82-C.0055 with ARRAOCOM.•~~~~~~~~~~~~~~~~~~~~.''..L..;...'."..?.'...:.'............•...'..•..'..I..... ..'.....'.'. ...'. " • ,. • , -. "".', ." .1... . ... . • .



S.THERMAL PROCESS QUESTIONNAIRE PAGE 3

H. SAFETY:

(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?

I-
"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

1,i

Please return questionnaire by September 27, 1982 to:

Mr. David R. Hopper
"Task Leader, Industrial Survey

; 'Battelle's Columbus Laboratories
505 King Avenue"" I? Columbus, OH 43201

\•*i I%*

, ,',; Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAK1l-82-C-005$ with ARMOCON,
- .... ,'a, ,



APPENDIX C

THERMAL PROCESS DESCRIPTIONS

use. duplication, or disclosure Is subject to restrictions stated In Contrinct No. DAAKII-82-C-0055 with ARRACCOM.
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-• C-1
PROCESS NO. 1

ROTARY KILN (COCURRENT)/MOLTEN METAL

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
and metal parts exiting the kiln are fed into a baffled,;. 'molten metal furnace. A reactive slag can be used in
the molten metal furnace in order to reduce pollutioncontrol requirements.

FLOW DIAGRAM:

VOLATILE

"it

MuNITION ROTARY tMOLTEN FLUE GASES

. 5X DECONTAMINATED
SLAG

MOLTEN METAL FURNACE•. ,:• BURNER

FEED FLUE GAS

f MOLTEN METAL

•DRAIN

STATUS: Conceptual

SADVANTAGES: Reduced pollution control requirements. Slag and flue
gases can be rendered 5X decontaminated. Large range of
munitions can be processed.

SZ DISADVANTAGES: Problems associated with typical rotary kilns, such as:
e High capital cost
* Low thermal efficiency

; ,:• * Problems maintaining seals at ends of kiln
High pressures required for flue gases to overcome pressure
drop associated with metal bath.

'I REMARKS: Worth further consideration

J Use, dUplication, Or discolure Is subject to restrictions stated In Contract No. DAAKII-82-.OCO- 5 with ANRAOCOM,SI I * I iII•Ii I• I4 %d . .q . . , . " " " . .•t . • - - . . .e. - .*



C-2
PROCESS NO. 2

SUPERCRITICAL FLUID (THERMAL DOWNLOAD)

DESCRIPTION: 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
decontami nated.

FLOW DIAGRAM: LIQUIDS

MUNITION SUPERAUTOCALAV INCINE ATROR

(METAALPARTS)

'2iSX METAL THEI•MAL L AFTERBURNE

PARTS$ ASH DECONTAMINATION

.4 Is .
"•'. '_ DRY

SCRU1BER

STATUS: Conceptual

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

DISADVANTAGES: Danger of explosion when exposing munition to supercriti-
"cal fluid.
High operating cost associated with maintaining high
pressures in autoclave.

REMARKS: Extensive development required

Use, duplication, or disclosure is subject to restrictions stated In Contract No. OAAKll-82-C-OO5 w•t•t ARIADCOM,



H c-3

PROCESS NO. 3

ECOROCK

DESCRIPTION: High-temperature (2200 F) incineration or pyrolysis of

waste and subsequent incorporation of solid residue

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

solid is crushed and used in production of paving

aggregate.

ROTARY DRUM AIR POLLUTION

~~ 7? FLOW DIAGRAM: SOLIDi WA8TK HEEE ASTE QMN
FEED *-IA

MMCRMLLLR

BURNONUT

AIR COOLED AGONEGATR ERI

I~MANUFACTURER: Franklin Research Center 10' CRUINING

APPLICATIONS: No't yet applied to hazardous wastes

STATUS: Experimental to Pilot

.4 .~,ADVANTAGES: High temperatures lead to high dlesctuction efficiency.
Residue sealed in a non-leaching end product.

~ Major energy requirements can be supplied by feedstock.

I End product is marketable.

DISADVANTAGES: Potential materials compatability problems.

Ash chemistry is unknown.

use, duplication, or disclosure is Subject to restrictions stated in Contract go, OAAKI1.a2.C-0055 with ARRAOCON.



PROCESS NO. 4C4

SUPERCRITICAL FLUID

DESCRIPTION: Oxidation of waste material using water in the supercri-

tical state as the process medium (374 C, 3200 psi).

FLOW DIAG3RAM:
* -C Feed

* -( Makeup VA~te

Feed

* T~nkFeew
Puimp

EdIC

STATU: Exprimenal topiloetSaed

Cpitals - unknowniize

Stubam reco inTea ofa uolv
- No need for additional oroesn ofwt.

DISADVANTAGES:WHih 2 prsueN ri2soite1opesincss

* s. dulcalo. r islour I sb~cttor~trcton satd n onrat o.OAK1-a-coo5 itAirACO
o S... .an.

Oxygen 2, . A . . . .



C-5
PROCESS NO. 5

ELECTRIC FURNACE (INFRARED)

DESCRIPTION: A horizontal, rectangular, ceramic fiber blanket-lined,

steel shell containing a moving horizontal woveii-wire
1_0 belt and radiant heating elements.

FLOW DIAGRAM:

IAIING 'NOV.N *-A

MANFATUER Shirco"I Inc.,k Midland-RossOIL

STANUATUS: R CnircInc., avidlableos

COST: 50 M gal/day 20 percent solids:

Capital - $1.5M (without cleanup e.g.)

Operating - cost of 50 lip

ADVANTAGES: Low capital cost

Low operation and maintenance costs (waste heated by
ml radiation)

No explosion danger
1.) Easy shutdown and start up (possible intermittent oper-

ation)

DISADVANTAGES: Large floor space requirement; gas clean up required;

resistant heaters susceptible to frequent burnout;

can only be used on slurries that contain at least 15
percent sol ids.

Use, duplication, or disclosure Is subject to restrictions stated In Contract No, DA.AK1l-82-c-o055 with ARRABOCN.



PROCESS NO. 6 C-

MAGNETOHYDRODYNAM ICS

DESCRIPTION: Combustion of coal at slagging temperatures (5000 F) and

subsequent acceleration of flue gas through a nozzle

into a magnetohydrodynamic generator.

FLOW DIAGRAM:

"-It
lIMF

DONSuA

MANUFACTURERS: University of Tennessee, TRW

APPLICATION: No known hazardous waste treatment

STATUS: Experimental

ADVANTAGES: High potential for energy recovery

DISADVANTAGES: Highly likely to encounter materials compatability pro-

bl ems.

Z..

Use, duplication, or ditclasure is subject to restrictions stated in Contract No. OAAKIl-82-C-0055 with ARRAOCOM.
2 Lt%*. Y. ** * *. .. ... *** *--*A. : : ' . - ~ ".~ *'



,l C-7

PROCESS NO. 7-

m SPOUTED BED

DESCRIPTION: Injection of gas at high velocity through a small central

-i . operature into a cylindrical vessel filled with coarse

::, :,' solid particles. A cyclical pattern of movement is formed
as particles peak in center of cylinder and return to
bottom along cylinder wall.

FLOW DIAGRAM:

: 1/'-\'V\II
•:1 I I -

* 1| 4 ft,

................................................... GAS1AR~CiI3ot

MANUFACTURER: Battelle Memorial Institute

APPLICATION: No known application to hazardous wastes

STATUS: Experimental

ADVANTAGES: Low heating value fuels can be incinerated due to good
heat recirculation; advantages over conventional fluid-
ized beds: lower pressure drops, better mixing; higher

"residence time capability.

DISADVANTAGES: High potential for gas short circuiting bed, primarily

used to react on solids.

4-- Uf,. duplication, Or disclosure is subject to restrictions stated in Contract No. O•AKll-82-C.0055 with ARRAOCOM.
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PROCESS NO. 8

FLUIDIZED BED

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

through a bed of inert granular material. The agitation

of the bed creates a dense, well-mixed medium which

behaves like a liquid. Wastes are injected into or just
above the bed. An auxilliary fuel is used to preheat or

,,.'" maintain bed temperature.

FLOW DIAGRAM:

FLUE OAS 4

AUXILIARY

MAKEUP SAND SURNEE (OIL OR GAS)

ACCESS 0OOR

"I.}SAND l o& WAIVE INJECTION

SFLUIDIZINO AIR
.4.

ASH REMOVAL

MANUFACTURERS: Lurgi, General Atomic Copeland Systems, Energy Inc.,
IN Scientific Design, Aerojet

APPLICATIONS: Primarily used for the destruction of sludges from munici-

pal wastewater plants, oil refineries, and pulp and paper

mills. Some work with organics such as PCBs, pharmaceu-

"tical wastes, phenolic wastes, and methyl methacrylate

has been performed.

STATUS: Commercially available
Uunw

":,I Use, duplictitono or disclosure Is subject to restrictiOns stated in Contruct No. DAAK11-82-C-OO5I with ARRAOCOM.
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PROCESS NO. 8

FLUIDIZED BED (continued)

COSTS: Costs estimated by Energy Incorporated for 50 gal/hr

unit:

Installed cost - $1.3 million
operating cost $.25/pound of waste

ADVANTAGES: Applicable for solid, liquid, and gaseous combustible

wastes.

Simple design requiring no moving parts.
Compact due to high heating rates, reduces capital

cost.

Low temperatures and excess air requirements, lower
NOx 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.

Temperatures can notexceed softening point of the bed

to avoid agglomeration.

High operating cost.

I Un

tK' Use, duplctcl(:of, or disclosure is subjec:t to restrictions sitate in contract No. [)AAKI!.42-C.OO55 with ARRADCOM,
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PROCESS NO. 9

UV DECOMPOSITION (PHOTOLYSIS)

DESCRIPTION: Degradation of wastes using ultraviolet light. Ultra-

light may be supplied by sunlight, lamps, or lasers.
In addition, some processes involve the bubbling of

ozone through waste for oxidation.

FLOW DIAGRAM:
, 'Mixer

UV U ht

Tmprnitelre

2% ReeaI V
So intern inois U ersityouion

verityorna

MANUFACTURERS: Houston Research
Westgate Research (ozonation)
Southern Illinois University
University of California (laser)
FOCUS (solar)
Atlantic Research Corporation
QED (solar zapper)

APPLICATION: PCBs

ADVANTAGES: Potential for removing pollutants prior to final
destruction.

DISADVANTAGES: Designed for liquids and many other toxic compounds

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKl142-C-OO55 with ARRAOCOM.
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.N,' PROCESS NO. 10

SOLAR ZAPPER

DESCRIPTION: SOLAR ENERGY, CONCENTRATED TO 10,000 TIMES

AMBIENT LEVELS, IS USED TO THERMALLY AND
PHOTOCHEMICALLY DEGRADE HYDROCARBONS. THE
PYROLYSIS PRODUCTS ARE SUBSEQUENTLY
INCINERATED

Gas ReceivyreFLOW DIAGRAM: Dischargeas Reactor

IN•. "E "•• •ffl uent

Heat Combustor Combustion

MANUFACTURERS: Focus ENVIRONMENTAL SYSTEMS

PREVIOUS
APPLICATIONS; DESTRUCTION OF PCBs

STATUS: PILOT ,"..ANT

ADVANTAGES: Low OPERATING COSTS
UTILIZES SYNERGISM OF THERMAL AND PHOTOCHEMICAL

DISADVANTAGES: TECHNOLOGY Is NOT WELL UNDERSTOOD

EVALUATION: A UNIQUE COMBINATION OF MECHANISMS THAT

HAS POTENTIAL FOR AGENT DESTRUCTION

.I Ule, duplication, of disclosure is lubjuct to restrlctions stated in Contract No. OAAK11-a2-C-OO55 with ARRAOCON.
'%.••9 ',,,, •. % ',,• .. ,w.,t. ' ., "., . r- , .' " . ' '. ' • ,. • . .• , ., " , . ' . r " . ' " ' .
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PROCESS NO. 11

LIQUID INJECTION

Description: Incinerator which destroys liquids and slurries by atomiz-
ing the waste by atomizing the waste and mixing it 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 specialized liquid injection

combustor, the vortex, waste injected tangentially.

tOU *4115 PlUM RAW

IIPAMI CV~U I
A~AC

WAl 1

trio 
OM.

Peabody Inentional Prnd TaeThra

MAPPLICATIONRS: PCis pestircies, hierbw-icides, polyer wastembstphnol,

still and reactor bottoms

Use. duplication, or disclosure Is subject to restrictions stated inf Contract No. OAAK11-824-C-OO5 with ARRADCOM.
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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 liquid 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 nozzle
can be incinerated.
Burners susceptible to pluggagu.

LJ

UUse, duplication, or disclosure is subject to restrictions stated In Contra'ct No. OAAKII.82.C-0055 with ARRAOCOM,

*1 ' •"• ~.* ~ ,
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PROCESS NO. 12

CEMENT KILN

.. DESCRIPTION: Integration of waste incineration with a process used in

2! cement manufacture. Waste, limestone, and cement additives
are fed to a rotary kiln and subjected to 2600 F tempera-

tures and residence times of up to 10 seconds. End product

is the solid clinker found in cement.

1RAW

4Pt
' OUSTIMiN41WS

OUS .
L

MANUFACTURERS: Alpha Portland Cement Co., General Portland Co., SCA
Services, Inc. (Chem-Thol), St. Lawrence Cement Co.,

Marquette Cement Company.

STATUS: Commercially available technology.

COSTS: Possible savings in cement production costs if waste has

significant heating value.

APPLICATIONS: Hard to burn wastes have been successfully destroyed in

test burns. Less hazardous materials such as waste
solvents and still bottoms from solvent reclaiming opera-

tions have already been purchased and burned on a continuous
basis by cement companies.

ADVANTAGES: High temperatures and long residence times are well-
suited for hazardous waste destruction.

Wastes may decrease production costs if they have fuel

value.

A Chlorinated wastes neturalize alkaline clinkers.

UIO, du0plicaion, or disclIOSUr IS WuNject t1o trictions Stated in ContraCt No. OAAK1.a82-C-oo55 with ARRAOCOM.
- 'L..... ',, • L' -- . *9* " 9 " . . . * %,h*..¶" . "•... .• •. .'4 -.* "%. -- " ., • ,.+ - a•, •_'. ' . . " . ".", _ '. • ; • ,. , - 9 ,.''•.+
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PROCESS NO. 12

CEMENT KILN (continued)

DISADVANTAGES: Increase in particulate matter in the waste stream.
Lack of public support.

i~i

t-i(

Use, duglication. or disclosure is subject to restrictimns stated In Contract No. OAAK11.62-C-0055 witht ARRAOCOI4.
. - ,-

ii .I.. . . . . . .
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PROCESS NO. 13

ROTARY KILN

DESCRIPTION: A cylindrical refractory-lined shell that is mounted at

a slight incline from the horizontal. Rotation of the

shell mixes waste with combustion air and transports the
waste through the kiln. Handles liquids, solids, and
gases.

CONVEYOR
,:.•'lSOLI D WASTE

/FEED CHUTE
* ROTARY KILN

iId

KILN EXIT DUCT

\ ASHES
WASTE FEED ASNES

SAMPLE
ASH RESIDUE "

SAMPLE

MANUFACTURERS: Midland Ross, Lurgi, Bigelow-Liptak, C&H Combustion,

"Met-Pro, Vulcan Iron Works, TRW Systems, Inc., C.E.

Raymond, Franklin Research Center, Brown Engineering,

Versar, Thermall, Ford, Bacon & Davis, Stock Equipment,

Kyle Machine Works.

APPLICATIONS: PCB wastes, munitions, chemical warfare agents, polyvinyl-

chloride waste

STATUS: Commercially available.

COSTS: PCB wastes

5,000 metric tons/yr
,* Capital $3,648,900

Operating $741.00/metric ton (1978) dollars

Use, duliCatl•on , or dlsclosure is subject to restrictions stated In Contract No. DAAK11482.C-OO5 with AlRADCON,
* 1 * . *4,
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' i2Ki PROCESS NO. 13

*1' ROTARY KILN (continued)

ADVANTAGES: Able to indinerate wastes in any physical form.

Capable of accepting wastes from a variety of feed

mechanisms.
Feed capability for drums and bulk containers.

No moving parts inside kiln.

"Can operate at high temperatures (> 2500 F).

DISADVANTAGES: High installation cost.

Particulate matter entrained and carried out of reactor
before complete combustion.

Low thermal efficiency.
f Problems arise maintaining seals at ends of the kiln.

'..

LI

USe, dupliCatIOR, Or dIScOOSg~ is slUbj*Ct O1 restrictiOnS Stted in ContrlCt No. OAAKII-02-C.OO55 with ARRAOCOM4.
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PROCESS NO. 14

INDUSTRIAL BOILERS

DESCRIPTiON: Cocumbustion or use of waste as fuel In devices, whose
primary purpose Is energy production, such as industrial
boilers and process heaters.

1�

25007
.�1

26007
4 .� K

* 2A007 _____ I74 - --
GAS

IN.flcrIoN ?O1WT

(a) AirrUACVIZ DOILEZ (b' 3IT1J��NOU5 3OUJ�

APPLICATIONS: PGB contaminated material, waste oil, wood-pulping waste,

petroleum refining fuels.

STP.TUS: 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 life of boiler

Use, duplication, or disclosure is subject to restrictions stated In Contract P40. DDAKll-82-C.0055 with ARRAOCON.
.. � . .
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PROCESS NO. 15

INTERNAL COMBUSTION ENGINE

DESCRIPTION: A Dorman 6-cylinder, 113 kw, tubocharged, 4-strokejidiesel engine.

:3 ~MANUFACTURER: D & D Group

APPLICATIONS: PCB/TCB

DESTRUCT ION
EFFICIENCY: 99.95 percent

STATUS: Pilot to conmiercial

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

SDISADVANTAGES: Limited feedstock.

UsdpiainHrdslsr:ssbjc orsrcin ttdi otac o AKI8--05Wt RACM
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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,

I!d
loler

$two" Tank

Liquid

Most F64hensier Ibaye a Pump

A r

Air Comiprelsso Expender

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/l0 gpm - 5.5 M/70 gpm

Operatin•g

1.7 cents/gallon - 3.7 cents/gallon

Mai ntenance

1 - 2 percent of plant fixed capital investments
(1982)

Use, duplication, or disclosure is subject to restrictions statid In Contract No. DAAK11-82-C-00S with ARRADCOM.



PROCESS NO. 16 C2SC-I

WET-AIR OXIDATION (continued)

ADVANTAGES: Low operating cost

Low heating value feedstocks can be used

DISADVANTAGES: Limited to dilate solutions

"t "• Extensive downstream processing may be required.

• do o,.u

f.5

. S!

* -*. 1 . . . . . .... . .
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i}!! PROCESS NO. 17

r 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 is heated by electrodes which are
located outside of the pourous core and an outer wall, A

,, gas (transported to radiation) is injected into the pourous
S~core radially to blanket walls and reduce contact between
• m them and waste material.

''I,

SMANUFACTURER: Thagard Research Company

i!!APPLI CAT ION:' Hexachl orobenzene

:!;STATUS: Pil1ot scal e/commercial.
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PROCESS NO. 18

SINGLE STAGE MOLTEN SALT

17DESCRIPTION: TOXIC CHEMICALS AND CONTAMINATED MATERIAL ARE COMBUSTEDJ AND DISSOLVED IN A MOLTEN SALT BATH AT 800 TO 10000C.
ACID GAS COMPONENTS ARE RETAINED IN THE SALT.IFLOW DIAGRAM:Stk

Clesnup

C02, HgO, N2, 02

WWIS

Molten Salt spent molt

-tor W I &I Reproamn

Dispoul 7O
Aah

MANUFACTURERS: ROCKWELL INTERNATIONAL,
QUESTEX CORPORATION

PREVIOUS
APPLICATIONS: DISPOSAL OF EXPLOSIVES, WAR GASES, PESTICIDES, PCB'S

AND OTHER INDUSTRIAL WASTES

STATUS: PILOT TO COMMERCIAL

II. DESTRUCTION
EFFICIENCIES: SIX NINES OR BETTER IN ROCKWELL BENCH SCALE TESTS WITH

WAR GASES

COSTS: 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

Use, duplication, or disclosure is subject to restrictions stated in contract No. DMAK1I1-2.C-0055 withi ARRAOCOM.
7-S S~. . .' -*.* .. * ~ . . .
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PROCESS NO. 18C-4

ADVANTAGES: HIGH DESTRUCTION EFFICIENCY, MINIMAL OFF-GAS CLEAN-UP
REQUIREMENTS, LOW WASTE VOLUME, SPENT SALT HAS BEEN
SX DECONTAMINATED

DISADVANTAGES: COSTS MAY BE HIGH, BULK METAL FEED IS DEVELOPMENTAL
AT BEST, P205 EMISSION IS LIKELY

U *o"

S.¶

A.', '

•*tUe u11ltM o ~ ~ ~~l! u• ttOrsrclfSsae 
n olrc o AilO-COS t: RmACM
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MOLTEN SALT METAL CLEANING

DESCRIPTION: PARTS ARE LOWERED FROM AN OVERHEAD CRANE INTO A MOLTEN
SALT BATH AT 200 TO 5500C, ENCLOSED IN A FUME HOOD.
PARTS ARE THOROUGHLY CLEANED BY OXIDIZING SALT WITH
MINIMUJM ATTACK OF THE METAL

FLOW DIAGRAM:C.R1 Jv

PAPO

MANUFACTURER: KOLENE CORPORATION

PREVIOUS
APPLICATIONS: DESCALING, REMOVAL OF PAINT, TEFLON AND MOLYBDENUM

DISULFIDE COATINGS

.. ..9STATUS: WIDELY USED IN INDUSTRY

R1ADVANTEGES: MAY PROVIDE MORE THOROUGH OR RAPID DECONTAMINATION
ýv AND REQUIRE LESS ENERGY THAN CONVENTIONAL FURNACE

14 TREATMENT

*~ .~ DISADVANTAGES: HAS NOT BEEN TESTED WITH HAZARDOUS MATERIALS

11, Use, duplication, or disclosure Is subject to restrictions stated in cantract No. DAAKIl.82.C-0055 with ApqAOCO4.
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PROCESS NO. 20

""'THERMAL PLASMA SYSTEMS

DESCRIPTION: PLASMA TORCH CONVERTS ELECTRICAL ENERGY
TO PROCESS HEAT VIA A RAPIDLY ROTATING
ELECTRIC ARC, THIS SYSTEM CAN BE USED TO
OXIDIZE OR PYROLYZE AT EXTREMELY HIGH
TEMPERATURES (+2000F), THE HYDROCARBONS
ARE CONTAINED IN A GAS STREAM

MANUFACTURERS: WESTINGHOUSE APPLIED ENERGETICS,
PLASMA RESEARCH, INC.

PREVIOUS
APPLICATIONS: HYDROCARBON PYROLYSIS, BLAST FURNACES

STATUS: PILOT PLANT

ADVANTAGES: HIGH DESTRUCTION EFFICIENCY
Low PRODUCT GAS VOLUME
Low CAPITAL COSTS

DISADVANTAGES: HIGH OPERATING COSTS

CAN'T PROCESS METAL PARTS
PREDICTION OF PRODUCTS Is DIFFICULT

EVALUATION: HIGH POTENTIAL FOR AGENT DESTRUCTION,

MAY BE INCORPORATED AS AN ENERGY SOURCE IN
AN OVERALL CONCEPT

..5

S4A

Use, duplticaton, or d1sclosure is subject to restrictions stated In Contract No. OAAKl-82-C-OO5 with ARRAOCOM.
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i ',:PROCESS NO. 21

MOLTEN METAL

IDESCRIPTION: CONTAMINATED MATERIAL Is FED TO A BED OF
L}ii MOLTEN METAL (IRON, SODIUM, ETC,),

AGENT Is EITHER OXIDIZED OR PYROLYZED AND
ASH FORMS A SLAG

MANUFACTURERS: PYROMAGNETIC, MINE SAFETY APPLIANCE

PREVIOUS
APPLICATIONS: COAL GASIFICATION, MUNICIPAL WASTE DISPOSAL

STATUS: PILOT TO COMMERCIAL

ADVANTAGES: POTENTIAL FOR HIGH TEMPEnATURE OPERATION

SOLID RESIDUE IS 5X DECONTAMINATED
POTENTIAL FOR CATALYSIS OR REACTIVE MEDIUM
IN BED

r ACCEPTS A VARIETY OF FEEDSTOCKS

DISADVANTAGES: SHORT VESSEL LIFE
•' HIGH OPERATING COSTS

SLAG CHEMISTRY IS UNKNOWN

MAY REQUIRE Top FEED

EVALUATION: HIGH POTENTIAL BUT LAB TESTING Is REQUIRED

I• ..•
IN

I Un

•'. USe, dup~~liction•, or diSlcOture i$ subliact to resltritions O al te in Contract No. OAAJIKt2-C:-0O55 witth ARRAOCOM.
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PROCESS NO. 22

GEOTHERMAL

CONCEPT: DEPOSIT HAZARDOUS WASTES ON THE OCEAN FLOOR

IN A SUBDUCTION ZONE WHERE THEY WILL BE
CYCLED TO THE EARTH'S CORE AND MELTED BY

GEOTHERMAL PROCESS

DIAGRAM:

SSea Level Iid O e ai R g -

Gri ea Floor Subductng "Sea Floor

CBasal t Convection Cell

kp. Gr, 3.07_ _ _ __ _ _ _

PRESENTLY BEING CONSIDERED FOR NUCLEARNWASTE DISPOSAL

i!EVALUATION: ACCEPTANCE UNLIKELY FOR POLITICAL REASONS

* *4 '

U d io, r tisiuru I subasalt to restrictions tt4din Contract NO. n AAIll82-C-0055 with ARlOCOM

Use, dulication, or dsclos i . " r c t
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PROCESS NO. 23

MASHED MUNITION FLUIDIZED-BED

DESCRIPTION: A fluidized-bed incinerator designed to process a"munition mass" consistin of projectile pieces (metal
0, parts 1-6 inches), propel1ant/explosive pieces (1-6 inches),

and chemical agent, The incinerator consis•- 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 too of the vessel.

The munition mash exiting a "munition masher" would enter
the metal parts and explosive/propellant feed system, At
this point, liquid 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 is not static but is moving downward in

:I the annulus, the metal parts and explosive/propellants
work their way downward and are respectively decontaminated
and deactivated by the bed material which is about 1600 F.
As the pieces enter the conical discharge section, the
large metal parts fall into the bulk item discharge conveyor

4 where any adhering bed material is swept away by the Jet
of air which enters at the bottom. Explosive/propellant

:. '., materials that are not entirely deactivated would be completely
4 • combusted by the Jet of air, Therefore, only deconned metal

parts exit at the bottom of the incinerator. The Jet of
air 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 limestone
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 its 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 th- spout tube would be distributed
throughout the bed by circulation of the bed material as well
as by conduction through the spout tube.

S UI

: Use, duplicatiOn, O, dlsclOsurg Is subject to restrictions stat•J 1n Cantruct No. OAAK1I-82*C.O009 wittl ARRAOCIM.
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MASHED MUNITION FLUIDIZED-BED (continued)

DIAGRAM:
MUNITION

1ASHER BED FINALMHAKE-UP FLUE GAS
CLEAN-UP

SURGE
TANK 4

.110
AGENTFEED

DECONTAMINATED
METAL PARTS

STATUS: Conceptual

ADVANTAGES: Possibility of destroying agent, deactivating explosive/
propellants, deconning metal parts all In one unit

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

DISADVANTAGES: Possible difficulty in achieving the proposed feed andmetal parts removal scenarios

Proposed temperature of bed material is above softening
point of common lime (approximately 1300 F) which may
lead to agglomeration
Agglomeration may be enhanced by interaction between

bed material and agent in the spout

Use, duplicatlon, or disclosure is subject to restrictions stated in Controct No. OAAKlI-a2-C-O055 with ARRAOCOI,

"" ,.' I
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PROCESS NO. 24

•':i " :SWINGING MOLTEN SALT

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

Referring to Cycle I in the diagram, Unit 1 is in the vola-
tilization mode. A tray of projectiles, TCs, or bombs is
placed in the vessel and occupies the freeboard area above
the molten salt bath. The temperature of the bath is about
1800 F and radiation from the bath to the munitions is the
dominant mode of heat transfer, The agent Is rapidly vola-I tilized in 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 in 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 lbs/hr.
Prior processing of the munitions would only require that
the explosive/propellant be removed and that the aoent 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
is in the incineration mode receiving agent vapors as well
as combustion air. At the end of this cycle, Unit 3 would
"be the hottest unit since it 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 is
thermally recharged and serves as the incinerator, Thus,
the various functions of volatilization, 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 innerator would not pose a problem because
of the large heat capacity of the beds; hence, control would

-ij not be a problem.
DIAGRAM: (following page)

- Use, duplication, or disCloSureP is *Ubje to restrlctions stated in Contract H. OAAKI.182-C-0055 with ARRAOCOM.
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SWINGING MOLTEN SALT

Flue Gas

C029 H2 0

Unit SysemStatus
7 Vola~tilization

N2  2 Burnout
3 Incineration

Salt
Air Feed

CYCLE II ____________Flue Gas

1 Burnout
2 Incineration

N2  N2  3 Volatilization

Salt
Purge

Air Salt Feed
CYCLEI. Fl ue Gas

I Incineration
2. Volatilization

N3 Burnout

Salt N 2

Purge

Air Salt Feed

* use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKII-82-C.0055 with ARRADCOM,
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PROCESS NO. 24

I SWINGING MOLTEN SALT (continued)

STATUS: Conceptual

ADVANTAGES: 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

DISADVANTAGES: Possible problems with valving network at high
temperatures

i

i"

V.
U, duiIaln o'(coug ssbq o et tossttdI otrc o AK1.2CO5.wttARCO
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S PROCESS NO. 25

SUE BURNER

DESCRIPTION: A fume and liquid incinerator similar to liquid 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,

DIAGRAM: 4,' 0,071

-o"W mili iv IW

1101111

PREVIOUS

MTAUATURER Cmmerciald opn

ADVANTAGES: Extremely stable burner
Turn down ratio of 10:1

DISADVANTAGES: Incapable of processing solids larger than 500 microns

REMARKS: Worth consideration as an afterburner

use. dupl ication, or disclosure is subject to restrictions stated in contract No. OAAK11-82-C-0055 with' ARRAOCOM,
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PROCESS NO. 26

SWINGING MOLTEN METAL

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

The sequence of events is as follows:

-Stage-. A muntion/item, with the agent and explosive
cavTties, punched and plugged, with a meltable plug is
suspended above a molten inetal bath. The radiant and
convective heat vaporizes the agent and ignites the
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
melting and hence 5X decon. Excess metal and slag are
removed in this stage. Volatiles are removed via a
purge flow.

&i Staae-3. Volatiles from the other two baths which are
operating in Stages I and 2 enter the molten metal via

* a lance. Air also enters the lance causino the com-
4 ,,i bustibles to burn as they bubble through the bed. An

appropriate sorbent can also be fed to the bath to
produce a molten slag which removes Cl, F, P, and S from
the flue gas.

In the subsequent phases, the bath formerly used for
incineration is used for volatilization since its tem-
perature is the highest. The bath used to melt in the
previous phase becomes the incineration chamber and the
former volatilization becomes the melt bath.

FLOW DIAGRAM: STAGE I STAGE STAGE III
CYCL I r FLUE GAS

CO, Z'H20
,N Uni Voli tatiitton

.,,I .1 , NA N

SORIENT 3 Ineinfristlo

1. 
t $n{ F 9 1 D Ion

METAL 11 SLAGGA

SLAC i A'0 2 1 M I tREMOVAL \VO'. s1 J "i 3 Yolat"Ilizaton

FLUE GAS 1 nls to

2 Uolatflitation""" IMETAL & SLAG 3 111it

Ulm, dulctoo icouei ujc orestrictions stated in Contract No. OAAK11-12-C-OO55 with ARRAOCOM.

WAQ1F([-
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"PROCESS NO. 26

SWINGING MOLTEN METAL PAGE 2

STATUS: Theoretical

"ADVANTAGES: Efficient use of heat of cumbustion of agent by bath
rotation.

Reduced pollution control requirements if pollutants can
.be captured in slag.

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

REMARKS: Worth further consideration

- a

* d a oth

-- ' .

r'h.

a.•v

*7- Use, duil Iallllofi, or disclosur'e Is subject to relstrictioas state~d In ContraIct Na. OAAKll-6.aC-..OOS w~t? ARLAOCOM.
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PROCESS NO. 27

-j FLUIDIZED BED/FUME INCINERATOR
(INACTIVE)

DESCRIPTION: An adaptation of the Midland-Ross Fume Incinerator/Fluid
Bed Heat Exchanger, Punched munitions are fed to the
bottom of the unit by a ram injector. Falling bed material
thermally downloads munitions and metal parts can be
rendered 5X decontaminated. Vapors rise and are combusted
as they pass through combustion zone. Burning agent andauxiliary fuel heats bed material which is recirculated.

i.1 DIAGRAM:

TO FLUE GAS

5 AUXILIARY FUEL
AS NEEDED

C =1 - FUME
INCINERATION
FLUIDIZED

BED

F, M-]1UNITION/ITEM

INJECTOR

PELLET
RECYCLINK SYSTEM

STATUS: Adaptation of a commercially available process

ADVANTAGES: Capable of handling larger items than conventional systems

Metal parts can be 5X decontaminated utilizing the heatr, ': generated by agent combustion

DISADVANTAGES: Possible difficulty with insuring 5X decontamination due
to interaction of 'ontaminated bed material with metal parts

COMMENTS: Worth further consideration

Usi,, duplicatlon, Or diScloSurt Is SUbject to restrictions statd In Contrict NO. OAAK1132.-C-oO55 with ARRADCOM,
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PROCESS N.2

SEQUENTIAL 3FLUID BED
(E I)

DESCRIPTION: A two-staqe fluid bed proposed for the destruction of
toxins. Toxic waste materials and make-up catalyst are
oid to the first stage (a hot air fluidized bed). The
toxic wastes are pyrolyzed and oxidized in the bed produc-
ir.0 CO2 9 HCl, and C12. The chromia supported on alumina
ca1ikyst promotes the destruction of thermally stable
tuxic compounds and the oxidation of CO to CO. The
exhaust gas from the first stage is used to fýuidize the
second stage. Limestone is added to the second stage to
remove chlorine and chlorides from the exhaust stream.

DIAGRAM: ~.
got

COFIENIA
STATUS: onceptu l~

PRPITR Eeg n EvrnetalI.,Enginerig Ic

UL!
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PROCESS NO. 28

"SEQUENTIAL FLUID BED PAGE 2

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

of removing corrosive gases from the exhaust.
''" Solid and liquids can be fed to the system.

DISADVANTAGES: Possible formation of eutectics leading to bed agglomera-
tion.

COMMENTS: Worth further consideration

Uo 1Ssw

t.1

* I I

4'I

4• I .'

it', us., dulcat4ltOn, O, dIlelOguPe It sUbject to0 rnltrictlons stitod in Contract No. OMK11l-a2-C-005I witht AIRIMOCOM.
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PROCESS NO. 29

PLASMA ARC PYROLYSIS
'I

DESCRIPTION: Containers of agent are placed in an air lock and are
punched or rammed in order to release agent. The liquid
agent is transferred to a reservoir and the containerI' is dropped into a pyrolytic plasma chamber where it is
melted. The liquid agent is pumped into the chamber
at a fixed rate and pyrolyzed. Slag has potential for
pollutant capture.

DIAGRAM: ~ m

. . .... ...... ...... . ,

STATUS: Conceptual

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

Slag can be rendered 5X decontaminated.

DISADVANTAGES: Limited feedstock configurations
High operating cost

REMARKS: Worth further consideration

Ule, dplcaltiton, or dlsclo0010 i SujeCt tO restriCtiont st!ated in Contrmct No. OAAKl.I82.C.OOS5 with ARRACOMq.
*** *. 4 *. .4 . . .. . . . . . . . . . . . . . . . . . '4.
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PROCESS NO. 30

MOLTEN METAL/SLAG THERMAL DOWNLOAD

CA

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 is added and forms a slag layer on the surface
of the molten metal. The slag layer captures halogens

, N~iphosphorous, 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,

,.I :.:' DIAGRAM: AIR SORBENT

'.) "TO AIR POLLUTION

,LOCK CONTROL

PUNCHED
MUNITION PLASMA VOLATILE

.HEATER METAL & SLAG
SLAG LAYER REMOVAL

M4OLTEN M.ETAL

STATUS: Conceptual

I ADVANTAGES: Reduce pollution control requirements
5X decontamination of metal parts in metal bath

', &.Heat generated in reaction chamber compliments auxiliary
burner in volatilizing items

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

Materials problems at temperatures high enough to melt
munitions.

REMARKS: Worth further consideration

*' Ul,, duplication, or dlici•l'urt is sUbject to restrictions stated In Contract No. OAAKII-S2-C.-005 with ARRADCOM.
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PROCESS NO. 31

ROTARY KILN

(Pyrocal Process)

DESCRIPTION: Punched munitions enter the rotary kiln heat exchanger
where the explosives and agent are volatilized and pyro-

lyzed. The pyrolysis gases enter a clean-up device where

the halogens and perhaps sulfur and/or pho3phorus are

removed. The cleaned pyrolysis gas is then mixed with air
and burned in the combustor before proceeding to the stack

and any clean-up or heat recovery devices required.
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:
PUNCHED MNITIW COMB STIO AI

•r-,,.• • HALOGEN AUXILIARY FUEL .

ROTARY KILN COMBUSTOR STACKHEAT EXCH4AWQE.

SLUDGE

SCRAP

STATUS: Modification of commercially-available process

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

device.

Recycling the flue gas minimizes the auxiliary fuel

requirements.

DISADVANTAGES: Pyrolysis products not easily predicted
Possible difficulty in maintaining rotary kiln seal and

seal at heat exchanger-kiln interface.

REMARKS: Worth further consideration

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKII-82-C-OO55 with ARRAOCOM.
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PROCESS NO. 32

FLUID BED (THERMAL DOWNLOAD)

DESCRIPTION: 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-
izes agent and explosives from a punched munition in
the volatile chamber. The volatilized materials enter
"the fluid bed reactor by flowing upward against the hot
bed material entering the volatile chamber. After 5X

* • ~ decontamination, thi. approprite knife valves are closed
and the second volatile chamber, containing fresh
munition, is brought on line.

DIAGRAM: EDMAKE-UP

"TO CLEAN-UP

.I ,,i.a
%-

BED

REMOVALBE/ (
AIR

VOLATILE$S• ' "• '•LOCK

. " PUNCHED MUNITION

STATUS: Conceptual

ADVANTAGES: Good waste heat utilization

Ease of removal of metal parts

DISADVANTAGES: Possible to remove some contaminated bed material when
removing metal parts

'i L!

REMARKS: Worth further consideration

U.e, duplication, or diSlcOSUre It SubjeCt to restrictions stated In Contract No. 0AAK11.2-C.0055 with ARgADOtS,
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"PROCESS NO. 33

RESISTANCE-HEATED FLUIDIZED-BEDS

DESCRIPTION: A conventional fluid bed in which electrodes in the bed
"or wall supply energy to an electrically-conductive bed
material. Temperatures of up to several degrees Celcius

can be achieved with upper limits being primarily a
"result of materials of construction. Hazardous materials

can be either pyrolyzed or oxidized.

"DIAGRAM:

I, I

.* %r

*I g

STATUS: Experimental

:•:•.•DEVELOPER: Ba ttell1e

,•',ADVANTAGES: High t~emperatures pyrolysis or oxidation

S~Smaller size requirements than in conventional
i ncineration

-'.',..,Efficient energy usage (no energy wasted heating
•,,.•.,flue gases )

4,,;•,

;•7',Low gas throughput requires smaller pollution control
S~equ ipment

* ,,

DISADVANTAGES: Materials compatibility problems (materials of
PconstructRon and bed material) due to high

ADVANAGES:Hightemperatures prlsso xdto

High operating costs

"LREMARKS: Worthy of further consideration
dequimentt

'4.4

DIAV•rGS Maeil omaiiiyrbes(mtraso



PROCESS NO. 34C-4

PLASMA ARC VAPORIZER

DESCRIPTION: Munitions/items are fed through an airlock system into a
plasma chamber (Stage I). Nitrogen is ionized to form a
plasma with temperatures ranging between 4000 C and 5000 C.
SThe high temperatures vaporize the entire munition/item
completely disassociating the contained agent. The metallic
vapors (phospides, sulfides, chlorides, and 'fluorides) are

I condensed in Stage II as molten metals and metallic halides,
phosphides, and sulphides. In Stage 111, the remaining
vapors are mIxed with air and combusted to CO2 and H 0.

FLOW DIAGRAM:
STAGE I
VAPORIZERAI STG II

AIRLOCK COMBUSTOR
* 4 RAN rEroift

90 LASI4A C021 H201'

Jk _________ 4~o~soo~ cTORCH

STAGE 11

SLAG, MOLTEN M4ETAL~ METALLIC HALIDES,

~ *,STATUS: Theoretical/experimental

MANUFACTURER: Westinghouse

'IADVANTAGES: Limited feedstock preparation

Reduced air pollution control requirementsIDISADVANTAGES: Principle unproven (conceptual)
High energy costs
Technology needed to produce metallic halides not
yet established
SMaterials problems at high temperatures

REMARKS: Extensive development required and high costs are
likely

I. Use, duplicatioft, or di~cosurf IS $UbJ*Ct to restrictionsg stated In Contract No. OAAKII-82-C-0o55 with' ARRAOCOM.
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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 a large 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 is such that a "layer" of conventional munitions

and AN lines the cavity, and a mixture of conventional

munitions, AN, and chemical munitions/items fills the

remaining space.

After backfilling the entrance shaft, the material is
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 munition5, AN, and chemical

munitions items is chosen to yield a sufficiently high

temperature to decompose the agent (and uptionally, suffi-

cient excess oxygen to burn the agent to a specified degree

of completeness) and sufficient shock pressure to insure

that all chemical munitions have been broken open and all

explosives in such munitions detonated.

DIAGRAM4:

SURFACE

1MINED CAVITY
SHAFT ELEVATOR
(BACKFILLED BEFORE
DETONATION)

CONVENTIONAL HE_____________________
MUNITIONS PLUS

CHEI41CAL MUNITIONS & AGENTS
PLUS CONVENTIONAL VE MUNITIONS
PLUS AMMONIUM NITRATE

Use. duolicatlon, or disclosure is SubjeCt to restrictions stated in Contract No. DMKll-82-C-0055 with ARRACCO.
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PROCESS NO. 35

UNDERGROUND DETONATION (continued)

' N STATUS: Conceptual

ADVANTAGES: No munition preparation required

SDISADVANTAGES: Munitions/items would need to be transported to a site with

suitable underground structure
F,.1 -' Small-scale tests to determine feasibility or proper

mixtures will be difficult to interpret

The chemical munition/item density will be low requiring
_51 ,a large cavity volume per item

Debris and decomposition products remain buried with no

reasonable method of further processing

REMARKS: Worth further consideration

r.1I

t~s, dolitio, o diclaur*is subJect to restrictions stated in Contract No. DMK11-82-C-0055 with ARRADCOM,~

Ofd)lsr -. . ....- '..:~.
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PROCESS NO. 36 C-48

VERY LARGE ENCLOSURE

DESCRIPTION: A fire is started in the enclosure. Packed munitions,

agent containers, etc., are dropped into the fire through

the air lock. Sufficient fuel value (agent, explosives,

propellants, 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-

bility of munitions rolling to the wall), munition/agent

feed is 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.

DIAGRAM: DEAD LOCKS AIRLOCKS

(NOTE: ACTUAL
ROOF CONICAL
OR DOMED) FRAGMENT SHIELD

STEEL •-•

PRE9SURE 100

VEN4TILATED 50'

kIR• # • •'•TO AFTERBURNER
TAND POLLUTION

SHID CONTROL

"4PRELOADED GD
SCRAP

STATUS: Conceptual

ADVANTAGES: Capable of processing all-up munitions

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

REMARKS: Worth fu rther cons iderat ion

Use, duplication, or disclosure is subje•C to restrictions stated in Contrmct No. OMK11-a2.-C-•S with ARRAOCCM,
- . . • . '. " " . . . , . , - - - . - . , , ".e
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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 centerlinr. The munition is
heated as it 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 contributing heat.

Scrap is discharged, cooled, screened for oversize and
undersize, and recirculated. The scrap recirculation rate

is high compared to the munition feed rate.

DIAGRAM:
GASES TO
POLLUTION CONTROL-ll~/LOCK

4
~0 AIR & FUEL

OVERSIZE

UNDERSIZE-,44A

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

L'i Use, duplicatiOn, or diacloguri 1s subjct to retrlct10ns stated in Contract No. OAAKll8-2.C=OO55 with ARRAOCOM.



PROCESS NO. 38 C-50

STEAM PYROLYSIS
(SEGAS)

DESCRIPTION: A continuous, non-catalytic stream reformation process in
which steam is contacted with hydrocarbons at high tem-
peratures (1227 C) over relatively long retention times.
The reactor used (see diagram) is a pressure vessel with
an array of tubes inserted in order to lengthen the
reaction path. The reactants can be heated either
electrically or by burning a portion of the product gas.
Careful selection of the materials of construction of the
reactor is necessary when the fuel is the product gas.
Graphite or silicon carbide tubes are used as the heating
elements in electrically-heated reactors,

DIAGRAM: T" w di out

,LoIuIhIIU ¥ $1e~

IECTRICALLY-H'ATID SEGAS WASTE DESTRUCTION REACTOR

STATUS: Laboratory scale

PREVIOUS
APPLICATIONS: PCB destruction

PROPRIETOR: A. L. Sandpiper Corporation

COST: Assuming a feed rate of 600 gal/hr of pure PCB, costs were
estimated to be:

Capital $2.44 M
Operating $0.41/gallon of waste liquid feed

use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKI1-82-C-0055 with ARRADCON,.......................................



\ ~~PROCESS NO. 38C-1

STEAM PYROLYSIS PG

ADVANTAGES: Simple reaictor construction

DISADVANTAGES: Possible materials compatibility problems

REMARKS: Limited application but worth further consideration

Use. duplication, or disclosure is subject to restrictions ittIated in contract No. OAAKIl-82.C-Oo85 witht ARMADCOM,
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PROCESS NO. 39

INSITU PYROLYSIS/OPEN CAVITY

DESCRIPTION: Pyrolysis of agent within the munitions and bulk containers.
The con.cept involvos 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 frcm rupturinq due to the increase
in internal pressuwe during heating, an expansion volume
container is attached to the cavity. The contai,ier allows
the gases to expand and not cause vessel rupturing. The
concept would require munition unpacking and accessing of
the agunt cavity for those 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 may lose the ability to support munitions/items

after pyrolysis

Munitions/items which could not withstand internal pressures
would have to be urpacked

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

Use, dupliction, or disclosure Is subJect to restrIctions stated In Contract No. OAAKII-a2-C-oo5u with ARMODCOM.
'* *~~~~~~~~~*"d 6;'*. 4 . I' d . ~ 1 , 4 * 4 , * ', '
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PROCESS NO. 40

Ll INSITU PYROLYSIS/CLOSED CAVITY

DESCRIPTION: 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

M 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
,ressure during heating, the chamber pressure would

e cycled to match the munitions' internal pressure
as it is heated or cooled.

STATUS: Conceptual

ADVANTAGES: No pollution control required

Minimum feedstock preparation requirements

DISADVANTAGES: Pallets may lose the ability to support munitions/items
after 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
still be under pressure due to decomposition products

Use, duplication, or disclosure Is subject to restrictions stated In Contract NO. OAAKII-82.C-0O55 with ARRACCOM,
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PROCESS NO. 41

ACID DISSOLUTION/INCINERATION

DESCRIPTION! All-up munitions are placed in an acid-proof vat and acid

solution is pumped over them, dissolving the metal. Resul-

tant sludge Is 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 metal bath, or wet-air oxida-

tion unit.

DIAGRAM:
CHARCOAL

ViNt FILTER

WASTE

STATUS: Conceptual

".1 ADVANTAGES: Pollution control requirements can be reduced if acid can
be recovered and molten salt bath, molten metal bath, or

KIL

rotary kiln with limestone feed can be used for incinera-
tion step

DISADVANTAGES: Dissolution rate not known, and if slow, requirod vat size
may be excessive
If acid cannot be recovered, extensive waste treatment required
Effect on fuzes unknown

REMARKS: Worth further consideration

Uld, duplication, or diScIosure is subjft to restrictions stated In Contract No. OAAKll2-8-C-0055 with ARftAOCOM.
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PROCESS NO. 4

4ý MULTI-SOLID FLUIDIZED BED
(MSFB)

DESCRIPTION: Fluidized bed with the ability 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 suspension and dense phase fluid-bed
particles result in a greatly increased residence time for
the entrained solids.

DIAGRAM:14A

4 Pnoaudi GAS

DAILI
-IN

PROPRIETOR: Battelle

ADVANTAGES: High throughputs achievable
High fluid-bed density and vigorous mixing make the MSFB
relativ.ely inserisitive to the properties of the feed
matqrial
High rates of heat and mass transfer have been achieved
Solids distribution Is simplified because of high ve'locitiesii and vigorous mi~ing
High potential for wa!ste heat utilization

As, duplication, 0or disclosure is subject to restrictions stated in Contract, No. OAAK11-82.C-0055 with APRADOCM,
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PROCESS NO. 42

MULTI-SOLID FLUIDIZED BED PAGE 2

DISADVANTAGES: Complexity of oepration

REMARKS: Worth further consideration

U14, dugliCition, Or disclosure is subje% to restrictions stated in Contract No. 0AAK11.fl-C-OO55 with ARRAOCOM.
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PROCESS NO. 43

VACUUM FURNACE

DESCRIPTION: A furnace run at an absolute pressure of approximately

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

sive and propellant. The large volume and reduced pres-

sure prevent chamber pressure from exceeding one atmosphere

during rapid burning of the explosive. Enough air leaked

into the chamber to burn agent as it evaporates out of

munition. The furnace can be heated by either infrared

or induction heaters. The walls of the chamber should be

kept warm to prevent the condensation of agent or combus-

tion products.
Since the Nash Pump is a constant volume pump, the time in

the afterburner should be independent of pressure and set

by the afterburner volume and pump capacity rather than

agent release rate. Steam ejectors can also be used as a

vacuum source.

STATUS: Conceptual

ADVANTAGES: Explosives do not detonate under reduced pressure

The Nash pump can serve as a scrubber

The agent cavity may not need to be opened since heating

could evaporate agent and burst cavity

DISADVANTAGES: High potential for materials compatibility problems

REMARKS: Extensive development required

I Un

. .. . .*.........i.....,,.... .... ,.,..
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PROCESS NO. 44

INDUCTION FURNACE

DESCRIPTION: A fume incinerator in which energy required to promote

oxidation is 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-
ator).

STATUS: Experimental/bench-scale

DEVELOPER: Midland-Ross

ADVANTAGES: Induction heating offers a means of rapid heating and

possible increased production rates

Less carbon dioxide generated reducing the salt

. generation in the scrubber

DISADVANTAGES: Energy conversion efficiency less than in an IR

furnace
Possible cold walls could lead to agent and/or tar

condensation

,,

""I Use, duplication, or disclosure Is subJect to restrictions stated In ContraCt No. OAAK11-82-C-0055 with ARRAOCOt.
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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 concept evaluated.

Multiple 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 furndces appear

to offer no advantages over rotary kilns 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 is 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 hwarths, arid 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.

UI. t

•' Use, duplicationl, or disclosure ts subject to restrlct10og stated tn Contract No. OAAK11-82.C.00gS wtth AR•A0C•.
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MULTIPLE HEARTH

DESCRIPTION: A refractory-lined steel cylinder divided into smaller

chambers by self-supporting refractor, arches. A central

shaft with horizontal arms plows wa3te along refractor
arch to drop-opening where wastes fall into next chamber.
The wastes fall through successive chambers and ash is

removed at bottom of the furnace. Fuel and air are "intro-
duced through a port on the side of the furnace and combus-
tion gas flow cruntercurrent to wastes. Liquid and gas

wastes can be incinerated by injection through burner
nozzles.

DIAGRAM:
WASTE AIR TO CL.EAN GASES TO
ATMOSPHERE ATMOSPHERE9
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AIR 4ASH SLURRY TO FIL1 RATION AND
ASH TO ASH DISPOSALBLOWER DISPOSAL

STATUS: Commercially available

PREVIOUS
APPLICATIONS: Sewage, sludges, tars, liquids, gases

Use, duplication, or disclosure is subject to tastrictlons stated In Contract No. OAAKll-2-C-OOS5 with ARRADCOM.
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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 efriciency 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

Use, duoliCation. Or disclosure IS SubJect to restrictions stated im Contract No. OAAKll-82-C-0055 with ARRADCOI4.
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LASER

DESCRIPTION: The irradiation of wastes with ultraviolet light

supplied by a laser.
gNgROY

DIAGRAM: MONIMO

LAIRi SAMPLEA
OFF

41 td YAG LI

IQ-50 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 limited

to narrower regions if desired.

DISADVANTAGES: High capital cost (higher than other means of UV irradi-

ation)

Higher operating cost due to inefficient energy conver-

sion associated with laser

EVALUATION: UV pyrolysis with the expensive laser as the source

.ta

•.•.• Use,dulp11tatton, ord1sclosure ts subjeCt to restrictiofls stated in Cont~ratt~ NO, AKll.i2-C-OO55 with APRACCON.,
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MICROWAVE

DESCRIPTION: Destruction of wastes in a thermal plasma energized by
a microwave material (liquid, slurry, solution in water,
compressed cake or pellet) is fed into reaction chamber
(silica or quartz) with a carrier gas. The carrier gas
is ionized and the microwave-induced electrons react with

* neutral organic molecules to form free radicals which
ultimately dissociate or react with oxygen to form simple
reaction products.

DIAGRAM:
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MICROWAVE (continued)

STATUS: Bench-scale/prototype

PREVIOUS
APPLICATIONS: Pesticides, PCBs, nerve poisons, organometallic compounds

DEVELOPER: Lockheed Missiles and Space Company

ADVANTAGES: Low cost
High destruction efficiencies predicted
Metal fumes are less likely to cause problems than

in other high-temperature processes

DISADVANTAGES: 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

EVALUATION: Essentially plasma pyrolysis with a different energy

source

1 U.

Use, duplication, or disclosure Is subject to restrictions statqd in Contract No. OAAKIl-82-C-0O55 with ARRLAOCOI4,
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LIME KILNS

DESCRIPTIOn: The calcination process to produce lime has been performed

in rotary kilns, vertical shaft kilns, rotary hearth

furnaces, and fluidized-beds, The calcination process

involves the burning of calcium carbonate to form lime:

CaCO3 # CaO + CO2

Vertical shaft kilný have been used to produce lump lime

and rotary kilns have been used to produce fine lime.

Highly-reactive lime has been produced in fluldized.beds
and rotary hearth,.

In vertical kilns, crushed limestone is dropped into the

"top of the kiln and is calcined as it falls. Vertical

kilns are fired either by burning a mixed feed of coke

and limestone or by burning oil or gas. The more sophis-
(0)( ticated and higher capacity vertical shaft kllns are oil-

or gas-fired.

Rotary kilns used in lime calcination are commonly 150 feet

long but have extended to lengths of up to 400 feet ý.ith

11 feet diameter.

In the rotary hearth calciner, limestone is dropped onto

a slowly-ritating disk that serves as the furnace bottom,

Combustion air and fuel are fired into the kiln tangent

to the side walls and above the limestone bed. A vortex

is formed as hot combustion gases move upward toward the

stack. After one complete revolution, the waste is plowed

off the disk and exits through a drop hole.

STATUS: Commercial

ADVANTAGES: Capture of acidic pollutants by lime

DISADVANTAGES: Commercial units too large anO have higher capital cost

than necessary.

EVALUATION: Repeat of conventional technology plus a reactive medium

Use, duplicatiom, or disclosure is subject to restrictions stated in Contract No. OAAKll .e2-C-0055 with ARRADCOM.
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GLASS MELTING FURNACES

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 lined 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 melt. Regenerative firing is commonly practiced when
heat Is supplied by combustion. In regenerative firing,
the flow of combustion air and flue gases Is reversed every
15 to 30 minutes to take advantage of sensible heat stored
in brick lattices (checkers) and preheat intake air. The
major raw materials are sand, soda ash, and limestone or
lime. The following chemical reactions are involved:

Na2CO3 + aSiO2 -. Na2 0.aSi0 2 + CO2

CaCO3 + bWiO2 + CaO.bSiO2 + CO2

Na2SO4 + cSi02 -o-Na 2 0'cSiO2 + SO2 + CO

DIAGRAM:
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GLASS MELTING FURNACES (continued)

STATUS: Commercial

ADVANTAGES: Capture of pollutants in glass melt

DISADVANTAGES: Commercial units may be too large and have highI capital cost
EVALUATION: Essentially a molten salt process

f

Ii- Use, duplication, or disclosure is subject to restrictions stativd in Contract No. OAAKlII.2-C-0055 with ARRADCOM.
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APPENDIX 0

ENGINEERING AND ECONOMIC ANALYSIS

ACID KOASTKR

Engineering Araly-s is

The state of the art technology for destroying hazardous
liquids is liquid injection incineration. In the acid roaster process
concept, the items/munitions in lethhl agent inventory are converted
to a feedstock suitable for liquid injection incineration by treating

them with hydrochloric acid. The sequential processing steps are
illustrated in Figure D-1 by a process flow chart'. The thermal pro-

W, cess equipment receives the munition and items from the mechanical
preparation area as whole munitions/items separated from the non-metal
dunnage (feedstock configuration b). The whole munition/items are
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 n;aterials
(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 liquid injecti6n incin-
erator 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 is also fed to the roaster where it is combusted
contributing to the heat duty of this unit. The solid residues leave
the roaster in a 5X decontaminated form that is suitable for land-
filling 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
plants(1, 2 ,3). The acid recovered in this unit is recycled to the
dissolution tanks and the gaseous effluent is sent to a spray dry

U
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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.

A. System Concept Description

The Acid Roaster Process is made up of the following four

systems:
e Dissolution System
s Roaster/Afterburner System
e Acid Recovery System
* Pollution Abatement System.

A detailed description of each of these four systems as well as a
detailed energy and material balance for a 400 lb/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.

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 Dtspoqal
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
literature( 6 ,7 ,B'g) indicates that a quiescent solution of

U'l

I:2 Use, duplication, o. d~sc~osure is subject to rest~1ctloni stated in Contrict Pl. DAAKl!.aZoC.OO5 with ARRAOtS.'
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20 percent hydrochloric acid in water at a temperature of 850 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( 9 '11) Calcott reported a

- five-fold increase in the acid dissolution rate when the acid velocity
was increased from 0 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 quiescent 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-

criptions( 1 1 ) indicate that the thickest metal parts in the inventory

are in the 8-inch projectile. At its thickest point, the casing for

this munition is 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 its 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

9 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, duDltcatton. or disciosure is subject to restrictions stated In Contract No. OMKll-82-C-0055 with ARRAOCOM.
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Since grinding and pumping of slurried explosives is
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-

lined, 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 is determined by the following consideration:
e 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

* 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 6-1nch 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 is 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 limit the weight of munitions a reasonably constructed tank

", Q 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 lb/hr of agent, three 6-foot wide

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKll-62-C-O055 with ARRAOCOM.
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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

icid 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,

again 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. All 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
explosives 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 nozzles are designed to assure
uniform distribution of the flowing acid stream across all munition

.- items in the tank.

"Ventilation System. The ventilation system is represented

graphically in Figure D-2. The dissolution of steel munition items by

acid will release hydrogen gas as a by-product. Operation of the
tanks at 800 C will voldtilize small quantities of agent, hydrochloric

acid, and water vapor as 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. duP1icatiofl, or dlsClOsure Is subjct to restrlctions Stated In Contract NO. OAAKi1-82-C-OOSI with ARRADO0C.
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of handling hydrogen, the dissolution tank will be allowed to fill

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 24/1, 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.

0.1 Roaster/Afterburner System. While acid hydrolysis of some
A• 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 is 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

use, duplication, or disclosure is Subject to restrictions stated in Contract No. OAAKll-82-C-0055 wlth ARRADCOM,
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K kept sufficiently high to assure e~mplete combustion of the material
being processed. Since agent dest ..ction is the primary function of
this unit, corrosion resistant nozzles will spray the process stream
dietyInotefulolflm erth otm fterose n

~~ the unit will operate at downstream conditions that are s~evere enough
to assume agent destruction (nominally 1600OF 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-
ling 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

9~ well as iron salts of phosphorus, fluorine, and/or sulfur may preclude
this market, the residue should meet RCRA standards for landfilling

A"and could have a significant resale value.

-:~ (~~'Afterburner. rhe afterburner is simply an additional incin-
eration chamber located directly above the roasting chamber. Its pur-
pose is to provide temperature and residence time redundancy to pre-
vent accidental release of agent. A smaller quantity of reclaimed

i~ acid is injected at the top of the afterburner to cool the flue gas to
protect downstream process equipment. A small carbon steel cyclone 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.

Acid Regeneration System. The acid regeneration system is
adapted from the design of regeneration plants that have been comm~er-
cially available from~ Dravo Engineers Incorporated for approximately
20 years~'~ The emphasis of the design of this equipment is the

Use, dulilcatlon. or disclosure Is subJect to restrictions stated In Contract No. OAAKII.82-C-0095 with~ ARRADOCM,



"D-10

production of a high concentration acid stream ( 20 percent) without
regard to the quantity of acid gases in the effluent. It therefore
represents a worst-case pollution abatement scenario for evaluating
the acid roaster concept for demilitarization applications and as

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
pass through two heat exchangers of titanium construction where they
are cooled to saturation temperatures. They then pass into an iso-
thermal absorber constructed from graphite where acid gases are con-
densed in the presence of liquid water. The uncondensed gases leave
the absorber and proceed to the bottom of an adiabatic scrubber. The
liquid stream is mixed with makeup acid and pumped to the top of.the

adiabatic scrubber. In the scrubber, which is constructed of fiber-
, wglass 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
final heat exchanger which warms the gases above the dewpoint before
being vented to the pollution abatement system.

Pollution Abatement System. The pollution abatement system
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

".4 unit. As such, it is baseline technology and needs no further
description.

Use, dupltcation, or disclosure Is subject to restrictions stated in Contract No. OAAKII-$2-C-0055 with ARRAOCOM.
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Energy and Material Balance. The concept described in the

% kabove narrative, is represented graphically in Figure D-3 by a process

flow diagram. An energy and material balance was performed by

computer simulation around the major pieces of equipment in order to
"produce the listing of stream temperatures and compositions summarized
the computer printout in Table D-1. This balance was based on the

. .operating constraints discussed previously, the assumption that the
processing rate would be 400 lb/hr of GB, and the Army guidelines
concerning the quantities and, when appropriate, heats of combustion
of the accompanying dunnage, metal, and explosives. Thermodynamic
data available in the literature were used to compute the stream

. compositions in the HCl-H20(13), HF-H20( 13 ), and HCL-FeCl2, H20(14,15)

*i• '4 equilibrium systems.

B. System Feed Requirements

As stated previously, this concept is designed to process

feedstock configuration b. In designing for this configuration, it
was assumed that when the unpack area separated the item/munitions

"from their packing, they were cleaned which is assumed to include
.: removal of grease and removal of paint from all items and, in addi-

tion, removal of the fiberglass sheath from the rockets. It was
"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).

C. Pollution Abatement System

There are no liquid effluents from this process. As dis

cussed in the concept description, the only gaseous effluent is
treated with the baseline spray dry scrubber technology. While the
concentration of acid gases being removed from this stream is appre-
ciably higher than the baseline, this is not expected to produce
additional technical problems.

us.. duplication, or disclosure is subject to restrictions stated In Contract No. OAAKll-82-C-O055 with ARRAOCOM.
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TABLE D-1. ENERGY AND MATERIAL BALANCE-
ACID ROASTER

3TREAM 1 2 3 4 5 6 7 89 101

TEMP DES C e0.00 80.00 50. 00 80.00 60.00 90.00 80. 00 80.00 80.00 20.00
PRESSURE PSIA 14.0 14.70 14.70 14.70 14.70 14.70 14.70 14.7 470 14.70
ENTHALPY BTU 2032953. 12756093. 12861167. 2099220. 10734307. 2146961. 13506537. 13631609. 2099220. 11339674,

HYDROCHLORIC AC 4451.67 19701,87 18290.65 73.32 13242.21 3048.44 11234.34 162331 73.32 8186.01
WATER 10405.99 60927.55 60505.99 321.55 50421.66 10054.33 58909.22 58376,67 321.33 48913,89
FERROUS CHLORID 0.00 11627.7Z !3953.27 0.00 11627.73 2325.55 25551.00 27906.55 0.00 23253.46
FERRIC CHLORIDE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HYDROGEN 0.00 0.00 0.00 36.99 0.00 0.00 0.00 0.00 36.99 0.00

~.rrNITROGEN 0.00 0.00 0.00 9311.71 0.00 0.00 0100 0.00 9311.71 0.00
CARSON DIOXIDE 0.00 0.00 0.00 0.00 0.00 0.00 0100 0.00 0.00 0.00
OXYREN 0100 0.00 0.00 2018.36 0.00 0.00 0.00 0.00 2818.36 0100
FERRIC OXIDE 17.58 0.00 0.00 0.00 0.00 0.00 0.00 0100 0.00 0.00
PHOSPHORIC ACID 69.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HYDROFLUORIC AC .29 00 .0 00 .0 00 10 00 10 00

FUEL OIL 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DUNNAGE 0.OA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0100 0.00

SEXPLOSIVES 0.00 623.00 750.00 0.00 625.00 123.00 1375.00 1300.00 0.00 1250.00
SODIUM HYDROXID 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00

TOTAL LB/HR 14953.37 93782.13 94699,92 12361.94 7a916.39 15753.32 99288.76 100206.53 12561.94 83505.44
TOTAL LB-MOL/HR 700.75 4Qi6.91 S780.41 458.69 3317,00 663.40 3197.87 3761.36 415.69 3134.47

HYDROGEN 1299.68 7445.39 7389.70 74.99 6138.08 1231.62 7110,261 7034.36 74.59 5878.63
CARBON 0.00 539.02 646.63 0.00 339.02 107.90 1185,85 1293.66 0.00 1078.0n
OXYGEN 9292.44 54597,7! 54427.50 3103.94 43356.25 9071,25 53576.41 53406.20 3103.94 44505.16

'K ,,~ SULPHUR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0100
NITROGEN 0.00 57.19 68.62 9311.71 57.19 11.44 125.81 137.25 1311.71 114.37
PHOSPHOROUS 22.11 221.10 263.32 0.00 221.10 44.22 486,42 530.64 0,00 442.20

K'FLUOiRINE .27 135.60 162.72 0.00 135.60 27.12 298.32 325.44 0.00 271.2,0
CHLORINE 4336.38 23662.65 23591.29 7!.30 21326.07 4265.21 25234.47 23163.11 71.30 20969.26
IRON 12.29 3123.18 6147.81 0.00 5123.18 10424,64 11270.99 12295.6.2 0.00 10246.31

Uses duplication, or disclosure is subject to restrictions stated in Contract No. WlKl1482-C-0055 with~ ARRAOCOM,
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TABLE D-1 continued

STREAM 11 12 13 14 15 16 17 1i 19 20

TEMP DES C 80.00 60.00 20.00 20,00 20.00 80.00 800.00 750.00 320.00 "20.00
PRESSURE PSIA 14.70 14.70 14.70 14.70 14.70 14.70 14.70 14.70 14.70 14.70
ENTHALPY BTU 2271M3•. 4195439. 142312. 1052467. 68599, 9817241,. 1164129. 4:706100. 5:3798. 36498,

HYDROCHLORIC AC 1637.22 146.65 0.00 0.00 0.00 21614.90 0.00 4459.62 26114,52 0.00
WATER 9762.73 643.11 0.00 0,00 0,00 50529.10 0.00 12463.65 62991,96 0,00
FERROUS CHLORIO 4651.09 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FERRIC CHLORIDE 0100 0.00 0.00 0,00 0,00 0.00 0,00 0.00 0,00 0.00
HYDROGEN 0.00 73.99 0.00 0.00 0.00 0,00 0,00 0.00 0,00 0,00
NITROGEN 0.00 18623.42 0.00 6118.31 0,00 0.00 0.00 24764,68 24764,68 0,00
CARBON DIOXIDE 0.00 0.00 0.00 0.00 0,00 0.00 0,00 6057.34 6037.34 0.00
OXYGEN 0.00 5636.73 0.00 1816.27 0.00 0.00 0.00 677.55 677,55 0,00
F'R!C OXIDE 0.00 0.00 0.00 0.00 0,00 0.00 2754.06 175.79 175.79 158.21
PHOSPHORIC ACID 0.00 0.00 0.00 0.00 0.00 0.00 139,91 139.91 139.91 0.00
HYDROFLUORIC AC 0.00 0.00 0.00 0.00 0.00 0,00 54.27 2.86 2.86 2.37
AGENT 400,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00
FUEL OIL 0.00 0,00 1348.45 0.00 0,00 0.00 0.00 0.00 0.00 0.00
DUNNAGE 0.00 0.00 0.00 0.00 650,00 0,00 65.00 0,00 0,00 0,00
EXPLOSIVES 210.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
SODIUM HYDROXID 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL LB/HR 16701.09 25123.89 1348.45 7934.55 650.00 72163.00 3013.24 48741.61 120924.62 160.78

TOTAL LD-MOL/HR 626.89 917,37 .00 275.17 4,01 3398.56 21,79 1659.66 5258.22 1.12

hYDROGEN 1175.73 149.99 167.21 0.00 36.40 6251.77 10.70 1522.26 7774.03 .13
CARBON 215.61 0,00 1175.85 0.00 260.13 0,00 26.01 1653.05 1653.05 0.00
OXYGEN 9901.03 6207.97 .54 1816.27 289.73 44974.00 948.12 16295.21 61169.21 47.56
SULPHUR 0.00 0.00 2.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NITROGEN 22.87 18623.42 .09 6118.31 0.00 0.00 0.00 24764,69 24764.69 0.00
PHOSPHOROUS 80.44 0.00 0.00 0.00 0.00 0.00 44.23 44.23 44.23 0.00
FLUORINE 54.24 0.00 0,00 0.00 0.00 0.00 51.54 2,71 2.71 2.44
CHLORINE 4193.85 142.60 0.00 0.00 0.00 21057.22 0.00 4336,54 25393.76 0.00
IRON 2049.27 0.00 0.00 0.00 0.00 0.00 1926.19 122.95 122.95 110.65

Use, duplication, of disclolure is subJect to restrictions stated In Contract No. OAAK1I-4?.C.0055 with ARRAOC04.
S•" "_ "'_. ' "" ___" " "_-'_.•_•J_.•;•..'_'_ Z__...._..'.._....._.._..'_.l....'...._""...."......,•.,
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TABLE D-1, continue d

"9TREA• 21 22 23 24 25 26 27 28 29 30

TEMP DEG C 320.00 113.00 20.00 20,00 80.00 80.00 80.00 75,00 75.00 40.00
PRESSURE PSIA 14.70 14.70 14.70 14.70 14,70 14.70 14.70 14.70 14.70 14.70
ENTHALPY BTU 53501496. 13919142, 22739. 17017, 16319267. 4296666. 11550194, 3916484. 26692. 91123.

HYDROCHLORIC AC 26114.52 26114.52 0.00 70.19 20947.77 5236.94 26114.57 70.14 68.04 0.00
WATER 62991.96 62991.96 632.20 290.75 30336.31 25565.60 60933.99 2970.92 0,00 1078,07
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 O.O 0.00

Si HYDROGEN 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00
NITROGEN 24764.60 24764.65 0100 0,00 24764.68 0.00 0,00 24764.68 0.00 0.00
CARBON DIOXIDE 6057.34 4037.34 0.00 0.00 6057.34 0.00 0.00 6037,34 0.00 0.00
OXYGEN 677.55 677.55 0.00 0,00 677.55 0.00 0,00 677.55 0,00 0.00
FERRIC OXIDE 17,58 17,58 0.00 0.00 0,00 17,58 17556 0.00 0.00 0.00
PHOSPHORIC ACID 139.91 139.91 0.00 0.00 139.91 0.00 69.96 69.96 33.93 0100

• HYDROFLUORIC AC .29 .29 0,00 0.00 .29 C.00 .29 0.00 0.00 0*00
AGENT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00K FUEL OIL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DUNNAGE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EXPLOSIVES 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M-DIUM HYDROXID 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 116.19 119.79

""' TOTAL LB/HR 120763.84 120763.84 632.20 330.94 90923.86 30823.12 07136.37 34610.59 218.16 1197.31
TOTAL LB-MOL/HR 5237.10 5257.10 35.09 17.51 3746.74 1562.96 4099.31 1210.39 3.12 62.8Z

HYDROGEN 7773.90 7773.90 70.74 33.33 4872,33 3005,67 7541.45 336.51 5.85 12Z.65
CARBON 1653.05 1653.05 0.00 0.00 1653.05 0.00 0.01) 1653.05 0.00 0.00
OXYGEN 61121.66 61121.66 561.46 249,34 39219,69 22712.76 14166.45 7766.00 68.64 1005.35
SULPHUR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NITROGEN 24764.68 24764.68 0.00 0,00 24764.68 0.00 0.00 24764.62 0.00 0.00
PHOSPHOROUS 44.23 44.23 J.O0 0.00 44.23 0.00 22.11 22.11 10.72 0.00
FLUORINE .27 .27 0.00 0.00 ,27 0.00 .27 0.00 0.00 0.00
CHLORINE 25393.76 25393.76 0.00 68.25 20369.61 5092.40 25393.80 68.21 66.16 0.00
IRON 12.29 12.29 0.00 0.00 0.00 12.29 12.29 0.00 0,00 0.00

US$. duplcatlon. Or disclosure iS subJect to restrictions stated in Contract No. OAAKtl.2.C.OOSS wlttb ARAOCOM,.
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TABLE D-1, continued

STREAM 31 32 33 34 31 36 37 38 19 40

TEMP DEB C 70.00 70.00 70,00 70.00 7 00 70.00 70,00 70,00 70,00 70.00

PRESSURE PSIA 14.70 14.70 14,70 14.70 14.70 14.70 14.70 14.70 14,70 14.70
ENTHALPY BTU 6101767. 814, 6100954, 6100954. 6100954, 1874322. 1874322. 0. 0. 0.

HYDROCHLORIC AC 2.10 2.10 ,00 .0o .0 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
HYDROBEN 0,00 0.00 0,00 0,00 0.00 0.00 0,00 0.00 0.00 0.00
NITROGEN 24764.68 0.00 24764,68 24764.68 24764.66 9311,71 9311.71 0.00 0,00 0,00
CARBON DIOXIDE 6057.34 0.00 6057,34 6057.34 6057.34 0.00 0.00 0,00 0.00 0,00
OXYGEN 677.55 O.Ou 677,55 677.55 677.55 2818,36 2818.36 0,00 0,00 0.00
FERRIC OXIDE 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0,00 0.00
PHOSPHORIC ACID 36,03 1.05 34.98 34,98 34.98 0o00 0,00 0,00 0.00 0.00
HYDROFLUORIC AC 0,00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00
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
OUNNAGE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EXPLOSIVES 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
SODIUM HYDROXID 3.59 3.59 .00 .01 .0$ 0.00 0.00 0.00 0.00 0.00

TOTAL LB/HR 35590.29 6.75 35583.54 35583.54 35583.34 12130.07 12130.07 0.00 0.00 0.00
TOTAL LB-MOL/HR 1268.11 .16 1267.95 1267.95 1267.95 420.48 420,8 0.00 0.00 0.00

HYDROGEN 454.34 .18 454.16 414.16 454.16 0.00 0.00 0.00 0.00 0.00
CARBON 1653.05 0.00 1653.05 1653.05 1653.05 0.00 0.00 0,00 0.00 0.00
OXYGEN 8702.71 2.12 0700.59 8700.59 8700.59 28198.6 2818.36 0.00 0.00 0.00
SULPHUR 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0.00 0.00
NITROGEN 24764.69 0.00 24764.68 24764.66 24764.68 9311.71 9311.71 0.00 0.00 0.00
PHOSPHOROUS 11.39 .33 11.06 11.06 11.06 0.00 0.00 0.00 0.00 0.00
FLUORINE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHLORINE 2.05 2.05 .00 l0o .0 0.00 0.00 0.00 0,00 0.00
IRON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.vO

Use, duplication, or disclosure Is sUbject to restrictions Stated in Contract No. OAAKll*82-C-0055 with ARRADCOM,
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D. Ultimate Disposal

The oxides and ash from the roaster should satisfy RCRA

"landfill 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, thispotential 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

to. e The salts are not produced from or by agent and as such
"Iii may be more readily certified agent free.

os E. Concept Advantages

"2 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 is based

on liquid injection incineration which is state-of-the-art technology

for disposal of hazardous liquids. The acid regeneration system is

also adapatAd from state-of-the-art technology. Besides Dravo

Engineers, Lurgi and Woodall-Duckham Ltd design and license acid
recovery systems. Dravo Engineers have expressed a willingness to

support the development effort for this concept.:N

"" " . U I ae duoi~ ation, or disclolgsre tsubJ@ct to restrictions stated in Contract No. OAAKII-2I-.C-OO5 with ARRAOCOM,
• , 'A ti .C •* .. -. t . • .



I,

D-18

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
for multiple units at high throughput. The combination of these two
facts lead to escalation of the capital equipment costs for a
collocated facility. The final disadvantage is the possible increased
salt disposal problem discussed previously.

G. System Concept Knowledge Gaps

As related to agent destruction, the key knowledge gap is
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 arid residence time
requirements for both reactions are similar this is not anticipated to
be a problem. In fact, it is anticipated that the presence of iron
salts in the incinerator might even enhance agent destruction
efficiencies.

The knowledge gaps most critical to successful implementa-
tion of the concept is the behavior of the explosives. There is
evidence that acid solutions will decompose explosives( 4' 5 ). While
documents suggest that the combination of hot nitric acid and iron
salts in an oxidizing 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
composition is required. Rates slower than those predicted would
require additional dissolution tanks and, while increasing the costs,
would not significantly effect the viability of the concept. However,

Use, duplication, or disclosvro 1v subject to restrictions stated In Contract No. OAAK11-I2*C.-055 with ARKAUCCOM.
q ~ l ,"J
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if it can be shown that, as suspected, markedly faster rates can be
achieved, then operating at lower acid concentrations and/or

N temperatures would be practice. These parameters can have major
impact on the waste stream disposal and possibly the safety scenarios.

, :;, 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

•t !I Standard acid plant safety guidelines must be followed in

the design and operation of this concept. This includes curbing the
,; ~j. dissolution tank room to contain spills and the avoidance where pos-

sible of overhead acid lines. Hazards associated with the hydrogen
vent stream have also been addressed in the design. In addition, the

dissolution area is 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.

N~iZ.• I. 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 determi-
nation that the explosives are sensitized by the acid could be
resolved technically, Introduction of a step for desensitizing the
explosives could be included. 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).

Ule, duplication, or dilclosure it SubjKt to restrictions stated In Contract o. DAAKlI.I2.C-0056 with AURAOCON,
', . " '. , . " ,' . 1 1 .', ., . .,, .. . I -. • ,. .. . . . . . ". . .. . ". . . .. . .".. . "
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J. Scalability to 400-3000 Pounds/Hour of Agent

At the agent rate of 400 lb/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

As previously 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.

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 most likely

to have failures. However, following Army guidelines, the RAM

analysis permits no credit for this redundancy. In fact, due to the
increase in equipment items, strict adherence to the RAM analysis

guidelines yields a system availability that is lower than would be

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.

i Use, duplication, or disclIosur Is SubjCt tO r*strIctons stated in Contract No. DAAKl1-82-C--O!5 with ARRADCOM.
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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.

V.,, 0. Ease of Operation

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

.rcontrol and no complex hardware to operate.

Economic Analysis

• The design specifications received from Dravo Engineers
Incorporated( 12 ) included a cost estimate of $7M (1981) for a turnkeyI., 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.

A. Facility Costs

p., Army guidelines were used for the costs of constructing the
various buildings required by this concept. It was assumed that all
operations downstream of the roaster were non-agent and the commercial
practice of installation on pads could be utilized. The dissolution

,' Use duil)catlon, or disclosure Is subject to restrictions Stated in Contract No. OAAKl1*82*C-OO55 with ARRAOC0M.
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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

containment are the same.

To determine the areas in each building category required

for these types of facilities, plot plans were constructed for 400
lb/hr and 5000 lb/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 sunmarized in Tables 0-2 (Single Site) and 0-3

(Collocated).

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 lb/hr of agent. The equipment size specifications for

the pickling liquor plant supplied by Dravo Engineering Inc were usedI. to estimate the acid regeneration system equipment sizes. Each equip-
'1 ment item cost was then derived from standard relationships between

the appropriate size parameter and cost which are documented in

Guthrie(16), Peters and Timmerhaus( 1 7 ) and others. Factors were used

to convert the costs derived for carbon steel equipment computed from
I. these relationships to corrected values for items constructed of

corrosion resistant materials such as graphite, fiberglass-reinforced

plastic (FRP), and palladium-stabilized titanium. These factors vary

according to equipment item and they correct for both the cost of

materials and the difficulty of fabrication. The Marshal and Swift
installed equipment index was used to correct all costs for the 400

lb/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

Use, duplication, or disclosure Its subJCt to restrictions stated In Contract No. DAAKl1-a2-C-OO55 with ARRAoCO4.
., ,.. . . . . .. .
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:i :j• TABLE D-2. ACID ROASTING FACILITY COSTS - SINGLE SITE

Ite AI/ gent Destruction Rate

tern 400 lb/hr 1000 lb/hr

S'.Dissolution Area -
Surety (1 floor) 1320 ft 2  1520 ft 2  3400 ft 2

at $400/ft 2  $528,000 $608,000 $1,360,000
Furnace Area -

Surety (50' high) 144 ft 2  361 ft 2  950 ft 2

*I !•at $400/ft2 $57,600 $144,400 $380,000

Outside Pads -
*i Acid Recovery 200 ft 2  600 ft 2  1600 ft 2

Pollution Abatement 180 ft 2  550 ft 2  1500 ft 2

I Ore Handling & Storage 1500 ft 2  5000 ft 2  12,000 ft 2

Salt Handling 1000 ft 2  2500 ft 2  4300 ft 2

: Fuel Tank 1320 ft 2  3460 ft 2  6000 ft 2

F1  Total Pad Costs at $2.50/ft 2  $10,500 $30,275 $63,500

Total Facility $596,100 $782,675 $1,803,500

Uus

SI.

, !'. Urns. dUplcalC!Oo, or tdl¢rcluirt Ii subct t o restriCt|oilS s•ta tf In ontract NO. OAAK11-62-C-OO5I wlttl ARRAOCOM4.,
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- 'TABLE D-3. ACID ROASTING FACILITY COSTS - COLLOCATED SITE

Itemr Agent Destruction Rate
1000 lb/hr 3000 lb/hr 5000 lb/hr

Dissolution Area - 3400 ft 2  9100 ft 2  14,384 ft 2

at $400/ft 2  $1,360,000 $3,640,000 $5,753,600

Furnace Area - 950 ft 2  3050 ft 2  5208 ft 2

at $400/ft2 $380,000 $1,220,000 $2,083,200

Outside Pads -
Acid Recovery 1600 ft 2  5500 ft 2  9500 ft 2

Pollution Abatement 2500 ft 2  8500 ft2  15,000 ft2
Ore Handling & Storage 15,000 ft 2  40,000 ft 2  60,000 ft 2

Salt Handling 6000 ft 2  15,000 ft 2  20,000 ft 2

Fuel Tank 6000 ft 2  12,000 ft2 16,000 ft2

Total Pad Area 31,100 ft 2  81,000 ft 2  120,500 ft 2

Total Pad Costs at $2.50/ft 2  $77,750 $202,500 $301,250

P, Total Facility $1,817,750 $5,062,500 $8,138,050

..4

"Use, dupllcation, or disclosure Is subject to ,rstrictions stated in Contract No. OAAKt-182-C-OO55 with ARRAOCOM.
". a Pat " A . '4 I , " ' ,0. .•
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Timmerhaus that could be applied to the 400 lb/hr agent case. Tha

factors used were a characteristic of each type of chemical process

equipment. In many cases the maximum or minimum equipment size limits

were imposed by practical considerations. In these instances, ':ý,

costing was based on the use of a minimum number of equal size items
m that could perform the function operating in parallel.

For each facility size the total plant equipment purchase

costs were then summarized and additional capital equipment costs were

calculated by applying the multiplication factors for installation,
instrumentation, piping, electrical and design that are recommended on

* page 180 of Peters and Tilmmerhaus. Additional rationale behind the

computation of the individual equipment items is discussed below.

Equipment Item Costs.

Vessels. The dissolution tanks, roaster cyclone, solids

hopper, stack, and dry scrubber were considered to be pressure

vessels. Vessel costs were based on the weight of steel using the

following equations from Mulet( 1 8).

Vessel Cost

' Exp (8.8 - 0.28885 Im (weight) + 0.04576 ln (weight)')

Platform and Accessory Cost
i' :• u 182.5 (diam. ft) 0 7 3 9 6 (Height ft.) 0 ' 7 06 84

"These costs are for the first quarter of 1979.

SInsulation costs for the roaster cyclone are from Koenig( 19 )

and are based on external surface area.

The dissolution tanks lining of either hard rubber or

plastic was costed at $12.00/ft 2 (16 ) The calculated cost of the
i• dissolution tanks might be low because no correction was used to

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

iii

i•'l•'1 Use, duplicmtlon, or disclosure Is subject to rgtil~ctlons statedl In Contract Po. DAUKll-a2-C-OO55 w~th ARRAOCOM,
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The dry scrubber is constructed of FRP and a multiplier of
1.1 was used to correct for this material.

Fans and Blowers. The costs of the fans and blowers was
derived from page 562 of Peters and Timmerhaus, and were based on
capacity in cfm. The dissolution vent fans, furnace air fan, and
induced draft (I.D.) fan were all sized as centrifugal blowers and the
oxide blower sized as a rotary blower. The predicted costs of the
furnace air fan and I.D. fan are probably high due to their lower
pressure ratio. This factor is compensated in the dissolution vent
fans by the need for a corrosion resistant lining. Otherwise, the
fans and blowers are of standard construction. Motors are totally
enclosed, fan-cooled.

Pumps. All pumps were costed as centrifigal, horizontal,
in-line pumps. The costs used were derived as suggested on page 557

of Peters and Timmerhaus, and were based on capacity in gpm multiplied

by head in psi, The following equations from Corripio( 2 0 ) were used
as an addition check and for sizing:

s a (gpm) Heat ft.

Base cost a Exp (8.3949 - 0.6019 ln(s) + 0.0519 ln(s) 2)

Correction Factor (1750 rpm, horizontal)
a Exp (2.029 -0.2371 in(s) + 0.0102 in(s))

j Correction Factor (3550 rpm,horizontal
a Exp (0.0632 + 0.2744 ln(s) - 0.0253 ln(s) 2 )

Z.;1 Pump Efficiency a 0.316 + 0.24015 In (gpm) - 0.01199 In (gpm) 2

(19 to 5000 gpm)

Motor Efficiency • 0.8 + 0.0319 In (HP) - 0.00182 In (HP) 2

(1 to 500 horsepower)

All pumps were considered to be palladium-stabilized tita-
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

Use. duplication, or dliclosure is SubJeCt to restrictions stated in Contract No. OAAK11-82-C-OO6 with ARRAOCQM.
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6 * Corripio( 20 ) and 5.71 by Hall( 2 1 ). The lower number was used because

Hall specifically claims to be current while uorriplo does not. The

reason for the discrepancy may either be due to improved titanium
fabrication techniques or to more widespread use of titanium pumps.

* 3 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.

i] '~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

Ai• titanium. American Vicarb( 2 2) quoted a price of $70/rt- + 15% for

small graphite heat exchangers and $75/ft 2 + 15% at sizes larger than
2000 ft 2 . This company produces heat exchangers that can operate with
hydrochloric acid at temperatures up to 2000C and claims to have

worked with Dravo.
S,- The following equations from Corripio(23) were used to
2 calculate first quarter 1979 costs for the titanium heat exchangers:

A - surface area in ft 2 .

, Base Cost a Exp ( 8.551 - 0.30863 ln A + 0.06811 (lnA) 2 )

i!. '1Fixed Head Correction Factor - Exp (-1.1156 + 0.0906 lnA)

SThe 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 Hall( 21 ) and were based on heat

UiSj

'.'.
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utilization. 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 lining.

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, 1-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 is 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 ft 2).

This cost is based on carbon steel construction and continuous

operation at negative pressure. Polypropylene bags were used at

0.70/ft 2 .

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 lb/hr

Use, duplication, or dliclosure is subject to restrictions stated in Contract No. OAAK11-az-C-0055 with ARRAOCOM,
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agent equipment costs using the vessel weight ratios to the 0.7 power.

The exponent is from Desai( 2 5 ). Except for the dissolution tanks, the

A maximum single unit size was limited to a 13-ft diameter. As men-

tioned previously, the 6'x6'x16' size of the 400 lb-agent/hr dissolu-

tion tanks was taken to be the minimum size practical for material
handling and the 6'x6'x16' size of the 1000 lb-agent/hr dissolution

K tanks was assumed to be the maximum allowable size. Two minimum size
tanks were used in the 100 lb-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 (lb/hr Agent) 100 400 1000 3000 5000

Dissolution Tanks 2 3 3 6 15

Roaster Cyclones 1 1 2 4 6

Solids Hoppers 1 1 3 7 12

Stack 1 1 1 1 1

Dry Scrubbers 1 1 1 3 4

Fans and Blowers. In all cases the fans and blowers were

scaleable to each plant size using single units. The exponents used

ý4 for relating relative costs to size was 0.65 for the fans and 0.75 for
the oxides blower. These exponents were also given by Desai. The

size parameter was capacity in standard cubic feet per minute.

Pumps. There were no size limitations on the pumps and in

each plant size. The basis for scaling costs from the 400 lb/hr size

to the other sizes was the ratio of pump capacities in gpm raised to

the 0.6 power. This exponent is from Desai. Pump sparing was 100

"•s*. duplication, or dicIlosure is subject to restrictions stated in Contract No. OAAK11-82-C-OOSS with ARRAOCOM.
-. ..
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percent for all pumps except the dissolution pumps in the 1000, 3000,

and 5000 lb-agent/yr plant sizes. In these cases, each bank of

dissolution tanks ,out of a total of three, is serviced by'3 half-size

pumps to yield 9 total pumps per plant.

Heat Exchangers. Single unit heat exchanger sizes were

limited to 20-foot tube lengths and 37-inch tube sheet diameter. The

size constraints limited the size of the cyclone gas cooler in all

cases except 100 lb/hr and limited the isothermal absorber only in the

5000 lb/hr plant size. Because definite costs were given for each

square foot of graphite heat exchange surface, the size limitations

only affected the cost of the titanium cyclone gas cooler. The

exponent for scaling the titanium heat exchanger costs from the heat

transfer, surface area was 0.6 from Desai.

Roaster-Afterburner. The roaster-afterburner was limited to

a single unit size capable of processing 1000 lb/hr of agent. Nhis

occurs at a diameter of 20 feet. Larger diameters are likely to

result in non-uniform reaction conditions in the vortexing flame. The

cost sizing exponent used was 0.87 from Corripio.

Adiabatic Scrubber. The single unit absorber size was

limited to 13 feet which corresponds to a maximum plant size of 1730

lb-agent/hr. The cost scaling was based on vessel weight ratios

raised to the 0.7 power. this exponent was given by Desai. Although

packing cost is proportional to the absorber volume, the absorber

volume is in turn roughly proportional to the vessel weight raised to

the 1.08 power. Thus, vessel weight is a good size pav'ameter and was

used to scale the cost scaling.

Baghouse. Baghouse costs are directly proportional to size.

Consequently, there are no size limitations to scaling.

Uun,

;'•' Use, dupl¢iation. or disclosure is subject to restrictions stated in Contract No, DAKll-82-C-OO5 with ARRAOCOM,
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".9 Cooling Tower. There were no size limitations to the

"cooling tower in the phnt 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 estimdted in this means

for single site are summarized in Table D-5. The collocation capital
"equipment rosts are summarized in Table D-6.

* ,C. Operating Costs

To estimate the total life 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.

Other Direct Costs. At the 400 lb/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 for these items at other agent throughput
rates, it was assumed that demand would scale linearly with

throughput, a reasonable assumption for this process.
The Army 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 Fe2 03 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

Use. du licatlon. or disclosure is subject to restrictions stated in Contract No. OAAKll-02-C-0055 with ARRAOCOM.
- , '• " "-. " i
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TABLE D-5. CAPITAL EQUIPMENT INSTALLED COSTS -

SINGLE SITE

Item Agent Destruction Rate
100 lb/hr 400 lb/hr 100 lFb/hr

Dissolution Area
Dissolution Tanks $ 56,000 $ 84,000 $ 196,000
Dissolution Vent Fants 4,549 11,200 20,318
Dissolution Pumps 9,140 21,000 36,009
Dissolution Coolers 4 1

SUBTOTAL $ 792 200 7,6

Furnace Area
Roaster-Afterburner $ 207,463 $ 693,000 $ 1,999,230
Roaster Feed Pumps 4,135 9,500 16,462
Fuel Oil Pumps 1,567 3,600 6,238
Furnace Air Fan 6,072 14,950 27,121

' Roaster Cyclone 7,920 20,900 48,8671de Blow 1.326 3750 7456

SUBTOTAL $ $ 7 05

Acid Regeneration Area
Cyclone-Gas Cooler $ 168,369 $ 510,400 $ 1,276,000

j Adiabatic Scrubber 24,706 65,200 123,824
Absorber Feed Pump 14,843 34,100 59,090
Absorber Bottom Pump 17,672 40,600 70,354
Adiabatic Scrubber Cooler 1,328 3,050 5,285
Isothermal Absorber 8,880 20,400 35,350
Cooling Tower 53 ,495 122,900 212 969.. SUBTOTAL $ 289,z93 $ 796,650 $

Pollution Abatement Area
Dry Scrubber $ 8,336 $ 22,000 $ 41,781
Dry Scrubber Preheater 29,794 68,450 118,614
Dry Scrubber Pumps 1,698 3,900 6,758
Baghouse 11,212 44,850 112,125
Stack 6,669 17,600 33,425
I.D. Fan 9,605 23,650 42,903
Solids Hopper 14,728 39,000 102,909
Fuel Tanks 36.000 90.000 155,957

SUBTOTAL 6140472

"Total Equipment Purchase Costs $ 710,379 $ 1,979,100 $ 4,774,380
Installation (40%) 284,152 791,640 1,909,752
Instrumentation (13%) 92,349 257,283 620,669
Piping (31%) 220,217 613,521 1,480,058
Electrical (10%) 71,038 197,910 477 438

SUBTOTAL $$ 3,8 89,4542
DESIGN (32%) 441,003 1,228,625 2,963,935

Total Capital Equipment $1,819,138 $ 5,068,079 $12,226,232

' USe, duclication, or disclosure Is subject to restrictions stated in Contract No. 0AAK11-82-C-0055 with ARRAOCON.
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.. I K TABLE D-6. CAPITAL EQUIPMENT INSTALLED COSTS -

COLLOCATED SITE

Item Agent Destruction Rate
I IU1000 lb/hr 3000 lb/hr 5000 lb/hr

.,,

Dissolution Area
Dissolution Tanks $ 196,000 $ 590,859 $ 984,765
Dissolution Vent Fants 20,318 41,496 57,838
Dissolution Pumps 36,009 69,619 94,588
Dissolution Coolers 19,235 37 184 50 520

SUBTOTAL f37156 -7~t3911 $ 1T18/7/1

Furnace Area
Roaster-Afterburner $ 1,999,330 $ 5,997,989 $ 9,996,648
Roaster Feed Pumps 16,462 31,824 43,238
Fuel Oil Pumps 6,238 12,060 16,385
Furnace Air Fan 27,121 55,390 77,203
Roaster Cyclone 48,867 129,810 209,618
Oxide Bliwer 7,456 16995 24 930

SUBTOTAL d2TU0i47 4 DZ4 36d"UH

j Acid Regeneration Area
Cyclone-Gas Cooler $ 1,276,000 $ 3,615,037 $5,950,211
Adiabatic Scrubber 123,824 328,927 531,155
Absorber Feed Pump 59,090 114,233 155,203
Absorber Bottom Pump 70,354 136,007 1849787
Adiabatic Scrubber Cooler 5,285 10,217 13,882

q Isothermal Absorber 35,350 68,339 122,515
Cooling Tower 212 969 411.707 5596368

SUBTOTAL $ 7 7,587,6467 sT T

Pollution Abatement Area
Dry Scrubber 41,781 125,343 195,379
Dry Scrubber Preheater 118,614 229,303 311,544
Dry Scrubber Pumps 6,758 13,065 17,750
Baghouse 112,125 336,375 560,625

2 Stack 33,425 72,120 103,122
I.D. Fan 42,903 87,624 122,130

%! Fuel Tanks $ 155,957 $ 301,494 $ 409,127
"Solids Hopper 102,909 286.709 4819207

SUBTOTAL T714,452 -r1,452,03$' 4

j Total Equipment Purchase Costs $ 4,774,380 $13,119,726 $21,280,238
"Installation (40%) 1,909,752 5,247,890 8,512,045
Instrumentation (13%) 620,669 1,705,564 2,766,431
Piping (31%) 1,480,058 4,067,115 6,596,874
Electrical (10%) 477,438 1,311,973 2,128,024

SUBTOTAL "9,26V,2 U4,45 2,28 341,283,662

DESIGN (32%) 2,963,935 8,144,726 13,210,772

Total Capital Equipment $12,226,232 $33,596,994 $44,494,433

w~ Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKII-82-C-0055 with ARRAOCC.

,. * .
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TABLE D-7. SYSTEM PERSONNEL REQUIREMENTS

Personnel/Shift Agent Rate
Operator 100 40 000 3000 5000

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

SShifts/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

Labor Costs/Year $1,250,000 $1,250,000 $2,050,000 $3,250,000 $3,850,000

•e .

¶ii Use, dupileattOn, or disc1Eosure is subject to restict'ionI $State in Contract M@. OAA•K11-az*-cO005 With ARRAOCOM.
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disposal in a hazardous landfill operation which would cost
$205/tonC26). 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-g.

Production Time. Summaries of the single and collocated

,d1 site production times required to dispose of the inventory categories

can be found in Tables 0-10 and D-11, respectively. Production years

were determined In the same manner as the baseline.

Life Cycle Operating Costs. The production years for the
inventory categories computed previously were used to compute the life
cycle operating costs for each of three single site and three colloca-

tion site throughputs. The methodology outlined in the baseline was

followed except that this concept does not require change outs and so

the associated down time was deleted. The incurred single site life

cycle operating costs are shown respectively in Tables D-12, D-13, and

0-14 for 100, 400, and 1000 lb/hr of agent throughput. Collocation
costs incurred at 1000, 3000 and 5000 lb/hr agent throughput rates are

shown in Tables D-15, D-16, and 0-17.

Development Costs. To fully develop this concept, it will

be necessary to perform both bench-scale and pilot-scale experiments

to resolve the knowledge gaps that have previously been identified.

Estimates of the type and cost of the experimental and design studies

that would be required are shown in Table 0-18. These include the

design, construction, and operation of 40 lb/hr of agent pilot plant

operating on a single dissolution tank. The cost estimate for this

facility was scaled directly from the previously operating plant

estimates.
We,

Use, duplication, or dISCIO~Ure Is subject to restrictions stated Im Contract No. CAAK11.62-C-0055 withi ARRAOCOM.
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TABLE D-8. OTHER DIRECT COSTS - SINGLE SITE

Item Usage Cost Agent Feed Rate
100 lb/hr 400 lb/hr 1O00 lb/hr

Water x10 6 gal/yr - $0.53/1000 gal 81 325.8 815
COST $42,930 $172,674 $431,950
Electric x10 6 kwh/yr - $0.05/kwh 0.21 0.85 2.13

Yearly Cost $10,500 $42,500 $106,500

Fuel Oil - gal/year 258,000 1,032,000 2,580,000
Cost/Year at $1.20/gal $309,600 $1,238,400 $3,096,000

Fe203 Disposal x 106 lb/yr 3.91 15.64 39.10
at $5/ton $9,775 $39,100 $97,750

Caustig (in 10 wt% sol.)
x 10 lb/yr 0.28 1.1 2.8

Cost $300/ton $42,000 $165,000 $420,000

NaCl Disposal (solid)
x 106 lb/yr 0.41 1.62 4.05

Cost $205/ton $42,025 $166,050 $415,125

20 wt% HCl Makeup x 106 lb/yr 0.89 3.56 8.90
Cost $35/ton $15,525 $62,300 $155,750

Spare Parts (6% Capital Costs) $109,148 $304,085 $733,574

TOTAL OTHER DIRECT COSTS $581,552 $2,190,108 $5,456,649

Use, duplication, or disclosure is subjet to restrictions stated in Contract No. OAAKI1-82-C-0055 with ARRAOCON
.- - m - . . . . . . . . .
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T'ABLE D-9. OTHER DIRECT COSTS - COLLOCATED SITE

Item Usage-Cost Agent Feed Rate
100lb/hr 3000 lb/hr 5000 lb/hr

Water x 106 Gal/Yr 815 2445 4075
Cost at $0.53/10OO Gal $431,950 $1,295,550 $2,159,250

Electric x 106 kwh/Yr 2.13 6.39 10.65
Cost at 0.05 kwh $106,500 $319,500 $532,500

Fuel 01l Gal/Yr 2,580,000 7,740,000 12,900,000
Cost at $1.20/gal $3,096,000 $9o288,000 $15,480,000

Fe203 Disposal x 106 lb/yr 39.10 117.3 195.5
$97,750 $293,250 $487,500

Caustic x 106 lb/yr 2.8 8.2513.7550
Cost at $300/ton $2oO 12750 $,6,0

NaCl Disposal x 106 lb/yr 4.05 12.15 20.25
Cost at $205/ton $415,125 $1,295,375 $2,075,625

HCl Makeup x 106 lb/yr 8.90 26.7 44.5
Cost at $35/ton $155,750 $467,250 $778,750

El!Spare Parts (6% Capital) $733,574 $2,015,820 $3,269,666

TOTAL OTHER DIRECT COSTS $5,456,645 $16,212,295 $26,845,791

~IUse, dupliCation, Or disClOsUre is NNWec tO rtetriCtiOnt %tated Im COntract No. DAAKIl-a2-C-0055 with ARRMOCOM.
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TABLE D-12. LIFE CYCLE OPERATING COSTS - SINGLE SITE
(100 LB/HR)

i
A

Rate,
Period Labor $/Yr Other $/Yr Duration Total Cost

Eq Acceptance $ 416,667 $ 193,851 0.50 $ 305,259

Training 1,250,000 290,776 0.50 770,388

Inventory Item A 1,250,000 581,552 2.71 4,963,506

Inventory Item B/C 1,250,000 581,552 3.61 6,611,903

Inventory Item D 1,250,000 581,552 1.0 1,831,552

Shutdown 416,667 193,851 0.50 305,259

Total Duration Operations Costs $14,787,867

Use, duPli&itt0l0 of' dliclosure is subjeCt to restrictlons stated in Contract No. OAAI1I-a2-C-OO55 with ARRAOCOM,

I"ism
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TABLE D-13. LIFE CYCLE OPERATING COSTS - SINGLE SITE
(400 LB/HR)

Rate,
Period Labor $/Yr other $/Yr D-uration Total Cost

Eq Acceptance $ 413,667 $ 730,036 0.5 $ 573,352

Training 1,250,000 1,095,055 0.5 1,172,528

Inventory Item A 1,250,000 2,190,109 0.67 2,308,803

Inventory Item B/C 1,250,000 2,190,109 0.91 3,130,499

SInventory Item D 1,250,000 2,190,109 0.27 928,829

Shutdown 416,667 730,036 0.50 573L,352

Total Duration Operations Costs $ 8,683,433

Use, dualication, Or dilclosuPS is 1UbJ#ct to restrictions stated in Contract No. OAAKll-82-C-0O56 with ARRAOCOM,

' * q*.... .. *... .. *_
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TABLE D-14. LIFE CYCLE OPERATING COSTS - SINGLE SITE
(1000 LB/HR)

Rate,
Period Labor S/Yr Other $/Yr Duration Total Co7s

Eq Acceptance $ 683,333 $1,828,883 0.50 $ 1,256,108

Training 2,050,000 2,743,325 0.50 2,396,663

Inventory Item A 2,050,000 5,456,649 0.27 2,026,795

Inventory Item B/C 2,050,000 5,456,649 0.37 2,777,460

Inventory Item D 2,050,000 5,456,649 0.12 900,798

Shutdown 683,333 1,828,883 0.50 1,256,08

Total Duration Operations Costs $10,613,932

71,

Use, duuIl11t00n, Of dtlciaSUre IS sUbject tO FestriCttons stated In ContraCt NO. OAAKI-:82*C*OOSS with ARRAOCOM.
S.. . . . ..t .. t• "-- .' .n '.~ • . a * • ' _. , - .. . _- -" , _ . _ . " . . .• . . . .. . .- . ,, .p -



D-43

TABLE D-15. LIFE CYCLE OPERATING COSTS COLLOCATED SITE
(1000 LB/HR)

Rate,
Period Labor $/Yr Other $/Yr Duration Total Cost

Eq Acceptance $ 683,333 $1,828,883 0.5 $ 1,256,108

Training 2,050,000 2,743,325 0.5 2,396,653

Inventory Item A 2,050,000 5,456,649 2.70 20,267,952

Inventory Item B/C 2,050,000 5,456,649 4.37 32,804,056

U Inventory Item D 2,050,000 5,456,649 1.16 8,707,713

Shutdown 683,333 1,828,883 0.5 1,256,108

Total Duration Operations Costs $66,688,600

I ujN

A.

•! USe, duplicationl, or disclosure I5 SybjeCt to restrictionS stated in Conltract No. OMAKll.82-C-.0056 with ARRAOCOM(.
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TABLE D-16. LIFE CYCLE OPERATING COSTS COLLOCATED SITE
(3000 LB/HR)

Rate,
Period Labor $/Yr Other $/Yr Duration; Total Cost

Eq Acceptance $1,083,333 $5,404,082 0.5 $ 3,243,707

Training 3,250,000 8,106,123 0.5 5,678,061

Inventory Item A 3,250,000 16,212,245 0.84 16,348,286

Inventory Item B/C 3,250,000 16,212,245 1.19 23,160,072

Inventory Item D 3,250,000 16,212,245 0.40 7,784,898

Shutdown 1,083,333 5,404,082 0.5 3,243,707

Total Duration Operations Costs $59,458,731

;4Use, dupl|iction, or disclosure is subject to rvistriction$ statedI in Contract No. OAAKII-82-C-0055 with ARRPADC0M,
,, ,,; - z _ 3 .. .. . . . '-'",f.t,' ', ,".:' ,.; ' : " .' . , ", ," . "/ , . . . '
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TABLE 0-17. LIFE CYCLE OPERATING COSTS COLLOCATED SITE
SI(5000 LB/HR)

I.,

i'. ~Rate.,

Perijd Labor S/Yr Other $/Yr Duration Total Cost

* . , i . .

Eq Acceptance $ 283,333 $8,948,597 0,5 $ 5,115,965

I Training 3,850,000 13,422,922 0.5 8,636,461

Inventory Item A 3,850,000 26,845,791 0.54 16,575,727

. Inventory Item B/C 3,850,000 26,845,791 0.73 22,407,927

Inventory Item D 3,850,000 26,845,791 0.24 7,366,990

Shutdown 1,283,333 8,948,597 0.5 5,115,965

Total Duration Operations Costs $65,21M ,035

U.s i

Usdp1ct@l O VCuutI ubett ri"cloisa:"nCnrctN.aAK18--O5 b.iAROO

r.. ... . . . . . . . . . .

. . . . . . . . .
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TABLE D-18. DEVELOPMENT COSTS
w.t

Phase II - Bench Scale

Concept Refinement $ 30,000
Acid Dissolution Studies 100,000
Acid Decomposition Studies 220,000

Roasting Studies 190,000
Environmental Studies 50,000
Design Criteria Development 120,000
Phase II Design Plan & Reporting 40,000

Contingencies 50,000
TOTAL PHASE II DEVELOPMENT COSTS $ 800,000

21" Phase III - Pilot Studies

Pilot Plan Design $ 340,000
"Test Plans and Operations Procedures 60,000

Pilot Plant Construction 1,356,000

Pilot Plant Startup 176,000

Operator Training 444,000
Pilot Plant Operation 1,057,000
Test Report 20,000
Process Development Program 600,000
30% Design Package 400,000

Subcontractors 250,000
Contingencies (20%) 940,000
TOTAL PHASE III DEVELOPMENT COSTS $5,693,000

TOTAL DEVELOPMENT COSTS $6,443,000

ub,

Usdupiltcttofi, or disclosure Is subj~t to restrictions stte n Contrect No, SAAKll-62-C-0055 with ARRAOCCM.
• % ., . .. _ , . . . , , . " " ,. . .1,. . ., . .. . . . . . -. -. -. . . . . - . . - " .' ' " " '
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E. Total Costs

,14 The total of the estimated costs for all three single site

and all three collocated sites are summarized in Tables D-19 and D-20,

respectively.

F. Optimum Process Flow Rate

From an operation standpoint, the full capacity of the major

process elements is achieved at a throughput of approximately 400

pounds/hour of agent. This is not suprising since this rate produce

an acid recycle rate that closely matches the Dravo spcifications. As
anticipated from these observations, no economy of scale is observed.

A further demonstration of this fact can be seen in the cost curves
(Figures 0-4 and D-5). Since a minimum collocated cost had not been

observed at 1000 lb/hr throughput, life cycle costs for a 400 lb/hr
' were estimated in the following manner. The costs for processing each

of the inventory categories for the 400 lb/hr single site summarized

in Table D-13 were multiplied by 10 to represent the larger inventory

and the single site and collocated site costs for startup, training,

and shutdown were assum'ed to be the same. The life cycle operating

costs for a 400 lb/hr collocated sit were so computed to be

$66,001,242. The capital equipment, Facility and development costs
were assumed to be the same bringing the total costs to $78,294,996.
These numbers have been included in the cost curves and indicate that

the optimum processing rate is approximately 400 lb/hr of agent
whether single or collocated. This is not too surprising since this

rate matches well the optimized processing rate of the Dravo estimate.

It might furtner be noted that the estimated sum of the capital and
facility costs for a 400 lb/hr facility ($5,850,754) also compares

favorably with the Dravo turnkey estimate.

These estimates of the total life cycle cost indicate that,
processing at this optimum flow rate, it would cost $20,977,187 to

destroy a single site and $78,294,996 to destroy a collocated site

Use, duplication, or disclosure is SubJeCt to restrictions stated in Contract No. O AAKI-82-C-O055 with ARRAOCOM.
i . . *..' s -m
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TABLE D-19. TOTAL COST ESTIMATES - SINGLE SITE

Agent Rate (lb/hr)
Cost Item 100 lb/hr 400 lb/hr 1000 lb/hr

Facility Costs $ 596,100 $ 782,675 $ 1,803,500

Capital Equipment Costs 1,819,138 5,068,079 12,226,232

Life Cycle Operations Costs 14,787,867 8,683,433 10,613,932

Development Costs 6,443,000 6,443,000 6,443,000

TOTAL COSTS $23,646,100 $20,977,187 $31,086,664

b I•1. .Use, dualication, Or diSC1IGUPi | Is $bJQt W relstrititons stated in Conltract Nol. OAAKII-02-C-0O5$ with ARRADCOM.
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TABLE D-20'. TOTAL COST ESTIMATES - COLLOCATED SITE

Agent Rate (lb/hr)
Cost Item 1000 lb/hr 3000 lb/hr 5000 lb/hr

Facility Costs $ 1,817,750 $ 5,062,500 $ 8,138,050

Capital Equipment Costs 12,226,232 33,596,994 54,494,433

Life Cycle Operations Costs 66,688,600 59,458,731 65,219,035

Development Costs 6,443,000 6,443,000 6,443.000

TOTAL COSTS $87,170,000 $104,560,000 $134,290,000

C'i

Us! ie, duplication, or disclosure Is subject t~o restrictions stated in Contraict No. OAAIt.-62-C-OO65 with: ARRACCOM.
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As has been previously predicated, blast containment has not
been incorporated in this conceptual design. The dissolution system

.j *1 could easily be converted to blast containment by utilizing small blast
containment spheres as dissolution tanks. At a processing rate of

400 lb of agent/hour, 40 such spheres could be required. This modi-
fication would add $1.OM to the capital equipment costs, $1.6M to the

facility costs, and might require 20 additional materials handlers

increasing the life cycle labor costs by $10M. Such a modification
therefore would only increase the total life cycle costs for a
400 lb/hour single site facility from $20.98M to $33.58 M.

While the munition unpack costs must still be added to the
sums before they can be compared with the baseline costs of
$101,000,000 and $355,000,000, it is obvious that implementation of
this concept offers the opportunity for a significant cost savings.

L G. Operating Time

The operating time required for each munition category was

discussed previously while developing the operating costs. The total
operating time required to destroy the inventory at the processing
rates of interest are summarized in Table D-21. From this table it
can be seen that, processing at the optimum throughput of 400 lb/hour

it would require 3.35 years to demilitarize a single site and 20 years
to demilitarize a collocated site.

use, duplication, or disclosure is subject to restrictions stated in Contract N. OAAKll-82-C-00S5 with ARRADCOM.
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TABLE D-21. OPERATING TIME

I,'

Agent Rate
lb/hr Operating Year

Single Site

100 8.82

400 3.35
1000 2.26

Col located Site

400 20

1000 9.73

3000 3.93

5000 3.01

I ss
..J'

I Us,du1ctol , icouoI ujtt etltolsau nCnrc o AKIa--oswt AACM
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APPENDIX E

ENGINEERING AND ECONOMIC ANALYSIS -

ROTARY KILN

Appendix E contains two rotary kiln concepts. The first
concept is a large rotary kiln and the second concept is a propor-
tional rotary kiln. The two concepts are presented separately.

Engineering Analysis - Large Rotary Kiln

A., System Concept Description

The large rotary kiln concept consists of one large rotary
kiln without lifting flites or auger that will incinerate all agents,

explosives, and dunnage. The kiln is large enough to handle all metal

parts and is sufficient in length to decontaminate the metal parts.

. The size is based on handling ton containers and spray tanks and will
handle agent feed rates up to 5000 lb/hr.

"" [All materials are fed to the rotary kiln at the burner end
through an inclined feed chute equipped with an air lock. The decon-

F..,• taminated metal parts and residue are discharged into the base of the
vertical afterburner chamber and are removed by a conveyor from the

*'? ' bottom of the liquld seal tank maintained at the bottom of the after-
burner chamber.

;; , ,, The flow diagram of the system Is shown in Figure E-1. The
system is operated at negative pressure by an induced draft fan

¼. included in the baghouse portion of the flow diagram. Operation of
the system at negative pressure eliminates possible leaks of chemical

:" ".; agent or vapors during their incineration.

"The overall system mass balance is compiled in Table E-1 and
"the overall system heat balance is compiled in Table E-2.

S Use, duplication, or disclosureIs subject to restrictions statd in Contract N. OAAKII-.62C-005, with ARRACOCM.
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TABLE E-1. LARGE ROTARY KILN SYSTEM
J MASS BALANCE

400 LB/HR AGENT FEED RATE

Material lb/hr

IN

Wood 650
GB 400
Explosive 250
Fuel Oil (486 gal) 3,506
Air 145,260
Water 40,770
Metal 2,050

NaOH 686
zV TOTAL 193,572

OUT

Flue gas w/water 190o,388

Salts and Particulate 1,134
Metal 2,050

TOTAL 193,572

wI

Use, duplication, or disclosure IS subject to restrictions stated in ContraCt No. OAAK11-82-C-0055 witt ARRAOCOM.
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TABLE E-2. LARGE ROTARY KILN SYSTEM
HEAT BALANCE

400 LB/HR AGENT FEED RATE

p.,... _,.,'_,

IN

Material In HHV Btu/hr

Wood 8,500 5,525,000
Explosive 5,400 1,350,000
GB 10,073 4,029,200
#2 Fuel Oil 142,000 69,012,000

(per gal)
TOTAL 79,916,200

OUT

-Material Out C p Btu/hr

Water in flue gas* 0.50 1,530 46,680,820
Flue gas 0.25 330 12,343,485
Metal 0.11 1,530 345,015
Salts & Particulate 0.25 330 80,850
Spent Salt* 0.25 1,730 370,080
Heat Losses by difference 20,466,030

TOTAL 79,916,200

* Includes heat of vaporization or heat of fusion.

4.,

Use, dup11ication, or disclosure is subjet to restrictions stated in Cantract •. OAKli-82-C=0SS wth ARMOc.
trac NO 0A-I..--.5 wt.AIO.m
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'S B. System Feed Requirementsi .

;' .The requirements of the system for the burstered munitions
are that the explosive be removed from the munition and the agent
cavity open (feedstock e). For non-burstered munitions only the agent

... cavity must be opened (feedstock c). The dunnage may need some size
reduction to permit feeding into the rotary kiln. Also, if there are
any combustible items that have a cross-sectional area of much over 2

N iinches by 4 inches, these items may need size reduction to completely
ashify the combustible during its residence time in the kiln.

C. Pollution Abatement System

" :'' :nThe current plan is to use baseline technology for the
pollution control system. This will consist of a spray dry scrubber
followed by a baghouse, induced draft fan and stack. The particulate

Iij li generated from this system will be collected in the baghouse and
drummed and stored. The salts will be dry and will contain heavy

I metals. If the salts can be certified agent free there may be the
possibility of disposal in a hazardous landfill.

0. Ultimate Disposal

The majority of the materials that remain to be disposed of
after the incineration of the chemical agent and its related materials

V1.• in the rotary kiln are as follows: decontaminated metal scrap, wood
ash and dry salts generated in the pollution control system.

The metal scrap can be sold as scrap as has been done at
" ,CAMDS and RMA. It may need to be separated from wood ash and/or slag

that it will be mixed with while being processed in the rotary kiln.
'., ' This separation may only require a conveyor with a webbed belt that

will allow the larger pieces of material, the metal scrap, to be
trQr:;ferred to its destination.

"Use, dgl"Vc;ocnr or disclosur tis subJect to restrictions stated in Contract No. DAAK11.82-C-OO55 with ARRAOCOM,

"-" '% • ' - " " "-" , • .1. ,*," .' . .• .. *.".. .-.... . . . . .".... - . , •' ,.. . " ', ,' ., ' .' -. . ,,,,.,; . .• .
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The wood ash will be collected in the liquid seal or the
baghouse depending on the size of the ash particles and the gas
"velocities through the system. The larger particles that are not
carried by the hot flue gases to the baghouse will fall from the
discharge point of the rotary kiln and be collected in the liquid

N seal. Ash will settle to the bottom of the liquid seal vessel where

it can be removed periodically and landfilled.
The dry salt and wood ash carryover to the baghouse will be

drummed and stored as at CAMDS. If the salt can be certified agent
free then the salts could be landfilled at an appropriate site.

E. System Concept Advantages

The large rotary kiln system is a simple system to operate
because it consists of one furnace and an afterburner that will handle
all munitions in the appropriate feedstock. The system is easy to
operate as a result of few moving parts and has few items that require
service.

The munitions do not need to be drained of agent because the
kiln will thermally download the agent from the munitions after the
agent cavities have been opened. The system also has potential for
post demil application because rotary kilns are commonly used for

waste disposal of liquids, sludges, and solids.

F. System Concept Disadvantages

Reducing the throughput of the large rotary kiln requires

auxiliary fuel to maintain operating temperature. The size of the
rotary kiln is fixed to allow for ton containers and spray tanks to be
processed in the rotary kiln. This results in high gas throughputs
through the entire system with little change due to a change in the
feedrate of agent and related materials. Therefore, the system is
better utilized at the higher agent throughput rates.

USe, duplication, Or discloSure is subject to restrictions stated In Contract No. OAAK1l-82-C.OO6I with ARRAOCCO,
"V ~ ~ ~ ~ ~ - ILA %V.-"* .
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The rotary kiln system cannot handle detonations of muni-
tions. This would result in equipment down time. The system can

1 I~ handle fuzes.

G. System Concept Knowledge Gaps

Major system knowledge gaps are refractory life due to

chemical attack and abrasion from the munitions, and feeding and
I discharge systems required to handle ton containers, bombs, and spray

tanks.

H. Safety

The rotary kiln system is safe. The system operates at

I negative pressure to eliminate leaks and the system operates cocur-
rently to maximize agent vapor exposure to the combustion conditions
of the rotary kiln. The liquid seal provides a blast attenuation
dampener in the event of an explosion and also acts as a pressure
relief valve.

I. Likelihood of Developments Within Five Years

Rotary kilns have been used for years for the disposal of
toxic and hazardous materials such as pesticides, herbicides, PCB's.,

and dioxins. They have also been used for demilitarization of explo-
sives and conventional munitions. The development of a large kiln to

K handle chemical agents and related materials involves scale-up of the
feed and discharge systems, determining the correct refractory and

operating conditions. The likelihood of development of a rotary kiln
system within 5 years is very great.

1VoVb• Ue ul¢too icoue! ujtt etitossa•t ftIt• •l-2COS fhA•CM
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J. Scalability

The system is the same size up to an agent feedrate of 5000
pounds per hour due to restraints pl&•ed on the system to handle ton
containers and spray tanks,

K. Degree of Technical Risk

The projected size of the rotary kiln is state of the art.

However, the current feed and discharge systems will need to be
changed to handle ton containers and spray tanks. The current feed
systems handle 55 gallon drums. The changes for the bulk items are
not envisioned to be large, The degree of technical risk for this

system is very low.

L, RAM Factors

The calculations are attached in Appendix L. Availability
factor used for the economic calculations was 0.859.

M. Materials Compatibility

The materials compatibility problems are similar to the

baseline system. There are corrosive flue gases as a result of the
incineration of the agents. One additional compatibility problem
which the deactivation furnace does not have is the abrasion of the
rotary kiln refractory due to the munition bodies in the kiln rolling
against the refractory.

N. Energy Requirements and Source

Since the rotary kiln size is fixed so that ton containers
and spray tanks can be processed it has a fixed heat load range that
must be maintained by fuel or the materials being incinerated.

USe, duglicatlon, or ditsclosure Is Subjnt to restrictions stated in Contract No. OAAKII.E.C.OOS with ARRAOCOM.
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Therefore, the fuel usage of the large rotary kiln is inversely
proportional to the agent feed rate. The higher agent feed rates
require less fuel oil to maintain the rotary kiln operating tempera-
ture due to the amount of heat released from the materials being
Incinerated.

Electrical power is needed to operate the kiln, feed and
S.. discharge systems and the pollution control system. The largest

portion of the electrical power is needed for the pollution control
system due to the large induced draft fan,

0. Ease of Operation

Due to the fact that the thermal system consists of only one
furnace system, the complexity of the thermal system is minimized.
The furnace system has no complex moving parts and is an inherently
simple system. One furnace system handling all munitions reduces the
complexity of materials handling by minimizing possible handling
routes.

The flexibility of the system Is only limited by large
detonable items which may result in equipment damage. The system also
has applications after demilitarization for many types of wastes such
as sludges, liquids, and solids. The operability is good because of
its simplicity and flexibility.

et u d" I

I Usel duIplication, or' disclotsurel Is suibject to restifrctionsl st~ated Inl ContraIct No. O/AAKll.6.eiC.00| with ARRAOCOM.
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Economic Analysis - Large Rotary Kiln

General Assumptions Made for Economic
AnalYsls of Large Rotary Kiln

* Kiln size is constant

e Constant firing rate - 80 MMBtu/Hr

e Feed configuration is e (explosive downloaded, agent

cavity opened)

e Kiln will handle all material

e Used baseline costs where components remained the same
* System availability is based on thermal system only

(thermal system includes ultimate disposal and pollution
control equipment)

A. Single Site Facility Costs

Kiln. Constant size kiln results in constant size room 95'

x 35' for all feed rates, which includes feed, kiln, afterburner.
Cost is $400/sq. ft. Total cost is $1,330,000.

Scrap Handling. At a feed rate of 100 lb/hr agent produces
512.5 lb/hr metal scrap. Dunnage is 100 percent wood.

Scrap Agent Rate
512 100 lb/hr

2050 400 lb/hr
5125 1000 lb/hr

15,400 3000 lb/hr
25,670 5000 lb/hr

Baseline cost at 400 lb/hr is $133,200. Baseline cost at 3000 lb/hr
is $350,100.

S133,200 (100) 1 $57,980

I Use, duplication, or disclosure Is subect to restrictions stated in Contract No. OAAKll-82-C-0055 with ARRAOCOM.
- S A, "* " . C.. , 2±'• "..'. ' ..................................... '.. ' .,." .-.............. '--",, r•.'.... .•
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133,2oo (1000) 6 $230o,820

350,100 (5000 $47, 7.

Salt and Drum Storage. Baseline $150,880.

For a single site the total salt storage should be the same

if the same type of Pollution Control System (PCS) is used so for a

single site the cost remains the same for varying rates. For

collocated the cost is $397,290.

APC Pad. Baseline 2500 scfm capacity

"Space required 2500 ft 2 at $6250

For kiln system which will have a fairly constant fluegas
flowrate regardless of the agent feed rate. The 80 MMBtu kiln PCS is

rated for 57,000 SCMH ( 25,000 scfm).

$6250 (10)-6 - $24,880

Bulk Item Furnace. Not needed in this system.

* Fuel Tank Pad. Baseline fuel pad has 2 10'x25'
(1963.5 ft3), 14700 gal tanks and 1320 ft 2 at $3300.

The furnace is fixed at a rate of 80 MMBtu/hr, This

requires 563 gallons per hour fuel oil at 142,000 Btu/gal (3,378,000

gal/year at 24 hours a day for 250 days a year).
However, the downtime must be factored in. Using the

baseline of 0.65 availability reduces the oil usage to 2,195,700

gal/year. In addition the fuel oil usage will be reduced by the fuel
value of the agent, dunnage and explosive.

#Fuel oil, 7.21 lb/gal

Use, duplication,, or d .sclour. Is . ..bject to . "s.trction, stated in Contr, ct No. -K12.• COOSS with ARRA"COM



At 100 lb/hr the fuel value of the material is

lb/hr HHV Btu/hr

100 GB 10,073 Btu/hr 1,007,300
62.5 Exp. 5,400 331,500
162.5 Wood 8,500 1,381,250

TOTAL 2,726,050

(2,726,050) (C )( 65(0)20 62392 gal/year
reduction in oil

2,195,700 -62392 - 2,133,308 gal/year needed for 100 lb/hr.

lb/hr HHV Btu/hr

(400) (10073)
~.. 250 (5400)
(650) (8500

.44TOTAL 10,5799200
242,130 gal/yr

2,195,700 242,130 *1,953,570 gal/year needed for 400 lb/hr.

lb/hr HHV Btu/hr

(1000) (10073)
(625) (5400

(1625) (8500

TOTAL 27,260,500
623,920 gal/yr reduction

2,195,700 - 623,920 *1,571,780 gal/year needed at 1000 lb/hr.

K3000 lb/hr.
(3000)(10073) Total 75,759,000 Btu/hr

K~I(1900)(5400) 1,733,920 gal/hr
(4900) (8500).

2,195,700 - 1,733,920 *563,380 Sal/hr needed.
4 tanks needed.

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKII.S2.C-OO!5 with ARRADCOM,
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*' 5000-lb/hr.

(5000)(10073) Total 126,265,000 Btu/hr
(3167)(5400)
(8167)(8500) 2,889,867 gal/hr.

*This is more then required. Will need oil for furnace heat-
up and will use

(4 hrs/day)(250 day/yr)(80 x 106 Btu/hr)(142,000 Btu/gal)-'
: ~ 563,380 gal./hr.

4 This number Is larger than for 3000 lb/hr. Will adjust for

3000 lb/hr also.
4 tanks needed.
The above calculations are sunmmarized in Tables E-3 and E-4.

:~Each tank is estimated to hold 149700 gal and baseline uses 64.4
*gal/hr for a total of 322,000 gal/year.

L (2)2.138,143
3200 13 tanks needed on basis of same refillling

frequency.

100) (1)($3300) - $21,450

400) (.)($3300) - $19,800

1000) (0 ($300) - $16,500

3000) (.)($3300) *$6,600

__5000) 4)($3300) *$6,600.

B. Copital- Equipment

Kiln Furnace. Ford, Bacon & Davis/BKMI verbal quote for 80
Li MMBtu unit 15' x 45' Includes feed system, retort, afterburner, and

pollution control system.

At use, duplication, or disclosure is subject to restrictions stated in Contra'ct No. DAAKIl-aa.C-0055 with ARRACCOM.
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STABLE E-3. SINGLE SITE FACILITY COSTS -
LARGE ROTARY KILN

'. Facility Baseline, $ 100 lb/hr 400 lb/hr 1000 lb/hr

Kiln Furnace Area $ 528,000 $1,330,000 $1,330,000 $1,330,000

"Scrap Handling 133,200 57,980 133,200 230,820

Salt and Drum Storage 150,880 150,880 150,880 150,880

APC Pad 6,250 24,880 24,880 24,880

Bulk Item Furnace Area 236,700 0 0 0

Fuel Tank Pad 3,300 21,450 19,800 16,500

TOTAL $1,058,330 $1,585,190 $1,658,760 $1,753,080

",.UsN

• r 0



Ii.

,1a TABLE E-4. COLLOCATED SITE FACILITY COSTS -

LARGE ROTARY KILN

Baseltin, $
V Facility 3000 lb/hr 1000 lb/hr 3000 lb/hr 5000 lb/hr

Kiln Furnace Room $1,384,000 $1,330,000 $1,330,000 $1,330,000

Scrap Handling Area 350,100 230,820 350,100 475,670

Salt & Drum Storage 397,290 397,290 397,290 397,290

r APC Pad 16,425 24,880 24,880 24,880

Bulk Furnace Area 622,800 0 0 0

Fuel Tank Pad 8,650 21.450 6,600 6,600

TOTAL $2,779,265 $2,004,440 $2,108,870 $2,234,440

U Use, du•cli4tio", or disclosure is subject to rlstrlCtloni stated In ContriCt No. OAAKII-82-C-OO55 with ARRAOCOM.
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Total $12,000,000

Same system/unit used for all feedrates.

Air Heat Exchanger. Baseline 11,000 SCFM 8000 T

(842 lb/min)(60)(800°F)(.27 Btu/Ib0 F) - 10,912,3z0 Btu/hr at $200,000

Our case we need to remove 24MMBtu/hr from the room:

$200,000(24 '6 $319,400.
Same for all feedrates.

Bulk Furnace & Exchanger. Not needed.

Storage Forklift. Adjusted from baseline.

Pollution Control. The system provided by BKMI has a

pollution control system similar to baseline. The cost is one-half of
the total system stated under the heading Kiln Furnace, above.

$6,000,000.

Fuel Tanks. See Facility Costs.

2 tanks cost $36,000 - $18,000 each.

100 13 tanks $234,000

40C 12 tanks $216,000

1000 10 tanks $180,000

3000 4 tanks $ 72,000

5000 4 tanks $ 72,000

Residue Truck. Adjusted from baseline.

The capital equipment costs are compiled in Tables E-5 and

E-6.

Use, dualieation, or disclosure Is subJect to restrictions stated in Contract No. DAAKlI-82-C-0O5 with ARRAOCOM.

7L .• L L...L`A . 7 ` . ., .7.
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TABLE E-5. SINGLE SITE EQUIPMENT COSTS-
LARGE ROTARY KILN

Equipment Baseline, $ 100 lb/hr 400 lb/hr 1000 lb/hr

Kiln Furnace $7,000,000 $6,000,000 $ 6,000,000 $ 6,000,000

Air Heat Exchanger 80,000 319,400 319,400 319,400

! U Bulk Furnace 9,000,000 0 0 0

Air Heat Exchanger 95,000 0 0 0

Storage Fork Lift 22,000 22,000 22,000 44,000

Kiln Scrubber 250,000 6,000,000 6,000,000 6,000,000

Bulk Scrubber 295,000 0 0 0

Kiln Baghouse 130,,00 0 0 0

Bulk Baghouse 170,000 0 0 0

Fuel Tanks 36,000 234,000 215,000 180,000

Residue Handling Truck 65,790 65,790 65,790 131,580

Subtotal 17,143,790 12,641,190 12,623,190 12,674,980

Design 25% 20% 20% 20%

Total Equipment 21,429,740 15,169,430 15,147,830 15,209,980

Total Capital $22,488,070 $16,754,620 $16,80F,590 $16,963,060

j " "°use, duplication. or disclosure is subject to restrictions stated in Contract No. OAAKIl-82.C-0055 with. ARRADC_ .
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TABLE E-6. COLLOCATED SITE EQUIPMENT COSTS -

LARGE ROTARY KILN

Baseline, $
Equipment 3000 lb/hr 1000 lb/hr 3000 lb/hr 5000 lb/hr

ii

Kiln Furnace $15,743,000 $ 6,000,000 $ 6,000,000 $ 6,000,000

Air Heat Exchanger 200,000 319,400 319,400 319,400

Bulk Furnace 20,241,000 0 0 0

Air Heat Exchanger 230,000 0 0 0

Storage Fork Lift 44,000 44,000 44,000 66,000

Kiln Scrubber 625,000 6,000,000 6,000,000 6,000,000

Bulk Scrubber 715,000 0 0 0

Kiln Baghouse 400,000 0 0 0

Bulk Baghouse 520,000 0 0 0

Fuel Tanks 90,000 180,000 72,000 72,000

Residue Handling Truck 173,000 131,580 173,000 288,300

Subtotal 38,981,000 12,674,980 12,608,400 12,745,700

Design 25% 20% 20% 20%

Total Equipment 48,726,250 15,209,980 15,130,080 15,294,840

Total Capital $51,505,515 $17,214,420 $17,238,950 $17,529,280

a..,• Lm..

did

,'

,'t" USe, duplicationl, OP dlscloiurg Is subject to esstr¢ct~onusStatlKI In COnltruct N. 0MK11-42-C-QOOS with ARRAOCD!.
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C. Operating Cost

Personnel Requirements.

Kiln - Based on vendor information.
Maintenance - Estimate.

*1 "Control Room - Estimate.
Pollution Abatement - Included under kiln.
Ultimate Disposal - Scaled from baseline, based on

same rates.

Cost - $!O,O00/man year
The labor costs are summarized in Tables E-7 and E-8.

Direct Costs.

Water. Baseline 9.5 M gal/yr for 11,000 scfm.

9.5 (2500) " 21.6 Mgal/yr.

Same for all feedrates.

Electric. Will cost the same regardless of feedrate for
Li •kiln, heat exchanger, and scrubber.

Kiln .18 MKwHr/yr vendor information

Heat .50 1.6x
Exchanger

Scrubber 4,80 vendor information

Salt Eq. below will be ratioed.

Baseline .46 + 76 - 1.22 for 400 lb/hr.

100 (100/400) (1.22) - 0.31 + 5.48 = 5.79
400 1.22 + 5.48 n 6.70

1000 (1000/400) (1.22) a 3.10 + 5.48 - 8.58

Use, duplication, or disclosur, is sub•ect to restrictions Stated in Contract No. OAAKII-a2.c.0055 with ARRAOCOM.
.••w, ,':. .'•,. " .. 'l...'•,. ' "• ' '.• ", " '.•. ,' • '•• ". " . . ",... . . ... . . . . .. . ..
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TABLE E-7. SINGLE SITE LABOR COSTS -
LARGE ROTARY KILN

Personnel Requirements (men/shift)
Agent Rate Agent Rate Agent RateArea 100 lb/hr 400 lb/hr 1000 lb/hr

KIln 2 2 2

Maintenance 2 2 2

Control Room 1 1 1

Pollution Abatement (Included under kiln) 1 1

Ultimate Disposal 2 4 6

Total/Shlft 7 10 12
Man years/year 21 30 36
Labor cost $/year 1,050,000 1,500,000 1,800,000

at $50,000/man year

Use, duplicailon, or disclosure is subject to restrictions stated In Contract No. oAAMKl1a2-C.cOOu with ARRACCON.
- .,,• ,. , *'.,,, .. , . , ,. "., . . .,-h * *, * * * * * .. ',-;,-, ,., -. ., , "- •. • , . ... .- , ., .I., ,,,,- ." . , .b ... .. . . ,-'
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TABLE E-8. COLLOCATED SITE LABOR COSTS -

LARGE ROTARY KILN

Personnel Requirements (men/shift)

Agent Rate Agent Rate Agent Rate
Area 1000 lb/hr 3000 lb/hr 500 lb/hr

Kiln 2 2 2

Maintenance 2 2 2

Control Room 1 1 1

Pollution Abatement 1 2 3

Ultimate Disposal 6 10 14

Total/Shift 12 17 22

Man years/year 36 51 66
Labor cost $/year 1,800,000 2,550,000 3,300,000

at $50,000/man year

Use, dupol1atton, or disclosure lv subject to restrictions stited in Contract No. OAAK11-82-C-O05 wtth ARRADCOM,
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3000 3.22 + 5.48 - 8.70
5000 (5000/3000) =5.37 + 5.48 - 10.85

The direct costs are compiled In Tables E-9 and E-10.

Changeout Costs. During changeout the kiln will be shut
down. This will result in air pollution control, salt equipment and
scrap handling to be shut down.

Water usage will be 0
Electric will be lighting only

Fuel oil will be for startup and shutdown
Spare parts and materials/supplies remain.

Assume startup takes 8 hours at 80 MMBtu/hr:

((80 x 106)(8)/142,000)(1.20) a $5,400

The startup fuel will be added to spare parts, materials/
supplies. Lighting will be neglected. The spare parts and materials/
supplies will be rated for the duration of the changeout. Will need
electric and water during startup. Will use a cost of $12 for
electric and $18 for water.

Electric (30)(8)(0.05) - $12.

Water [(21.6 x 106)/(20)(250)] (8)(.1) • $18.

Kiln refractory cost is $350,000 (vendor information)

Life expectancy is 2 years.
Will replace refractory at each changeout at the lower

feedrates. Assumed at lowest feedrate the refractory life will be
increased.

Changeout direct costs will be:

5400 + 18 + 12 + 350,000 * $355,430.

Us. e I, duplication, or disclosure is subjet to restrictiont stated In Contract NO. MKI.42.C-O055 with ARRAOCOM.
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TABLE E-9. SINGLE SITE OPERATION COSTS -

LARGE ROTARY KILN

.,-Annual Usage/Cost

AMAgent Rate Agent Rate Agent Rate
Utility 100 lb/hr 400 lb/hr 1000 lb/hr

water, 10 l,11/yr 21.6 21.6 21.6
($.53/1000 gal) $ 11,450 11,450 11,450
Electric, 106 kwy/yr 5.79 6.70 8.58
($1.05/Kwh) $ 289,500 335,000 429,000

ni Fuel gal/yr 2,138,143 1,953,570 1,620,130
($1.20/ga) 2,565,770 2,344,280 1,944,160

Spare Parts 6% (Capital $1,055,280 1,008,400 1,017,780
EquipmentS w/Desi gn

Materials/Supplies, 10%Other $ 492,200 519,910 520,240
Operating _

Total Direct Costs $/yr $4,364,200 4,219,040 3,922,630

LI

Use, duplication, or disclosure Is subject to restrictis stated I" C*ntract No. - KI.I..2.C-00,5 with ARRAOC.
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TABLE E-1O. COLLOCATED SITE OPERATION COSTS -
LARGE ROTARY KILN

SI Annual Usage/Cost

Agent Rate Agent Rate Agent Rate
Utility 1000 lb/hr 3000 lb/hr 5000 lb/hr

Water, 1o6 gal/yr 21.6 21.6 21.6
($.53/1000 gal) $ 11,4560 11,450 11g450

Electric, 106 kwy/yr 8.58 8.70 10.85
($0.05/Kwh) S 429,000 435,000 542,500

Fuel, gal/yr 1,620,130 563,380 563,380
($1.2/gal) 1,944,160 676,060 676,060

Spare Parts 6% (Capital $ 912,600 907,800 917,690
Equiprnent5 w/Design

Materials/Supplies, 10% Other $ 509,720 458,030' 544,770
Operating ______ _____

Total Direct Costs S/yr $30806;930 2,488,340 29692,470

Use, duplicatIon, at, disclosure Is subject to restrictions stated in Contract No. OAAKIl.12-C.OOSS with ARPAOCOM.
._T : , , " ... S. , ' ,, ,, , " , .. .. 'II', ,
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100 lb/hr (.17)(1,005,280 + 492,200) a $254,570
400 lb/hr (.17)(1,008,400 + 519,910) a $259,810

1000 lb/hr (,17)(I,017,780 + 520,240) - $261,460.

"At 100 lb/hr agent feed rate refractory will be changed
during both changeouts.

254,570 + 355,430 m 610,000

1000 - 2 Refractory Changes/Repair
700,000 + 5430 + 241,790 1 947,220 (both)

3000 - 1 Refractory
350,000 + 5430 + 241,770 • 247,300 (1st)

597,200 (2nd)
6000 - 0 Refractory

5430 + 258,200 * 263,630 (both)

At 400 lb/hr agent feed rate refractory will be changed only
once during the second changeout.

1st changeout 259,810 + 5430 * 265,240
2nd changeout 259,810 + 5430 + 350,000 - 615,240.

At 1000 lb/hr no refractory change/repair needed.
Changeout 261,460 + 5430 2 266,890.

D. Development Costs

The development costs are listed in Table E-11.

E. Total Cost

"The total costs are compiled in Table E-12 through E-19.

The plots of the cost curves are shown in Figures E-2 and E-3.

Uses, dupIlcAtio, or disclosure Is sUbject to restrictions Ittted in ContraCt NO. OAAK11-42-C-ODoI with ARRACCOq,
i • :•;• . , • • %. • • • .:•r•..-.'.".:.•,r.'. • •, , ., .. •,. •... , .. ,. ... ..... :,.- .,. .- .. 11 . , , _ .
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TABLE E-11. DEVELOPMENT COSTS - LARGE ROTARY KILN

Phase I1 Lab Studies

Concept Refinement $ 15,000
Volatilization and Operation Studies 100,000
Refractory-Materials Compatibility Studies 100,000
Environmental Studies 100,000
Feed and Discharge Studies 100,000

Seal Design 50,000

materials 160,0000
Subcontractors 150,000
Contingency 50,000

Preliminary Pilot Plant Design 60,000

TOTAL PHASE II $ 875,000

Phase 11 Pilot Plant Studies

Pilot Plant Design $ 200,000
Test Plans, Operating Procedures 50,000
Pilot Plant Construction 1,105,000
Pilot Plant Start-Up 145,000

Operator Training 390,000
Operation 869,000
Test Reports 15,000
Process Development 250,000
30% Design Package 250,000
Subcontractors 500,000

Contingencies (20% of 3,774,000) 755,000

TOTAL PHASE 111 $4,529,000

TOTAL DEVELOPMENT COSTS $5,404,000

Use, duglication, or discl°oure is subjet to restrictions stated in Contract N. MKi1-2.e.c.-os1 with ARRAOCON,
g,* -- * * * -~
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A 

Change Out 

8/C 
Change OUt 

0 

Shutdown 

TABLE E-12.. SllliLE SI1E TOTAL OPERATIE COST- LARGE ROTARY Kill 
(100 LB/IIl) 

labor Cost/Year Other Direct Cost/Yr Duration, Yr 

350,000 1.454.730 0.50 

1,050,000 2.182,100 0.50 

1,050,000 4,364,200 2.49 

1,050,000 610.000 0.17 

1,050,000 4,364,200 3.34 
1,050,000 610,000 0.17 

1,050,000 4,364,200 0.94 

350,000 1,454,730 0.50 

Total Life Operating Cost 8.61 
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~-'--~ ~~ 

Total Cost 

902,365 

1,616,050 

13,481,360 

788,500 

18,003,430 

788,500 

5,089,350 

902,365 

$41,651,920 
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Change Out 

0 

Shutdown 

TABLE E-13. SINGLE SITE TOTAL «JJERA.TIIIi COST - l.MGE ROTARY KIUI 
( 400 LB/IIt) 

Labor Cost/Year Other Direct Cost/Yr- Duration, Yr 

500,.000 1,406,.350 0.50 
1,500,000 2,109,520 0.50 

1,500,000 4,219,040 0.62 
1,500,000 265,240 0.17 
1.500,000 4,219,040 0.83 
1,500,000 . 615,240 0.17 
1,500,000 4,219,CMO 0.26 

500,000 1,406,350 0.50 

Total Life Operating Cost 3.55 

-- -- ---- ---- ~----~~-

Total Cost 

953,.175 
1,804,.760 
3,545,.800 

520,240 
4,746.800 

870,240 
1,486,950 

- 953,175 

$14,881 10 140 
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Period 

Eq Acceptance 
Training & Sys 

A 

Change fr.rt 

8/C 
Change Out 

D 

Shutd~-n 

T~BLE E-14. SINGLE SITE TOTAL CJIERATING COST - LARGE ROTARY KILN 
(1000 LBJHR) 

Labor Cost/Year Other Direct Cost/Yr Duration, Yr 

600,000 1,307,540 0.50 
1,800,000 1,961,315 0.50 

1,800,000 3,922,630 0.25 
1,800,000 266,890 0~17 

1,800,000 3,922,630 0.34 
1,000,000 266,890 0.17 

1,800,000 3,922,630 . 0.11 
600,000 1,307,540 0.50 

T3tai Life Operating Cost 2.54 

Total Cost 

953,770 
1,880,660 

1,430,660 

fi1Z,890 
1,945,690 

57Z,890 

629,490 

953,.770 -

s 8,939,.820 

I"T1 
I 
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TABLE E-15. SINGLE SITE COSTS -

LARGE ROTARY KILN

Agent Feed Rate
100 lb/hr 400 lb/hr 1000 lb/hr

Capital $16,754,620 $16,806,590 $16,963,060

Operating 41,651,920 14,881,140 8,939,820
Development 5,404,000 5,404,000 5,404,000

Total Life $63,810,540 $37,091,730 $31,306,880
Cycle Cost

Uba,
4,.'

44IJ...

PI'1

' Use. duplication, or di5coloure Is subject to restrtcC1ons stated In Contract No. OAA~ll-82C-.OO56 with ARRAOCOM•.
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TABLE E-16. COLLOCATED SITE TOTAL OPERATING COST - LARGE ROTARY KILN 
(1000 LB/HR) 

labor Cost/Year Other Direct Cost/Yr Duration, Yr 

600,000 1,268,980 0.50 
1,800,000 1,903,465 0.50 
1,800,000 3,806,930 2.48 
1,800,000 947,220 0.17 

1,800,000 3,806,930 3.34 
1,800,000 947,220 0.17 
1,800,000 3,806,930 1.08 

600,000 1,268,980 0.50 

. 
Total Life Operating Cost 8.74 

.-:~, '.1 .. • ,, ~ 
1:...!-!-. ~-.!~ 1-S~ ... 

Total Cost 

934,490 

1,851,730 
13,905,190 
1,253,220 

18.727,150 
1,253,220 
6,055,480 

934,490 

$44,914,.970 
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Period 

Eq Acceptance 
Training & Sys 

A 

Chang~ Out 

8/C 
Change Out 

0 

Shutdown 

TABLE E-17. COLLOCATED SITE TOTAL OPERATIIII COST - LARGE ROTARY KILN 
( 3000 LBIHR) 

labor Cost/Year Other Direct Cost!Yr Duration, Yr 

850,000 829,45.0 0.50 
2,550,000 1,244,170 0.50 
2,550,000 2,488,340 0.82 

2,550,000 247,300 0.17 

2,550,000 2,488,340 0.10 
2,550,000 597,200 0.11 

2,550,000 2,488,340 0.37 
850,000 829,450 0.50 

Total Life Operat1ng Cost 4.13 

Total Cost 

839,720 
1,897,090 
4,131,440 

680,800 

5,541,170 
1,030,700 
1,864,190 

b..19,720 

$15,825,830 
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TABlE E-18. COllOCATED SITE TOTAl fJJERATIJIG COST - LARGE ROTARY KILN 
(5000 lB/IR) 

Period labor Cost/Year 

Eq Acceptance 1,100.000 

Training & Sys 3.300.000 
A 3,300.000 

Change Out 3,300,000 

8/C 3,300,000 
Change Out 3,300,000 

D 3,300,000 
Shute! awn 1.100,000 

Total life Operating Cost 

Other Direct Cost/Yr Duration, Yr 

897,490 0.50 

1,346,235 O.Sll 

2,692.470 0.50 

263,470 0.17 

2,692,470 0.67 
263,630 0.17 

2,692.470 0.22 
897,490 0.50 

3.23 

Total Cost 

998.750 

2.323.120 
2,996,230 

824.630 
4,014,950 

824,630 

1,318.340 
998,750 

$14,299,400 
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TABLE E-19. COLLOCATED SITE COSTS -
LARGE ROTARY KILN

Agent Feed Rate

1000 lb/hr 3000 lb/hr 5000 lb/hr

Capital $17,214,420 $17,238,950 $17,529,280

Operating 44,914,970 16,825,830 14,299,400

Development 5,404,000 5,404,000 5,404,000

Total Life $67,533,390 $39,468,780 $37,232,680
Cycle Cost

r.j

"Use, duplicatlon, or discloSure is subJect to restrictions stated in Contract No. DAAKlt-42-C-OO55 with ARRAOCOH.
,, . .. .• :. . ., . ,. •, ,, . .. - .. .. ,• •, , , - ,•a, . ., ¢ -u, , .. . . .. •.. 2., .... -.. ,,..* , *.
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F. Optimum Process Flow Rate

For single site operation the optimum process flowrate

occurs at the highest agent feed rate, based on the total life cycle

costs. The collocated site optimum process flowrate is at 5000 lb/hr

which is the limiting process rate of the large rotary kiln. For a

larger feed rate, a second kiln will be added which would raise costs.

See Figures E-2 and E-3 for the cost curves.

G. Operating Time

The munition feed time will be based on the amount of agent

per munition, thermal system availability, munition inventory, opera-
tion days and hours per year (20 hours a day and 250 days a year).

Also for the thermal system, it is assumed that there is no difference
between burstered and nonburstered munitions.

Munition- lb agent/munition
M55 Rockets 10.7 lb/rocket
105 mm 1.6

155 mm 6.5
8" 14.5

Bomb 220.0
Ton 1500.0
Mortars 6.0

Mines 10.5

Spray Tank 1356.0

Throughput/hr.
80,000 M55's (100 lb/hr)(10.-- lb/munition)

(20 hr/day).(250 days/hr)(0.859)

¶ 1 Use, duplication, or disclosure is subject to restrictions stated in Contract No. OMAKII-82-C-0056 with ARRAOCCOM.
... ,L'--
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100 lb/year 2.00 years
400 lb/year 0.50 years

1000 lb/year 0.20 years

The same steps were done for the other munitions on a programmable

calculator. The calculations are compiled in Tables E-20 and E-21.

I
1i UlI, dupllatclton, oP disc+Olurg Is SUbjelct to ,etrl~c~talo stated In Contract No. OMLKll-.62-C-O0S| with ARIMOCI4.
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FIGURE E-2

~, ROTARY KILN CONCEPT
LIFE CYCLE COST CURJVES

SINGLE SITE
FEEDSTOCK C/E

LEGENDo=TOTAJL
* o = OPERATING

-=CAPITAL0=DEVELOPMENTAL

0ft 10 OM4CdWG &001. dO1

AGEN DESRUCTON RTE, B/H
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FIGURE E-3

ROTARY KILN CONCEPT
LIFE CYCLE COST CURVES

COLLOCATED SITE
FEEDSTOCK C/E

LEGEND
TOTAL

o - OPERATING
sm=CAPITAL

~DEVELOPMENTAL

Lobo a

Wduplication, or disclosure is subject to restrictions stated in Contract No. OAAKll-82.C-0056 with ARRACOCMI.

qp -,



-~ 

-• Cia 
,N 

·h ·:s .. ... 
... II: 
.-~ 

• "::7 

...:.:...__:...;_...:::. 

llln1tion lblitt• 
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i55 - Projectiles so.ooo 
s• Projectiles SO.IXIJ 
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Aun•tlit;y 
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15.4 0.5 153.8 0.859 
6.9 l1..6 6!1.0 0.859 
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EngineerIng Analysis - ProDortional Rotary Kiln

A. System Concept Description

The proportional rotary kiln concept consists of one rotary
kiln with the kiln volume scaled to the feed rate. This single kiln
will incinerate all agent, explosive and dunnage but requires the feed
material to be liquid or small enough to be handled by the rotary kiln.
The larger the kiln the larger the solid feed material can be. The
kiln length will be sufficient to decontaminate the metal parts.

All materials are fed to the rotary kiln at the burner end
through an inclined fuel chute equipped with an air lock. Any liquids
could be pumped into the kiln through an injection nozzle located
beside the burner. The decontaminated metal parts and any residues
are discharged into the base of the vertical afterburner chamber and
are removed by a conveyor from the bottom of the liquid seal tank that
is maintained at the bottom of the afterburner chamber.

The process and general flow diagram of the system is shown
in Figure E-4. The system is operated at negative pressure by an
induced draft fan included in the baghouse portion of the flow dia-
gram. Operation of the system at negative pressure eliminates pos-
sible leaks of agent or vapors during their incineration. The overall
system mass balance is compiled in Table E-22 and the overall system
heat balance is compiled in Table E-23.

B. System Feed Requirements

L This system has been based on feed configuration h (mashed
S1,!munitions - 6 inches or less). The advantage to feedstock h is that

the rotary kiln size can be selected to match the feedrate instead of
using a fixed size kiln to match the items being fed. This would
result in more efficient fuel usage. At the higher feedrates the
fundamental size can be Increased to the limiting size of the rotary
kiln. At a 5000-pounds per hour feedrate the kiln size is sufficient

Use, duplication, or dilclosure Is subject to restrictions stated in Contract No, OAAK1I-82-C-0056 with ARRAOCON.
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Y,.• TABLE E-22. PROPORTIONAL ROTARY KILN SYSTEM
MASS BALANCE
400 LB/HR AGENT FEED RATE

Material lb/hr

IN

" Wood 650

GB 400
Explosive 250

Fuel 01l (486 gal) 55
Alr 21,220

Water 6,110
Metal 2,050

NaOH 686
TOTAL 31,421

OUT

Flue gas w/water 28,535
Salts and Particulate 836
Metal 2,050

TOTAL 31,421

. Use, duplication, of disclOsUret i$ subject to restrictions stated In Contrict No. OAAKlI-82-C-O055 with ARRAOCOM.
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* :';l TABLE E-23. PROPORTIONAL ROTARY KILN SYSTEM
HEAT BALANCE
400 LB/HR AGENT FEED RATE

IN

Material In HHV Btu/hr

Wood 8,500 5,525,000

Explosive 5,400 1,350,000
GB 10,073 4,029,200
#2 Fuel Oil 142,000 1,093,400

(per gal)
TOTAL 11,997,600

OUT

Material Out _TJL -Btu/hr

Water in flue gas* 0.50 1,530 6,996,600
Flue gas 0.25 330 C,354,140
Metal 0.11 1,530 345,015

"Salts & Particulate 0.2q 330 68,970
Metal 0.11 1,530 345,015
Heat Losses by difference 2,232,875

TOTAL 11,997,600

I.cludes heat of vaporization or heat of fusion.

0ot

-" Use. OUP lCat IO ", Or di R41osure is Subj ect to r estr it itons st at ed in contr act No . OAAK11- 82.-C -055 with ARRA DCO M.
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% ,to handle all bulk items. The size of the kiln at 400 pounds per hour

should be sufficient to handle small projectile munitions in feedstock
c for nonburstered and e for burstered (c - agent cavity open, e -
explosive downloaded, agent cavity open). Combustible items that have

a cross-sectional area of greater than 2 inches by 4 Inches may need
size reduction to completely ashify the combustible during its resi-
dent time in the kiln or the residence time of all materials will be
driven by the required residence time to ashify the combustible.

This system will also handle feedstock g if the sawed pieces
are small enough for the rotary kiln to handle.

"C. Pollution Abatement System

The current• approach is to use baseline technology for the
pollution control system. The baseline consists of a spray dry

scrubber followed by a baghouse, induced draft fan and stack. The
S..particulate generated from this system will be collected in the bag-

house, drummed and stored. The salts will be dry and will contain
"heavy metals. If the salts can be certified agent free there may be
the possibility of disposal in a hazardous landfill, otherwise, the

salts must be stored. For the purpose of this study the salts were
stored.

0. Ultimate Disposal

The majority of the materials that remain after the incine-
ration of the chemical agent and its related materials in the rotary
kiln are as follows: decontaminated metal scrap, wood ash and dry
salts generated in the pollution control system.

"The metal scrap can be sold as scrap as has been done at

CAMDS and RMA. It may need to be separated from the wood ash and/or
slag that it will be mixed with upon being discharged from the rotary
"kiln. This separation may only require a conveyor with a webbed belt
that will allow the larger pieces of material, the metal scrap, to be

Use, duplication, or disclosure is subitct to restrictions stated in Contract No. OAAKIl-82-C.0055 with ARRACoOM.
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transferred to its destination. The material that falls through the
conveyor will be collected and landfilled.

The wood ash will be collected In the liquid seal or the
baghouse depending on the size of the ash particles and the gas

velocities through the system. The larger particles that are not

carried by the hot flue gases to the baghouse will fall from the

discharge point of the rotary kiln and be collected in the liquid
seal. Ash will settle to the bottom of the liquid seal vessel where
it can be removed periodically and landfilled.
d m The dry salt and wood ash carry over to the baghouse will be

drme and stored as at CAMDS.

E. System Concept Advantages

The rotary kiln system is a simple system to operate because

it consists of one furnace and an afterburner that will handle all
munitions in feedstock g or h. The system is easy to operate as a
result of few moving parts and has few items that require service.

As a result of feedstock size being small there is no large
item handling system to feed the furnace or handle discharged materi-
als. The system also has potential for post demil applications
"because rotary kilns commonly are used for waste disposal of liquids,

sludges, and solids.
Since the system has few major knowledge gaps due to its

state-of-the-art status, it might to be "fast-tracked" at only a minor

increase in technical risk.

F. System Concept Disadvantages

The rotary kiln system as it is used in this system cannot

4. handle detonations of items larger than fuzes. The feedstock requires

a large amount of preparation.

"Use, dup•i•ation, or disclosure is subject to restrictions stated in Contract No. DAAKIl-2-C.0055 with ARRAOCo{.
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! iG. System Concept Knowledge Gaps

LV •The major rotary kiln system knowledge gap is refractory

life due to chemical attack and abrasion from the metal.

H. Safety

2The rotary kiln system using feedstock g or h is very safe.

N •The explosives are in small individual amounts and are not contained.

Also the feed entering the kiln will enter at a uniform rate which

will eliminates large surges of combustion gas leaving the kiln. The

kiln will operate at negative pressure to eliminate system leaks. The

system operates cocurrently to maximize agent vapor exposure to the

combustion conditions of the rotary kiln. The liquid seal provides a

blast attenuation damper in the event of an explosion.

I. Likelihoou of Development Within Five Years

Rotary kilns have been used for years for the disposal of

toxic and hazardous materials such as pesticides, herbicides, PCB's,

and dioxins. They have also been used for demilitarization of explo-

sives and conventional munitions. The development of the rotary kiln

"' tto handle chemical agents and related materials involves determining

the correct refractory and operating conditions.

lo* J3. Scalability

The rotary kiln system is very scalable. Rotary kilns of
the size range needed for the 100 to 5000 pound per hour agent

* feedrates have been built in industry for other uses.

Use. duplication, or disclosure is subject to restriCtionS stated In Contract No. OAAKll-82-C-0055 withi ARRAOCOM,

* ',.. **.- *',.,% . - - *

I . * '
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K. Degree of Technical Risk

The technical risk for the rotary kiln system feeding cut or

mashed munitions in small pieces, lnss than 10 inches is very low.
There is much state-of-the-art experience with a multiplicity of feed
materials in rotary kilns.

L. RAM Factors

The calculations are attached in Appendix L. The overall

thermal system availability factor is 0.881.

M. Materials Compatibility

The materials compatibility problems are similar to the
baseline system. One difference is that the rotary kiln has a
refractory lining to keep the kiln wall at a low temperature and to
protect the wall from the corrosive gases.

N. Energy Requirements and Source

The energy usage of the rotary kiln is dependent upon size
of the kiln. The larger the unit the more fuel usage. The fuel usage
is low during incineration of the agent because there is sufficient

heating value in the feed material to maintain the operating tempera-
ture. A pilot flame may be all that is required during operation.
During idling conditions the fuel usage will increase to keep the
refractory temperature hot; the temperature is estimated at 12000 F.

"Electrical power is needed to operate the kiln, feed and

discharge systems and the pollution control system. The largest
portion of the electrical power is needed for the pollution control
system due to the large induced draft fan.

Use, duplication, or disclosure is subject to restrictions stated in contract No. OAAKII-82-C-0055 with ARRADCO1.
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i: i0. Ease of Operation

-, The complexity of the thermal system is minimized since it
consists of only one furnace. The furnace system itself has no
complex moving parts and is an inherently simple system.

The system can handle all but large detonable items. It can
handle fuzes, giving it a high degree of flexibility.

The operability is good because of its simplicity and flexi-
bility. The number of personnel required to operate the rotary is
small. The system is easy to start up and shut down.

I.Ui

* I•

:'j':

t° I

". t

,, Use, du~licatlonl, or disIClosUre is Subjeict to ristriCtionls statod In COntraPct No.O, MkKl-62-C-0O55 w11tI1 ARRACCOM.
"-------



E-50

Economic Analysis - Proportional Rotary Kiln

General Assumptions

All munitions and related materials are Feedstock h or g.

A. Facility Costs

Kiln. The manufacturer uses a L/D ratio of 2 for the kiln
size. The approximate kiln diameter is as follows:

100 lb/hr 3 Ft Diameter 6 Ft Length
400 lb/hr 5 Ft Diameter 10 Ft Length

1000 lb/hr 7 Ft Diameter 14 Ft Length
3000 lb/hr 12 Ft Diameter 24 Ft Length
5000 lb/hr 15 Ft Diameter 30 Ft Length

Will allow 5 feet each side of kiln, 10 feet for feed system, and 15

feet for AFB and scrap discharge.

lb/hr Room Sizes Cost

100 13' x 31 $400/ft 2  161,200
400 15' x 35 $400/ft 2  210,000

1000 17' x 39 $400/ft 2  265,200
3000 22' x 49 $400/ft 2  431,200
5000 25' x 55 $400/ftý 550,000

Scrap Handling.

Baseline cost at 400 lb/hr is $133,200.

Baseline cost at 3000 lb/hr is $350,100.

lb/hr $

100 58,000 (100/400).6 x 133,200
400 133,200

1000 181,100 (1000/3000)-6 x 350,100
3000 350,100
5000 475,700 (5000/3000)"6 x 350,100

Use, duplicatton, or diclcOure is subject to restrictions State in Contract No. OAAKE1-82-C.0OS5 with ARRAUCOM.
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Salt and Drum Storage. Will use baseline ultimate disposal.
Regardless of feed rate, the total salts generated should be

appoximately the same at completion time.

Single Site - $150,880

Collocated Site - $397,290

APC Pad.
Baseline 400 lb/hr 2500 ft 2 at $2.5/ft 2

3000 lb/hr 6570 ft 2 at $2.5/ft 2

6250 x (100).6 . $2800 at 100 lb/hr

16425 x . .$8500 at 1000 lb/hr

16425 x *$22,300 3t 5000 lb/hr

Bulk Item Furnace. Not needed in this system.

Lil

" •.Fuel Tank Pad. Dependent on Fuel Usage.
* II

Assumptions: 10 percent supplemented fuel usage during use
r"'. (Example: kiln rated at 40 MMBtu will use 4 MMBtu/hr of fuel), Will1 ~ fire kiln at this rate during 4-Hr period per day and weekends.

100 lb/hr. 3 MMBtu/hr Unit.

3140,000 Btu ar )(24)(365) - 18,507 gal/yr
(30.00 Bu hr

Each tank from baseline is estimated to hold 14,700 gal. Baseline
*•, uses 322,000 gal/year. Tanks are filled monthly. Will use one-half
•: sized tank,

A () 1320 - 330 ft 2 - $2.5/ft 2  $900.

400 lb/hr. 11 MMBtu/hr Unit.

"U54, duplication, or disclosure il subNeCt tO restrictions stated in Contr@Ct No. OAAKll.a2-C.OOSB with ARRAOCOMI.
. ._ -= , ., ,.. .. : .. ' . . .:.': -. , , : , ,,. : ... , : .-. .' . : . . .. , ., . 2 : , .. . ., . , . " .. • . . , .
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(1 100 000)(24)(365) *66,186 gal/yr.

-1 One tank - 660 ft 2 - $1650.

1000 lb/hr. 28 MMBtu/hr. 168,473 gal/yr.
One tank par year - $1650.

3000 lb/hr. 83 MMBtu/hr. 512,028 gal/year.

rour tanks - 2640 ft 2 . $6600.

5000 lb/hr. 137 MMBtu/Hr. 845,155 gal/yr,
Six tanks -3960 ft2 -$9900.

The numbers calculated above are summarized in Tables E-24 and E-25.

B. Capital Equipment

Kiln.

Agent Feed Rate Total Heat Release Unit Cost, Millions*

100 2.? MMBtu/Hr .7
400 10.9 MMBtu/Hr 1.0
1000 27.3 MMBtu/Hr 1.6
3000 82.1 MMBtu/Hr 3.1
5000 136.8 MMIBTU/Hr .5

*CE Raymond Costs

The cost is a total package base price, it includes:

-Ram Feeder Stack
Kiln Emergency Stack
Liquid Firing Nozzles Control Panel
Afterburner Controls
Water Quench Motor, Control Center
Packed Tower Sludge Lances
Neutralization System Ash Removal
IG Fan Refractory

Use, dupication# or disclosure is subject to restrictions stated in Contract No. OAAK11.O2.C.OO55 witht ARRADCOI4.
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TABLE E-24. SINGLE SITE FACILITY COSTS -
':I PROPORTIONAL ROTARY KILN

Facility 100 lb/hr 400 lb/hr 1000 lb/hr

.1 Kiln Furnace Area $161,200 $210,000 $265,200

Scrap Handling 58,000 133,200 181,100

Salt and Drum Storage 150,880 150,880 150,880

APC Pad 2,800 6,250 8,500

Li Fuel Tank Pad 900 1,50 11,650

TOTAL $373,780 $501,980 $607,330

Baseline: $1,058,330

Uf dg i~i h O disl ur Is sujc to reticin s tate in Cotrc No OAAII82C-05 wihAiAC

IOmn

*,1 ,

, ',

m , Urns. dup14lcatlo,,, at dlsclouure Ii subject to rest'ltlgons stated In C:ontract No. OMAK1I-62-C-0055 wlt• ARqRACOcO.
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TABLE E-25. COLLOCATED SITE FACILITY COSTS -
PROPORTIONAL ROTARY KILN

Facility 1000 lb/hr 3000 "lb/hr 5000 lb/hr

Kiln Furnace Area $ 265,200 $ 431,200 $ 550,000

Scrap Handling 181,100 350,100 475,700

Salt and Drum Storage 397,290 397,290 397,290

APC Pad 8,500 16,425 22,300

Fuel Tank pad 1,650 6,600 9,900

TOTAL $ 853,740 $1,201,615 $1,455,190

Baseline: $2,779,265

Use, duplication, or disclosure Is subject to restrictions stated in Contract 40. OAAKI1-4.c.Oo6S with ARADOCOM.



Will use a factor of 40 percent for Installation of equipment. Will

not remove cost for quench, packed tower, neutralization system, and
.51 {}Y emergency stack.

Kiln System Costs, Installed

Lb/Hr Cost, Million Dollars

100 0.98
400 1.40

1000 2.24
"3000 4.34
000 6.30

Air Heat Exchanger. Will size based on maximum of 30% heat

___ iHeat Loss

lb/hr Btu/hr

100 810,000 42,000
400 3,300,000 97,700

1000 8,400,000 171,100
3000 24,900,000 328,300
5000 41,100,000 443,500

Baseline 10,900,000 Btu/hr at 200,000.

$200,000 06 0042,000

A Bulk Furnace & Exchanger. Not needed.

Storage Fork Lift. Same as baseline. Will adjust for feed

rate.

Pollution Control. Will scale from baseline from RMDLwE

furnace system.

Use. duplication, or disclosure is subject to restrictions staitd In Contract No. OAAKIll-Z-C-O055 withi ARRADCOM.
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.BassIne
400 lb/hr - (250,000 + 130,000) a 380,000
3000 lb/hr - (625,000 + 400,000) u 1,025,000

100 x 380,000 * $165,400

400 380,000

1000 (1000 x 1,025,000 • $530,200

3000 1,025,000

000 ( ).6 x 1,025,000 * 1,392,600/

Fuel Tanks. See Facility Costs for number of tanks. Tank
cost - $18,000 each.

100 ½ 9,000
400 1 18,000

1000 1 189000
3000 4 72,000
5000 6 108,000

The equipment costs are compiled in Tables E-26 and E-27.

C. Operating Cost

Personnel Requirements.

100 400 1000 3000. 5000

Kiln 2 2 2/3 3 3
Maintenance 2 2 2 2 2
Control Room 1 1 1 1 1

"," Pollution Abatement 1 1 2 2 3
"Ultimate 2 4 6 10 14
Totals T " -

Based on vendor estimates and baseline numbers.
The labor costs are compiled in Tables E-28 and E-29.

USe, 0uplcaItIom, or lisclosure Is subject to restrictions statd in Contract No. DAAKI1-.2-C-0s5 with ARRAOCOM,
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TABLE E-26. SINGLE SITE EQUIPMENT COSTS -
", PROPORTIONAL ROTARY KILN

Equipment 100 lb/hr 400 lb/hr 1000 lb/hr
I'..

Kiln Furnace $ 980,000 $1,400,000 $2,240,000

Air Heat Exchanger 42,000 97,700 171,100

, m. Storage Fork Lift 22,000 22,000 44,000

Kiln APC 165,400 380,000 530,200

Fuel Tanks 93000 18,000 18,000

i Residue Handling Truck 65,790 65.790 131,580

Subtotal 1,284,190 1,983,490 3,134,880

Design 20% 20% 20%

Total Equipment 1,541,030 2,380,190 3,761,860

Total Capital $1,914,810 $2,882,170 $4,369,190

Baseline: $22,488,070

U, .j

!.9
*6 6

'" uII, duplliction, or diullogurol Is Subject to PestrictiOns Statld In Contract NO. OAAKtl l-cZ--OOSs with AERAOCO4.
":'' " ' -" .'. '. .-. 2" . .''.".- ' " ' -. '..' . .."- '. ",. . . . . .. . ....... .. . :.. .. .
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TABLE E-27. COLLOCATED SITE EQUIPMENT COSTS -
PROPORTIONAL ROTARY KILN

Equipment 1000 lb/hr 3000 lb/hr 5000 lb/hr

• Kiln Furnace $2,240,000 $4,340,000 $6,300,000

Air Heat Exchanger 171,100 328,300 443,500

Storage Fork Lift 44,000 44,000 66,000

Kiln APC 530,200 1,025,000 1,392,600

*1 Fuel Tanks 18,000 72,000 108,000

Residue Handling Truck 131,580 173,000 288,300

Subtotal 3,134,880 5,982,300 8,598,400

Design 20% 20% 20%

Total Equipment 3,761,860 7,178,760 10,318,080

Total Capital $4,615,600 $8,380,375 $11,773,270

"Baseline: $51,505,515

'2

S~Ule, duplicatIon, or disclosu~re IS subject to reStrit~iOns stated in Contract No. OAAKlI-12-C-OOS5 with ARPRAOCON.
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TABLE E-28. SINGLE SITE LABOR COSTS
PROPORTIONAL ROTARY KILN

Personnel Requirements (men/shift)
Agent Rate Agent Rate Agent Rate

"Area 100 lb/hr 400 lb/hr 1000 lb/hr

Kiln 2 2 2

Maintenance 2 2 2

Control Room 1 1 1

Pollution Abatement 1 1 1
P. Ultimate Disposal 2 4 6

Total/Shift 8 10 12

Man Years/Year 24 30 36

SLabor Cost S/Year 1,200,000 1,500,000 1,800,000
at $50,000/man year

Ii2

S. Use, dupliCation, or disciolure is subject to restrictions state in Contract No. OAAK1l-a2-C-0055 with ARRAOCOM.
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TABLE E-29. COLLOCATED SITE LABOR COSTS
PROPORTIONAL ROTAPY KILN

Personnel Requirements (men/shift)
Agent Rate Agent Rate Agent Rate

Area 1000 lb/hr 3000 lb/hr 5000 lb/hr

Kiln 3 3 3

Maintenance 2 2 2

Control Room 1 1 1

Pollution Abatement 2 2 3

Ultimate Disposal 6 10 14

Total/Shift 14 18 23

Man Years/Year 42 54 69

Labor Cost S/Year 2,100,000 2,700,000 3,450,000
at $50,000/man year

Suse, duoll caiit on, or disclosure is subject t~o restrictions stated in Contract No . OAAK11.-82 .O-055 Wit h ARRA COC(.•

-* - ' *. .4*• . _.L .• •.; , _. .•.• = • ' .'.'•'.• .'• • ' • ' ... " .' .... ' .. :. . ... . . .. . . . .- • -. .
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Direct Costs.

Water. The water is required to cool the flue gases. Will

assume 50% of heat released will need to be cooled with water, 30% is

heat loss, and the balance goes out the stack.

4. 1054 Btu/lb x 8.33 lb/gal *8780 Btu/gal

lb/hr Heat MMgal/yr $/yr

100 1.5 x 106 Btu/hr 0.85 450
I~ ~ 400 5.5 x 106 Btu/hr 3.13 1660

1000 14.0 x 106 Btu/hr 7.97 4220
* *3000 41.5 x 106 Btu/hr 23.63 12520

5000 68.5 x 106 Btu/hr 39.01 20680

Assumed 20 hours/day, 250 days/year.

Electric.. MKw hr/yr.

100 400 1000 3000 5000

Kiln 0.10 .23 .40 .61 .83

Heat Exchanger 0.06 .15 .31 .51 .69

Scrtibber 0.40 .92 1.59 2.42 3.29

':.Salt Eq 0.53 1.22 2.11 3.22 4.37

TOTAL 1.09 2.52 4.41 6.76 9.18

Used kiln power at 400 and 3000 lb/hr feed rate and scaled directly to

other feed rates. Used .31 for heat exchanger at 1000 lb/hr, which

was the same heat load as baseline and scaled accordingly. Added salt

and scrubber power requirements for PBI and RMDLwE furnaces to get
amounts for 400 and 3000 lb/hr and then scaled accordingly.

100 lb/hr.

Kiln (100 6 .23C0.1
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Heat Exchanger ) .31 * 0.06
Scrubber (10 .92 - 0.40

Salt (.).6 1.22 m 0.53

400 lb/hr.

Heat Exchanger 3.).6  0.15

1000 lb/hr.
Kiln (1 ).6 .23 - 0.40

Heat Exchanger (4.96 .31 a 0.51

Scrubber (. .).6 .92 - 1.59

Salt (100).6 1.22 m 2.11

3000 lb/hr.

Heat Exchanger (.g). 6 .31 u 0.51

5000 lb/hr.
Kiln (•)6.61 m 0.83

Heat Exchanger .31 - 0.69

Scrubber 2.42 a 3.29
Salt (5).6 3.22 -4.37

Fuel Oil

See Fuel Tank Pad Calculations $1.2/gallon

A lb___ Fuel gal/yr $,,r

100 18,507 22,200400 66,186 79,400
1000 168,473 202,200
3000 512,028 614,400
5000 845,155 1,014,200

"" Use. duplication, or disclosure is subject to restrictions stated in contract No. OMK1I-82-C-0O55 with ARRACCOM.
,, , ', ,• ,. , • !. , • ,• : .. - ,, , . .. , ,, , . . -. . "., . , . . , . : . . . ' . . . .... ..... . .]
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:? .;, Spare Parts. 6 percent capital equipment/year (includes
"design cost).

Material/Supplies. 10 percent other operating costs/year
(includes personnel labor). The direct operating costs are compiled• t',in Tables E-30 and E-31.

Change Out Costs. Assuming life of refractory in kiln Is 2
years or greater depending on feedrate. Will change/replace refrac-

:' tory during change out if duration of operation has been greater than
1 :2 years.

I ,! Refratory 4" - $10.52/ft 2 (Guthrie)
1968 $ M&S 273.1
1982 $ M&S 746

. (10.52)( $28.74/ft 2 (1982)

$28.4/f

Feedrate Kiln Size Refractory Sq. Ft. Cost

100 3 x 6 57 $ 1,630
400 5 x 30 157 4,510

, 1000 7 x 14 308 8,850
S3000 12 x 24 905 26,000

5000 15 x 30 1414 40,630

During change out the kiln will be shut down. This will result in air
pollution control, salt equipment, and scrap handling being idle. The
only remaining costs will be spare parts and materials/supplies and
some fuel during start-up. There will also be some electric and water
costs during start-up but these costs are insiginificant. Eight hours

. start-up time assumed for all systems.

S Use, duollation, or dIscIosure is subjtec to restrictions stated in Contract No. OAAKll-82-C-0055 with ARRADCOM.
.....................................................................................
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TABLE E-30. SINGLE SITE OPERATION COSTS -
PROPORTIONAL ROTARY ,.IL.,N

Annual Usage/Cost

Agent Rate Agent Rate Agent Rate
Utility 100 lb/hr 400 lb/hr 1000 lb/hr

Water, 106 gal/yr 0.85 3.13 7.97
($.53/1000 gal) 450 1,660 4,220

'JElectric, 106 KWH/Yr 1.09 2.52 4.41
($0.05/KWH) 54,500 126,000 220,50

Fuel Oil, Gal/yr 18,507 66,186 168,473
($1.20/gal) 22,200 79,400 202,200

Spare Parts, 6% Capital 92,460 142,810 225,710
Equipment w/Design

Materials/Supplies, 10% Other 136,960 184,990 245,260
Operating

Total Direct Costs $/yr 306,570 534,860 897,890

i4 N

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAK/I-az-C-0osu wlth ARRAgOCS,
• 4.. . t . 4 4",..•. '4 4 ' *... . . . . . .-... . .. . .. ....: " " .'.•" .- .- "- :".. Y." •. " . " . .. .. '.-.*..""". . "...... ". . . . " .. '
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".1

: *1 TABLE E-31. COLLOCATED SITE OPERATION COSTS
PROPORTIONAL ROTARY KILN

Annual Usage/Cost

Agent Rate Agent Rate Agent Rate
Utility 1000 lb/hr 3000 lb/hr 5000 lb/hr

, Water, 106 gal/yr 7.97 23.63 39.01
($.53/1000 gal) 4,220 12,520 20,680

Electric, 106 KWH/Yr 4.41 6.76 9.18
($0.05/KWH) 54,500 126,000 220,50

SFuel Oil , Gal/yr 168,473 512,028 845,155
($1.20/gal) 202,200 614,400 1,014,200

Spare Parts, 6% Capital 225,710 430,730 619,080
Equipment w/Design

. Materials/Supplies, 10% Other 260,260 409,560 556,300
Operating

Total Direct Costs $/yr 912,890 1,805,210 2,669,260

US@, -ulc~in Or ,,COSr if ,u~w to retitossttdI otrc o__KI-2C05 wt R~
:-. '.

- 4•,.•

*"' I.= Ul ut~t~.O l~~uei uJtt ~titon i~N1 ~lr~ C} /A|4--S ft AACM
:''' .. ' .. ' . .. 'I'I" '*. =. . ''..... ' .•..-...; ' .. .. " ''' . " '..•"• ''' .. . .' . . . . . . : . . " ."""." . ', .
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100 lb/hr.

Refractory $ 1,630
Spare Parts C.7 )(92,460) 15,718
Materials/Supplies (0.17)( 136,960) 23,283
Fuel (270,000)/(142,000 8)(1.2) 18

TOTAL 40,650

Will need refractory replacement/repair each change out.

400 lb/hr.

Refractory $ 4,510
Spare Parts (17)( 142,810) 24,278

"1 Materials/Supplies (.17) 184,990) 31,448
Fuel 1.09 x 106)/142,000)(8)(1.2) 74

60,310 2nd)
55,800 (1st)

SS 1000 lb/hr.

Refractory not needed $ 8,850
Spare Parts .17) 225,710) 38,371,,!_:•Materials/Supplies ,17 M25,2_60) 41,694

* Fuel (2.73 x 106)/142,000)(8)(1.2) 185

CS 1000 lb/hr.

Refractory needed each change out $ 8,850
Spare Parts 17( 225,710) 38,371
Materials/Supplies .17 260,260) 44,244
Fuel 2.13 x 106)/(142,000)(8)(1.2) 185

CS 3000 lb/hr.

Refractory needed second change out $ 26,000
Spare Parts (.17)( 430,730) 73,224
Materials/Supplies .17 (409,560) 69,625
"Fuel 18.21 x 106)/142,000)(8)(1.2) 555:,,' ;', 169',400'( 2nd)

143,400 1st)

;bat

S U. dll4iln or dl~cilu~rI IS subjoct to reStrictitOn stt li C ontrac o OK1-62-C-05 ith ARACM
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'4" CS 5000 lb/hr.

Refractory not needed $ 40,630
,"" Spare Parts (.17)( 619,080) 105,244

Materials/Supplies (.17)( 556,300) 94,571
Fuel (13.68 x 106)/142,000)(8)(1.2) 925

D. Development Costs

The developments costs are presented in Table E-32.

E. Total Cost

Total life cycle costs are given in Tables E-33 through

E-40. Figures E-5 and E-6 present the total life cycle cost curves.

F. Optimum Process Flow Rate

The optimum process feed rate for the single site operation

occurs near 400 lb/hr agent feed rate and the optimum feed rate for
the collocated site occurs near 3000 lb/hr. These optimums are based

V• on total life cycle costs. See Figures E-5 and E-6 for cost curves.

G. Operating Time

F I Operating times are given in Tables E-41 and E-42.

U., t

,. ,

* ' Uls. duplicatiOn, or dlsc~lo~u,. Is StubiaCt to reStrititOnsl Statd I n Con~tract NO, OMK11-ff-C-005S with ALRROCOM.

I I .* I I * *~4 4
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TABLE E-32. DEVELOPMENT COSTS - PROPORTIONAL ROTARY KILN

Phase II Lab Studies

Concept Refinement $ 15,000
Refractory-Materials Compatibility Studies 100,000
Environmental Studies 100,000

Materials 150,000
Subcontractors 100,000

"i Contingency 40,000
Preliminary Pilot Plant Design 40,000

TOTAL PHASE II $ 545,000

Phase III Pilot Plant Studies

Pilot Plant Design $ 100,000
Test Plans, Operating Procedures 50,000
Pilot Plant Construction 1,105,000

Pilot Plant Start-Up 145,000

Operator Training 390,000
Operation 869,000
Test Reports 15, 000

Process Development 100,000
30% Design Package 100,000
Subcontractors 250,000
Contingencies (20% Total) 625,000

TOTAL PHASE II $3,749,000

TOTAL DEVELOPMENT COSTS $4,294,000

Use, duplication, or dilciosure Is subject to restrictions stated in Contract No. 0AAKlI-82-C-OO55 with ARRAOCOM.
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TABLE E-33. SINGLE SITE TOT.&l OPERATING COST - PROPOHIONAL ROTARY KILN 
(100 LB/HR} 

labor Cost/Year Other Direct Cost/Yr Duration,. Yr 

400,000 102,190 0.50 

1,200,000 153,280 0.50 

1,.200,000 306,.570 2.43 
1,200,000 40,650 0.17 

1,200,.000 306,570 3.25 
1,.200,.000 40,650 0.17 

1,.200,000 306,570 0.90 

400,000 102,.190 0.50 

Total life Operating Cost 8.42 

Total Cost 

251,.095 

676,640 
3,.660,970 

244,650 

4,.896,350 
244,650 

1,355,.910 

251,095 

$11,.581,360 
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TABLE E-34. S~NGL~ SITE TOTAL OPERATING COST - PROPOUIONAl ROTARY KILN 
(400 LB/HR) 

Labor Cost/Year Other Direct Cost/Yr Duration, Yr 

500,000 178,290 0.50 

1,500,000 267,430 0.50 

1,500,000 534,860 0.61 

1,500,000 55,800 0.17 

1,500,000 534,860 0.81 

1,500,000 60.310 0.17 

1.500.000 534,860 0.25 

500,000 178.290 0.50 

Total Life Operating Cost 3.51 

Total Cost 

339,145 
883,715 . 

1,241,260 

310,800 
1,648.240 

315.310 

508.720 
339.145 -

$5,586,335 
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TABLE E-35. SINGLE SITE TOTAL OPERATING COST - PROPORTIONAL ROTARY KILN 
(1000 lB/HR) 

labor Cost/Year Other Direct Cost/Yr Duration, Yr 

600,000 299,.300 0.50 
1 , 800. ()()() 448,940 0.50 

1,800,000 897,890 0.24 

1,800,000 80,250 0.17 

1,800,000 897s890 0.32 

1,800,000 80,250 0.17 

1,800,000 897,890 0.10 

600,000 299,300 0.50 

Total Cost 

449,650 

1,124,470 
647,490 

386,250 

863,320 
386,250 

269,790 

449!650 

~ .. :.;.•. ..-... 
~·- .-J .. ......,. •• 

Total life Operating Cost 2.50 $4,576,870 
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TABLE E-36. SINGLE SITE COSTS -
PROPORTIONAL ROTARY KILN

Agent Feed Rate
l o b h r 40 0 1 b /hr io ( f/r

Capital 
$ 1,914,810 $ 2,882,170 $ 4,369,190

Operating 11,581,360 5,586,335 4,576,870

Development 4,94 00 4,294,000 4,294,000

Total Life $17,790,170 $12,762,505 $13,240,060

4.1

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKll-a2.C-0055 with ARRACCOI4.
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Period 

Eq Acceptance 
Training & Sys 

A 

Change Out 

8/C 
Change Out 

D 

Shutdown 

TABLE E-37. COLLOCATED SITE TOTAL. (FfRATifli COST - PROP(JlTIONAl ROTARY KILN 
(1000 LB/lll) 

labor Cost/Year Other Direct Cost/Yr Duration, Yr 

700,000 304,300 0.50 
2,100,000 456,440 0.50 
2,100,000 912,890 2.42 
2,100,000 91,650 0.17 
2,100,000 912,890 3.25 
2,100,000 91,650 0.17 
2,100,000 912,890 1.04 

700,000 304,300 0.50 

Total Cost 

502,150 
1,278,220 

7,291,190 

448,650 
9,791,650 

448,650 

3,133,410 

502,150 

Total life Operating Cost 8.55 $23,396,310 
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TABLE E-38. C(llOCAJED SITE TOTAL (PERATIJIG COST - PROPfRTIONAL ROTARY KILN 
( 3000 LB/IIl} 

labor Cost/Year Other Direct Cost/Yr Duration, Yr 

900,000 601,740 0.50 

2,700,000 902,600 0.50 
2,700,000 1,805,210 0.81 

2,700,000 143,400 0.11 

2,700,000 1,805,210 1.08 

2,700,000 169,400 0.17 

2,700,000 1,.805,210 0.36 

900,.CDJ 601,740 0.50 

Total Life Operating Cost 4.09 

Total Cost 

750,870 
1,8()1!1300 

3,649,220 
602,400 

4,865,630 
628,400 

1,621,880 
750,870 

$14,670,570 

I:T1 
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TABLE E-39. COLLOCATED SITE TOTAL OPERATING COST - PROPmTIONAL ROTARY KILN 
( 5000 LB/IIl) 

Period labor Cost/Year Other Direct Cost/Yr 

Eq Acceptance 1,150,000 889,750 
Training & Sys 3,450,000 1,334,630 

A 3,450,000 2,669,260 
Change Out 3,450,000 200,740 

8/C 3,450,000 2,669,260 
Change Out 3,450,000 200,740 

D 3,450,00G 2,669,260 
Shutdown 1.150,000 889,750 

Total life Operating Cost 

---------- ---·~-·---- ~--~--'------··--~--

Duration, Yr 

0.50 
0.50 
0.49 
0.17 
0.66 
0.17 
0.22 
0.50 

3.21 

Total Cost 

1,019,875 
2,392,315 
2,998,440 

787,240 
4,038,710 

787,240 
1,346,240 
1,019,875 

$14,389,935 

J'T1 
I ..... 

U'l 
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TABLE E-40. COLLOCATED SITE COSTS -
PROPORTIONAL ROTARY KILN

Agent Feed Rate
1000 lb/hr 3000 lb/hr 5000 lb/hr

Capital $ 4,615,600 $ 8,380,380 $11,773,270

Operating 23,396,310 14,670,570 14,389,935

Development 4,294,000 4,294,000 4,294,000

Total Life $32,305,910 $27,344,950 $30,457,205
Cycle Cost

USe, dU011CAtlO, Or disclosure IS SUbjWN to rostrictions stated in Contract No. DAAK1l-*2-C-OO|5 Wltth ARRADCOM.
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FIGURE E-5

ROTARY K ILN CONCEPT
LIFE CYCLE COST CURVES

SINGLE SITE
FEEDSTOCK G/H

LEGEND
~ TOTAL

* o = OPERATING
A =CAPITA.L

0 = DEVELOPMENTAL

tiims

0 100 W 300 4W 8W00 O0100 OW0M9001000±00
AGENT DESTRUCTION RATE, LB/HR

* Us#, duplications or disclosure is subject to restrictions stated im Contract No. DAAKIl-12.C-0055 with ARRAOCOM.
.A.I *
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FIGURE E-6

RO0TAR LVY KILN CONCEPT
LIFE CYCLE COST CURVES

COLLOCATED SITE
FEEDSTOCK G/H

LEGEND
jTOTAL~

o=OPERATING
=CAPITA.L

*=DEVELOPMENTAL

zI.

*8o o 3=4 mmAGNIETRCINRAE BH
Usdpia tin rdslsr ssbett etitossae nCnrc o :K18--05wt RACN
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TABLE E-41. SIRE SllE OPEIArDm TillE- PDOITI-- IOTMY llll 

.... .... -..1 Per ... Syste.A' 

ICM!tor.J 100 lb/llr 400 llt/llr 1000 llt/llr Aw•nantty 

!10,000 9.3 37.4 t3.5 C.881 
20,000 9.5 38.1 95.2 0.881 

50,(0) 16.7 16.7 116.7 0.881 
5(),000 62.5 250.0 625.0 0.881 
50,000 15.4 61.5 153.8 0.881 
50,000 6.9 27.6 6!1.0 0.881 

JJD 0.4 1.8 4.6 0.881 

200 0.1 0.3 0.7 0.881 

.• ..... -.. ---..:..· ~~ ~~ !;~~ :r· . --_ ~ 

··~~~~--;...;11 

~~ ~: 

Product i• furs 

100 lb/llr 400 lb/lr 

1.95 0.49 
0.48 0.12 

0.68 0.17 
0.18 0.05 
0.74 0.18 
1.65 0.41 

0.45 0.10 

0.45 0.15 

1(0) lb/lr 

0.19 
0.05 

0.07 
o.oz 
0.07 
0.16 

O.ot 

0.06 
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TMLE E-42. allOCATED SITE OPEUDIIi TDE - PIKJICIID..._ lOYAltY liU 

l'llnMI!III-11111 Per ~ s~ 

llwelti:Gry 1000 lb/tlr liiD lb/lr 50110 lb./IIF Awa1llbH1ty 1000 lb/1tr 

800,000 93.5 280.4 467.3 0.881 UN 
200,000 95.2 . 285.7 476.2 0.881 0.48 

500,000 166.7 500.0 833.3 0.881 O.ti8 
500.000 625.0 1815.0 3125.0 0.881 0.18 
500,000 153.8 465.5 769.2 0.881 0.74 
500,000 69.0 2.01i.9 344.8 0.881 1.65 

8,000 4.6 ll.i 22.7 0.881 0.39 
Z,OOO 0.1 z.o 3.3 0.881 0.65 

Productt• Ye.rs 

liiD lb/lr 

0.65 
0.16 

0.23 
0.66 
0.24 
0.55 

0.13 
0.23 

5000 lb/lr 

0.39 
0.10 

0.14 
0.04 
0.15 
0.33 

0.08 
0.14 
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APPENDIX F

ENGINEERING AND ECONOMIC ANALYSIS
MOLTEN METAL
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Use, dugl1ictton, or disclosure is subject to restrictions stated In Contract No. OAAKI1-82.C-OO5 with ARAOCOM.
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: APPENDIX F

ENGINEERING AND ECONOMIC ANALYSIS -

MOLTEN METAL

Engineering Analysis

This concept takes advantage of technology commonly used in

the iron and steel industry and applies it to destroy agent, agent-

contaminated dunnage, and item/munition parts. Use of this state-of-

the-art technology produces a simple and relatively small system

capable of extremely high destruction efficiencies that has the

potential to be fully automated thereby minimizing the risk and

"expense associated with a large operating staff. The concept is
designed to process those items in the inventory which contain agent
only (spray tanks, ton containers, bombs, and most of the projectiles)

in feed stock configuration "c" (agent cavity opened). The remaining
* inventory which contains energetic materials (propellants and/or

explosives) must be in configuration "e" (burster/propellant removed
and the surface exposed for burning or melting). The concept also is

capable of processing the entire inventory in any of feed stock

configurations f, g, or h.

'n A. System Concept Description

As illustrated in the conceptual drawing of the process

shown in Figure F-i, the molten metal process is comprised of five
integrated unit components, (1) an item/munition agent volatilization

and explosive melt chamber, (2) a plasma torch agent destruction

chamber, (3) a molten metal bath, (4) an afterburner, and (5) a
pollution abatement system.

The first component, which interfaces with the mechanical
preparation process, is the feed and volatilization chamber. This

chamber consists of a tunnel, equlppped with knife gate doors on

Use, du.l.cat.on, or disclosure is subject to restrictionv stated im Contract No. OAAK.. -.2-C-O.5. with. ARRADCON,
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either end, and a hot gas recirculation system. It is in this chamber
'that controlled heating is used to volatilize the agent from the items

ar'd munitions and melt explosive from the opened burster wells.
The second unit component is the plasma chamber, consisting

of an clectrically powered plasma torch and a pyrolysis chamber. !t

1 is in this chamber that the volatilized agent, upon contact with the

hot air stream and ionized gases of the plasma is pyrolyzed.

Experimental studies with PCBs in similar systems have indicated that

' •99.9999 percent destruction can be achieved without producing

dioxins.(1,
2 ,3)

The third component Is the molten metal reactor which

consists of a molten bath comprised of steel and other metals

derived from the munition bodies as well as a slag layer comprised of

salt residue returned from the scrubber and silica additives.

* Introduction of the scruber salts into this reactor incorporates the

major advantages of molten salt processing without including

operability problems normally associated with that concept. The

reactor serves to melt all metal item/munition components introduced

into it and destroy any residual agent or organic constitutents. It

"also serves to destroy w .J dunnage and decontamin, te the scrubber

salt residue to level 5X. Silica is added to the slag to vitrify the

cooled salt reducing the leachability of the salt, thereby enabling it
to qualify as a non-hazardous waste.

The fourth component is the afterburner that operates at

1600 F to assure that all combustible gases leaving the molten metal

reactor are completely oxidized. The fifth component is the pollution

abatement system which consists of a sodium hydroxide spray dry

scrubber, a cyclone, and a baghouse.

Materials Flow. The flow of material through the molteri

metal process is represented by the process flow diagram shown in

Figure F-2. The composition of the important streams, shown in
Table F-i, is estimated on the assumption that 400 lb/hr of agent in

stream A would be continuously accompanied by 2050 lb/hr of steel and

Use, du•lication, or disclosure is subject to restrictions statid in Contract No. OAAK1l-82-C-OOS5 with ARRAoCOM.
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Stre. 
II: _, 
• - Oper~tion COnditions - T~iture (f) 

Pressure (Psta) 

Electric Energy (1()6 Btu) 
Agent 
Explosive 
Metal Prts 
o..tage 
W«ter 
Atr 
Fuel Oil 
Salts 

Flue Gases 
COz ... 02 

• :::JJ Nz 
HzO (vapor) 
IF 
Pz05 
ryrolysis Gases 

Total Mass 

Ele.ental Distribution 
Iron 
Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Floortne 
Ptlosphor 
Sodi .. 

;; 
::2" ... 
lll 

-~ 
.g 
.w 

ff?~! ~~ 
;:-c::-&~ 

~:... t..:-21 ~· ....... 
~!.~ 
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TABLE f-1. EJIERGY Mil IIIETM.. 11ALA11:E lASED Of 400 lb/hr of GB 

A 8 c D E f 6 

10 51Z 1700 Z500 1800 400 2500 
14.7 14.6 14.6 14.6 14.6 14.7 14.6 

400 400 
250 250 

2050 2050 Z050 

202ll 2244 1995 
1354 DIG 3082 
9856 16,290 16,290 
1404 1485 gigs 

fi1 fi1 
Z02 - zoz 

1229 

2700 3133 3273 14,901 23,358 ]0,565 433 

2050 2050 2050 
Z29 247 247 553 612 544 11.8 

35 40 40 159 168 1022 5.1 
197 284 318 4191 6146 12,109 86.9 
46 3M 476 ga!j6 16,290 16.290 31.8 
54 56 54 54 54 1.9 
88 91 88 88 88 3.1 
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2.0 
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10 
20 

146 

34 
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TAll£ F-1. (C.tt...ed) 

Stre• IC l " I 0 p Q R s T u ' II I 

Oper&t;on COnditions 
li!IIIIM!I'"ature (F) 10 400 70 200 2800 70 10 50 200 2800 200 JO 400 
Pressure (Psia) 14.7 20 20 14.6 14.6 20 20 45 14.7 14.7 14.6 14.7 14.6 

Electric Energy (106 Btu) 1.03 
Agent 
Explosive 
Metal Parts 2050 2050 
~ge 650 
llater 7483 731 
Air Z70 1112 
Fuel Oil 68 
Salts 91Z 916 916 

Flue Gases 
~ 
Oz 1955 64 848 
112 6434 205 264 
llzO (vapor) 
IF 
PzOs 
Pyrolysh. GAses 

Total Mass 650 1186 68 8389 2050 270 8395 731 l050 11111 1M3 1112 1188 

Ela.ental Distribution 
Q Ir.:..& 2050 2050 ... ~ Carbon 306 68 59.3 68 68 
.~ . .- Hydrogen 38 18.6 854 81 81 

• 0x}9el! Di 24fi 1955 64 1017 650 454 914 264 454 .. 
N litrogen 206 6434 206 848 848 

Fiourine ~ 54 54 
Phosphor 88 • 88 
Sodh• 524 524 524 529 

!. 
~ 
~ 

~ -e 
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Ul 
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250 lb/hr of TNT in that stream and 650 lb/hr of wood in stream K. In
reality, the items or munition bodies that contain agent and, if
appropriate, the separated explosives placed in a melt collection
tray, are alternately fed to the volatilization chamber as separate
"items. The heat in stream G is utilized to melt the explosives and/or
volatilize the agent. For the sake of simplicity, it is assumed that

the explosive did not burn until reaching the molten metal reactor.

Siz. Stream B, which contains the combination of stream G and A, is swept
from the volatilization chamber into the plasma chamber where the
volatilized agent gases are intimately mixed with the plasma heated

,' ~gas stream producing a resultant mixed gas temperature at or above
1700 F. This temperature combined with the intense mixing and ionized
gases produced by the plasma, pyrolyze the agent producing stream C
which consists mainly of carbon, carbon monoxide, hydrogen, nitrogen

~ :• •and various byproducts peculiar to the agent being processed. While
the information available at this time makes determining the composi-

tion of this stream difficult, the theoretically predicted composition
NI. of this gas stream is shown in Table F-2. This pyrolysis stream and

the explosives then enter the molten metal reactor where they are
joined by the wood dunnage and sufficient air to burn the combus-

tibles. The combustion products interact with the slag layer and the
item/munition bodies and the melt collection trays fall into the bath
where they are melted and any residual agent or explosives are volati-
lized and combusted. This aspect of the concept effectively elimi-
nates any problems with polymerized mustard. Molten metal and slag
are continuously removed from this system for ultimate disposal. The
"vitrified slag and, when processing rockets, any molten aluminum exit
via stream U and are cast into drums. The other molten metals exit
via stream 0 which take it to a water quench where it solidifies and
is removed to a scrap truck by a drag conveyor. The vapor from water
evaporated to cool the metal (stream R) and an equal volume of air

(stream Q) are removed from the gas above the quench tank by a hood
and blown back into the molten metal reactor. This helps to reduce
the reactor gas temperature and restricts the gaseous effluents from
the process to a single stream.

Use, duplcatltoa, or disciolure is subject t restrictions itated in Contract No. OAAKII-82-C• 0055 with ARRAOCOM.
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TABLE-2. PREDICTED GB
PYROLYSIS STREAM COMPOSITION

Weight
Compound Percent

HF 5.7

PF3  0.6

PH3  0.05

HCP 0.6

P2  2.3

P4  2.4
AH20 1.1

C02 0.3

CO 25.3

H2 30.3

N2 31.3

Other 0.05

e o

USe, dupltcatlon, or d$lloiure Is subject =o res~trictilons stated in Contraclt No, OAAK1l-12.C-OO5B wlthi ARIRAOCOM.
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4FI The gases from the molten metal reactor (stream D) are drawn
into the afterburner, to insure complete oxidation of pyrolysis
products and total agent destruction. This unit also insures safe
operation by providing redundancy in agent destruction capability.
This burner operates on a small quantity of fuel oil (stream M)
estimated at 10 percent of the total system heat input. A quantity of

excess air (stream N) serves to keep the operating temperature down to
1800 F.

The afterburner flue gases then enter the pollution
abatement system where remaining acid gases are removed by sodium
hydroxide (stream Q) in a spray dry scrubber. Salts and other

particulates are removed by a combination cyclone and baghouse and
conveyed by air (stream P) to the molten metal reactor. The clean
flue gases then pass through an induced draft fan that maintains the
entire system at negative pressures before discharging to. the atmos-

phere via a stack. A more detailed description of the hardware in
each of these five systems including sizes and capacities for 400 lbs
of agent throughput are given below.

Hardware Description.

Plasma System. The plasma system is a state-of-the-art

system commercially available by Westinghouse Electric Corporation and
consists of the following three subsystems;

s Plasma Torch

s Power Supply
e Controls and Instrumentation.

The plasma torch consists of a closely-spaced pair of tubuler, water

cooled, copper electrodes which are spaced approximately 1 mm apart.

" Ui:4

.I
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During operation, process air is passed through this gap and, when 4
."N kV or more of electric power Is applied across the gap, an arc

discharge is formed and immediately blown into an arc chamber where it
is rotated at speeds of up to 3000 revolution per second by
interaction of the arc current (up to 2000 amp) with a dc magnetic

"l field set up by internally mounted selenoid coils. This unit is self-
Zli., starting when energized and self-stabilizing during operation,

eliminating spurious arc extinctions. Cooling water serves to remove
excess heat from the gun to protect the electrode and prolong
electrode life. Maintenance of the torch is generally restricted to

-.'t electrode change after 2 weeks of operation.
Power supply characteristics must be closely matched to

those of the plasma torch for optimum performance in an industrial
environment. It must produce a voltage of at least 4 kV to provide
spark over in the interelectrode gap in order to assure process
continuity, but still handle the high negative impedance (i.e., arc
voltage decreases with increasing arc current) associated with plasma.
To permit the rapid heating of the hydrocarbon stream, an ac power
supply is prefered. At 400 lbs/hr of agent, this supply must be
capable of providing 1.5 megawatts of electrical power. State-of-the-
art technology utilizes air core inductors for impendance with shunt
capacitors for power correction minimizing the large power losses
commonly associated with past use of plasma system and producing an
overall electrical efficiency of 80 percent.

The control instrumentation consists of a console that
provides the hardware to, not only control the capacitor and power

* transformer settings and the flows of cooling water and process air,
but also to provide data acquisition and system performance
monitoring. The power supply is interlocked to assures proper start-
up and shut-down sequencing as well as to provide system protection in
the event of equipment failure. In industrial applications, this
control system is typically operated by computer.

Use, duplication, or disclosure is subject to rustrictions stated In Contract No. OAAK1I-8Z-C.0055 with AfRtAOcM."", • , • , . .." .... . ," " " " ' " '",o - _,,, .=•, i'_ '. - . ., . . .. . . ... '... ,. .' . . .'... .'.".. . .... '.



T i( Molten Metal System. The molten metal reactor is an adapta-
W} tion of the Pyromagnetics SMT system. This system consists of a

reactor and a control system and has been shown to be 80 percent
energy efficient when processing municipal sludges. The reactor con-
slists of three sections, a gas reaction zone, a transition zone, and a

**b molten metal zone. The gases enter the cylindrical gas reactor zone
>:j %!' radially, are mixed with air, wood, dunnage, and salt. The pyrolysis

* products and the dunnage burn, but the combust Ion products are
i allowed to interact with the molten salt layer. The volume of this

zone is sufficient to allow a 1 second gas residince time at 2500 F.

However, its minimum dimensions are also controlled by the need to
allow ton containers (30 inches high) and spray tanks (15 feet long)
to fall into the molten metal zone. Consequently, the 100 and 400
lb/hr reactors have the same gas reaction zone dimensions. This zone

• is lined with refractory capable of resisting attack by acid gases at

the extremely high operating temperatures.I70 Besides providing a transition from the 16 foot diameter gas
reaction zone to the 8 foot diameter molten metal zone, the transition
zone also contains the slag layer. To minimize the attack by molten

slag, Pyromagnetics Corporation lines by a patented process. The
•? scrubber salts, aluminum, and ash from other components are completely

outgased and melted in this zone by contact with the hot gases above
4:l and the molten iron below. The agitation provided to this layer by

impingement of combustion air and by falling metal parts should
• •provide a highly active slag layer capable of removing some acid gases

from the process stream and vitritying the scrubber salts.

In the molten metal zone, metal parts are melted by
electrical induction heating. The induction heater is sized by the
quantity of metal being melted, Besides being considered the most
efficient method of heating metal parts to these temperatures, induc-

'Ii, tion heating provides a significant stirring action in the melt that
provides a uniform temperature avoiding hot spots and assures complete

~' •' outgassing of all metal prior to removal. Induction heating does

limit the vessel diameter to one capable of processing 7.5 tons/hour

:1• Use, duolication, or disclosure is subject to restrictions stated in Contract No. OAAKII.62-C.0055 with ARRADCOM.
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of iron. However, this Is only a factor at 5000 lbs/hour of agent
processing rate and can be handled by simply inlcuding two metal baths

connected to the transition zone.

The scrap removal system consists of a 1500 gallon water
tank and a 25 foot long drag conveyor. The tank is completely
enclosed by a hood which is equipped with an exhaust fan. A water

system provides make-up water to the quench tank to replace the evapo-
rative losses.

Afterburner. The afterburner system is a conventional shaft

furnace and is included only to provide additional residence time at
1800 F for the flue gases from the molten metal reactor. While inclu-

sion of this system in the process provides redundancy in agent des-
truction potential and provides an additional safety margin, if tests

prove complete destruction of agent in the plasma, elimination of the

afterburner from the design could be entertained. The air and fuel

oil needed are supplied to this system through a conventional fuel oil

burner.

Air Pollution Control System. Air pollution control is pro-

vided by a spray dry scrubber system which is baseline technology.
This system also provides an induced draft fan. This fan is sized to

be capable of removing the of flue gas produced by processing agent

while maintaining a negative pressure of 5 Inches of water in the feed

system.

B. System Feed Requirements

This concept Is designed for feedstock configuration c/e.
That is, for items which contain only agent, disassembly only to feed

stock configuration c (agent cavities opened) Is required. However,
due to the uncertainties and technical risks associated with melting

explosives from fuzed items, the inventory which contains explosives

must be further disassembled to essentially configuration e (whole

munition with fuze removed and buster cavity opened). It is assumed

Use, duplication, or disclosure is subject tO rstrictionfl stated in Contract No, CAA0Kll*2-C-O]65 with ARRAOCOM,



that this operation not only will expose sufficient explosive surface
area to prevent detonations but will also render rockets and mortors

non-propulsive. The concept is also capable of processing feedstocks
In configurations f, g, and h. In addition, since the concept

requires sources of high electrical energy, it is highly compatible
with advanced devices such as plasma cutting torches that might be

considered for mechanical prepartion. However, not enough is known
about this type of device to recommend its inclusion, in the thermal

process design.

C. Pollution Abatement System

The flue gas from the afterburner is the only process stream
that requires pollution abatement equipment. As stated previously,

this equipment will consist of a spray dry scrubber, a baghouse, an

induced draft fan, and a stack. While this is baseline technology,
the Army has projected a development effort for this scrubber. If the
spray dry scrubber should prove to be lacking in efficiency, this

concept could be modified to incorporate a wet scrubber. By then

injecting the scrubber brine Into the hot gases in the molten metal
reactor, the penalty of a liquid waste stream could be avoided. While

it is anticipated that the molten salt layer will remove a quantity of
acid gases in situ and reduce the duty on the pollution abatement

* system, no credit has been claimed.

D. Ultimate Disposal

The nongaseous process effluents from this concept requiring

ultimate disposal are the slag and the solidified metal scrap. Due to
the nature of the concept, these materials are rendered more innocuous

than the effluents from any other concept considered. The molten

metal bath his the potential of converting the munition bodies into

scrap that is not only 5X decontaminated but also of high quality and
in a form that can be easily handled. While no reuse credit has been

l• i claimed for this scrap, its market value should be appreciable.

[ " Use, duplication, or disclosure Is subject to restrictions stated in Contract No. CAAKIl-S2-C-O055 with ARRAOCOM,
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By reinjecting the scrubber salts into the process and melt-
ing them in the presence of scrap, the concept produces significant
reductions in the ultimate disposal problem. If the salts are
vitritied, they can meet RCRA requirements for non-hazardous land

fills. Even if they do not, fuzed salts are estimated to have
approximately twice the density of dry scrubber salts and therefore
only would require half the storage or hazardous land fill volume.
Another advantage is the certainty that no agent can be contained in
these salts. Finally, fuzed salts do not produce the dusting problems

that are associated with handling of dry salts.

E. System Concept Advantages

Aside from having the potential for extremely high agent
destruction efficiences the molten metal concept has the following
additional advantages:

' * Comparatively low life-cycle cost
# Single line process generates a clean gaseous effluent

and decontaminated salt/metal solid waste
e Solid vitrified wastes may qualify under RCRA as non-

"hazardous

* No liquid waste effluents
s Comparatively simple process, few moving parts
# Versatile and flexible

- can accept a variety of feedstocks
A• - has high process rate flexibility

"- potential for operation in either pyrolitic or
combustion mode.

F. Concept Disadvantages

The potential disadvantages of this concept are:

(1) High use of electric energy for operation of the plasma

gun

Use, duolication, Or disclosYrf is subJeCt to restrictions stated in Contract No. OAAK11-.2.C-0055 with ARRAOCOM.
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f (2) Short opeating life of the refractory in the molten

J.l metal bath and the potential difficulty in securing
" Hcompatible materials.

While the electrical energy usage of the concept is high,

the overall energy consumption compares favorably with the baseline.

The projected efficiencies of the plasma torch (80 percent) and the
induction heater (75 percent) are quite high and, due to the high

operating temperatures in these units, the fuel requirements for the

afterburner will be minimal.

The short operating life of the refractory in the slag layer

zone of the molten metal reactor has been incorporated in the cost

analysis. Pyromagnetics estimates that with the materials presently
in use, repair/replacement will be required every 3 months. While use

of new materials could improve the refractory operating life, these

materials require testing.

G. System Knowledoe Gaps

Though the concept is based on state-of-the-art technology

V and its components have been proven effective In the incineration of
"J PCBs and municipal sludges, the incorporation of the components into

one process to destroy the lethal agent inventory is novel. As such,

its feasibility for lethal agent destruction must be demonstrated and
f#,'kthe component operating characteristics better understood in order to

improve the operating costs and efficiencies. The knowledge gaps

i Tassociated with this concept are listed below.

•1 ,,' Hih Temperature Pyrolysis of Agents. Operation of the
plazma in a pyrolysis mode, while not a necessity of this concept,

7 •offers the potential to reduce the flue gas volume, improve the Insitu

- 1)flue gas cleanup, and eliminate the need for an afterburner. However,

"the high temperature pyrolysis of agents is not well defined and

requires additional study to better predict the pyrolysis products.

use, duplication, or disclosure is subject to restrictions itated in Contract No. OAKI11.2.C-0055 with ARRAOCOM.
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Slag Chemistry. The chemistry of the molten slag layer is

not well understood and needs further study. On the plus side, the
slag has the capability of producing insitu flue gas cleanup as well
as reducing the salt volume. It also offers the potential to vitrify
the salts elimination hazardous materials designations. On the

negative side, the slag could worsen the rrfractory problems in the
reactor.

Energy Utilization. In the analysis of the concept, it was
assumed that no interactions occurred between components and the

energy requirements were the sum of those required by each component
individually. In an integrated system, this would not be the case, A
better determination of the energy consumptions is required.

Feed System Efficiency. The feed and volitalization system
concept must be demonstrated to be efficient and trouble free. Poor

heat transfer would result in materials flow problems and may require
multiple feed chambers increasing both equipment and labor costs

significantly.

H. Safety

1% Component Safety. Incorporation of state-of-the-art tech-

nology makes this an inherently safe concept. The plasma control

system is completely interlocked preventing the improper sequence of
equipment operation. Such interlocking also prevents personnel access

to high voltage equipment while it is energized. Standard foundry

safety measures, including a metal sump pit in case of a spill, are
included with the molten metal reactor. The rest of the system is
also state-of-the-art technology. In short, no heroic safety measures

are required,

Agent Release. The entire system operates under negative
pressure which prevents leakage of agent from the process to the

Use, dupltcatlon, or ditciosure is subject to Fisretrctons stated in Contract No. OAAKll-i2.C-0055 with ARRA COM..3", *. **,. .... ,, 3 " *" ' ' ' ' " • ' ' I•
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environment except through the stack. Incorporation of redundant
thermnal systems provide backup destruction capability in the event of
a component failure. In addition, the high thermal mass of the molten
metal provides destruction capability even if simultaneous failure of
all three thermal destruction component should occur. The potential
for agent release has therefore been effectively minimized.

I. Likelihood of Development Within 5 Years.

Again, one of the key advantages of this concept is use of
proven commercially available components. Only proof of principal and
refinement of the integrated system Is required. Accordingly, the
required development program should not exceed 5 years duration.

J. Scalability to 400-3000 lbs/hr of Agent

Accurate scaling of the concept hardware should not be a
problem. Plasma systems with power requirements far in excess of
those required in this concept exists and are presently utilized in
"steel making operations.(5) Further, plasma pyrolysis of hydrocarbons
has been performed by Westinghouse at mass flow rates up to 3600
lbs/hrs.(6)

-• •: Pyromagnetics has designed molten metal reactors capable of
melting up to 15,000 lbs/hr of metal. Use of two interconnected baths

will permit operation at even 25,625 lbs/hr of steel (5000 pounds of
agent/hour).

K. Degree of Technical Risk

The knowledge gaps discussed previously are associated
mainly with the integration of the components into an operating system
and with the projected refinements of the concept. Since the

components use state-of-the-art technology and worst case assumptions
were used for the evaluations, the degree of technical risks are minor

Use. duplication, or disclosure Is subject to restrictions stated In Contract No. OAAKl1--2-C-0OS5 with ARRAOCOM.
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and should impact on the process operating costs, not the ability to
destroy agent.

L. RAM Factors

Reliability and maintainability calculations are included in

this report as a separate discussion in Appendix L. The system

availability projected by these calculations is 86.2 percent of the

operating time. However, this availability does not include scheduled
down time for the repair of the refractory lining in the molten metal

reactor. This time is included in the cost analysis and, based on

vendors estimates, is assumed to require 5 to 6 days, depending on the
reator size, every 3 months.

M. Material Compatability Problems

Due to the flourine content, incineration of GB is antici-

pated to provide materials compatability problems in any thermal

process. In general this problem can be reduced by the use of high

alumina refractories. However, such refractories are expensive and

may not be compatible with the acid gases produced by other agents.

While this problem may be expected to occur throughout this concept

and will require testing, it is also inherent in the base line and is

not considered a disadvantage. The incorporation of fluorine,

phosphorous, chlorine, and/or sulfur in the slag layer is expected to

be a more difficult problem. Pyromagnetics has refractory experience,

including proprietary formulation, with the use of slags containing

calcium flouirde. This experience was incorporated in the estimated

refractory life already addressed earlier.

N. Energy Requirements and Source

As stated earlier, one of the disedvantages of the concept

is the heavy reliance on expensive electric energy. For example, at

Use, duplication, or disclosure is subJect to restrictions stated in Contract No. OAK11-82-C-055 witth ARRAOCOM.
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400 lbs/hr of agent, 3 x 106 kilowatt hours/year is required by the

plasma system and 2.3 x 10 kilowatt hours/year is required by the

molten metal system. However, this is compensated for in part by only

a minimal use of fuel oil. The overall energy costs are not

"excessive.

0. Ease of Operation

This single line process can either be controlled by a

single operator in the control room, or fully automated for computer

• ~ control. The plasma system is highly flexible and capable of

processing a variety of feedstocks while operating in either a

pyrolysis or oxidation mode. Operating temperatures ranging from 500

F to 4000 F are feasible with rapid response to changes in operating

condition. Due to the use of electric energy, the process remains

simple to control.

"I !:Economic Analysis

k 01To permit the development of cost optimization curves, an
economic analysis of the costs to destroy a single site inventory were

"2:• developed for three processing rates, 100, 400, and 1000 lbs/hr of

- agent as well as the costs to destroy the collocated inventory of
processing rates of 400, 1000, 3000, and 5000 lbs of agent/hour. In

" developing these costs, Army guidelines were followed when appropriate

* and any exceptions have been noted. Since most of the hardware

required by this concept is commercially available, the preferred

source of information on purchase costs, installation costs, and

operating costs, as well as the space requirements of the components

was the estimates supplied by the vendors. The baseline was also used

as an information source for hardware, such as spray dry scrubbers,

that have usage in common with the baseline. When these types of

* ',5 information were not available, Guthrie,( 7 ) Peters and Timmerhaus(8)

or other appropriate engineering literature was used. These same

Us-e. dulication, or disclosure is subject to restrictions stated in Contract N-o. OAAKIl-a-C-0055 with ARIJICOM,
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information sources were also consulted for exponent1il scaling
factors. When none were available, a 0.6 factor was used. The esti-
mates developed are presented below organized by category.

A. Facility Costs -

"In estimating the facility costs Army cost guidolin'•s wer'e
followed and general facilities requirements such as utitities,
security, laboratories, and site improvements wei'e assumed to be ;,arlý

of the mechanical preparation. It was assumed that all areas upstream
of the afterburner were agent containment areas and, for thu est of
the thermal process equipment, only nonagent floor space was required.
Since a nondetonable feedstock has been specified, no explosivfw cor-
tainment was required. When appropriate, equipment hat been placed
outside on pads reducing the facility cost. Since this concept
requires usages of electricity and cooling water that might not be
anticipated in mechanical preparation area design, extra pad space was

allowed for including these utilities. Pad space was also provided

for spent salt storage even though it is probable that it will nnt be
required for this concept. Due to the size requirements of the ton
container and spray tanks, the minimum reactor area was determined to
be 2900 ft 2 (400 lb/hr of agent). The facility costs developed for
single site operations can be found in Table F-3 and those for collo-

cated site operations can be found in Table F-4.

B. Cap ital Equipment Costs

Purchase costs of the thermal plasma hardware, the molten

metal reactor, the cooling tower, and the afterburner for all five
capacities were supplied by the appropriate vendors. The installation
costs were assumed to add 40 percent to the purchase costs. The metal

quench tank and drag conveyor were estimated from engineering
literature(7) based on a 1500 gallon tank and a 98 Inch wide, 25 foot

Use, duplication, or disclosure is subject to restrictions stated in contract No. OAAKIl4-Z-C.O055 with ARRACON.
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TABLE F-3. FACILITY COSTS -SINGLE SITE

Agent Destruction Rate
Itemn 100 lb/hr 400 lb/hr 1000 lb/hr

Reactor (Agent Area)(a) 2900 ft2 2900 ft2 4600 ft2

at $400/ft2  $ 1,160,000 $1,160,000 1,840,O000

Afterburner Area~b 310 ft2  630 ft2  1100 ft2

at $90/ft2  $ 27,900 $ 56,700 $ 99,000

Metal Quench Area(b) 375 ft2  375 ft2  500 ft2
at $90/ft2  $ 33,250 $ 33,750 $ 45,000

Pads

Cooling water(a) 500 ft2  750 ft2  1200 ft2

Scrap handling 2500 ft2 2500 ft2  2500 ft2

Salt Storage(c) 1000 ft2  2500 ft2  4300 ft2-

Electrical yard(&) 1150 ft2  2600 ft2  4500 ft2

Fuel Tanks(c) 330 ft2  660 ft2  1320 ft2

Pad Costs at $2.5/ft 2  $ 13,700 22,525 $ 34,550

Total Facility Costs $ 1,235,000 $1,273,000 $ 2,019,0000

(a) Vendor supplied.
b. Guhre
ic Scaled from baseline.

jý Use, duplication, or disclosure is subject to restrictionsI stated in Contract No. OAAK11-SZ.C-0O55 with ARRADOCM.
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TABLE F-4. COLLOCATED FACILITY COSTS

Agent Oestruction Rate
Itim 406 lb/hr 100 lb/hr 3000 lb/hr 5000 lb/hr

Reactor (Agent Area) 2900 ft 2  4600 ft 2  7800 ft 2  10,000 ft 2

at gOO/ft2(a) $1,160,000 $1,840,000 $3,120,000 $4,000,000

Afterburner Area(b) 630 ft 2  1100 ft 2  2752 ft2  3952 ft2

at $90/?t2 $ 56,00 $ gg,000 $ 247,680 $ 355,680

Metal Quench Area500 ft 2  970 ft2  1320 ft 2

at $90/ft 2  $ 33,750 $ 45,000 $ 87,300 $ 118,800

Pads
Cooling water(a) 750 ft 2  1200 ft 2  2300 ft2  3200 ft 2

Scrap handling 2500 ft2  2500 ft 2  5000 ft2  5000 ft 2

Salt storage(c) 11,300 ft2  11,300 ft 2  11,300 ft 2  11,300 ft2

Electrical yard(a) 2600 ft2  4500 ft 2  8750 ft 2  12,000 ft2

Fuel tanks(c) 660 ft 2  1320 ft 2  2640 ft2  3960 ft 2

Total Pad Area 17,060 ft2  19,620 ft 2  27,690 ft 2  32,260 ft2

Pad Costs at $2.5/ft 2  $ 44,525 $ 52,050 $ 74,975 $ 88,650

Total Facility Costs $1,295,000 $2,036,000 $3,530,000 $4,563,000

a) Vendor supplied.
b) Guthrie.
c Scaled from baseline.

U, Use, duplication, or disclosure Is subject to restrictions stated in Contract N. DAAKl.|42-C.OOIS with ARRADCOM.
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i long conveyor for 1000 lb/hr of agent. Other sizes were scaled from
there. The hood and exhaust fan for this unit were costed similary

,. *based on the need to remove the water being evaporated. The remaining

hardware was costed from the baseline. The spray dry scrubber and bag

house costs were sc..Ied based on flue gas volume. The heat exchanger

scaled from BTU's in the system. Since state-of-the-art hardware is

$.:, T., utilized, desigrn costs uf 25 percent were assumed. The single site

costs are summarized In Table F-5. The collocation costs can be found

Sin Table F-6.

4 'i C. Operating Costs

To estimate the life cycle operating costs it was first

necessary to estimate labor costs and other operating costs on a

yearly basis. The inventory volume, the processing rates, and the

system availability were then used to determine the required number of

production years. These numbers could then be combined to produce

total life cycle operating costs.

Labor Costs. Do to the ease of operation, the majority of
this system is automated. This results in very low labor require-

'>. ments. The control room operating room requirements are based on

•I ;. ,information supplied by the vendor. Since molten metal bath waste

stream handling is fully automated, the only 'labor requirement is for

personnel to monitor the system and move the disposal bins and trucks

when necessary. Mainteinance personnel have been added to the

operating staff to monitor the equipment operations and to be
available to effect repairs. It was assumed that additional skilled

pIaintenance personnel would be available from the overall facility If

needed. At higher throughput rates the major impact is on increased
requirements for these maintenance personnel. Since the materials

handling operation also increase in magnitude, operators were added

here and an additional control room operator added to monitor the

J :1 Use. duplication, or disclosure it subjebt to rostriCtionS statId In Contruct No. DMKlII2-C-OO5 with ARRAOCOM.
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TABLE F-5. CAPITAL EQUIPMENT COSTS SINGLE SITE
- INSTALLED COSTS

Agent Deltruction Rate
Item 100 lb/hr 400 lb/hr 1000 lb/hr

Thermal Process ý2 ipment
Plasma System a
Torch plus Reactor $ 100,800 $ 231,000 $ 365,000
Controls and Instrumentation 105,000 280,000 329,000
Electrical Source 182,000 412,000 651,000

Molten Metal System(a) $ 225,000 $ 595,000 $1,120,000
Metal Quench Tank and Conveyor~b? 51,800 57,800 100,000
Metal quench Tank Exhaust Hood b) 2,000 4,600 81000
Feed System , 100,000 100,000 100,000
Afterburner~a) 124,000 285,000 495,000

Fuel Tanks(c) 5,000 9,000 18,000
Cooling Tower(a) 20,000 28,000 35,000
Furnace Area Heat Exchanger(c) . 35.000 80.000 140,000

SUBTOTAL-Thermal Process Equipment $ 986,600 2,081,400 3,361,000

Pollution Abatement Equipment(c)
Spray Dry Scrubber 81,000 177,000 368,000
Baghouse, 1.0. Fan, Stack 203,000 307,000 578,000

SUBTOTAL-Abatement Equip Costs 284,000 484,000 946,000

Ultimate Dispqs 1
Fork Truckc) 22,000 22,000 44,000
Scrap Truck and Bins 40.000 60,000 1001000

SUBTOTAL-Ultimate Disposal 62,000 82,000 144,000

SUBTOTAL-Equipment Costs 1,332,600 2,648,400 4,451,000
Design Cost (25%) 333,150 662,100 1,112,750

TOTAL-Capital Equipment Costs $1,665,750 $3,310,500 $5,563,750

a) Vendor supplied
b) Scaled from baseline.

Use, duplication, or disclosure Is subject to restrictions stated in Contract No. OKll-82-C.0055 with ARRAOCC4.
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TABLE F-6. CAPITAL EQUIPMENT INSTALLATION
COSTS - COLLOCATED SITE

Agent Destruction Rate
Item 400 lb/hr Io0o Ibjhr 3000 lb/hr 5000 lb/hr

THERMAL PROCESS(EUIPMENT
.'.. Plasma System

Tourch and Reactor $ 231,000 $ 365,000 $ 777,000 $1,176,000
Controls and Instrumentation 280,000 329,000 '483,000 728,000
Electrical Source 412,000 651,000 .. 1,379,000 2,100,000

Molten Metal System(a) 595,000 1,120,000 3,010,000 5,110,000Metal Qumh Tank and
Conveyor D) 57,800 100,000 300,000 500,000
Metal Tank Exhaust Hood(b) 4,600 8,000 16,000 21,000
Feed System 100,000 100,000 100,000 100,000
Afterburner 285,000 445,000 955,000 1,300,000

Fuel Tanks(C) 9,000 18,000 36,000 54,000
Cooling Tower(C) 28,000 35,000 40,000 45,000

K'• Furnace Area Heat
Exchanger(C) 80,000 140,000 270,000 360,000

SUBTOTAL $2,081,400 $ 3,361,000 $7,365,200 $11,194,000

Pollution Abatement Equipment(C)
Spray Dry Scrubber 177,000 368,000 692,000 937,000
Baghouse and I.D. Fan 307,000 578,000 952,000 - 1,288,000

S SUBTOTAL $ 484,000 $ 946,000 $1,644,000 $ 2,225,000

Ultimate Dispolal
Fork TruckkC) 22,000 44,000 88,000 132,000
Scrap Truck and Bins 60,000, 100,000 150,000 200,000

SUBTOTAL $ 82,000 $ 144,000 $ 238,000 $ 332,000

SUBTOTAL-Equipment Costs 2,648,400 4,451,000 9,247,200 13,751,000
Design Costs (25%) 662,100 1,112,750 2,311,800 3,437,750

TOTAL-Capital Costs $3,310,500 $ 5,563,750 $11,559,000 $17,188,750

a Vendor supplied estimate.
b Guthrie
c Scaled from baseline.

Use, duplication, or disclosure it.subJ..t to restrictions stated in C@:tract No. OAK-.IJ"C-._- _ _ with AR--A'COM.
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increased auxiliary equipment. It was assumed that supervision for
the overall operation would be supplied by the overall facility. The
personnel requirements are summarized in Table F-7.

Other Direct Costs.

Electricity. Of the utilities, the electricity usage is the
major item. Most of the electricity usage is estimated directly from
vendor-supplied information. The pollution abatement charges are
"scaled from the baseline. A miscellaneous elect.ical usage 'tategory,
costed at 10 percent of the total, was included to cover miscellaneous

pumps and blowers.

Water. Water usage in the spray dryer and the metal quench
are based on the water required to reduce the temperature of the feed
streams to 400 F and 200 F respectively. The cooling water make up
requirements were assumed to be 10 percent of the cooling water
circulation rates that were specified by the thermal system vendors.

Fuel Oil. Since the afterburner would be idling most of the
time, it was assumed that the fuel oil need would be equivalent to
10 percent of the total BTU's being put through the system.

Spare Parts. Since few moving parts exist in this system,
it was assumed that spare parts requirements less than those of other
concepts would be. Therefore, 4 percent of the capital equipment
costs was used and adjusted to include vendor estimate for the cost

plasma el ectrodes.

Materials. The baseline estimate for materials of

10 percent of the "other" costs was used. This was assumed to include
caustic for the spray dryer.

The other direct costs are summarized below in Tables F-8
and F-9.

.U5 , I l&th ofiN, or discloSurt it SubJt to restrCictoln stated in Contract No. DAAKII-82-C-O055 with AIRAOC•OI,
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TABLE F-7. SYSTEM PERSONNEL REQUIREMENTS

PersonneleShift Agent Rate,•, 100 ' 400 ... 1'000 3000 5 0

Feed stem 1 2 2

Control Room
Furnace Systems 1 1 1 1 1
Utilities & Others 1 1 1 1 2

Maintenance 2 2 3 3 4

Pollution Abatement 0.5 0.5 1 1.5 1.5

Ultimate Disposal 0 0.5 . 1 1.5 1.5

TOTAL/.",:IFT 6 6 8 10 12

Shifts, Day x3 x3 x3 x3 x3

Person Years/Year 18 18 24 30 36,000

Rate x50,000 x50,000 xSO,000 x50,000 x50.000

LABOR COSTS/YEAR 900,000 900,000 1,200,000 1,500,000 1,800,000

Use, du i.aton, or diSCI@SUP6 it Subet 20 restritteic tsttd in Contract No. -AAKI--2-C-0O-6 with ARRACCOM.
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TABLE F-8. OTHER DIRECT COSTS - SINGLE SITE

Act Feed RateItem Usage Cost IN' 1b/hr 400(] lb/hr 10" lO0b/hr

Water - x106 gal/year - $0.53/1000 gal
..*

Spray Dryer(c) O.a32 3.29 8.22
Cooling Tower Makeu (b) 3.00 5.85 8.55
Metal Quench Losses.a) 0.12 0.49 1.22
SUBTOTAL "1799

Cost/year at $0.53/1000 gal $2,088 $5,104 $9,535

Electric - x 106 KwHr/Yr - $0.O5/kwHr

Thermal
plasma(b) 1.08 4.33 10.8
Induction Fur,~ge(b) 0.58 2.30 5.75
Cooling Towqr?)5 0.05 0.07 0.11
Afterburner C) 0.07 0.16 0.36
Vaporizer Blower, 0.01 0.05 0.12
Heat Exchanger c) 0.05 0.11 0.19
Scap Quench 0.01 0.05 0.12
SUBTOTAL Thermal System 1.85 7. 0r -77.4

Pollution Abatement
Scrubber and I.D. Fan(c) 0.22 0.59 0.85
Scrap Exhaust Hood 0.03 0.07 0.12
SUBTOTAL 0.26 0.

Miscellaneous 0.20 0.7 1.8
Total Electrical Use 2.31 . 20.22
Yearly Costs at $0.05/KwH 1115.500 1420,000 $1,011,000

;v• Fuel Oil - Gallon/Year 11,750 47,000 117,500Cost/Year at $1.20/Gal 1 14.100 S 56.400 1 14100

Spare Parts 73,170 161,430 263,475
Materials (10% Other Costs) 1 110.486 1 154.293 $ 262.501

TOTAL OTHER DIRECT COSTS $/Yr $ 315,344 $ 797,227 $1,687,511

a Calculated.
b Vendors ostimate.
(c Scaled from baseline.

Ui.

Us,,upiato, o islour s s Ijet o resstrctions stated In Contract Mo, OMKl1.e2.c.O05 with ANIRAOCOM,
S., 4ll ,.l~ l~ n *. * t *14 . llP.. . . D-
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TABLE F-9. OTHER DIRECT COSTS - COLLOCATED SITE

Item Usage Rate Aaent Feed Rate

400 lb/hr 1000 lb/hr 3000 lb/hr 5000 l

Water in 106 gallon/yr - $0.53/gallon
Spray Dryer( a) 3.29 8.22 24.68 41.13
Cooling Tower Makeu (b) 5.85 8.55 14.10 18.15

* '. Metal Quench Losses(a) 0.49 1.22 3.66 6.10
SUBTOTAl " 9.63 17.99- " 4274 65.3

COST at $0.53/gallon $5,104 $9,535 $22,493 $34,661

Electricity - 106 KwH/yr $0.05/KwH
Thermal ytems

Plasma O) 4.33 10.8 32.5 54.1
Induction FurM e(b) 2.3 5.75 17.26 28.76
Cooling Towqr( 0 ) .07 .11 0.18 0.25
Afterburner c) .16 .36 0.57 0.94
Vaporizer Blowqr. .05 .12 0.19 0.23
Heat Exchangerkc) 0.11 0.19 0.37 0.50
Scrap Quench .00.12..~4... 0.37 0.62
SUBTOTAL - 51.44 85.4

Po, lution Abatement
Scrubber and I.D. Fan(c) 0.59 0.85 1.33 2.70
Scrap Exhaust Hood 00.07 0..2 0.24 0.38
SUBTOTAL 0.63 0.97 .. 1.57 3,

Miscellaneous (10%) .70 1.8 5.25 8.72
Total Electrical Use 8.40 2022 57 96.82
Costs at $.05/KwH 1420.000 $1.011,000 S2,939,000 $4,841,100

Fuel Oil - Gallon/Year 47,000 117,500 352,500 587,500
Spare Parts $161,430 $263,475 $579,135 $920,250

(6% of Capital Costs)
Materials (10% of Other Costs) 84 93  $262,501 1546,392 1830,100

TOTAL OTHER DIRECT COSTV $827,227 $1,687,511 $4,510,321 $7,331,101

A Calculated.
b Vendors estimate.

•J c Scaled from baseline.

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAKl1.6?-C-0Q55 with ARftADCON,
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Total Operating Costs

"Production Time. Summaries of the single and collocated
site production time estimates for each inventory item at the various
processing rates can be found in Tables.F-10 and F-11. Production
years for each Inventory item are determined by dividing the number of
items In the inventory by the product of the hourly processing rate,
the 5000 hr/yr operating schedule, and the system availability

determined in the RAM analysis. Each inventory category subtotal wascomputed using Army guidelines. Scheduled maintenance time was then

determined as follows. The molten metal vendor estimates that the

slag zone refractory must be repaired or replaced every 3 months or
four times per year. Their experience indicates that the refactory
can be replaced and cured in 3 to 6 days depending on the size of the
reactor. The total scheduled maintenance time was then computed as
follows. The Inventory Category subtotals were added to determine the
years of operation. The total number of scheduled refractory changes
was then determined by multiplying the years of operation by four.
The hours of down time was computed by multiplying the number of

changes by the vendors estiamte of the time required change. The
years of scheduled maintenance was then determined by dividing the
total hours by the 5000 hr/yr operating schedule.

Life Cycle Operating Costs. The production years per
inventory category computed above were the used, following the Army
guidelines, to compute the life cycle operating costs for

demilitarizing the single site and collocated site inventories at each
of the appropriate processing rates. The scheduled maintenance was

.0assumed to have the same operating costs as the change over periods
requiring full labor and 50 percent of the other operating cost.

"1

'$ I

Use, duplication, or disclosure is subject to restrictians statod In Contract No. CAAK14.I.C.-006 with ANKADCOM,
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TABLE F-11. THEitiW. PROCESS r.PERATIIIi TillE - COlLOCATED SITE 

~nit ion Th~t 1m Hour S}'Ste. 
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Summaries of the life cycle operating costs for single sites can be
1 found in Table F-12, F-13, and F-14. The collocated site costs are

summarized in Tables F-15, F-16, F-17, and F-18.

D, Development Costs

To fully develop the concept, both bench scale and pilot
* scale studies are necessary. In the bench scale studies, pyrolysis of

agent with a plazma arc should be deomonstrated and the products of
pyrolysis identified. Additional molten metal studies are also
required to determine the interaction between the slag layer and the
flue gas. The aim of these studies would be to determine the feasi-
bility of insitu clean up of the products of the plazma arc destruc-
tion step. Refractory compatability studies are also needed. After3 eliminating these and other knowledge gaps, a new conceptual design of

the process should be completed. At this time, if the process is
proven to be feasable, a 40 lb/hr pilot plant would be designed and
built. A summary of the estimated development costs can be found in
Table F-19. Estimates of the cost of designing, constructing, and
operating the pilot plant were scaled directly from the 100 lb/hr

estimates presented previously.

E. Total Costs

The total costs for each feed rate under consideration is
01 simply the sum of the facility costs, the capital equipment costs, the

life cycle operating costs,.and the development costs. These costs

are summarized in Tables F-20 and F-21.

F. Optimum Process Flow Rate

From an operational standpoint, the optimum flow rate for

this process is probably determined by the mechanical preparation area
or perhaps the feed system. The optimum flow rate from a cost

Use, duplication, or disclosure is subject te restrictions stated in rontract No. OAAKI-82-C-0055 with ARRAOCOM.

I- I I -i 
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TABLE F-12. LIFE CYCLE OPERATING COSTS - SINGLE SITE
(100 LB/HR)

Rater
Period Labor $/Yr Other $/Yr Duration Total Cost, $

Eq Acceptance $ 300,000 $ 105,115 0.50 $ 202,557

Training 900,000 157,672 0.50 528,836

Inventory Item A 900,000 315,344 2.49 3,026,207

Change Out 900,000 157,672 0.17 179,804

Inventory Item B 900,000 315,344 3.31 4,022,789

Change Out 900,000 157,672 0.17 179,804

Inventory Item 0 900,000 315,344 0.92 1,118,117

Scheduled Maintenance 900,000 157,672 0.35 310,185

Shutdown 300.000 105.115 .5. 0 202,557

Life Cycle Operations Costs $ 9,830,856

U "1

.i Use, dupliatlatin, or dluclosuue is subject to re.•tricttons stated In Contvact No. OM•K11.82.C.OOIU with ARIRAOCOM.
• '.li'• '1 ~ .**'m A l • • e*M ' •' . * *,•.qI , J *k -.. ,...
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TABLE F-13. LIFE CYCLE OPERATING COSTS -SINGLE SITEI (400 LB/HR)

Rate,
SPeriod Labor $/Yr Other $/Yr Ouration Total Cost

Eq Acceptance $ 300,000 $ 265,742 0.5 $ 282,871

Training 900,000 398,613 0.5 649,307

Inventory Item A 900,000 797,227 0.62 1,052,281

Change Out 900,000 398,613 0.17 220,784

Inventory Item B/C 900,000 797,227 0.83 1,408,698

Change Out 900,000 398,613 0.17 220,764

Inventory Item 0 900,000 797,227 0.25 424,307

* Scheduled Maintenance 900,000 398,613 0.11 142,847

Shutdown 300,000 265.742 0.5 282,871

Life Cycle Operations Costs $ 4,684,730

Use, duu11aito,,, Or disclosure is subJect to restrictions stated in Cmntract No. DNK11-82-C-OO55 with ARRAOCOM.
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TABLE F-14. LIFE CYCLE OPERATING COSTS - SINGLE SITE
(1000 LB/HR)

Rate.
Period Labor $/Yr Other $/Yr Duration Total Cost

Eq Acceptance $ 400,000 $ 562,504 0.5 $ 481,252

Training 1,200,000 843,755 0.5 1,021,878

Inventory Item A 1,200,000 1,687,511 0.25 721,878

Change Out 1,200,000 843,755 0.17 347,438

Inventory Item B/C 1,200,000 1,687,511 0.34 981,753

Change Out 1,200,000 843,755 0.17 347,438

Inventory Item 0 1,200,000 1,687,511 0.11 317,626

Scheduled Maintenance 1,200,000 843,755 0.06 122,625

Shutdown 400,000 562,504 0.5 481.252

4 Life Cycle Operations Costs $ 4,823,140

'kitv

•% Use. duplication, or disclosure is subject to restrictions stated in Contract No. OAAKIl-82.C-OOSS with ARRAOCOM.
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V M
TABLE F-15. LIFE CYCLE OPERATING COSTS COLLOCATED SITE

(400 LB/HR)

Rate.

Period Labor S/Yr Other 9/Yr Duration Total Cost

Eq Acceptance $ 300,000 $ 275,742 0.5 $ 287,871

1% Training 900,000 413,613 0.5 656,807

Inventory Item A 900,000 827,227 6.18 10,674,263

Change Out 900,000 413,613 0.17 223,314

Inventory Item B/C 900,000 827,227 10.50 18,135,884

Change Out 900,000 413,613 0.17 223,314

Inventory Item D 900,000 827,227 2.58 4,456,246

Scheduled Maintenance 900,000 413,613 1.04 1,366,158

Shutdown 300.000 271,742 0.5 287,871

Life Cycle Operations Costs $36,311,728

/ Use, duplication, or dsclosure its subject to restrictions stated in Contract No. OAAKII.12-C-O06 with ARRACCOM.
""JJ. . . ...... Ž ....... "" " I"2'J•'. ;"~ .M.. L"..'2. '.' '*Q *..• '';' ". "' ":', ; "" " ' "" .. . . t .. ...
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TABLE F-16. LIFE CYCLE OPERATING COSTS - COLLOCATED SITE
(1000 LB/HR)

Rate.
Pert d Labor $/Yr Other $/Yr Duration Total Cost

Eq Acceptance $ 400,000 $ 562,504 0.5 $ 481,252

Tralninrg 1,200,000 843,756 0.5 1,021,878

Inventory Item A 1,200,000 1,657,511 2.47 7,132,152

Change Out 1,200,000 843,756 0.17 347,438

Inventory Item B/C 1,200,000 1,687,511 3.32 9,586,537

Change Out 1,200,000 843,756 0.17 347,438

Inventory Item D 1,200,000 1,687,511 1.06 3,060,762

Scheduled Maintendnce 1,200,000 843,756 0.548 1,119,978

Shutdown 400o000 562.504 0.5 481,252

Life Cycle Operations Costs $23,578,687

Use, duplication, or discloSure I subject to restrictions stated in Contract No. OAAKll.82-C.-005 with ARRAOCOM,
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TABLE F-17. LIFE CYCLE UPERATING COSTS - COLLOCATED SITE
(3000 LB/HR)

Rate.
Period Labor S/Yr Other $/Yr Duration Toal Cost

Eq Acceptance $ 500,000 $1,503,440 0.5 $ 1,001,720

Training 1,500,000 2,255,161 0.5 1,877,580

Inventory Item A 1,500,000 4,510,321 0.81 4,868,360

Change Out 1,500,600 2,255,161 0.17 638,377

Inventory Item B/C 1,500,000 4,510,321 1.10 6,611,353

Change Out 1,500,000 2,255,161 0.17 638,377

Inventory Item D 1,500,000 4,510,321 0.368 2,211,798

Scheduled Maintenance 1,500,000 2,255,161 0.194 728,501

Shutdown 500.000 1.503.440 0.5 1,001.720

Life Cycle Operations Costs $19,577,786

Unse, duloltiOnr Of c0OswUP IS subJ*ct to ,entrietiatus stated If Contract No. OAAKI*-82-C-OOS5 with ARRAOCCM.
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TABLE F-18. LIFE CYCLE OPERATING COSTS - COLLOCATED SITE
(5000 LB/HR)

Ratel
Peri od Labor M/Yr Other $/Yr Duration "otal Cost

Eq.Acceptance $ 600,000 $2,443,700 0.5 $ 1,521,850

Training 1,800,000 3,665,551 0.5 2,738,331

Inventory Item A 1,800,000 7,331,101 0.49 4,474,240

Change Out 1,800,000 3,665,551 0.17 931,032

Inventory Item B/C 1,800,000 7,331,101 0.66 6,026,527

Change Out 1,800,000 3,665,551 0.17 931,032

Inventory Item 0 1,800,000 7,331,101 0.22 2,008,842

Scheduled Maintenance 1,800,000 3,665,551 0.123 673,629

Shutdown 60g.000 .2.443.700 0.Q 1.521.850

Life Cycle Operations Costs $20,827,333

rn

Ume, ¢ulcit. or dtsciuur.• I$ subjt~t •o rggtrtc~tonl sit~t~ in Contract No. OMK11-1I.C-OOI5 with ARACM.,
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TABLE F-19. DEVELOPMENT COSTS

Phase II - Bench Scale

Concept Refinement $ 15,000
Incineration Pyrolysis Studies 150,000
Refractory-Materials Compatibility Studies 150,000
Environmental Studies 160,000
Feasibility Studies 75,000
Conceptual Design Studies 0,000

Materials 150,000
Subcontractors 150,000
Contingencies 60000

TOTAL PHASE II DEVELOPMENT COSTS $ 960,000

Phase III - Pilot Studies

Pilot Plant Design $ 300,000
Test Plans and Operations Procedures 60,000
Pilot Plant Construction 1,395,000.
Pilot Plant Startup 114;000

Operator Training 300,000
Pilot Plant Operation 682,000
Test Report 15,000

All Process Development Program 600,000

30% Design Package 400,000
Subcontractors 500,000

Contingencies (20%) 873,000
TOTAL PHASE III DEVELOPMENT COSTS $5,239,000

TOTAL DEVELOPMENT COSTS $6,199,000

Uls, dupllcatfon, or ditclosure i$ lubjoct to rostrictions tated in Contract No. OMKl II--CO55 with ARRACC0M.
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TABLE F-20. TOTAL COST ESTIMATES - SINGLE SITE

at 1 Agt Ratj (b/hr)

Cost Item TR lb/hr 400 lb/hr 1000 lb/hr

Facility Costs $ 1,235,900 $ 1,273,000 $ 2,019,000

Capital Equptpmbnt Costs 1,665,750 3,310,500 5,563,750

Life Cycle Operations Costs 9,830,856 4,684,730 4,823,142

Development Costs 6,199.000 6. 199,000 6.199,Q0

TOTAL COSTS $18,930,606 $15,467,230 $18,604,892

U,

SUSiq dupl|ication, Or d|Iuclolur aI subject to etrllctP!tOnu Stated In Contrac~t Na. ODAK1J.62-C.OO56 with ARtRAOCOM.
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TABLE F-21. TOTAL COST ESTIMATES - COLLOCATED SITE

Agent Rate (lb/hr)
Cost Item 40 0 1/Tr 1000 lb/hr 3000 lb/hr 5000 lb/hr

Facility Costs $ 1,295,000 $ 2,036,000 $ 3,530,000 $ 4,563,000

Cap1tel Equipment Costs 3,310,500 5,563,750 11,559,000 17,188,750

Life Cycle Operating Costs 36,311,728 23,578,687 19,577,787 20,827,332

• Development Costs 6,199.000 6.199.000 6.1991.000 6,199,000

TOTAL COSTS $47,116,228 $37,377,437 $40,867,787 $48,739,255

Use, duplication, or disclosure Is subject to restrictions stated in Contract No. OAAKl1.82-C.O065 with ARPAOCOm.
............ ,.•.wW....•......... , ..................... ._..........................
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standpoint can be seen in the thermal system cost curves (Figures F-3

and F-4). These curves indicate that the optimum single site

processing rate is approximately 400 pounds per hour while the optimum

collocation rate appears to be slightly greater than 1000 pounds per
hour. At these rates, the estimated total costs oF $15,467,230 and

$33,377,437 appear to offer a decided advantage over the base line

cost.

G. Operating Time

The operating times required for the various inventory

categories were discussed previously. The total life cycle operating

times for the various agent throughput rates are summarized in Table

F-22.

N

.. 0

Use, duplication, of disclosure is subject to restrictions stated in Contract No. OAAKIIl-82-C-0055 with ARftADCOt4,
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FIGURE F-3
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FIGURE F-4
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TABLE F-22. OPRATING TIME

Agent Rate
lb/hr Operating Year

Single Site

' "100 8.91

400 3.65

S1000 2.60

SCollcated Site

400 22.14

1000 9.25

3000 4.31

5000 3.33

UtC,,

1i Use. duplicat1on, or disclosurs is subject t0 reitrlctto~ii titNd In Contract 1No. OAAKll-62-C-OO65 wit~h APRAOCON.
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APPENDIX G

ENGINEERING AND ECONOMIC ANALYSIS -

FLUIDIZED-BED

Engineering Analysis - Fluidized-Bed

A. System Concept Description

Eight fluidized-bed concepts are listed among the 44 con-
cepts evaluated in the preliminary evaluation. Most of these eight
concepts rated high. A composite engineering design is described here
to show how a fluidized-bed can be effectively used to treat chemical
munitions.mntosThe fluidized-bed is capable of handling several classes of

munition feed. The preliminary analysis indicated it was particularly

F adaptable to munitions with the explosive removed and the agent cavity
opened, (configuration e) as well as for feed from a munition shredder

(configuration h). However, some of the peripheral equipment require-
ments change with different feedstock. Costs associated with both
feedstocks e and are presented later in this analysis.

Figures G-1 and G-2 are flow diagrams for three systems con-
sidered. Figure G-1 is for low feed rates (100, 400, and 1000 lb/hr)
using feedstock e. Figure G-2 is for the same feedstock at rates of
3,000 and 5,000 lb/hr; Figure G-2 is also for feedstock h at all
rates. The major difference between the two flow diagrams is the
addition of a volatilization chamber in Figure G-1. Ton containers
and other large items would be fed into this unit and the agent
volatilized out. Projectiles would also be treated in the volatili-
zation chamber when feeding 100 lb/hr of agent. The afterburner and
spray dryer are similar to those used in the baseline and baseline
costs are used. Material and heat balances are given in Tables G-1
and G-2.

• Use, duplication, or disclosure Is subject to restrictions stated in Contract No. DOAAK11.2.C.0055 with ARAOCON.
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TABLE G-1. MATERIAL BALANCE - FLUIDIZED-
BED (Basis 400 lb GB)

Material lbII
GB 400
Wood 650
Explosive-Propellent 250
Air 16,030
Water (liquid) 5,000

Metal 2,050

NaOH 686
TOTAL 25,066

OUT

Flue gas

02 1,867

C02 1,983
N2 12,342

H20 5,843
Salts

Na2HPO4 406

NaF 120
Na2CO3 455

Metal 2050
TOTAL 25,066

NOTE: Fuel used only on standby.

Im
U611, duplicatiofn, or disclosure is subject to restrictions stated in Contrict No. DAAK11-82-C-005 with ARRADCO,.
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TABLE G-2. HEAT BALANCE - FLUIDIZED-BED
(Basis 400 lb GB)

Heat of
Combustion, Temp.

Material Btu/lb F H, Btu

IN

GB 10,000 70 4,000,000

Wood 8,500 70 5,525,000

iV4 Explosive 5,400 70 1,350,000
Air 70 -
Water 70 -

Metal 70 --

N&OH 70
Electric Energy 700,000

TOTAL 11,575,000

OUT

Flue gas 270 7,200,000

Metal 1,500 575,000

Salts 270 40,000

Heat losses (by difference) 3,760,000

TOTAL 11,575,000

NOTE: Fuel used only on standby.
Heat of reaction to form salts from NaOH and acids neglected.

% ,, Uses duplication, or disclosure is subject to restrictions stated in C, ntract No. .AAK.I'.,2.C'55 with APUON,,' .
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Referring to Figure G-1, the inlet lock is a double valve
which drops the feed material Into the center of the bed through the
freeboard. The munition falls into the bed. The agent burns, metal
is heated and decontaminated, explosives burn, and dunnage burns. The
metal parts are removed through a ram-type drain in the bottom. The
ram Is strong enough to shear any metal caught in it. The metal and
bed material drain onto a screen, the metal and bed material are sepa-
rated, and the bed material returned to the bed. The metal is sold
for scrap or landfilled. The afterburner and scrubber are of the
baseline design.

Figure G-3 shows the Internals of the fluidized bed for
feedstock h. The portion of the bed above the sparger tubes is
fluidized and the bed below is a moving bed. The sparger tubes are
spaced to allow passage of the munitions that are being fed to the

fluidized bed. As deburstered munitions are fed to the fluidized bed
they will sink to the interface between the fluidized bed and the
moving bed. The agent will volatilize rapidly as the munition is
slowly covered by the hot bed material. As decontaminated munitions
and bed material is removed from the bottom of the moving bed by the
raim-type drain, the recently fed munition is progressively moved down
the moving bed. The residence time of the munition body is determined
by the depth of the moving bed and the bed recirculation rate. The

bed material in the fluidized bed is at 1500 F or hotter; the moving
bed will cool down very little since it will be well Insulated. This
will ensure 5x decontamination of the metal parts if the residence
time of the metal parts in the moving bed Is greater than 15 minutes.

At the larger feedrates, where bulk items are to be fed to

the fluidized bed, the sparger air tubes will be replaced by a ring of
air Jets located in the sloped portion of the fluidized bed. This is
shown in Figure G-4. The operation of the fluidized will be the same

as with the sparger tubes.
Table G-3 gives estimated bed size parameters for several

agent rates.

Use, dupltgation, or dsCIOSUre is SUbJeCt to restrictions stated In Contract No, O•MKl-82-C-0055 with APRAOCOM.
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TABLE G-3. FLUIDIZED-BED DESIGN PARAMETERS
(3 ft/sec, 100% Excess Air, 1500 F)

Agent Rate, lb/hr 100 400 1000 3000 5000

Diameter, ft 4.6 9.3 14.5 25.1 32.5

i Height, ft 20 25 30 35 40

Bed-depth, ft 4 5 5 6 6

Rating, MM Btu/hr 2.5 10 25 75 125

Afterburner size$ cu ft 100 400 1000 3000. 5000
r Air, SCFM 850 3400 8500 25,500 42,500

61

~iUse, duplication, or disclosure Is subject to restrictions stated in Contract FW. CAAKll--atC-0o55 with ARRAOCOM,
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* B. System Feed Requirements

The fluidized bed system is proposed for two different feed-
stocks, feedstock h, and feedstock e. Feedstock e consists of muni-

.. tions with the explosives removed and the agent cavity opened. The
"ex~losive, dunnage, and agent containing munitions would all be fed

inro the bed, possibly together but not in an assembled munition. The
fluidized-bed concept can handle munitions in this configuration and
also accept the dunnage and explosives removed from these munitions.
"A more accurate description of the applicable feed stocks is shown in

Table G-4.
"In all cases, the rocket motor must be made nonpropulsive.

"In addition, single pieces fed into the bed should not be large com-
pared with the bed dimensions. In general, a piece should not exceed
a quarter of the bed diameter. Therefore, at the 100 lb/hr agent
rate, the rockets would have to be cut into four or more pieces. At
the 400 lb/hr agent rate, it would have to be cut in two pieces.
Projectiles would have to have their fuses and bursters removed. The
large item5 would have to be punched open. At the 3,000 and 5,000
lb/hr rates, they can be fed directly into the bed. At the lesser

rates, a volatilization chamber is needed.

Use, dupliCation, or aisclasurs is subject to restrictions st ated in Contract No. DAAKII-82-C-0055 wit1n ARRADcOM.
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TABLE G-4. DOWNLOAD NECESSARY FOR MUNITIONS FED TO
FLUIDIZED-BED

SRate, lb/hr 100 400 1000 3000 5000

Rockets* 2 2 2 2 2

Mines 2 2 4 4 4

Projectiles 1 1 1 or 2 2 2
Ton Containers 3 3 3 3 3

*Rockets must be non-propulsive.

1 - Fuzes and bursters removed, agent cavity open.

2 - Fuzes removed, agent cavity open.
3 - Agent cavity open.
4 - No download required.

NOTE: A safety analysis beyond the scope of this study is needed
to demonstrate that the fluid bed can withstand the detonationof bursters without damage or that the burster will not

'IO detonate. If this cannot be demonstrated, all amunitions withfuzes and/or bursters require download 1.

I- .'v

17
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C. Pollution Abatement System

The baseline pollution abatement system will be used. The

dustloading will be increased slightly due to degradation of the bed

material. However, the increased dust loading is not expected to

require either design or cost modifications to the baseline system.

D. Ultimate Disposal

The agent combustion products will be captured in the spray

dryer scrubber. Disposal will be same as baseline. The steel metal

parts will be 5X decontaminated coming from the bed. They can be sold

or landfilled, again the same as baseline. The aluminum metal parts
'" will melt in the bed and agglomerat1 with the bed material. These

agglomerates will be removed and landfilled. Since liquid aluminum

has been known to detonate when in contact with water, the agglomerate

handling system must not include a water quench. Otherwise, handling

of the aluminum-bed agglomerates is not anticipated to be a problem.

The fluid bed, afterburner, and salt system will not be

contaminated in the process and can be landfilled or sold after all

munitions are treated.

E. System Concept Advantages

The major advantages of the system are in handling of

material and in burning of agent and dunnage to reduce fuel usage. At

higher rates, minimum downloading is used. As compared with baseline,

only one thermal system is needed rather than the two systems.

Another advantage which might be applicable to the

fluidized-bed systems but is not part of the system described is the

use of a chemically-active bed to absorb the acidic products of agent

combustion. The reasons for not including a chemically-active bed in

this analysis is that it may agglomerate and cause operational pro-
blems. The residue from the active bed would probably be greater than

Us2. duplication. Or disclosure is subject to restrictions stated In Contract No. OAAKll.82.C.OOS6 with ARADoCOh.
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0 •with the conventional scrubber, and 100 percent capture of the acidic
components is not likely; thus, the conventional scrubber concept was
not modified to include the active bed.

F. System Concept Disadvantages

The system appears to be applicable to demilitarizing muni-
tions and should work. However, it probably will not handle munitions
in a configuration less downloaded than e. A demonstration of safe
demilitarization of fused munitions would be very difficult. If ton
containers were treated without opening them, agent probably would be
released at an excessive rate when the container burst. Also unopened
ton containers may explode during treatment and the final metal shape
would vary. Some shapes.may be difficult to remove from the bed.

G. System Knowledge Gaps

Many knowledge gaps, which prevent a satisfactory design
from being made at present, exist. Most can be eliminated by an
engineering study and a few require experimental work to develop
engineering parameters. Some of these knowledge gaps are:

e How can metal best be removed from the bed?
s What are effective methods of separation of

metal and bed material?
e What is the effect of bed agglomeration as a

result of aluminum metal?
a How can agglomeration as a result of reaction

of bed material with agent combustion products
be avoided?

a How much metal can be in bed before

* idefluldizing it?
* How fast does metal heat in the bed?

e What is the agent release rate from punched ton
"containers?

Use, duolicatlon, or disclosure 1s subject to restrictions stated im Contract No. OAAKJI-82-C-OO66 with ANRAOCOM.
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Some experimental work is needed on removal of metal parts
from the bed. Since the metal parts are denser than the bed, they
will sink to the bed bottom. By removing some bed from the bottom,

the metal should be removed with the bed. The present conceputal
method is to fill a pocket under the bed with metal and bed material.
A ram would then push metal and bed material out. The top of the ram
would be strong enough to shear through ton containers, projectiles,

or other metal caught between it and the bottom of the bed. The

pocket in the ram would be about 5 feet in diameter by 7 feet deep for
the large-size beds, and perhaps about 4 feet in diameter by 4 feet
deep for the smaller beds. Modeling is needed to determine how the
metal is discharged from the bed, and engineering is needed to design
a ram which will shear through heavy metal. With feedstock h, the
pocket in the ram can be smaller.

The aluminum metal will form agglomerates with the bed
material. A study is needed to determine how large these agglomerates
will be and how many the bed can contain and still remain fluidized.
This information is needed to determine the rate of rocket processing
in a bed of a given size and thus impacts on the economic analysis
presented later.

Some experimentation or engineering analysis is needed on
methods of separation of the decontaminated metal and the bed
material. Presumably, a screen or magnetics might be used for sepa-
ration of the iron. Since aluminum melts below bed-temperature, an
agglomerate of aluminum and bed material will be discharged. Some
method will have to be devised to solidify the aluminum and then
separate the agglomerate from the bed material. Water spray cooling
can not be used because, under some conditions, liquid aluminum-water

mixtures detonate.
The effect of phosphoric and hydrofluoric acids on the bed

material must be determined. Both form low melting eutectics with bed
material candidate3. At present, bauxite is thought to be satis-

factory but this should be determined experimentally in a small
fluidized-bed. Since the cost of bed material is small, this
knowledge gap affects costs associated with downtime during operation.

Use, duplication, or disclosure is subject to retrictions stated in Contract Me. OAAK1I-82-C-005 with ARfAOCON.
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Fluidtzed-beds defluidize when excessive amounts of solids
are in them. The amount that can be in the bed must be determined to
size the bed. Another factor in determining bed size is the time for
the various munitions to heat to bed temperature. Since heat transfer
in the bed depends upon many variables, an experimental determination
is probably necessary. This will determine how long a munition item
must remain in the bed to be decontaminated.

The last knowledge gap is the release rate of agent from
¶ munitions in the fluidized-bed. For example, with the fluidized-bed

designed for 3,000 lb/hr of agent, the combustion rate is determined
from combustion of a dunnage-explosive-agent mix. The corresponding
rate for agent combustion without dunnage or explosive is 7,500 lb/hr.

The bed is designed to operate at about 100 percent excess air but can
operate stoichiometric for limited periods. Thus, the actual maximum
agent rate is about 15,000 lb/hr. This is the equivalent of a too
container draining In 6 minutes. If the actual drainage rate is less,
ton containers can be treated in beds designed for lower rates and the
volatilization chamber would not be needed at those rates.

H. Safety

The fluidized-bed system does not pose specific safetyfrJ problems over the baseline system. There is a large amount of thermal

energy In a hot bed. However, this is typical of large fluidized-beds
which operate safely in industry.

The baseline safety problems of handling agent and
2 ~ explosives and of hot surfaces are not changed by using a fluidized-

bed.

I. Likelihood of Development Within 5 Years

Fluidized-beds are presently commercial in large sizes. The
work needed before design is primarily associated with defining

parameters and in determining a method of removing metal from bed.
These problems appear to be solvable in much less than 5 years.

U Uses duolicatlon, or disclosure Is Subject to retrictions stated In Contract No. OAAK1I-|2-C-00|5 with ARRAOC04.
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J. Scalability to 400-3,000 lb/hr of Agent

Fluidized-bed systems are used in applications considerably
larger than needed for chemical agents. The problems of metal in a
bed and agglomeration because of molten aluminum appear to be more
severe with small beds than large. Because of these problems, in this
concept, large munitions are not fed into the smaller beds but rather
to a volatilization chamber. No special size problems are foreseen at
the operating rates of interest.

K. Degree of Technical Risk

Fluidized-beds are commercially available from several
vendors. In the size required, they would be field-erected. The

"7 t e c h n o l o g y g a p s a r e t h o s e a s s o c i a t e d w i t h t h e m u n i t i o n s ; t h a t i s , t h e
effect of large metal pieces in the bed, the affect of phosphoric and
hydrofluoric acids on the bed materials and refractories. It is very
unlikely that a fluidized-bed system could not be made to work.

L. Ram Factors

Total system availability for the fluidized-bea was

calculated to be 0.866. Details on the calculation are given in
Appendix L.

M. Materials Compatability Problems

The major portion of the actual fluidized-bed will be
refractory-lined. ReFractories are available which should take the
"environment expected. Some work is needed to define the bed material
since the bed material must not agglomerate in the environment.
Alumina (bauxite) is a prime candidate. Mullite, stabilized zirconia,
zircon, and spinel are other possibilities. Silica-based materials
would probably be attacked by hydrofluoric acid. The scrubber
material of construction will be the same as baseline.

Use, duplication, or disclosure Is tubject to restrictions stated in Contract No. OAAK11-12-C-006o with A•I•AOCON.
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N. Energy RequlreMent and Source

The major energy requirement is for fuel to keep the bed
warm during standby periods of operation. Nearly any source can be
"used and fuel oil was assumed for the economic analysis. A fuel gas

* would be a little simpler to use, although a cost saving would not
show up In an economic analysis of the type used here. The major fuel
requirements are met by burning agent and dunnagd, The heat released
by this combustion Is used In the spray dryer.

The other major power-requirement is electrical. The fan-
power for the fluidi-ed-bed is greater than that of most other
processes. In the smaller units, an electrically-heated
volatilization chamber is assumed. This also uses a substantial
amount of power.

0. Ease of Operation

1 Fluidized-bed systems can have very high operating rates.
Large-cat cracking units typically run for over a year without
shutdown'.- Large units shutdown and startup easily after a weekend.'

After a prolonged shutdown, a day may be needed for startup, to heat
the bed slowly to prevent thermal damage to the refractories.

The fluldized-bed operation should be very flexible.
Different munitions can be fed simultaneously or sequentially without
interfering with bed operation. Dunnage and explosive similarly can
"be fed simultaneously or sequentially with munitions or with each
other. The limiting factors will be a limiting heat release, and a
limiting amount of tramp metal that is allowable In the bed. The
maximum heat release can be double that of the rating for short
periods (10-30 minutes). Feed interruptions for similar periods are
not significant. Longer interruptions will require the use of
auxiliary fuel. The bed is capable of operation at about one-third of
design rate without the use of auxiliary fuel. One of the advantages
of the fluid bed is its great flexibility.

ue ('tN:1'. use, dupl©IctIen, or disclosre Is subJect to restrictions stated In contract T•, OUK11.-|.-.-O5| with ARRAC•.
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The fluidized-bed is a reasonably simple system as presented

here. The major complexities are in the removal of metal from the
bed, the separation of metal from bed material, and the reinjection of

bed material.

Economic Analysis -,Fluidized-Bed

A. Facility Cost

The facility costs are presented in Table G-5 when using

feedstock a. The costs are essentially identical when using feedstock

h except that volatilization is not needed.

B. Equipment Cost

Equipment costs are also shown in Table G-5. The cost of

the volatilizer was estimated by a vendor (Salem Furnace Company) for

a furnace capable of supplying 100 KW to the work and measuring 25

feet long by 4 fbet square. Their estimate was $700,000 and $500,000
for additional identical units. This size is required for 400 lb

agent/hr. The same size is required at 100 lb/hr because the size is

needed to treat a spray tank. At 1,000 lb/hr, a unit 2.5 times the
400 lb/hr unit was assumed.

The fluidized-bed cost was estimated from a General Atomics

estimate of $2,000,000 for a 26 MM Btu unit. This unit would treat

about 1,000 lb/hr of agent. The other sizes were obtained by the 0.6

power factor. The screen cost was obtained from Peters and
Timmerhouse. Tho other costs were obtained from the baseline.

C. Operatina Costs

Non-labor operating costs are presented in Table G-6. Water
usage is taken from baseline. The fuel cost is for 1,000 hours of
operation at standby (one-third rate). No fuel is needed during

Use. duoliCationf or disclosure Is subject to restrictions stated In Co•tra~t No. OMKII-82-C-0055 with ARRAOCOM.
S. .. . - . .. ' . . . . .. " . ,' ' ". ", , ' - -. . . i, , " / - ' _. . . . " ..- - " - -
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Agent Destnct toa bte,Jb/111" 

IU.: 

Facility 

Vol~tiHzer 
Fluidized-bed 
Screen 
Spray Dry Scnbber 
Sa 1t r. o.-. stor• 
Fuel Tant P..t 

TOTAL 

Equi~t 

VolatiJizer 
Fluidized-bed 
Screen 
Spray Dry Scrullber 
Storage Fork lift 
Fuel Tilftts 
Res fdue IIMdling Truct 
Baghcuse 

SIBTOTAL 
Design 25S 

TOTAL CAPITAL 

*Facility area. 

~~:~ ~--s £2;.?; ;::;~ 

TAILE &-5. FACILm Alii EflUIJIMEJIT COST - RUmllED-IED 

100 400 1000 s - -ftZ* I ftN ,--~ 

58,500 650 58.500 i50 72,000 800 
90,000 225 l&O.CJOO 900 800,000 ~000 
9,000 100 9.000 100 2:1,000 DJ 
3,125 1,250 6.250 Z.500 9,.a 3,950 

15.500 1,840 151,000 l.fiiiD 2.38.000 5,800 
1.650 660 3,300 1,320 5.250 z.1oo 

238,000 56ts.CJOO 1,15Z,OOO 

700.000 700,000 1.500.000 
500,000 1,150,000 2,000.000 

9.:JJO JO,GOO 75.000 
137,CIOO 295.000 488,000 

6,D) 14,500 25.000 
18,000 36,000 n,ooo 
65,000 65,000 130,000 
65,000 170,000 323,000 

1,501,000 2,460,000 -1,614,000 
435,000 762,000 1,442,000 

2,114,000 3,810.,000 7.,208.000 

3000 
,---ftZlf 

1,440,000 3,600 
45,000 500 
u.Ioo 6,840 

412.CJOO IO,CJOO 
9.090 3,640 

1,9l3,000 

3.900.000 
225,000 
893,000 

48,500 
144.000 
195,000 
700,000 

6.,!05,000 
2.,003,000 

10.,031,000 

r..:!Z ~if.<_~ 

5000 
s- ftZ* 

z.ooo.ooo 5,000 
63,CIOO 100 
21,.900 8,830 

532,000 12,900 
ll,JOO 4,100 

Z,tiZ!.CDJ 

5,250.000 
375,000 

1,183,CJOO 
66,000 

180,CJOO 
650,000 

1.000.000 

8.,704,000 
2,829.000 

14.,162.000 
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Agent Rate, lb/hr 
-

Water, lo6 gal/year 
$0.53/1000 gal (Baseline} 

red. Electric, 106 KWH/year - Feed h 
$0.05/KWH - Feed e 

Feed h 

fuel, gal/year* 
$1.20/gal 

TOTAL )feed e 
Feed h 

Other Direct Cost 
Spare parts, 6% Capital/year 
Material, 10% Other operdting 

TOTAL Non-Labor Operating Cost 
~Feed e 
Feed h 

TABlE G-6. DIRECT COSTS ~ FLUIDIZED-BED 
S/YEAR 

100 400 1000 

6 12 19 
3»180 6»360 10,000 

0.86 2.13 4.74 
0.61 1.9 4.14 

43,000 106,500 237,000 
30,600 95,000 207,000 

. 22,500 90,000 225,000 
27,000 107,000 268,000 

73,200 220,000 515,000 
60,800 208,000 485,000 

130,000 229,000 432,000 
97,000 157,000 230,000 

300,000 606,000 1,117,000 
288,000 594,000 1,147,000 

3000 5000 

31.0 40.0 
16»700 21,000 

11.04 17.7 
11.04 17.7 

552,000 883,0QO 
5552,000 883,000 

675,000 1,125,000 
800,000 1,338,000 

1,369,000 2,242,000 
1,368,000 2,242,000 

600,000 850,000 
332,000 420,000 

2,301,000 3,512,000 
2,301,000 3,512,000 

*Fuel not needed for operation with normal mix. Fuel cost is based on operating standby for 1000 hr/year. 

G> 
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normal operation as the heat of combustion of agent, dunnage, and
* explosives is adequate to maintain bed temperature. The material and

spare parts costs were taken as a percentage of capital and other
operating costs as was done in the baseline.

The electric power costs are detailed in Table G-7. The
fluidized-bed costs are for operating the forced and induced draft

fans. They are proportional to feed rate since the air flow is pro-
portional to feed rate. The volatilizer cost is to electrically heat

the large items to 1,000 F. The heat of vaporization of the agent is
expected to come from combustion of agent. At the 100 lb/hr rate,
projectiles as well as ton containers are treated in the volatilizer.
The salt equipment cost is taken from baseline.

Estimated labor requirements are presented in Table G-8.
The cost of a man-year is taken as $50,000. The personnel shown are

only for the maintenance and operation of the thermal system.
Overhead and mechanical preparation functions are not included.

Table G-9 Is a summary of the operating costs. Operational
time was taken assuming a RAM factor of 0.866. The other times were
taken from baseline. The fractional decrease in operating costs

K during equipment acceptance, training, changeout, and shutdown were
taken from baseline.

D. Development Cost

An estimate of the developmental cost is presented in
"Table G-10.

E. Total Costs

The total cost for disposal of the inventory is present in
Table G-11. These are the sums of the costs developed in Tables G-5,

" iG-9, and G-10. The Thermal Systems Concept costs are shown in

Figures G-5 through G-8.

Use, duplication, or disclosure is subject to restrittion$ itAted in COntract No. OAAK1I-82-C-0055 with ARRAOCOM,
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TABLE G-7. ELECTRIC POWER COSTS -
FLUIDIZED-BED
S/YEAR

Agent Rate,
lb/hr 100 400 1000 3000 5000

Fluidized bed 14,100 57,000 141,000 425,000 710,000

Volatllizer* 12,400 11,500 30,000 0 0

Salt equipment 16,500 38,000 66,000 127,000 173,000

Total, feedstock e 43,000 106,500 237,000 552,000 883,000

Total, feedsto'k h 30,600 95,000 207,000 552,000 883,000

*Feedstock e only.

"Use, duplication, or dlsclo',ure is subject to restrictions stated in Contract No. OAKII-.62-C-OOS5 with ARRAOCOM.
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*1

TABLE G-8. LABOR REQUIREMENTS - FLUIDIZED-BED

Agent Rate,
lb/hr 100 400 1000 3000 5000

Fluldized- bed operator,
:. men/shift 1 2 2 2 2

Maintenance,
men/shift 1 1 2 2 2

Control room,
Smen/shift1111

Pollution abatement,H men/shift 2 1

Ultimate disposal,
men/shift 2 4 6 6 6I Total/shift 6 9 12 13 13

"Man-years/year 18 27 36 39 39

Labor cost, $/year 900,000 1,350,000 1,o800,000 1,950,000 1,950,000IT
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E·~. . 
r·-

c ... • 
A 

f
· .. ~ ·-. = •• ft 
•, .. .. 

- Opentton -
:a Bulk Item 

i. §' Shut down 
~ .. 

Guratlon 
year 

0.5 

0.5 

2.48 

0.17 

3.3 

0.11 

1.1 

0.5 

TABlE G-9. 

100~1 Si!lle Site 
AMA Other 
L~ Annu~l Total 
Cost, Cost, Cost. 
S/yr S/yr s 

lOO,OOO 100,000 200,000 

900,000 150,000 525,000 

900,000 lOO,OOO 2,976,000 

900,000 150,000 118,000 

900,000 lOO,OOO 3,960,000 

900,000 150,000 178,000 

900,000 lOO,OOO 1,320,000 

lOO,OOO 100,000 200,000 

LIFE CYClE OPtRATIIIi COSTS - FLUIDIZED-BED 

400 lb/hr 1 Si!!!Jie Site 1000 lb/hr1 Si!lle Site ._., Other Alina~ I Other 
L~ Annual Total libor ~· ToUl 

Duration, Cost, tost, Cost, Our at ion, Cost, Cost. Cost, 
JI!W Styr S/yr s year S/yr S/yr s 

0.5 450,000 202,000 126,000 0.5 600,000 392,000 496,000 
0.5 1,350,000 m.ooo 827,000 0.5 1,800,000 589,000 1,194,000 

0.61 1,350,000 606,000 1,193,000 0,22 1,800,000 1,177,000 1«,000 
0.11 1,350,000 m.ooo 281,000 0.17 1,800,000 589,000 406,000 
0.82 1,350,000 606,000 1,604,000 0.33 1,800,000 1,177,000 9,820,000 

0.17 1,)53,000 m.ooo 281,000 0.17 1,800,000 589,000 406,000 

0.28 1,)50,000 606,000 548,000 0.11 1,8(!() .ooo 1,117,000 ll7,000 

0.5 450,000 202,000 126,000 0.5 600,000 392,000 4'16,000 

~- ~:o:T~~============~~==================~~~======================================================================= ~--- .. 8.72 9,537,000 .3.55 5,386,000 2.53 5,051,000 
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Agent RAte, lb/hr 

Equt~t Acceptance 
Training 
Operation - Riners 

and rockets 
Clmtgeout 

Operation -
Project liPS 

Oungeout 
Opention -

Bulk itE!IIS 

Shutdo.n 

TOTAL 

1000 lbl!!r1 Collocated 
Aiiiii1A1 Othl!r 
LAbor Annul Tohl 

Dur•tton Cost. Cost, Cost, 
year S/yr S/yr s 

0.5 600,000 392,000 496,000 

0.5 1,800,000 589,000 1,194,000 

2.48 1,800,000 1,117,000 7,440,000 

0.17 1,800,000 589.000 406,000 

3.3 1,800,1m 1,117,000 9,820,000 

0.17 1,800,000 589,000 406,000 

1.1 1,111k' ,000 1,117,000 1,270,000 

0.5 600,000 392,000 496,000 

8.72 23,528,000 

TABLE &-CJ, COiltinued 

lOOO lb/hr0 Collocated 
hUt Other 
lilbor ~IMl Total 

lila-at i011, Cost, Cost, Cost, 
year S/yr S/yr s 

0.5 650,000 7fi7,000 108,000 

0.5 1.950.000 1,151,000 1,551,000 

0.83 1,950,000 2,301,000 3,528,000 

0.17 1,950,00!) 1,151,000 527,000 

1.1 1,950,000 2,301,000 4,676,000 

0.17 . 1,950,000 1,151,000 527,000 

0.37 1,950,000 2,301,000 1,573,000 

0.5 650,000 767,000 108,000 

4.14 13,798,000 

51100 lb~. Collocated 
AiiiiU1 otlili!r 
LAbor IINMAl 

Dur.tion, Cost, Cost, 
year S/yr S/yr 

0.5 650,000 1,171,000 

0.5 1,950,000 1,756,000 

0.5 1.950,000 3,512,000 

0.17 1,950,000 1,756,000 

0.67 1,950,000 3,512,000 

0.17 1,950,000 l,T:J6,000 

0.22 1,950,000 3,512,000 

0.5 650,000 1,756,000 

3.23 

Total 
Cost, 

s 

910,000 

1,!153,000 

2,731,000 

630,000 

3,660,000 

630,000 

1,202,000 

910.000 

12,526,000 
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TABLE G-10. DEVELOPMENT COSTS -FLUIDIZED-BED

Feed e Feed h

Lab Scale Test Program $$

Labor and Fee 600,000 600,000
)v~tralIs 150,000 150,000

Subcontractors 150,000 150,000
Contingencies 60,000 60,000

TOTAL LAB SCALE 960,000 960,000

Pilot Plant Test Program

Conceptual Design 25s0,00 250,000ITest Plan 40,000 40,000
Pilot Plant

Construction 1,255,000 817,000
Startup

*Training 303,000 303,000
Operation (1 yr) 692,000 692,000

Process Development 3,700,000 3,700,000

Subtotal 6,240,000 5,802,000
44Contingencies 1,248,000 1,160,000

TOTAL PILOT PLANT 7,488,000 6,962,000

TOTAL DEVELOPMENT COST 8,448,000 7,922,000

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKl1.a2-C-0051 with APRACON~.
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Capital, $ 

Operating, $ 

Development, $ 

TOTAL 
liFE CYCLE, $ 

Capital, $ 

Operating, $ 

Developillent, $ 

TOTAL, 
LIFE CYCLE $ 

.. ...... ... ~~~J t.~~: 

100 lb/hr 

2,174,000 

9,537,000 

8,448,000 

20,159,000 

1,224,000 

9,446,000 

7,922,000 

18,592,000 
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TABLE S-11. TOTAL COST SUMMARY - FLUIDIZED-BED 

Single Slte 
400 lb/hr 1000 lb/hr 1000 lb/hr 

Feedstock e 

3,810,000 7,208,000 7,208,000 

5,386,000 5,051,000 23,528,000 

8,448,000 8,448,000 8,448,000 

17,644,000 20,707,000 - 39,184,000 

feedstock h 

2,863,000 5,636,000 5,636,000 

5,375,000 5,032,000 23,299,000 

7,922,000 7,.922,.000 7,922,000 

16,160,000 18,590,000 36,357s000 

'--·-·- --.... 
- r: .. ~ 

.:. • .a-.1• . ........ ..:. 
,• ~ .

~---· 

Collocated 
3000 lb/hr 

10,031,000 

13,798,000 

8,449,000 

32,277,000 

10,031,000 

13,798,.000 

7,922,000 

31,751,.000 

~=--~· . ._·, L 

5000 lb/hr 

14,162,000 

12,526,000 

8,448,000 

35,136,000 

14,162,000 

12,526,.000 

7,922,000 

34,610,000 

Ci> 
I 

N 
........ 



G-28 

FIGURE G-5 

FLUIDIZED-BED CONCEPT 
LIFE CYCLE COST CURVES 
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Utt, duplication, or d1tcloturt is su~j.ct to rtttricttons s~attd 1n Contract No. OAAKll·IZ·C-0055 w1th ARRAOCOM. 
.. ~ ~ . 
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FIGURE G-6

FLUI D I ZED-BED CONCEPT
LIFE CYCLE COST CURVES

COLLOCATED SITE
:~' FEEDSTOCK E
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Pt, *l Use, duplication. or dt$1scosu is subject to restrictions stated in contract No. OAAKll-a2-c-OO55 with ARRAOCON.
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,, FIGURE G-7
4.~

FLUI D I ZED-BED CONCEPT
'J'" LIFE CYCLE COST CURVES
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"Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAK11*42-C-0055 with ARRAO¢aM.
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,.* " FIGURE G-8

FLUI D I ZED-BED CONCEPT
LIFE CYCLE COST CURVES

":, *., COLLOCATED SITE
FEEDSTOCK H
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:• • Use, duplication, or dlillosu~re is subjlct: to restrictions stalted in Conltrpct No. OAAKII-82-C-OO55 with AIRRABCOM.
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F. Optimum Process Flow Rate

The cost of the thermal process has a broad minimum of about
$16 million at about 400 lb/hr for a single site inventory and about
$32 million at about 3,000 lb/hr for a collocated site inventory.
Since the minimum is not sharp, the optimum processing rate will
certainly be affected and possibly governed by non-thermal

considerations.

G. Operating Time

The operating time for the various rates was presented in
Table G-9. The optimum time for thermal processing is in the 3.5 to 4
year range. However, it should be noted that 1.84 years are assigned
to scheduled downtime and thus the actual operating time is only about
2 years. Overheads not included in the thermal processing costs

probably will make the optimum time somewhat less than indicated here.

tt,,Use, duplication, or disclosure Is subject to restrictions it ated in Contract Nn. OAAK11-82-C-0OSS with ARRADCOM.
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APPENDIX H

ENGINEERING AND ECONOMIC ANALYSIS
IR VACUUM FURNACE

Engineering Analysis

A. System Concept Description

The IR (Infrared) vacuum furnace concept was devised pri-

"marily as a method of minimizing downloading of explosives from the
munitions. The deflagration to detonation transition is greatly

*. reduced by vacuum operations. In this concept, munitions in config-
uration e, with agent and explosive cavities open and fuses and deto-
nators removed, are placed on a tray and passed into a vacuum oven.
The munition is heated and decontaminated. The agent pyrolyzes or

2 Ievaporates, the propellants and explosives burn, and the metal is
heated to the decontamination temperatue. Dunnage is heated and

J (pyrolyzed.
Figure H-i is a diagram of material flow through the vacuum

furnace system. Before treatment, the munitions are downloaded to
configuration c and placed on a tray. The tray is moved into the

inlet lock (which is large enough to hold a spray tank). The lock is

evacuated into the furnace, the furance door is opened, and the muni-

l VI tion(s) is moved into the furance. The munition is heated, the agent
is pyrolyzed or evaporated, and exhausted through a vacuum pump.

*: Explosives deflagrate and the flue gas is exhausted through the vacuum

pump. Dunnage is heated and pyrolyzed; the pyrolysis gases are

I exhausted through the vacuum pump. Solids leaving the furnace through

the outlet lock have been heated to over 1000 F and therefore are

2• decontaminated.
The vacuum pump acts as an effective scrubber for agent and

*l acid gases. The caustic solution is cycled through the vacuum pump to
absorb these gases.

""n
It•' Use, duplication. or disclosure ii subje~t to restrictions stated in ContraCt Na, OAKll-a2-c-0055 with ARRACOMq

• . :-2'', .-.- **- ".,**, '* •..* . . .'".' 4,I •, ,. . . ,• • .. . . .. .,,. ... • ,. • . ., ..- •• . . , ,.. . .•.



c .. • . 
f-
a .... 
n • .. -. 
0 

.2 

0 , 
A -. ... 
n ... 
0 ... c: 

~ -... 

.. 
:·: .. _. I. 

-. 
:II 

n 
,o 

2 .. , -n .. 

~ .... 
7 

:. -~ 
CJ 
n w 

PRESSURE 1 EQUAliZER 

2l( .-t><r-
PRESSURE 

EQUALIZER 
r-1><3- &2 

DITIO~ ·M [) 
I 

INLET LOCK 

~~ DE~~MATED 

4 

ELECTRIC FURNACE 
( 250 kW PYROL YlER) 

OUTLET 
LOCK 

~ 
NASH 

VACUUM 
PlDtP 

- SEPARATOR 

--""' --

(1000 ACFM) 

NASH 
VACUUM 

PlJI> 
I .. I SEPARATOR 

(1000 ACFM) 

I ~ ~ I 

NUMJERS REFER TO STREAMS IN 
HEAT AND MATERIAL BALANCE 

(TABLES H-1 AND H-2) 

LIQUID PUMP' 

FIGURE H-1. YACUIM FURNACE 
(FEEDSTOCK •c•) 

FLUE GAS 

'g 
SPRAY 
DRIER 

, 10 

SALT 
DISPOSAl 

:::z::: 
' N 



*, H-3

The exhi-ist gas from the vacuum pump passes through an

afterburner. The primary purpose of the afterburner is to burn the

pyrolysis materi1s from the vacuum furnace. It will also act as a

* redundant system to assure that the agent is completely destroyed.
The afterburner is a source of hot gas for the spray dryer.

The spray dryer acts to dry the salt solution bled from the

vacuum pump. For costing, it is assumed to be the same as baseline.

- However, it should be simpler because in this concept the function of

the spray dryer is to dry the salt rather than absorb acid gases.

Material and Energy Balance. Tables H-i and H-2 present

material and energy balances for a vacuum furnace system. The streams

shown are keyed to Figure H-I. The energy losses shown were

V calculated by difference. These appear to be a little higher than
-I would be expected. If the energy losses are, in fact, less than

Sa,, shown, the required temperature in the furnace could be maintained by

reducing the electric heat, and the spray dryer temperature could be

controlled by increasing the water to the salt system and therefore
Q• increasing the energy demand.

S0"Design Parameters. Table H-3 is a list of the design para-

meters for the vacuum furnace system. A minimum of a 25-foot long

furance is specified so that spray tanks can be treated. At the

* 7" larger sizes, the unit Is scaled up linearly to accommodate the larger

throughput. The furnace would be in a vacuum chamber 8 feet in
diameter. At the largest size, several parallel units might be used.

However, this modification would not significantly alter costs.

The largest liquid seal vacuum pump has a capacity of about

1000 acfm. Smaller pumps were not considered because the pump must be

I: isized for maximum flow rather than aveage flow, and with a small unit,
individual munitions burning or pyrolyzing can substontially increase

short-term flow rates over the average flow rate.

Use, duolication, or liclourt Is subjct to restrctions stated In Contract No. OAAKl.-82-C-0055 with ARRADCOM.
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TABLE H-2. 

1 2 , 70 

4,000 
5.525 

1,350 
0 

Charcoa 1, heat of cOIIbllst ton 
Water, sensible heat 
~·sensible heat 
I • sensible heat 
NaOH, sensible heat 
IF, sensible heat 
Pz05, latent IIKI 

sensible heat 
CO, sensible heat 
co. heat of collbust ion 
Hz, sensible heat 
Hz. heat of cOIIbustion 
112. sensible heat 0 
Oz. sensible heat 
C]H&, sensible heat 

0 

~· heat of cOIIbust tor. 
, sensible heat 

HzO. latent and sensible 
heat 

Heat added 
Heat lost* (by difference) 

"*Refer to Figure H-1. 
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20 2 

3,720 3,720 
100 10 0 

0 
lO 3 

1,365 1,365 

. 
100 525** 
380 533 
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~~~ ~·~0 ~r.--:1 :-m ...... ~ 
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Overall 
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5,250 5,250 
1,225 
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TABLE H-3. DESIGN PARAMETERS- IR VACUUM FURNACE

Process Rate, lb/hr 100 400 1000 3000 5000

"Furnace Size
Length/KW 25/250 25/250 60/600 180/1800 300/3000

Vacuum Pump, 1000 cpm
Number 1 2 3 9 15

Afterburner
Diam. x length, ft 4 x 10 8 x lO 8 x 25 12 x 25 12 x 40

e lll 
.il. . .. .

r-3=

U

-2'•I Ue ulttoto t~ ouet ujc o•ltr{tosslt n¢nrll o /!l-2COS thARO(
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PP The afterburner is sized for 2 seconds residence time. This
makes it adequate to assure agent destruction, although this function
may not be necessary.

The spray dryer is assumed to be the same as baseline and
was not resized.

B. System Feed Requirements

The vacuum furnace system is designed to accept feed con-

figuration e. In feed configuration e, the agent and explosive
cavlties are open. Also, the fuses must be removed from the munitions
and fed separately. The bursters themselves will still be in the
munition. Under vacuum, without a fuse, the bursters should deflag-
rate rather than detonate. The agent cavity should also be open so
that agent can escape from the munition without overpressurizing it.
Rocket moters must be open so the rockets are not propelled In the
furnace. The system is large enough to accommodate the large items.
Trays will be used to hold the munitions as they pass through the
furance.

C. Pollution Abatement Equipment

No special pollution abatement equipment is required. For
cost purposes, the baseline equipment is assumed. This is probably
slightly more costly than the equipment acutally needed because, in
this concept, the spray dryer is used only.for drying and not for acid
gas absorption. However, the difference in cost should not be
significant.

D. Ultimate Disposal

Disposal will be similar to baseline. A little less salt
may be produced and some charcoal is expected from the wood dunnage.
In general, the baseline costs used in this analysis are probably a

ý`A Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAKll-82-C-0055 with ARRADCOc.
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little higher than actual cost. After processing the munitions, the
equipment probably will need a decon treatment before disposal or
reuse.

E. System Concept Advantages

The major advantage of the system is that explosions would
not occur in the system, thus reducing the wear on the system.
Another advantage is that only a minimum of downloading is necessary.

Other important advantages are minimum caustic requirements and

minimum salt generation.

Complete pollution control should be achieved in the vacuum
pump and no further pollution control should be needed. Since no CO2

is present at the vacuum pump, a minimum of caustic is needed. A
spray dryer similar to that used In baseline will still be needed, but
its function will be to dry salts rather than to scrub the flue gases.

F. System Concept Disadvantaaes

The major disadvantage of the system is that many of the

elements are new and require demonstration of feasibility. If some
unproven assumptions are false, the entire system may be impractical.

These include:
s Defused bursters in the munition will not detonate

in vacuum.
@ Pyrolysis tars will not interfere with the vacuum

pump operation.
* The liquid residue, which may contain tars, can be

dried satisfactorily in the spray dryer.
In addition, the system is fairly complicated in that many

vacuum pumps are needed. Vacuum locks are needed to enter and remove

items from the furnace.

Use, duOlication, or disclosure Is subject to restrictions stated in Contract No. OAAKIl-82-C-05S6 with ARRAOCOM.
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G. System Knowledge Gaps

As described in the disadvantages, this system has a number
of untried processes. These knowledge gaps can be divided into two
categories - fundamental assumptions and engineering data.

Fundamental Assumptions:
* No detonation in vacuum
# No agent in vacuum pump water
* No agent formed in drying

@ No plugging of vacuum pump
# No plugging in vacuum pump liquid system.

Engineering Data:
e Treatment time of munitions and dunnage in vacuum
e Rate of decomposition of agent in vacuum
e Allowable salt concentration in vacuum pump water

e Combustion properties of gases from vacuum pump
# Evaporation properties bf vacuum pump water.

H. Safety

With the exceptions of the possibility of explosions

occuring in spite of the vacuum or as a result of loss of vacuum, the
system is inherently safe. The degree to which vacuum would supress
explosions needs to be determined experimentally.

I. Likelihood of Development in 5 Years.

If the system is practical, the development time should be

about 5 years. A year or two is needed to demonstrate that the

fundamental assumptions are correct. If they are proven reasonable,
about another 2 or 3 years are needed to develop engineering data.
The major elements in the system, vacuum pump, vacuum furnaces,

Use, duplication, or disclosuPe Is subjet to restrictions stated in Contract go. OAAKll-e2-C-0056 with ARRACCOM.
S ... . . . . . .. . . . ,... -.. . . . .. . ' ' ' - . ,. , .' "1 ' '• ', , " . .,•,,,'.,,' . ',
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afterburners, and spray dryers are commercial equipment and therefore
should not present major design or specification problems.

J. Scalability to 400-3,000 1/hr/Agent

The vacuum furnace can easily be made any size. The largest

vacuum pumps available would be used and multiple units are necessary.

Scale-down below 400 lb/hr is a minor problem in that the furnace must
be large enough to treat a ton container or spray tank. A furnace of
this size can treat about 400 lb/hr. Therefore, equipment cost

savings Is minimal below 400 lb/hr of agent.

K. Degree of Technical Risk

The possibility of vacuum suppressing an explosion of a

burster in a munition has not been proven. However, detonations are
in general suppressed by vacuum. The possibility of agent getting

into the vacuum pump liquid is also substantial. Because of these

factors, the technical risk is quite high. About 1 or 2 years of

development work is necessary to prove possibility.

M. Material Capatibility Problemqs

There do not appear to be any significant material

compatibility problems associated with this concept.

L. Ram Factors

Appendix L presents a list of the estimated amount of main-

tenance needed for the various parts of the system during normal
operating hours. Maintenance during a normal shutdown or maintenance

performed without shutdown is not included. From these estimates, the
overall system is expected to have an availability of 0.885.

Use, duplication, or disclosure is subject to restrictions stated In contract No. OAAKII-S2-C-0055 with ARRADCOM,
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N. Eneray Requirement and Source

The major energy requirement is the electric power for the
volatilizer and the vacuum pump. A modest amount of fuel oil is
needed for the afterburner for startup and standby. As shown pre-
viously in Table H-2, most of the energy required is supplied by
burning munitions and dunnage. Table H-7 in the section on economics
lists the cost of fuel and electricity for this process.

0. Ease of Operation

This should be an easy system to operate. The electric
"*heaters would be controlled by an SCR controller; the vacuum pumps
would operate wide open without control; the bleedstream from the
water circulating system could be on an automatic batch control. The

spray dry scrubber is used to dry salt rather than to absorb gases.
The munition would be fed through the system on trays, and a tray-
handling system to empty the trays and return them for refilling would
be necessary. The major complication is the vacuum lock system for
feeding and discharging munitions. Overall, the system is very

simple.

Economic Analysis

A. Facility Cost

Estimates of the facility and equipment costs are presented
In Table H-4. The floor area of the facility is a Battelle estimate.
The vacuum furnace is assumed to be in an explosion-resistant area,

which is costed at $400/ft 2 while the other equipment is in a

conventional room costed at $90/ft2 .

Use, duplication, or disclosure is subject to rustrictions stated in Comtract No. 0AAK1-I.6.C.O0$5 with ARRAOCO',
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TABLE ll-4. FACILITY All) EIJIIPIDT COSTS - II VAOUI AaM:E 

Ageat feed bte 
100 lb/IW" - ___,-lit~ IIID lli/llr ----nD lb/111" ~ 
l ftZ l ft2 I ftz I ftz $ ft2 

280.000 100 280.(11) 100 ti80.000 1,100 2,040.000 5.100 2.400.(0) 8.500 

9.000 100 14,(0) 150 18.~ 200 54.000 6110 CJO.cm 1.(11) 

3,125 1.250 6.250 2,500 9.900 3.950 17.100 6.840 21.900 IZ.900 
75,500 1.840 151.000 l.MD ZJS.OOO s.aoo 412.000 10.000 532.000 4.100 
1.650 fi60 3.300 1.320 5.250 2.100 g_ogo 3.640 11.100 4.100 

36,000 400 54,000 fiOO 90,000 1.000 1&0,000 2.000 270,000 3.000 

406.000 50B.(K)Q 1.041.000 2.713.000 4.326.(0) 

700.000 100,000 I.SOO.CIIO 3.600.000 i.ooo.ooo 
160.1110 160.000 400.1110 1.200.000 2.000.000 
to.ooo m.ooo 30.000 90.000 21.0.000 

137.000 295.CIIO B. liD 893.000 1.183.000 
71.000 m.ooo 155.000 244.000 716.000 
1~000 36.000 12.000 144.000 IIKl.cm 
15,000 35,000 13.000 115.000 _!!!!,em 

1.1u.ooo 1.326.000 2.na.ooo 6.286.000 10.469.00l' 

3801000 459.000 !MO.OOO 2,250.000 3,699.000 

1.897.000 z.zgJ.a 4.69.1.tm n.£49.tm 18.494.(0) 

I __, 
N 
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B. Capl.ta Eoulpment

The furnace was estimated from an estimate of $700,000 for a

single furnace and $500,000 for additional furnaces by a vendor (Salem

Furnace Company) for a 4-foot x 4-foot x 25-foot, 250 KW electric

furnace. That size furnace is adequate for 400 lb/hr; a smaller

furnace can not be used at lower feed rates. Battelle estimated the

sizes of the furnaces at the other rates (Table H-3) and costed th

furnaces at $200,000 + $20,000/ft of length.

The vacuum shell was estimated to be 8 feet in diameter with

1/2-inch thick walls, and 50 feet longer than the furnace to allow for

locks. The shell was estimated to cost $1.37/lb from Peters and

Timmerhaus (page 574).

The vacuum pump cost was supplied by a vendor (Nash) for a

1000 cfm unit made of cast iron. The number of units was estimated by

Battelle. The dryer, salt storage, and fuel tanks were estimated from

baseline costs. The actual dryer would be somewhat simpler than the

baseline scrubber-dryer because it does not have to scrub acid gases.

However, the cost savings should be minimal. The afterburner was

costed at $100 per square foot of surface area. Design cost was
estimated at 25 percent of the facility and equipment cost.

gC. Oerating Costs

The operating costs consist of labor costs, utility costs,

and miscellaneous costs. An estimate of the labor required for the

thermal part of the system Is presented in Table H-S. Except for

ultimate disposal, most of the manpower is used to monitor equipment

and the manpower changes very little with rate.

"{e The electric costs, which are a major part of the utility

costs, are presented in Table H-6. The Battelle estimate of 'average
power is shown along with the cost at $0.05 per KWhr. Each vacuum

pump is assumed to draw 75 KW. The caustic dryer is taken from

baseline PBl salt equipment cost.

Use, duplication, or disclosure it subJect to rletrictionl stated in Contract No. OAAKII-82-C-OO55 with ARRAOC(4.
"V. Y.
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Ultimate Disposal 

Maintenance 
TOTAL/SHIFT 

Man years/year 

COST/YEAR~ S 

TABLE H-5. l.AB(It REQUIREIEJtT - IR YACUlll AIUIACE 
(.en/shift) 

Agent Feed Rate1 lb/hr 
lao 400 1000 

2 2 2 

1 1 1 

1 1 2 

2 4 6 

2 2 2 
8 10 13 

24 30 39 

1~200.000 1,500,000 1,950,000 

3000 5000 

3 3 

1 1 

2 2 

8 8 

3 3 
17 ~ 

51 51 

2,550,000 2,550,000 
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TABLE H-6. ELECTRIC COSTS - IR VAQUII AIUIACE 

Agent Rate, lb/hr 100 400 1000 3000 5000 

Furnace, KW used 100 125 300 goo 1,500 

·t: S for 6000 hr at $0.05/KW hr 30,000 37,500 90,000 270,000 450,000 
... Vacuum Puq1, K.W used 75 150 225 675 1.125 •• .. 
~ 

$ for 6000 hr at $0.05/KW hr 22,500 45,000 67,000 202,500 338,000 :::!. 
·n ... ·-0 Caustic Dryer, KW used 50 100 150 200 300 ·~ $ for 6000 hr at $0.05/KW hr 15,000 30,000 45,000 60,000 90,000 

TOTAL 67,500 112,500 202,500 532,500 878,000 

::J: 
I _.. 
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Other non-labor operating costs are presented in Table H-7.
The water cost is nominal and taken from baseline. The fuel cost is
for 1000 hours of operation of the afterburner on staidby. No fuel is
required for operation. Spare parts and supplies are taken as a

percentage of capital or other operating costss as in the baseline.

The life cycle operating costs are presented in Table H-8.
Equipment, training, changeout and shutdown times are taken from base-
line. The operating times assume an availability of 0.865 and
5,000 hours per year of scheduled operating time.

D. Development Cost

An estimate of the development costs is presented in Table

H-g.

E. Total Costs

The total life cycle costs are presented in Table H-10 and
Figures H-3 and H-4. Costs range from $17 million for single site to

$36 million for collocation.

F. Optimum Process Flow Rate

The lowest point on the curves are for operating at 400
lb/hr for the single site or 3000 lb/hr for a collocated site. Except

for high costs for operating at 100 lb/hr, the costs are not par-
ticularly sensitive to operating rate, and the costs for other parts
of the system may change the optimum operatirl rate.

G. Operating Cost

Operating times for the disposal of various agent categories

are given in Table H-8.

Use, duplication, or disclosure is subject to restrictions stat44 in Contract No. OMAKII.82-C.OO55 w1tM ARKAOCOM,
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TABLE H-7. OPERATING COST - IR VAClJllll FUR fACE 
(Annual Usage/Cost, S) 

-; .. _..-:· 
~ .. -.... 

;.tgent__fE!ed Rate_. lb/hr 

..... :~~ r::0-: ;~e f~~-i ;::-; ... "!',1.~ ~· .... 

',JIJ.~ ·-·-· 

100 400 --- 1000 3000 --- --soou 

Water (base11ne) 
106 gal/year 
Cost, $/year 

Electric, $/year 

Fuel, $/year 

Total l!tilities 

Spare parts 6% Capital, $/year 

Materials 10% Other Operating, 
$/year 

TOTAL NONLABOR OPERATING COST, 
$/year 

6 
3,180 

67,500 

12.000 

83,000 

114,000 

1401000 

337,000 

12 
6,360 

112,500 

48,000 

167,000 

138,000 

181,000 

486,000 

19 31 40 
10,000 16,500 21,000 

202,500 532,500 87Sl,OOO 

120,000 360,000 6001000 
333,000 909,000 1,499,000 

282,000 675,000 1,110,000 

257,.000 4131000 516,000 

872,000 1,997,000 3,125,000 
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0 -c: TAIL£ H-8. liFE CYCLE OPEIATIIIG COSTS - IR YAOUI flJIIIACE , 
• -.. ... Agent R•te, lb/hr c: 
117 

100~1 Single Site 400 lb~1 Si!!lle Site 
l!nftul Other llrllu Other 

1000 lb~1 Si~le Site 
Jliiiili1 Otliir ..... 

~ Dur•tion .. 
• C9 .re•r 

l.._. ~~~!nul rot• I l.._. ...... Tohl 
Cost. Cost. Cost. Our•tion • Cost. Cost. Cost. lluri1ti011 0 

S/yr S/yr s ,re.r S/yr S/yr s yecr 

l.._. ...... , Tot• I 
Cost. Cost. Cost. 
S/yr S/yr s 

0 , 
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TABLE H-9. DEVELOPMENT COSTS - IR VACUUM FURNACE

Lab Scale Program
Labor & Fee 600,000
Materials 150,000
Subcontractors 150,000
Contingencies 60,000

Total Lab Scale

Pilot Plant Test Program

Conceptual Design 250,000
Test Plan 40,000
Pilot Plant

Construction 1,897,000
Startup and Training 941,000
Operation 1 year 1,537,000

Process Development 3.700.000
Subtotal Pilot Plant 8,365,00
TOTAL DEVELOPMENT 993251W

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAKII-82-C.0OS5 with ARRADCOM.
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FIGURE H-3

VACUUM FURNACE CONCEPT
LIFE CYCLE COST CURVES

SINGLE SITE
FEEDSTOCK C

8'
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U .duo1i€ation, or disclosure is subject to restrictions stated In Contrac o /K1O--0$.t RACM
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FIGURE H-4

VACUUM FURNACE CONCEPT
0I LIFE CYCLE COST CURVES

COLLOCATED SITE
ILI' FEEDSTOCK C
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OPERATING
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-I *

,"0 .1000 3000 4m000 0000 6000
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Use, duplication, or disclosure Is subject to restrictions stated in Contract No. DAAKII-82.C.0053 with ARRAOCOM.
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APPENDIX I

ENGINEERING AND ECONOMIC ANALYSIS
SHAFT FURANCE

Engineering Analysis

A. System Concept Deqcription

The shaft furnace system is proposed to handle feedstocks b
and c. All items, including munitions with bursters comprised of up
to 8 pounds of explosive and excluding rockets, ton containers, spray
tanks, and bombs are fed to the system without special preparations.
The system is illustrated in Figure I-i and mass and heat balances are
presented in Tables I-i and 1-2.

Items are dropped into the furance via a lock formed by two
* valves at the top of the furnace and fall into a bed of hot scrap

metal (900 F) that is recycled continuously. The recycling scrap

covers the munition and transfers to it the heat required to elevate
its temperature to the point at which the explosive will detonate or

the agent will burst open the cavity. The scrap also serves to
prevent munition fragments from reaching the walls of the reactor and,
while doing so, reduces the energy generated by a detonation. The

released agent is combusted in the furnace and passes through an air
pollution control system of baseline design (spray dry scrubber and
baghouse). The metal parts pass with the scrap bed out through the

"! bottom of the furnace first to screens, where oversized and undersized
scrap are removed, and then on to bucket elevators which recycle the
scrap to the top of the furnace. The screens and bucket elevator are

:;i:'•enclosed and form a sealed unit with the Furnace.A scrap metal bed with a diameter of 20 ft is assumed to be

sufficient to protect the walls of the furnace. The height of the
shaft is determined by the process rate and time required for munition
explosions. Munitions are fed so that the scrap between them measures

" " ue, duptication, or lisclosro is subjet to restrictlons stated In Contract MO. OAAKll-62-C-OO55 with ARRAOCOM,
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TABLE I-1. MATERIAL BALANCE SHAFT
FURNACE (400 lb/hr Agent Feed Rate)

Material lb/hr

IN

* G8 400
Explosive-Propellant 250
Wood 650
Metal 2,050
Fuel 01 274
Air 30,452

;, Water 8,547
NaOH 572
TOTAL

OUT
1 • Flue Gas 40,316

Salts 
829

SMetal 2 050
TOTAL

"i

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DOAK11-82-C-O055 with ARRAOCOM•

L __.___ ... .,.A.................... .



6-,L 

1-4

TABLE 1-2. HEAT BALANCE SHAFT FURNACE

Heat of

Combustion Temperature, H,
Material (Btu/lb) (f) (Btu)

IN

GB 10,073 70 4,029,200
Explosive-Propellant 5,400 70 1,350,000
Wood 8,500 70 5,525,000
Metal --- 70
Fuel l 19,695 70 5,396,394
Air 70W ater . -70 ...N&OH 

70-".aTOTAL

OUT

10 Flue Gas 
300 11,886,264

Salts 300 47,668
Metal 900 204,180
Heat Losses (by difference) 4,162,483
TOTAL

NOTE: Heat of reaction to form. salts from NaOH and acids
neglected.

'J... Use, duplication, or disclosure is subject to restrictions stated in Contract NO. OAAKl1Ia2-C-OOSS with ARRADCOM,•'_:•.., * .. ,.. ., •. .. . . ."""' " " "" """' " ' " *' " ' "" " ' " """. . . " . "•"•' '". .2



at least three times the diameter of the munition. The distance
between the munitions is assumed to prevent a chain reaction of
explosions in the bed. The time required for munition detonation is
assumed to be the time required to raise the temperature of the metal

, casing and agent to 300 C. Design parameters such as bed height, bed
velocity, recycle rate, and explosion time for 105 mm projectes at an
agent processing rate of 400 lb/hr are given in Table 1-3. A bed
height of 65 ft is taken to be the upper limit. At greater heights,
required for higher throughputs, the recycle rates become impractical.
As a result, multiple units are required for higher agent processing
"rates.

A metal parts furnace or heated discharge conveyor must also
be used while processing some munitions since 5X decontamination
within the furnace itself would require impractical bed heights for
those munitions.

! !B. System Feed Requirements

The shaft furnace is assumed to be capable of handling whole
items containing up to 8 pounds of explosive (feedstock b). Rockets
must be made nonpropulsive and ton containers, spray tanks, and bombs
must be punched to prevent large gas surges and the production of

C:: Klarge, irregular metal pieces resulting from bursting of the thin-
walled containers (feedstock c).

C. Pollution Abatement System
;! ~ The baseline pollution abatement system will be used. This

,• will consist of a spray dry scrubber followed by a baghouse, induced
draft fan and stack.

D. Ultimate Disposal

The ultimate disposal scenario will be similar to that of
the baseline. The dried salts from the spray dryer scrubber and the

Use, duplication, or dlsclosure Is subject to restrtctlons stated In Contract No. OAA1KI12.C.OO5 with ARRADCOM,
'-• .- -LL,- ' •" '"" •L, • .. • -"L • •..•JZ ._• j • .*, , ° * *- * *. ..-- •. J, L•• ••,' L •~ hTJ '.•,•
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TABLE 1-3. DESIGN PARAMETERS SHAFT FURNACE(400 lb/hr Agent Destruction

Rate 105 mm Projectiles)

Furnace Diameter 20 ft

Munitlons/hr 250

Detonation Time .16 hr (9.6 minutes)

Distance Between Munition 1.4

Bed Depth Required 66 ft
for Processing Rate (50 ft + 10 ft clearance

at bottom of furance)

Scrap Recycle Rate 350 ft/hr13,205 tons/hr(assuming steel scrap, .5 void fraction)

Furnace Operating Temperature 900 F
Excess Air Reqdirement 285 percent

Afterburner Operating Temperature 1600 F

Gas Residence Time (Afterburner) 2 seconds

Ulf dulu in o dicoueI bettorsrcin sttdi CotatN.0A 1-2C 05 wi t RA O.

4m ,

-,e

• .''Uedpi ton rdl olr tlIbet O et ctoss tl nCar tNo A l-|-.0 w hARA O,
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V.

particulates- captured in the baghouse will be drummed and stored as at
CAMDS, Decontaminated metal parts and bed can be sold as scrap. Wood
ash not carried from the dunnage incinerator can be landfilled.

E. System Concept Advan;tages

Advantages of the concept include:
* Ability to handle detonable items

a Low requirement for supplemental fuel and tolerance of
short term irregularities in fuel feed rates due to large
thermal inertia of the scrap bed

* Fewer problems handling aluminum rockets due to low

operating temperatuve.
°1.1 ,

F. System Concept Disadvantages

i .. '• Disadvantages of the concept are:
e High degree of technical risk
e Must operate at low temperatures

* Large recycle rates

* Metal will not always be 5X decontaminated within the
shaft furnace.

G. System Concept Knowledge Gap

The most important knowledge gap associated with the process

is Whether the scrap bed can attenuate the blast wave and, If so, what
size bed is required. The behaviour of the detonable items and times
required for explosion or for the agent to burst the cavity are also

unknown.
It may be noted that the diameter of the shaft has been

chosen somewhat arbitrarily. Should tests indicate that a smaller

diameter is satisfactory, process feasibility will be enhanced.

Use, duplication, or disclosure Is subject to restrictions stated In Contract No. OAAKI1*82-C-0055 with ARRAOCOM,
42 ,.2 .2 t . .



4 1-8

H. Safety

Several knowledge gaps must be resolved before the safety of
the system can be determined. The primary concern is the ability of
the scrap bed to reduce fragment velocities and attenuate the blast
energy thus avoiding destruction of the reactor. Also, blast wave
and/or gas surges must be attenuated in the duct leading to the
afterburner.

I. Likelihood of Development Within 5 Years

The development of the shaft furnace would require extended
bench and pilot-scale studies. The concept, although originally
thought to be developable within 5 years, is now expected to require
more than 5 years.

J. Scalability

Due to the large recycle rates and bed heights required for

the concept, a single unit would not be capable of handling agent feed
rates much In excess of 400 lb/hr. Multiple units are required at the
higher feed rates.

K. Degree of Technical Risk

A high degree of technical risk is associated with the
process since the degree with which large, continual detonations can
be contained successfully is unproven.

L. RAM Factors

Performance information on equipment of this type was not
available. Based on engineering judgement and experience in
developing system availability factors for other processes, system

availability for the shaft furnace was estimated at 0.8.

Use. duplication, or disclosure Is subject to restrictions stated In Contract No. DAAK1I-82-C.OO55 with ARRADCOM.
= .t" _ " " _- f " "• " I • _ _ • I _ _ _ _ _ ' .2 . ' . _: : _ .i _ _ _. . . ' ._t -_ . _ _' " " " " _ • / " . . . " . . , ,• 11 , . . . . . . . . . . . ,
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M. Materials Compatability Problems

4- I4., The major corrosion problem (due to the high temperature)

will occur in the afterburner. This problem is common with the

baseline process and thus can be considered resolved. Reaction of the

halogens and phosphorous with the scrap may occur, causing the
"i ' discharged scrap to be contaminated with these elements. This

potential problem must be examined.

N. Energy Requirement and Source

The two major energy requirements are for fuel and

* electricity. Although additional fuel is not required in the furnace
during ordinary operation, fuel is needed to operate the afterburner

at the required temperature and to raise the temperature of scrap bed
N" after shutdowns. The primary electrical requirement is for running

the scrap conveyors (300 Hp motors).

0. Ease of Operation

The system may be difficult to operate due to problems

associated to the large recycle rate requirement involving irregular

scrap. Because the process releases agent in surges, the feed system
locks must seal well and this may be troublesome. The shaft discharge
"mechanism, double screen and discharge lock appear to be potentially

troublesome areas that are difficult to repair in event of' failure or

"jamming.

Economic Analysis - Shaft Furnace

0.

A. Facility Cost

The facility costs are presented in Tables 1-4 and 1-5. The

main building includes the furnace, afterburner, conveyors, munition

' Use, duolication or disclosure is SubJect to restrictions state in Contract No. DUKII-82-C.OSS with ARRAOCOM.
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TABLE 1-4. SINGLE SITE FACILITY COSTS
SHAFT FURNACE

Agent Rate 100 lb/hr 400 lb/hr 1000 lb/hI
(1 unit) (1 unit) (3 units)

Main Building $1,560,000 $1,560,000 $4,680,0OU

APC Pad $ 2,720 $ 6,250 $ 8,496

Salt and Drum Storage $ 65,674 $ 150,880 $ 205,511

Fuel Tank Pad $ 1.650 $ 3,300 $ 91013

TOTAL $1,630,000 $1,720,430 $4,903,02n

TABLE I-5. COLLOCATE SITE FACILITY COSTS
SHAFT FURNACE

Agent Rate 1000 lb/hr 3000 lb/hr 5000 lb/hr
(3 units) (8 units) (13 units)

Main Building $4,680,000 $12,500,000 $20,300,000

APC Pad $ 8,496 $ 16,425 $ 22,316

Salt and Drum Storage $ 205,511 $ 397,290 $ 539,780

Fuel Tank Pad $ 9.013 $ 24.766 $ 48,440

TOTAL $4,903,020 $12,938,481 $20,910,563

duplication. of disclosure is subject to iestrittont stated in Contract No. OAAKI.682-C.OO!6 with ARtAOCOM.

Ole,.~.4. ~ . ** a* . ~ ~ . '- ** , , . . . . .
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elevator, and screens. The cost was calculated at $400/ft 2 . The APC
"Pad (spray dry scrubber and drumming), Salt and Storage, and Fuel Tank

Pad were calculated by scaling from the Baseline Drum.
.4 .6,.-

B. Equipment Costs

The capital equipment costs are listed in Tables 1-6 and
I-7. The furnace cost was calculated on a weight basis using a

, 4 formula for pressure vessels (Peters and Timmerhaus, 1980). The
installation cost (80 percent) was estimated. Due to the size of the:1• vessel (20 ft x 75 ft) field erection would probably be required. The
afterburner costs were scaled using the six-tenths-factor rule (Peters

and Timmerhaus, 1980) on a volume basis of 329 ft3 for $99,915 (verbal
quote from Bruli). The 40 percent installation charge was estimated.

.1 *n The scrap conveyors were costed using a quote from the
Jervis B. Webb Co. for a single conveyor with a 2500 ton/hr capacity
(300 Hp motors) for $140,000/conveyor and $560,000/conveyor for

conveying the steel scrap at temperatures near 900 F. The 84 percent
installation charge was taken from "Capital Cost Estimating"

(Gutherie, 1969). The costs of the munition elevator and screens were
also taken from the Gutherie reference.

The screen costs were based on the area required for
screening. The screening area was estimated using the following
approximation for vibrating screens

Capacity (tons/hour-ft 2-mm screen opening) .2-.8

'i *~1(McCabe and Smith, 1976.)

The scrap metal cost was estimated using prices 'listed in
Iron Age and discussions with vendors as guidelines. The estimate may
be low since the scrap used in the system is assumed to be spherically

"shaped to facilitate handling (screening and conveying).

Un
"'<

Use .. U duslictlton, or dtsclosure t| sub)ject to restrctli:ons stlted in Conltrlct No. OAAKl1.a2-C.OOS5 with A~R.AOCOM4.
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TABLE 1-6. SINGLE SITE EQUIPMENT COSTSSHAFT FURNACE

Agent Rate 100 lb/hr 400 lb/hr 1000 lb/hr
(1 unit) (1 unit) (3 units)

Furnace
(80% installation) $ 257,000 407,264 1,222,793

After Burner
(40% installation) $ 103,144 236,781 710,342

Scrap Conveyor
(80% installation) $3,024,000 6,048,000 14,112,000

Munitlon Elevator $ 38,242 49,168 147,506

Screens
(30% installation) $ 158,600 234,372 703,300

Scrap $ 92,128 250,000 750,000

Locks
(25% installation) $ 15,000 15,000 45,000

Air Heat Exchanger $ 50,238 115,000 200,000

Residue Handling Track $ 65,790 65,790 130,000

Storage Forklift $ 22,000 21,000 44,000

Scrubber and Baghouse $ 292,092 671,050 1,194,201

Subtotal $4,118,234 8,114,425 19,259,142

Design 20% 20% 20%

Total Equipment $4,941,880 9,737,310 23,110,M70

Total Capital $6,572,880 11,457,774 28,013,990

Use, duplication, or disclosure is subject to restrictions stated In Contract No. OAAK11-82-C-OO56 with ARRAOCOM.

................................. , ..... .... ...



V

4i1 - 1 3

TABLE I-7. COLLOCATED EQUIPMENT COSTS
"SHAFT FURNACF

.:! . .. . , . .. .
Agent Rate 1000 3000 5000

(.1 units) (8 units) (13 units)
"I I

Furnace $ 0.,9-21,793 3,258,112 5,294,443
(80$ installation)

Afterburner $ 710,342 1,894,248 3,078,153
(40% installation)

Scrap Conveyor $14,112,000 48,838,400 78,642,000
(80% installation)

Munition Elevator $ 147,506 393,350 639,184

Screens $ 903,300 1,874,600 3,047,200
(30% installation)

Scrap $ 750,000 1,880,000 3,750,000

I Locks $ 45,000 120,000 195,000
(25% installation)

I Air Heat Exchanger $ 200,000 386,636 525,000

Residue Handling Truck $ 130,000 195,000 650,000

Storage Forklift $ 44,000 44,000 44,000

Scrubber and Baghouse $ 1,194,201 2,308,609 3,137,604

Subtotal $19,259,142 61,192,955 98,985,584

Design 20% 20% 20%

i Total Equipment $23,110,970 73,432,546 118,782,000

Total Capital $28,013,990 86,371,027 139,692,540

Ui i is

ii) Usl, dup1!¢atton, Or disll~osur IS subj•:t to resP~trictIo sgtated i Contract No, OAAN1l.2-C-OO!5 witch ARRAOCOM,
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The costs of the air heat exchanger, residue handling track,

storage forklift, scrubber, and baghouse were determined by scaling

from the baseline costs.

C. Operating Costs

The personnel.requirements and costs for the single and

collocated systems are presented in Tables 1-8 and 1-9. The
requirements are estimates obtained using the baseline as a guideline.

The non-labor operating costs are listed in Table I-10 and

I-11. The water and electrical (air heat exchanger, scrubber, salt

equipment) requirements and costs were calculated by adjusting or

scaling from the baseline. The major electrical expense was for
running the conveyor motors (300 Hp each). The fuel is required to
operate the afterburner at 1600 F.

The total life operating costs are listed in Tables 1-12 and

1-13 and inlcude both labor and nonlabor (labelled other direct)
costs. Changeout periods were assumed to not be necessary since

rockets, ton containers, and bombs could be processed first with
similar preparations. Also, the furnace is not lined with a

refractory.

0. Development Cost

The development costs are presented in Table 1-14.

E. Total Cost

The total costs for single and collocated sites are
presented in Table 1-15. The life cycle cost curves for the single

and collocated systems are presented in Figures 1-2 and 1-3.

,u"w

"'.S Use, dupllcalttn, OP dlsc'osure Is lubject tO restrctltOns statsN in COntract No. OMLK1I-6-C*O05S w~th APRAOCCM.
•>" ."'. *'. :,' '.'."' ' *"- "• "'' ," . - ' " .- -"- '+.. . -,' "" +., ., . "* "" "-". . . . . . . . .. ' • • , .
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TABLE 1-8. SINGLE SITE LABOR COSTS
SHAFT FURNACE

Personnel Requirements
i Agent Rate 100 lb/hr 400 IbD/r i000 lb/hr

(1 unit) (1 unit) (3 units)

Control Room 1 1 2

Munition Feed 1 1 3i: Ultimate Disposal 2 4 6
Maintenance 2 4 6

V Pollution Abatement 1 1 2Total/Shift 7 9 17

Shift X 3 x 3 x 3
,+:., ~ Man Years/Year 

1 75
Rate ($50,O00/Yr) X 50 X 50 X 50
Labor Cost/Year 1 ,350,= 29550000

t',

"w,,j,.

F,T

1 m Use, duplication, or d slc )osure is subject to restrictions stated in contract No. OAAKl1-82-C-OO55 with ARRADCOM,
.................................... * . .
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TABLE 1-9. COLLOCATED LABOR COSTS
*...;, SHAFT FURNACE

Personnel Requirements
Agent Rate 1000 lb/hr 3000 lb/hr 5000 lb/hr

(3 units) (8 units) (13 units)

Control Room 2 3 5

4"•. Munition Feed 3 8 13

Ultimate Disposal 6 10 14
Maintenance 8 13

2 3 4
Total/Shift 17 32 49
Shifts X 3 X 3 X 3
Man Years/Year 51 96 137
Rate ($50,O00/Yr) X 50 X 50 X 50
Labor Cost/Year $ 4,9O00,O ,85,'

Sd,.

'.4.'

4.;1

'1,'4

;'•1 Use, dlug!Hcaltign, Or tisclosure Is sublject to restric~tons stated In Contruct No. DMAKll-12-C-OO55 with ARRAOCOI4.
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TABLE I-10. SINGLE SITE OPERATING COSTS
I SHAFT FURNACE

Agent Rate 100 lb/hr 400 lb/hr 1000 lb/hr
(1 unit) (3 units) (8 units)

I6

4 " Water, 106 gal/yr 2.3 9.03 12.2
(8.53/1000 gal) $ 1,196 4,786 6,495

Electricity, 106 kwh/hr 4.72 9.64 27.9
($0.05/kwh) $ 236,000 482,000 1,395,000

i•Fuel, qal/hr 83,856 117,360 3359520(.20/gal' 46,628 140,832 402,624

Spare Parts $ 296,513 584,239 1,386,658
6% Capital Equipment

(with design)

Materials/Supplies $ 133,034 256,186 574,078
10% other operating

Total Direct Costs $1,463,370 2,818,04S 6,314,855

•'1*

Usi Use. or disclosureIs subject to restrictions st I ated in ContrACt NO, OAAKUa-82-C-00os with ARRADCOM.

0 0--m
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TABLE 1-11. COLLOCATED SITE OPERATING COSTS
SHAFT FURNACE

Agent Rate 1000 lb/hr 3000 lb/hr 5000 lb/hr
(3 units) (8 units) (13 units)

Water, 106 gal/yr 12.2 36.8 6.13
(0.53/1000 gal) $ 6,495 19,485 32,548

Electricity, kwh/yr 27.9 70.7 113.6
($0.05/kwh) $1,395,000 3,535,000 5,680,000

Fuel, gal/hr 335,520 921,920 1,510,000
($1.20/gal) $ 402,624 1,106,304 1,820,000

Spare Parts $1,386,658 4,405,953 7,126,920
6% Capital Equipment

(with design)

Materials/Supplies $ 574,078 1,386,674 2,150,947
10% other operating

Total Direct Costs $6,314,855 15,253,416 23,660,415

|,1 : ,IU s e, d u ol l et it o n, o r d i sc lo s u r e i s Su b t f~ t tO P ot t r it it o n S s t at ed i n Co n t ra ct N o .O A AK I I. 2 -C -0 O 5 5 w it h A RP.A DC O M,

.' * 49 " " " " '."." :.'= i _ _.Z Z _• '" • _'_ • _?_t _. t :.. . LA .'__ : ' .t ? _ ''__L;______=_ '' _ ", _
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TABLE 1-14. DEVELOPMENT COSTS SHAFT FURNACE

k'S

Phase II Lab Studies

Concept Refinement $ 15,000

Blast Attenuation Studies (includes materials) 400,000

Ii Detonation Rate Studies (includes materials) 400,000

Refractory-Materials Compatability Studies 150,000

Environmental Studies 100,000

Feasibility Studies 85,000

Conceptual Design Studies 60,000
Subcontractors 200,000

Contingencies 60,000

TOTAL $1,470,000

Phase III Pilot Studies

Conceptual Design $ 250,000
Test Plant 40,000

Pilot Plant Construction 3,793,100

Operation (1 yr)

(includes start-up and training) 1,406,448
Test Reports 15,000
Process Development 700,000

30% Design Package 400,000

Subcontractors 500,000

Subtotal $7,104,548

Contingencies (20%) $1,420,910

Total Phase III $8,525,458

TOTAL DEVELOPMENT COSTS

ý'j Use, duplication, or disclosure is subject to restrition Stated in Contract No. DAAK11.82--C0055 with ARRAOCOM.
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TABLE 1-15. TOTAL LIFE CYCLE COSTS
SHAFT FURNACE

Single Site
Agent Rate 100 l/ 4 un0 l/hr 1000 ib/tr

ki unt) -(1 uit) 3 units)

Capital $ 6,572,880 11,457,774 28,013,990

Operating $ 17,547,699 10,396,378 12,457,307

Development $ 10,000,000 10,000,000 10,000,000
TOTAL LIFE CYCLE flT ,79 3t47T97

Collocated Site
"1000 lb/hr 3000 lb/hr 5000(3units) (8 units) (13 units)

Capital $ 28,013,990 86,371,027 139,692,540

Operating $ 62,011,847 62,229,229 65,275,865

Development $ 1010 0 10,000,000 10.000 000
TOTAL LIFE CYCLE $100,025,840 158,600,260 214,984

.UbN

•i Use, duplication, or disclosure is Subject to restrictions stated in Contract No, DAAK11*a2-C.OOS5 with ARRAOCOI4.
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.3 FIGURE 1-2
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FIGURE1-3

SHAFT FURNACE CONCEPT
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IIt,

Usduplication, or disclosure is subject to restrictions stated in Contract No. OAAKll-82-C-0056 With ARRADOCM.



Ui •F. Optimum Process Flow Rate

The life cycle cost curves indicate that a minimum total

cost is achieved at a 400 lb/hr agent destruction rate.

G. Operating Time

The single and collocated operating times are listed in
Tables 1-16 and 1-17. The operating time corresponding to the minimum
total cost destruction rate (400 lb/hr) is 1.83 years.

K] Use, duplication, or dtsclosure Is subJect to restrictions stated In Contract NO. OAAKll-82-C-0055 with ARRADCON.
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APPENDIX J

ENGINEERING AND ECONOMIC ANALYSIS -
MOLTEN SALT

Engineering Analysis

A. System Concept Description

The molten salt concept is shown in Figure J-1. A mash
gil• (chunk size 6 in. or less) Including agent, explosives, metal and dun-

nage (feed configuration h) is fed to the molten salt combustors along
with oxygen enriched air and make-up soda ash. The molten salt com-
bustor contains a bed of molten salt at a nominal 1800 F and a pool of
molten metal at 2600 F. The metal is melted and maintained in a
molten state by an electrical induction furnace. Excess heat from the
combustion of the agent, explosives and dunnage is removed by cooling

i I %!air. The resultant combustion gases require cooling and collection of
particulates in a'bag-house before release to the atmosphere. Decon-
taminated molten salt and molten metal are drawn off at separate taps.

A detailed flow sheet of a bank of molten salt combustors
operating in parallel is shown in Figure J-2. The maximum through-put
for one unit is estimated at 500 pounds per hours of agent and related
materials. Multiple units are required at higher agent feed rates.
The overall system mass balance is shown in Table J-1 and the overall

system heat balance is shown in Table J-2.

B. System Feed Requirements

The feed system required for this system is feedstock h,
mashed munitions of 6 in. or less. The system could also accept feed.-
stock g, cut, sawed or sheared munitions if they are 6 in. or less in
size. The feedstock must be fed below the surface of the molten

J Use, dulation, Or diSCIOSUre is subJect to restrictions stated im Contract No. DAAK11.82.C.OO55 with ARRACCOM.
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TABLE J-1. MOLTEN SALT MASS BALANCE
400 LB/HR AGENT FEED RATE

Material lb/hr

IN

Wood 650

GB 400
Explosive 250
Air 4,660
Water 2,400

Soda Ash 600
02 90% 1,760
Metal 2,050

TOTAL 12,770

OUT

Flue gas w/water 9,938
Metal 2,050
Particulate 206

Spent Salt 576
TOTAL 12,770

Use, duolication, or disclosure Is subjict to rtstrictlons Stated in Contract No, OMKIl.O2-C-0S5 with ARRAOCOM.
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TABLE J-2. MOLTEN SALT HEAT BALANCE
400 LB/HR AGENT FEED RATE

r IIN
Material In HHV Btu/hr

Wood 8,500 5,525,000
GB 10,073 4,029,200
Explosive 5,400 1,350,000
Electrical -- -51-400

TOTAL 11,755,600

OUT

Material,,ut 'Ou T Btu/hr

Water in flue gas* 0.50 1,730 2,743,830

Flue gas 0.25 330 819,885
Metal* 0.11 2,730 851,400
Particulate 0.25 330 16,995
Spent Salt* 0.25 1,730 370,080
Heat Losses by difference 6,953.410

TOTAL 11,755,600

* Includes heat of vaporization or heat of fusion.

~J Use, duplication, or disclosure Is subject to restrictions stated in Contract No. OAAKl1-12-C-.O55 with ARRACCOM•
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salt to insure capture of the gaseous pollutants in the molten salt
bath. This requires the feud to be such that the liquids in the feed

material can bo readily released &nd not result in pockets of high

pressure that would result in unstable operation of Lhe unit.
1.,

C. Pollution Abatement System

The molten salt bath is an insitu pollution control. The

1 sodium cav!-ionate in the melt reacts with the resultant off gases from

the combustion of the agent, explusives and dunnage as they pass

through the froth of molten salt. The SO2, HC1 1 P2O5 and HF react

with the sodium carbonate to form the sodium salts. The remaining

- ff-gas reaulres only cooling and collection of particulates In a bag-

house before being released to the atmosphere.
*.1

D. Ultimate Disposal
4'1

The residues generated from the incineration of tPe agent

and related materials are molten metal, molten salt and collected

particulate. The molten motal and molten salt are drawn off at

seperate taps. The molten metal can be cast or quenched in a water

tank. The casting would form large blocks of metal that would require

hours of cooling time. The quenching would form small balls of metal

that could be handled easily. The quenching was the method assumed in

this evaluation. The molten salt is cast into 55 gallon drums for

cooling and storage In this evaluation. The collected particulates in
the baghouse are the salts that have been carried off of the molten

salt bath. The salt particulate is drummed and stored in this

evaluation. The total volume of salt for this process is less than in

some other processes because the casting of the molten salt achieves a
greater density in the drums.

"Use, duPlINtSlofi, or tlSClolure IS SubJect tO restrictions Stat. d in Contrlct No. OAAK11-82-C-0055 with ARRACCOM.
"• :,. ,, •• " , , ' : '. : ", ', ' . .4 . . " ... . , .. * ,.~. " . . . ,, . '. ' . . .• . -" ." • . .. . . . . , . . . . . ,
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E. System Concept Advantages

The advantages to the molten salt process is that the

gaseous emissions are cleaned of noxious gases in the molten salt bath

at they pass through it. This eliminates the need for spraying a salt

solution in the flue gas to scrub out noxious gases.
;-".•i•:]•The casting of the molten salt from the process greatly

reduces the volume of the salts generated. This reduces storage costs

or landfill costs (if the salts can be landfilled).
The quenching of the molten metal generates a metal scrap

that is easy to handle and has a higher bulk density than jagged,

irregular-shaped metal scrap. This reduces handling costs of the

decontaminated metal scrap.

!!i '"'I•'F. System Concept Disadvantagesl

, The system disadvantages include the fact that a water

Squench or spray dryer and baghouse are still required in the pollution

"control system so there is little savings of cost of the pollution

control system. There is a slight reduction in the amount of flue gas

from the use of oxygen in the molten salt unit, however, there is the
additional oxygen handling equipment that is reqjired. Most impor-

: I>' tantly there is the question of materials compatability because of the

,t' •action of the salt on the refractory.

w I~i -G. System Concept Knowledge Gaps

o'C Knowledge gaps exist in several areas. The distribution of

phosphorus between the molten salt and off-gas is unknown and may

depend on bed geometry. Excess P205 in the baghouse could result in

caking. The compatibility of aluminum with the salt bath must be

investigated. A thermite type reaction might occur.

Use, duplication, or disclosure is subject to restrictions stated In Contrect No. OAAKll-82-C-0055 with ARRAUCOi4.
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Uncertainties Include the effect of vaporization of salt at the metal-

salt interface. There is also the uncertainty with materials compati-

bility at this interface.

H. Safety

The molten salt system is safe. The system operates at

negative pressure to eliminate leaks. The feed is kept cool until it

is fed below the surface of the molten salt bed. The combustion pro-

duct must pass through a froth of molten salt that provides high heat

transfer to the gases insuring rapid and complete destruction of the

chemical agent before leaving the combustor.

I. Likelihood of Developments Within 5 Years

Molten salt systems without the molten metal part of the

system have been used for pesticide destruction and coal gasification.

The addition of the molten metal induction furnace to the molten salt

system will result in increased development time but should not exceed
5 years. The likelihood of development of .'.e molten salt concept
system within 5 years is good.

J. Scalability

Capacity of the molten salt combustion is limited by super-

ficial velocity of gas in the bath. Rockwell will not project beyond

a 6 foot diameter beds with assurance of sufficient bed turbulence for

complete agent destruction. Scaling is thus done by adding or

removing units for various agent feed rates.

K. Degree of Technical Risk

The molten salt system has a moderate degree of technical

risk. The major risk is the molten salt/molten metal interface. If

Use, duplication, or disclosure Is subject to restrictions stated In Contract No, DMKI1-82-C-05SS with ARRAOCOM.
, - .... . . . . . .
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•i ,the interface cannot be achieved due to the temperature difference
and/or reactions that may occur, the process will have to be modified
to remove metal scrape from the molten salt bath by mechanical means.
This would make the system more complex, involve high maintainence and
require a seal system where the metal is removed.

L. RAM Factors

The overall thermal system availability factor used for the
economic evaluation was 0.928. The factor was calculated similar to

* those in Appendix L.

M. Materials Compatibility

The major area of materials compatibility problems is the

molten salt combustor. The molten metal portion operating at 2800 F

HI itself is not a problem. There is much experience from the steel
industry. The problem arises at the interface due to potential salt
vapors and the 1000 F temperature difference. Furthermore, the slag
chemistry at the salt/metal interface is unknown.

The rest of the materials compatibility problems are of less
concern than in baseline due to the majority of the corrosive gases
being captured in the molten salt combustor.

N. Energy Requirements and Source

The molten salt concept requires fuel oil and electricity.
The fuel oil is needed during idle periods to maintain temperature in

I,"' the molten salt bath. The fuel oil usage is estimated by Rockwell at
45 gallons per hour for a 500 pound per hour molten salt unit. This
calculates to 6.4 MMBtu per hour which indicates to a high heat loss
from the system. The system also requires electric power for the
pollution control system, mainly the induced draft fan, and the metal

",U4
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induction furnace. The metal induction furnace uses most of its power

during operation when metal is being melted.

0. Ease of Operation

The complexity of the thermal system is minimized since the

system consists of only one system. The furnace itself has no moving
parts also reducing its complexity.

The flexibility of the system is limited. The feedstock

size is restricted and detonable items such as fuzes may cause

problems. After demilitarization operation the molten salt system

would be limited in use or complicated because of the molten metal

bath at the bottom of the molten salt bath.

The operability is good because of its simplicity. Start-up

and shutdown for extended periods may be a problem. The salts and
metal must be melted during startup and drained before shutdown.

.', Use. duplication. or disclosure is subject to restrictions stated in Contract No. DAAK11-42-C*OO6 with ARRADCOM,
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Economic Analysis -Molten Salt

p• A. Facility Costs

Some equipment sizing and costing is included in this
section because it is closely related to, and necessary for the
determination of facility cost.

Molten Salt Furnace. The furnace design is based upon
modular combustion vessels and auxiliary assemblies. A single
combustion module is rated at 500 lb/hr agent and related material.
This translates to 13.5 MMBtu/hr heat release. Each module and
related hardware costs are $2,700,000, based on a phone call to
Rockwell December.22, 1982.

Agent Feed # of
Rate Units Cost 106

400 1 2.7
1000 2 5.4
3000 6 16.2
5000 10 27.0

Each module (full size) is 8 feet OD. An estimate of 8 feot clearance

is used in determining the size of the room.

Agent Feed Room $400/ft2
Rate Dimensions Sq. Ft $

100 20 x 20 400 160,000
400 25 x 25 625 250,000

1000 50 x 25 1250 500,000
3000 75 x 50 3750 1,500,000
S5000 125 x 50 6250 2,500,000

I U Ij

' Use. dupifctiton, or disclosure is subject to restrictions stated in Contract No. OMKll-82-C-OO65 with ARRADCOM,
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Molten Metal Handling Area.

I Agent Rate Metal Rate

100 510
400 2,050

1000 5,130
3000 15,400
"5000 25,650

There are two approaches to handling the molten metal. The first is

to cast the molten iron into pigs and the second Is to pour the molten

iron into a water vat to quench the steel. It is envisioned that the

iron will form spheres of iron that can be removed from the bottom of

the vat by a drag conveyor.

For the purposes of the economic analysis, the quench tank

was assumed for all operations.

The vat would be a tank of water 8 feet deep and 5 feet

square. The water temperature could be at 212 and not cause any

problems. The amount of water used at steady-state conditions is

estimated at

Agent Rate Metal Rate Water Rate
lb/hr . lb/hr gal/hr

100 510 25

400 2,050 100
1000 5,130 250
3000 15,400 740
5000 25,650 1,230

Heat Capacity of steel - 0.11 Btu/lb

Heat of Fusion - 115 Btu/lb
, wMelting Point - 2785OF (use 30000F)

Q u (1)(.11)(3000-212)+115 * 422 Btu/lb of steel

8780 Btu/gal water = 0.048 gal water/lb steel

Use, dupliCation, or disclosure Is subJect to restrictions stated in Contract No. OAAKll4-2-C-005 with ARRAOCCOI,
•" • '" ' '' "• ' " "~ ~ ~ .. . .LT - -. .. _ ! .-- " ._1_ • .' . _ - .- .' ._ _ . . . . . .. . .. .. . . '.
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The vat should be able to handle up to 1000 lb/hr agent feed metal
content of 5,130 lb/hr of steel. For higher feed rates will use two
molten salt units feeding 1 water quench vat.

Area required for each vat is 10 ft x 20 ft. The metal is
". r:'• 5 x deconned and is piped into an adjoining room where it is quenched.

!! I:-•The room cost is $90/ft2 .

4 "Agent Rate

100 18,000
400 18,000

1000 18,000S..,3000 54,000
5000 90,000

Molten Salt Handling Area. The molten salt will be piped to
an adjoining room and cast into drums. Each module at full capacity
"will generate 750 lb/hr of salts.
sp.gr of Na2CO3 is 2.532.
(2.532)(8.33)(55) - 1160 lb/55 gallons if in solid crystalline form.
This would require 1 drum per hour per module at full capacity based
on 1.5 pound of salt produced per pound of agent destroyed. Assume
one salt drumming station per module. Each salt drumming station will
use an estimated 10 ft x 10 ft. Used $90/ft 2.

Agent Rate ft 2  $

, 400 100 9.000
1000 200 18,000
3000 600 54,000

S5000 1000 90,000

APC Pad. The APC consists of a water quench unit followed
"by a baghouse. The use of oxygen will reduce the flue gas flowrate by

C about 70 percent. The equipment will be very similar to baseline so
baseline areas will be scaled from

""i

• ' Ule. duplilcation, or dtsclosure Is subject to restrtcttons itited tn Coltralct No. DAAKll..82C-.OO5S wltrh ARRIAOCOM,
•' , ,' ? , ', ', ,.=, ,' . . . " . , . . . , " " ' ' " ." ' " ." '. " .• . . - ' . • . . . ' ' 2 , ,' " ., , , , '.'. " ., , ,.,, 4 .4-.4 , ,., ., ,,
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IN
Baseline 400 lb/hr -2500 ft2 at $2.5/ft2 -$6,260

Baseline 3000 lb/hr -6570 ft2 at $2./t $16,425

100 (6250) (100)(.3).6 $1320 (528 ft2)

400 (6250)(.3) *6 $3030 (1214 ft2)

1000 (16425) (100)(.3) .6 *$4125 (1650 ft2)

3000 (16425)(.3).6 *$7980 (3190 ft2)

5000 (16425) (5~)(.3)'6 *$10840 (4335 ft2)

Fuel and 02 Tank Pad. Fuel usage occurs during weekends and

4 hours a day at a rate of 45 gallons per hour. During this time 02
will not. be used, air will be used.

9,,, Fuel usage will be:

One (45)(4)(250) + (365-250)(24)(45) - 169,200 gal/yr
Oebaseline tank (14,700 gal) filled once a month will handle each

module unit.

* tank. 100 lb/hr. Smaller than one unit will use half a 14,700 gal

(45)1320 *330 ft2 at $2.5/ft2  $900

400 lb/hr. One tank.
(½t)(1320) *660 ft2  $1650

'."N

1000 lb/hr. Two tanks.

1320 ft2  $3300

3000 lb/hr. Six tanks.
(3)(1320) - 3960 ft2  $9900

use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAK11.82-C-0056 withi ARRADCOM,
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5000 lb/hr. Ten tanks.
(5)(1320) = 6600 ft 2  $16,500

Oxygen usage is 1.5 lb/lb agent feed.

1.5
(!)(379) - 17.77 scf/lb agent

Agent Rate 02 02
100 1777 ft 3/hr 30 scfm
400 7106 ft 3/hr 118 scfm

1000 17,766 ft 3/hr 296 scfm
3000 53,297 ft 3/hr 888 scfm
5000 88,828 ft 3/hr 148n scfm

A 13,000 gal liquid gas tank with vaporlzor rental cost in 1981 was
$1075/month.

1075(, ) 7 $1200/month (rounded up)

U (13,060 gal)(7.13 lb/ft 3)(0.13368055 ft 3/gal) a 123,908 lbs
•.7,146,540 scf

Tank will occupy a 15' x 15' pad - $560. This tank will provide 3335

scfh for one month. Will scale from this number.

100 lb/hr.

1777 .6 560 = $380

400 lb/hr.

(7106).6 560- $880

Un
I"

,Urn., duplication, Or disclosure ii sUbject to restrictions statedI in Contrct No. OAK~l.82-C-OO55 witti AfRPACCOiN

z • • . .• • ., • _. _ . •. • - .* • . . . .. '4 • *• .2' -t' ! ' : "-. ._ " , .. •' ,o . " • • .' ** , .l . *," ' -. -'|, , • • :l ' . , , .•
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1000 lb/hr.

(17 766)0 5 $1530

jjjjjý3000 1 b/hr.

(53 297 560 - $2950

5000 lb/hr.

(8il ), 560 - $4010

Total Pad (Fuel and 02):
100 $ 1,700
400 3s910

1000 5,660

3000 10,930
,V'i 5000 14,850

Salt and Drum Storage. Baseline data is based on using NaOH
and the amount of salts generated at CAMDS. The drums are 55 gallon
drums and are loaded with the dry salts without packing or shaking. A

bulk density of 40 lb/ft 3 is assumed. (This value is for flyash,
untapped). From calculations the amount of salt generated per pound

of GB incinerated using a stoichiometric ratio of 2 amounts to 371
lb/lb GB agent incinerated. Molten salt has a salt makeup of 1.5

lb/lb GB and this is also assumed to be the amount of salts generated.

Another difference that arises is that the salts generated from the
!V molten salt process is cast/poured into the 55-gallon drums resulting

in a reduction in barrel usage. The density of the molten salt is

estimated at 1/2 of the crystalline density of the sodium salts that
range from 2.0 to 2.5 (2.25)(.5) 1.13

(1.13)(62.4) * 70 lb/ft 3

'Use, duPlIcation, or disclosure is Subject to restrlctlons stated In Contract No. OAAKII-82-C-0055 with ARRAOCOM,
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The difference in salt generation amounts to

(A r3.71)(70) 4.33.

fWill use a difference of 4 times the volume of salt generation.

Baseline at 400 lb/hr agent has a cost of $150,800.

100 lb/hr.

(100)(1).6 150,800 $28,580

400 lb/hr.

(*).6 150,800 o $6,640

• 10000l,/h.6

100_ .6 397,290 u $89,450

3000 lb/hr.

397,290 $172,930

5000 lb/hr.

(5000 1 .6 397,290 - $234,950

The above calculations are compiled in Tables J-3 and J-4,

Capital Equipment

S;.Some equipment costs are presented in the above sections.

Molten Salt Furnace. See facility costs.

Use, duplication, or disclosure is subject to restrictions stated In Contrect No. OAAKll.S2-C-OO$5 witM ARRAOCOM,
*.', a {, ,(.." •' .• '•• . "' & '. '' • '"' \ . "• . %A .\ ,'. . .- '. ' . . . .. ". " • .
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TABLE J-3. SINGLE SITE FACILITY COSTS - MOLTEN SALT

Facility 100 lb/hr 400 lb/hr 1000 lb/hr

Molten Salt Furnace $160,000 $250,000 $500,000

Molten Metal Handling 18,000 18,000 181000

Molten Salt Handling 9,000 ,o000 18,000

APC Pad 1,320 3,030 4,130

Fuel and Oxygen Tank Pad 1,700 3,910 5,660

Salt and Drum Storage 28,580 65,640 89,450

TOTAL $218,600 $349,580 $635,240

Baseline: $1,058,330

ut.w

,.•'.1 Use, dupltlctlOnl, or dlsc1osurel Is Iubjet to etr~lt'ctlons stated In Contract No, OAA•Kll-02*C-0055 with ARRACC04,
• ' " , '< '.. .. .. ' "." ,'*. :, .', .'. ". ." '. .'. , " ,. ,. ,' .. ,." ., , 1 ., .... '.' , . .' ',' . . . .. '..,' ,' ,," . " • , • .," ,'".. . ,," '' ' " -. ,".*



3-19

TABLE J-4. COLLOCATED SITE FACILITY COSTS - MOLTEN SALT

Facility 1000 lb/hr 3000 lb/hr 5000 lb/hr

Molten Salt Furnace $500,000 $1,500,000 $2,500,000

Molten Metal HandlIng 18,000 54,000 90,000

Molten Salt Handling 18,000 54,000 90,000

APC Pad 4,130 7,980 10,840

Fuel Tank Pad 5,660 10,930 14,850
Salt and Drum Storage 89,450 172,930 234,950

STOTAL $635,240 $1,799,840 $2,940,640

Baseline: $2,779,265

s1.
IJ Use, dulcain or disclosure is subject to restriction$ stated in Contract No. OAAK11-a2-C-oo55 with ARRADCOM,
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Agnt Rato Units $ x 106
100 1 1.03

., 400 1 2.7
1000 2 5.4
3000 6 16.2
5000 10 27.0

Molten Metal Handling Eq. For the cost of the vat will be
based on a 1500 gallon tank and a 48-inch wide belt conveyor. The
belt will be perforated and have peddles to remove water and carry the

steel up the incline. Each tank will cost

(3,000 x 1.96) 746773- $16,100

(Guthrie, March 24, 1969, Chem. Eny., Figure 14)

I' The conveyor length will be 5 ft. plus 12 ft plus 8 ft. The runs

correspond to the bottom of the tank, the rise, and an 8-foot
horizontal run. The cost is

($750/ft)(25 ft)( 4 6 $84,000.

Each unit will cost $100,100.

# Units Cost Adjustment

100 1 100,100. 25,200
400 1 100,100 :4 .6 57,8001000 1 100,100 1 100t000

3000 3 300,000 1 300,300
5000 5 500,500 1 500,0000

Molten Salt Drumming and Handling E. Each molten salt
module is estimated to produce 1 55-gallon drum per hour of salts.
This is a rate that will be done manually. The equipment will consist
of a stainless steel line electrically heated to keep the salts
molten. The line will provide two discharge points. There will be a

"Uie, dulkIatiiO, Of disclosure is subject to restrictions stated in Contrict No. DAAK11-12-C-OO55 with ARRA0COI.

I," -Z. * . .- I- I
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vent hood over the discharge points to remove heat and noxious fumes.

The drums wiill be fill on carts that can be moved to the loading area

for further cooling. Costs are estimated as follows:

Carts at $500 each $ 500

Ver. hood with blower 2,000

Header System 5,000

Total for each molten salt module $7,500

--i
# Units Cost

100 1 $7,500
400 1 7,500

1000 2 15,000
3000 6 45,000
5000 10 75,000

"Water Quench. Wlth each lb of GB agents, 0.63 lb of

explosive and 1.63 pound of dunnage will be included. Each lb of GB
produces roughly 30 ft 3 of flue gas when burned in 02. Each pound of

wood will produce roughly 30 ft 3 of flue gas when burned in 02.

Explosives are self-sufficient for combustion. Each lb of explosive

is assumed to release 100 cu ft of gas. The total flue gas release

per pound of agent and related material is

30 + 48.9 + 63 = 142 ft 3 /lb
at

.lb/hr scfm acfm at 18000 F

* 100 600 2,600
400 2,300 10,000

1000 5,700 24,800
3000 17,100 74,400
5000 28,500 123,900

These flow rates will be used to cost the quench and baghouse. The

cost equation is from Chem. Eng. Jan. 26, 1981 "Cost File"

$(1977) = (0.22 x ft 3 /min) + 2,000

Use. duolication, or disclosure is subject to restrictions stated i Contract No. DAAK11-82-C-OO55 wlth ARRADCOM,
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This does not include refractory and pump. 20 percent will be added
to cover these costs.

100 $15,200

400 18,100
1000 23,900
3000 43,200
5000 62,500

Baghouse. Baghouse costs will be scaled from baseline.

Baseline: (.6 factor)
2200 scfm - $13,000
11,000 $400,000

100 (600)6 130,000 $59,700

400 (23 6 130,000 $133,600

1000 5700 .6 130,000 $230,200
17000

3000 (, ).6 400,000 $521,600

5000 (28,0).6 400,000 $708,200

Fuel Tank. See facility calculations for number of tanks at
$18,000 each.

# $

100 .5 9,000
400 1 18,000

1000 2 36,000
3000 6 108,000
5000 10 180,000

"Use, duplication, or discloiure Is subject to restrictions stated in Contract No. DAAKl1-82-C-0055 with ARRADCO.
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Oxygen Tank. Rental cost for 3 years is approximately the
installation cost of the tank (36)(1200) * 43,200 assuming an
installation cost of 40 percent gives at total cost of $108,000 for a

"3335 scfh tank.

100 ).6 108,000 $ 74,100

400 (70).6 108,000 $170,100

1000 (1 6),6 000 $294,700

3000 108,000 $569,700
H$ ,

5000 (88 828).6 108,000 $774,000

Fork Lift and Residue Handling. See Rotary Kiln costs,

, Appendix E.
The above calculations are summarized in Tables J-5 and J-6.

C. Operating Costs
.1 4

Electric 1.0 kwh/lb 50/kwh
Salts 1.5 lb/lb GB $120/ton

02 1.5 lb/lb 50/lb
"Feedstock h (assume dunnage included).

100 lb/hr Feed.

Electric - (100)(1.0)(24)(250) - 600,000 kWh/yr = $30,000

Salts - (100(i.5)(20)(250)(120)/(2000) = $45,000/yr

.~ 02 - (100)(1.5)(20)(250)(0.05) = $37,500/yr.

400 lb/hr.

Electric - $120,000

Use, duplication, or disclosure is subject to restrictions stated in Contract No. DAAKll-82-C-OO55 with ARRADCOM.
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TABLE J-5. SINGLE SITE EQUIPMENT COSTS
00 MOLTEN SALT

Equipment 100 lb/hr 400 lb/hr 1000 lb/hr

Molten Salt Furnace $1,030,000 $2,700,000 $5,400,000

Molten Metal Handling Eq 25,200 57,800 100,100

Molten Salt Drurmming & 7,500 7,500 15,000
Handling

Water Quench 15,200 18,100 23,900

Baghouse 59,700 133,600 230,200

Fuel Tdnks 9,000 18,000 36,000

IOxygen Tank 71,100 1709100 294,700

Storage Fork Lift 22,000 22,000 44,000

Residue Handling Truck 65,790 65,790 131,580

Subtotal 1,308,490 3,192,890 6,275,480

Design 25% 25% 25%

Total Equipment 1,65i60 3,991,110 7,844,350

Total Capital $1,854,210 $4,340,690 $8,479,590

7-11

Use, duplication. or disclosure Is subject to restrictions stated In Contract No. DAAKll-82-C.OO55 with ARRAOCO4.
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TABLE J-6. COLLOCATED SITE EQUIPMENT COSTS - MOLTEN SALT

Equipment 1000 lb/hr 3000 lb/hr 5000 lb/hr

Molten Salt Furnace $5,400,000 $16,200,000 $27,000,000

Molten Metal Handling Eq 100,100 300,300 500,000

Molten Salt Drumming & 15,000 45,000 75,000

Handling

Water Quench 23,900 43,200 62,500

Baghouse 230,200 521,300 708,200

r. 14 Fuel Tanks 36,000 108,000 180,000

"Oxygen Tank 294,700 569,700 774,000

Storage Fork Lift 44,000 44,000 66,000

Residue Handling Truck 131n580 173,000 288,300

• Subtotal 6,275,480 18,004,500 29,654,500

Design 25% 25% 25%

Total Equipment 7,844,350 22,505,620 37,068,120

"Total Capital $8,479,590 $24,305,460 $40,008,760

~¶* U149 duolIcation, or disclosure Is subject to restrictions stated in Coi~tract No. DAAKII.82.C-0O55 with ARADCcM.
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Salts - $180,000

02 - $150,000.

1000 lb/hr.

Electric - $300,000

Salts - $450,000

02 - $375,000.

3000 Ilb/hr.

Electric - $900,000

Salts - $1,350,000

02 - $1,125,000.

5000 lb/hr.

Electric - $1,500,000

Salts - $2,250,000

02 - $1,875,000.

Fuel Oil.

100 45(1)'6 (4)(250) + (24)(115) 64,420 gal/hr.

400 (45)(3760) - 160,200 gal/yr.

1000 (2)(45)(3760) - 338,400 gal/yr - $406,080.

3000 (6)(45)(3760) a 1,014,200 gal/yr - $1,218,240.

5000 (10)(45)(3760) * 1,692,000 gal/yr - $2,030,400.

Water. Water use will be based on metal and gas quenching

rates for metal quenching. Was calculated under facility.

"Use, duplication, or disclosure is SubjKct to restrictions stated in Contract No. OAAKll-82-C-0055 wlth ARRAOCOM,
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100 metal -(25 gal/hr)(20)(250) - 125,000/yr

gs-(600)/(379)(29ýý26)(1800.400) (20)(250)(60) *489,430
, gas.dd t/a

gal/yr. Bi Btu/ga 0

* .. 400 metal - 500,000 2,376,460 gal/yr $1,300

1 gas - 1,876,500

1000 metal - 1,250,000 5,900,000 gal/yr $3,260

S-,gas - 4,650,000

3000 metal - 3,7009000 17,650,300 gal/yr $9,770

gas - 13,950,300

*5000 metal - 6,150,000 8,009,840 gal/yr $32,560

gas - 23,250,600 29,400,600

Change-Out Costs Molten Salt. Rockwell provided a
refractory life estimate of 5 years. This results in refractory
needing replaced once for the single site plant operating at 100 lb/hr
and the collocated site operating at 1000 lb/hr.

The refractory cost was calculated for the rotary kiln at
$28.74/ft 2 for 4.-inch refractory. Due to higher operating
"temperatures, it Is assumed that up tu 8 inches will be used,
"resulting in a cost of

(28.74)(2)'6 w $43.56/ft 2"ci!
at 100 lb/hr. One small unit 4 ft in diameter by an estimated 10

"*. feet deep results in 130 ft 2 of refractory - $5,670.

•1 1000 lb/hr. Two units, 8 ft diameter by 16 feet deep

results in 810 ft 2  $35,300.

:.A

"'1 Use, duplicationl, or ditsclosurel Is subject to restrictions stated In Contract No. DM•Kll-a2*C-OO55 withl ARRAOCOP4.
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100 lb/hr. (ist) (2nd)
Refractory16,690

5,670

Spare Parts (0.17)(98,140) 16,690 16,690

Materials/Supplies (0.17)(163,800) 27,850 27,850
44,540 50,210

400 lb/hr.
Refractory 0 0
Spare Parts (0.17)(239,470) 40,710 40,710

Materlals/Supplies (0.17)(224,290) 38,130 38,130
78,840 78,840

1000 lb/hr SS. (1st) (2nd)
Spare Parts ((0.17)(470,660) 80,010 80,010

Materials/Supplies (0.17)(365,260) 62,090 62,090
142,100 142,100

1000 lb/hr CS.

Refractory 35,300
Spare Parts (470,660) 80,010 80,010
Materials/Supplies (365,260) 62,090

142,100 177,400

3000 lb/hr.

Spare Parts (1,350,340) 229,560 229,560

Materials/Supplies (849,610) 144,430 144,430
373,990 373,990

5000 lb/hr.
Spare Parts (2,224,090) 378,100 378,100
Materials/Supplies (1,318,370) 224,120 224,120

602,220 602,220

Use, duplication, or disclosure is subject to restrictions stated in Contract No, OAAKlI-62-C-.O55 with ARRADCOM,
• , 1." ' , .. *, ** ** . . *. " . . .'- 9 " ' ..9 .9 . .... "" ' •



J-29

The above labor and direct operating costs are summarized in
Tables J-7 through J-10.

0. Development Costs

Development costs are presented in Table J-11.

E. Total Cost

Total costs are given in Tables J-12 through J-19 and
"Figure J-3 and J-4 present the life cycle cost curves. Total minimum
life cycle cost for single site is $18 million and for collocated is

$45 million.

F. Optimum Process Flow Rate

For single site the optimum process flow rate occurs around
400 lb/hr, based on total life cycle cost. For collocated site there

was no topimum in the range covered. Lowest cost occurred at
1000 lb/hr. See Figures J-3 and J-4.

G. Operating Time

Operating times are given in Tables J-20 and J-21.

Use, duplicatton, or disclosure Is subject to restrictions stated in Contract No. OAAKlI-82-C.0O5S with ARRAOCOM.
-. .... . . .~ .J .Jnj ..- u - • t % . • .- - .- - -.. . .. . I .-. ,
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* TABLE J-7. SINGLE SITE LABOR COSTS -MOLTEN SALT

"Personnel Requirements (men/shift)
Age te n ate Agent Rate Agent Rate

Area 100 lb/hr 400 lb/hr 1000 lb/hr

Molten Salt Furnaces 2 2 3

Metal Handling 1 1 1

Salt Handling 1 1 2

Control Room 1 1 1

Pollution Abatement 1 1 1

Ultimate Disposal 1 1 1

Maintenance 2 2 2

"Total/Shift 9 9 11

2 Man Years/Yr 27 27 33

Labor Cost S/Year 1,350,000 1,350,000 1,650,000
at $50,000/man year

Ut'.

"i*1

.4.

-. '

:'. . Use, duplication, or dtsIoSureis ts ubjoct to restriction$ stated in Contralct Mo. DAAK11-62-C-O05 witfh ARRA•OCOM•
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TABLE J-8. SINGLE SITE OPERATION COSTS - MOLTEN SALT

Annual Usage/Cost

SAgent Rate Agent Rate Agent Rate
Utility 100 lb/hr 400 lb/hr 1000 lb/hr.

Water, 106 gal/yr 0.61 2.38 5.90

($.53/1000 gal) 325 1300 3260

Electric, 106 kwh/yr 0.6 2,4 6.0
($.05/kwh) 30,000 120,000 300,000

Fuel 01l, gal/yr 64,420 169,200 338,400
($1.20/gal) 77,300 203,040 406,080

Spare Parts, 6% Capital 98,140 239,470 470,660
Equipment w/ Design

Oxy en, lb/hr 750,000 3,000,000 7,500,000
" (0.050/lb) 37,500 150,000 375,000

Salts, Ton/yr 375 1,500 3,750
($120/ton 45,000 180,000 450,000

Materials/Supplies 163,800 224,2g0 365,260
•-• 10% Other Operating

Total Direct Costs $/yr 452,070 1,118,100 2,370,260

Use ......... .
CI *

.* UIdpiain rd~lsr ssbett ~tlt~n ttdI otatM.OKl8--OIwttA3O~
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TABLE J-9. COLLOCATED SITE LABOR COSTS - MOLTEN SALT

Personnel Requirements (men/shift)
Agent Rate Agent Rate Agent Rate

Area 1000 lb/hr 3000 lb/hr 5000 lb/hr

Molten Salt Furnaces 3 4 6

Metal Handling 1 2 2

Salt Handling 2 4 6

Control Room 1 1 1

Pollution Abatement 1 1 1

Ultimate Disposal 2 1 3

Maintenance 2 2 2
Total/Shift 11 17 22

Man Years/Yr 33 51 66

Labor Cost $/Yr 1,650,000 2,550,000 3,300,000
at $50,000/man years

'5 Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKI1-O2-C-OO5 with ARRAOCON.

*, • • a 4s * * • = a * -*.*. - *
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TABLE J-10. COLLOCATED SITE OPERATION COSTS -

MOLTEN SALT

Annual Usage/Cost

Agent Rate Agent Rate Agent Rate
SUtility 1000 lb/hr 3000 lb/hr 5000 lb/hr

Water, 106 gal/yr 5.90 17.65 29.40
($.53/1000 gal) 3,260 9,770 32,560

/ Electric, 106 kwh/yr 6.0 18.0 30.0
L($.05/kwh) 300,000 900,000 1,500,000

1Fuel 01i, gal/yr 338,400 1,015,200 1,692,000
($1.20/gal) 406,080 1,218,24O 2,o3o040o

Spare Parts, 6% Capital 470,660 1,350,340 2,224,090
Equipment w/ Design

Oxygen, lb/hr 7,500,000 22,500,000 37,500,000
(0.05€/lb) 375,000 1,125,000 1,875,000

Salts, Ton/yr 3,750 11,250 18,750
($120/ton 450,000 1,350,000 2,250,000

Materials/Supplies 365,260 849,610 1,318,370
10% Other Operating

Total Direct Costs $/yr 2,370,260 6,802,960 11,230,420

- ,

1. . Uc, dp~a~n rdS~s~oI uj~ o~~rc~n tt nCnrc ~ AKl8..05wtiAROO
""I *.
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TABLE J-11. DEVELOPMENTAL. COSTS - MOLTEN SALT

Phase II - Labor Studies

Concept Refinement S 15,000

Refractory - Materials 125,000
Compatibility Studies

Environmental Studies 100,000

Molten Salt Studies 150,000
Molten Metal Studies 150.000
Materials 150,000

Subcontractors 150,000

Contingency 60,000
Preliminary Pilot Plant 60000

TOTAL PHASE II $ 960,000

. Phase III Conceptual Design $ 250,000

Test Plan 40,000

Pilot Plant 1,070,000

Start-up 173,300

Training 454,700

Operating 1,040,000

Development & Design Program

BCL 1,000,000

A&E 1,000,000

Subcontractors 500,000

Other 100,000

Subtotal 5,628,000

Contingency (20%) 1,125,600

TOTAL PHASE I1l $6,753,600

TOTAL DEVELOPMENT COSTS - $7,713,600.

Use, 4uplication, or disclosure iS subject to restrictions stated in Contrsct No. DAAKI|-82-C-O65I with ARIRDCOM,
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TABLE J-12. SINGLE SITE TOTAl {PERATING COST- JILTEN SALT 
(100 lB/liR) 

labor Cost/Year Other Direct Cost/Yr Duration, 

450,000 150,690 0.50 
1,3'50,000 226,040 0.50 
1,350,000 451,830 2.30 

1,350,000 44,540 0.17 
1,350,000 451,830 3.08 
1,350,000 50,210 0.17 
1~350,000 451,830 0.86 

450,000 150,610 0.50 

Total life Operating Cost 8.08 

··.7 .. " J 
L-.o. ........... 

Yr Total Cost 

300,305 
787,960 

4,144,210 
274,040 

5,549,040 
279,710 

1,549,570 
300,305 

$13,185,740 
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TABLE J-13. SINGlE SITE TOTAL OPERATING COST - MOLTEN SALT 
(400 LB/HR) 

Labor Cost/Year Other Direct Cost{Yr Duration, 

450,000 372,380 0.50 
1,350,000 558,580 0.50 

1,350,000 1,117,150 0.57 
1.,350,000 78,840 0.17 

1,350,000 1,117,150 0.77 
1,350,000 78,840 0.17 
1,350,000 1,117,150 0.24 

450,000 372,380 0.50 

Total Life Operating Cost 3.42 

Yr 

~ 

Total Cost 

411,190 
954,290 

1,406,200 

308,340 

1,899,710 
308,340 

592,120 
411,190 

$6,291,460 
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TABLE J-14. SINGLE SITE TOTAL OPERATING COST - HOlTEN SALT 
(1000 LBIHR) 

Labor Cost/Year Other Direct Cost/Yr Duration, 

550,000 789,290 0.50 
1,650,000 1,183,930 0.50 
1,650,000 2,367,860 0.23 
1,650,000 142,100 0.17 
1,650,000 2,367,860 0.31 
1,650,000 142,100 0.17 
1,650,000 2,367,860 0.10 

550,000 789.290 0.50 

Total Life Operating Cost 2.48 

Yr Total Cost 

669,645 
1,416,960 

924,110 
422,600 

1,245,540 
422,600 
401,790 
669,645 

$6,172,890 
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TABLE J-15. SINGLE SITE COSTS -MOLTEN SALT

Agent Feed Rate
100 lb/hr 400 lb/hr IFE~

Capital $ 1,854,210 $ 4,340,690 $ 89479,590

Operating 13,185,740 6,291,460 6,172,890

Development 7,713,600 7,713.600 7,713,600

Total Life Cycle $22,750,000 $18,350,000 $22,350,000
Cost

'A!

U0e dplCation, OP 010clourt is SubJeCt to restrictions stated in Contract No. OAAKll-82.COI wth ARRACM
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TABLE J-16. COLLOCATED SITE TOTAl OPERATING COST - MOLTEN SALT 
(1000 LBIIR) 

. . 

: 

labor Cost/Year Oth~r Direct Cost/Yr Duration, Yr 
' 

550,000 789,290 0.50 
1,650,000 1,183,930 0.50 
1,650,000 2,367,860 2.29 
1,650,000 142,100 0.17 
1,650,000 1,267,860 3.08 
1,650,000 177,400 0.17 
1,650,000 2,357,860 0.99 

550,000 789,290 0.50 

Total life Operating Cost ... ·. 8.20 ... 
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Total Cost 

669,645 
1,416,960 
9,200,900 

422,600 
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TABLE J-17. COLLOCATED SITE TOTAL OPERATING COST - R TEN SAlT 
( 3000 LB/IIt) 

Labor Cost/Year Other Direct Cost/Yr Duration, "tr 

850,0CXl 2,265.250 0.50 

2,550,000 3,397,880 0.50 

2.550,000 6,795.750 0.76 

2,550,000 373,990 0.17 

2,550,000 6,795,750 1.03 
2,550,000 373,990 0.17 

2,550,000 6,795.750 0.35 
85\l.,OCXl 2,265,250 0.50 

Total Life Operating Cost 3.98 

Total Cost 

l!t557,625 

2,973,940 
7,102,770 

807,490 

9,626,120 
807,490 

3,271.010 
1,557.,625 -

$27,704,070 
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TABLE J-18. C(LLOCATED SITE TOTAL OPERATING COST - MOLTEN SALT 
(5000 LB/HR) 

labor Cost/Year Other Direct Cost/Yr Duration, Yr 

1,100,000 3,734,040 0.50 

3,.300,.000 5,.601,.060 0.50 
.. 

3,.300,.000 11,202,.110 0.46 i 

3,.300,.000 602,.220 0.17 J • 

. ·, 
3,.300,000 11,202,.110 0.61 . • 

i 
3,.300,000 602,.220 0.17 
3,300,.000 11,202,.110 0.21 
1,100,000 3,734,040 0.50 

Total Life Operating Cost 3.12 

Total Cost 

2,417,.020 
4,.450,500 
6,.670,.970 
1,163,.220 
8,.846,.290 

1,163,.220 
3,045,.440 

2,417,020 

$30,173,710 
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TABLE J-19. COLLOCATED SITE COSTS - MOLTEN SALT

Agent Feed Rate
1000 lb/hr 3000 lb/hr 5000 Ib/hr

Capital $ 8,479,590 $24,305,460 $40,008,760

Operating 29,190,340 27,704,070 30,173,710

Development 7,713,600 7,713,600 7,713,600

Total Life Cycle $45,400,000 $59,700,000 $77,900,000
Cost

.U, oi

".•.J USe, duplfcaiton, or disc1oSure I$ subject to restricltioas stated In Con~tract NO. OAANK~l.a2-C.oo55 with ARRAOCOM,
*- 5',1 * t' '• ,'" " J ',_.•• • :, • ' :'.S ' " ' • ' • ' "* .-,.,. ..,.2 " " ". " ." ,," " ." "'-,.,,,
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FIGURE J-3 

MOLTEN SALT CONCEPT 
LIFE CYCLE COST CURVES 

SIN~JLE SITE 
FEEDSTOCK G/H 

• 

LEGEND 
c =TOTAL 
o = OPERATING 
A =CAPITAL 
~ = DEVELOPMENTAL 

...... ..... .. __ 
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. . . . .. ... . .. . 
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FIGURE J-4

MOLTEN SALT CONCEPT
LIFE CYCLE COST CURVES

COLLOCATED SITE
FEEDSTOCK G/H

"LEGEND
"C3 = TOTAL
o = OPERATING
A = CAPITAL

3 , = DEVELOPMENATAL

-'it

6 1060o. 2dWo 3odo "me~~ amo
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llmition 
Category 

A 

8/C 

D 

"'-' ... 

llllnition 
Type Inventory 

M55 Rockets aoo.ooo 
M23 Mines 200,000 

Mortars 500,000 
105 • Projecti les 500,000 
155 • Projectiles 500,000 
a· Projecti 1es 500.000 

Bolllbs a.ooo 
Ton Containers/ z.ooo 
Spray Tanks 
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TABLE J-20. OUOCATED SITE OPERATIIIIG Til£ - llllTEII SALT 

Tb~ PerHolr S_yste. 
1000 16/hr - -b/hr 5000 1b/hr Availability 

93.5 280.4 467.3 0.928 
95.2 285.7 476.2 0.928 

166.7 500.0 833.3 0.928 
625.0 1!175.0 3125.0 0.928 
153.8 465.5 769.2 0.928 
69.0 206.9 344.8 0.928 

4.6 13.6 22.7 0.928 
0.1 z.o 3.3 0.928 

~- -.-
j. ·_; .·_: 
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Product ion fears 
looo 16/hr lOOO 16/hr 

1.84 C.61 
0.45 0.15 

0.65 0.22 
0.17 0.06 
0.70 0.23 
1.56 0.52 

0.37 0.13 
0.62 0.22 

r- .. -
I· . 
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0.09 

0.13 
0.03 
0.14 
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fllnitioo 
Category 

A 

8/C 

D 

tklnitioo 
Type 

M55 Rockets 
1423 Mines 

Mortar:. 
105 - Project f les 
155 • ProjectHes 
a• Projectiles 

Balms 
Ton Containers/ 
Spr·ay Tanks 

TABLE J-21. SIIGLE SITE OPERAniC TDIE - tlll.TEI SALT 

lbro~ Per Hour Systea 
Inventory too 1Lihl"67hl" 1000 lL/IIr Availability 

ao.OOG 9.3 37.4 93.5 0.928 
zo.ooo 9.5 38.1 95.2 0.928 

50,000 16.7 66.7 166.7 0.928 
so.ooo 62.5 250.0 625.0 0.928 
50.(0) 15.4 61.5 153.8 0.928 
so.ooo 6.9 27.6 69.0 0.928 

800 0.4 1.8 4.6 0.923 
200 0.1 0.3 0.7 0.928 

Procllct ion Yeus 
too 16/hr 400 lb/hr 

1.85 0.46 
0.45 0.11 

0.65 0.16 
0.17 0.04 
0.10 0.18 
1.56 0.39 

0.43 0.10 
0.43 0.14 

looo 16/hr 

0.18 
0.05 

o.c.; 
o.oz 
0.07 
0.16 

0.04 
o.c.; 

c... 
I 

"'" 0\ 



•.'

? 'v

"'1o

*st •,.'

• i: APPENDIX K

•! ,•,•ENGINEERING AND ECONOMIC ANALYSIS -

S.... UNDERGROUND DETONATION

4-.

.i.

21a

°S D ,

-tu

. Use, du p|!ica to.n, 0" disclosur e Is subject to relstr ict ions stated Ii, Con|trc t No. OAAK| I- 12-C-OO55 wltti ARRAOCOI•.



K-i

APPENDIX K

ENGINEERING AND ECONOMIC ANALYSIS -

UNPERGROUND DETONATION

Engineering Analysis

A. System Concept Description

The underground detonation concept is a collocated operation

designed to destroy the entire lethal agent inventory with one under-

ground detonation of 70 Kilotons (KT) of conventional high explosives

and pyrotechnics. The first stage for successful implementation of

the concept would be selection of a site which meets the following

geological criteria:

# The host rock must contain the explosion and

explosion residues

e Areas with major aquifers must be avoided

* Tectonically unstable areas must be avoided

* No valuable minerals (e.g., ores or oil reserves)

can be contained within the site.

In addition, since the detonation will produce a shock wave severe

* enough to cause structure damage on the surface and may create a sub-

sidence crater, the site must be geographically located in a zone of

low population density. Once a site has been selected, the prelimi-

nary conceptual design of the facility requires that shafts be sunk to

"a depth of 2,000 ft and a destruction cavity mined out of salt, gran-
ite, or basalt. The cavity is sized such that it will hold the entire

agent inventory, conventional high explosives, and pyrotechnics.

Following the emplacement of the materials, the shafts will be back-

filled and sealed and the explosives detonated to destroy the

inventory.

Surface facilities will be located directly above the cavity

and will serve to receive, inspect, and transfer the munitions,

Use, duplication, or disclosure is subJect to PestriCtionS Sstaed In Contrct No. DAAK11-82-C-O055 with~ ARRAVOM,04
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explosives, and pyrotechnics to the mined cavity. All surface

facilities will be decommissioned and salvaged prior to detonation.
The underground detonation facility will have the following

subsurface facilities, shafts.. and surface facilities.

Surface Facilities. To support the activities of mining and

loading the destruction cavity, the following surface facilities are
required:

* Men and materials buildings to provide services for

crews and mined materials movement.

* Ventilation supply and exhaust buildings to provide

air to cavity and filter the exhaust air.
* Support service buildings for maintanence,

wharehousing, and utilities.
Is Mined material storage to minimize environmental

impect of mining activities - material used to

infill subsidence crater (if one develops)

*s Buildings to receive, inspect, and transfer

materials to the mine shaft.

Shafts. The following shafts must be sunk to the
geological formation in which the cavity will be excavated in

order to provide for ventilation and to permit the flow of men

and materials to the cavity.

* Men and materials (small) access to cavity shafts,

10 ft diameter.

* Munition, high explosives, pyrotechnic shafts, 14 to

32 ft diameter.

* Mined cavity ventilation shaft, 10 ft diameter.

I* Mined materials transport shaft and ventilation

exhaust, 14-32 ft diameter.

*.'• Use, duplication, Or dlSclos!re Is SUbjct tO restrictions statad in Contract No. DAAKI1-82.C-0S5 witth ARRADCON.
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Subsurface Facilities. The concept requires that the

following facilities be constructed in the selected geological
formation.

s The destruction cavity

e Personnel and maintenance area

* Shaft underground facilities

* Utilities

* Materials handling equipment.

As previously mentioned, the destruction cavity must be

large enough to contain the entire inventory and the needed energetic
material. It is estimated that 70 KT of energetic material is
required to rupture the munition cavities and provide sufficient

temperature for successful agent destruction. These are categorized

as follows:
e 10 KT H.E. as follows:

- H.E. in promilitarized inventory, 2,824 tons
- TNT, 7,176 tons to rupture or detonate the

munition/items

s 60 KT pyrotechnics to provide heat

- Ammonium Nitrate as an oxidizer
- No. 2 fuel oil as a heat source.

, L" I• Destruction Cavity. The size of cavity required to contain

the inventory, the high explosives, and the pyrotechnic composition
was estimated as follows:

K iQuantities Required:

H. E. 7,176 tons

"Pyrotechnic
94.4% Ammonium Nitrate 56,640 tons

5.6% No. 2 fuel oil 3,360 tons

.. l' Use. duglicatlon, or disclosure 1s subject to restrictions stated in Contract No. OAAK11-a2-C-0055 with ARRAOCO•.
-. . . . . . . . .. . . . . . . . . . . . . . . .. %
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Volumes of High Explosives and Pyrotechnics:

Ammonium Nitrate, * 1.725 g/cc
56,640 tons a 1.13 x 108 lb x 1

0l'•bs/ft3

a 1.06 x 106 ft3 Ammonium Nitrate
+ 25% factor

Volume of Ammonium Nitrate - 1.32 x 106 ft 3

No. 2 fuel oil

6.72 x 106 lbs x 1
SITb/ft

3

1.25 x 105 ft 3

+ 25% factor

Volume of No. 2 fuel oil 1 1.56 x 105 ft 3

Volume of High Explosives

TNT, 9 1.56 g/cc

7,176 tons w 1.43 x 107 lbs x 1
9 =. lbs/ft 3

0 1.47 x 105 ft3

+ 25% factor

Volume of H.E. - 1.84 x 105 ft3

Volume of Cavity Required

Munitions Volume - 3.53 x 106 ft 3

High Explosives a 1.84 x 105 ft 3

No. 2 fuel oil • 1.56 x 105 ft 3

Ammonium Nitrate - 1.32 x 106 ft3

subtotal m 5.19 x 106 ft-

+ 25% factor a 1.3 x 106 ft 3

TotaU u 6.49 x 106 ut3

Use, du o11i attono or d isclosur e Is subJ ect to r estr ict io nsl st at ed In Co ntr act No. OAAK11-82-C- 0055 w ith AR Rg DOt .
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ti• B. System Feed Requirements

The concept is designed to process the entire inventory in
feedstock configuration a. The inventory items can be processed in an
as-stored condition eliminating the need for mechanical preparation.

C. Pollution Abatement System

While no effluents are expected from this concept, an exten-
sive study of the environmental impact would be required. A review of
the socio-economic impact should also be considered.

D. Ultimate Disposal

All waste products are retained in the detonation cavity and
are 5X decontaminated. Suitable containment characteristics are arequirement of the selection of the appropriate geological formation.

E. System Concept Advantages

The concept offers the following advantages;
e No mechanical preparation is required
* No flue gas cleanup is required
0 Provides the most effective ultimate disposal scenario.

F. System Concept Disadvantages

e It is politically sensitive
- Public unwillingness to have program conducted in

their region

# Testing and modeling is extremely difficult
* It is geologically site specific.

C~Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKII-82-C-0055 with ARRMOCO.
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G. System Concept Knowledge Gaps

The major unknowns in this concept are as follows:

eThe quantity and type of high explosives required to

ensure destruction of all agent
0 How the explosives must be placed to ensure rupture of

all munition bodies

e The magnitude of the shock wave.

H. Safety

A number of very serious safety concerns are present in this

concept. Successful implementation would require this to be the
largest planned, non-nuclear explosion in history. It would also
require the entire lethal agent inventory to be on a.single site at
one time. The accident scenarios associated with these two facts,
although solvable, are expected to have a major impact on the concept

economics. A more difficult safety consideration revolves around
recovery from an unsuccessful operation. Recovery from such a
situation would prove very difficult, if not impossible.

I. Likelihood of Development

In the preliminary evaluation, this concept was believed to

be developable within five years. However, due to the knowledge gaps
and political considerations identified in the engineering evaluation,
it is now anticipated that this concept would take at least 10 years

to develop. For this reason, the engineering evaluation was
terminated at this point and cost estimation begun.

Use., duplitation, or disclosure Is subject to restrictions stated in Contrart No. OAAK11-aZ-C-nO55 with ARRAOcoI.
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Economic Evaluation

Q1 A. Facility Costs

The requirements of the underground detonation conceptual

design and those of a mined geologic nuclear waste repository are very
similar. Both are basically cavities mined 2000 ft deep within the

earth and the host rock must be groundwater free and have excellent

containment characteristics. The primary differences between the two

concepts are:

(1) Nuclear waste repository is much larger

(a) 2,000 acres vs 9.95 acres
(2) Basic purposes

(a) Nuclear waste storage vs destroying agent
inventory with underground explosion.

Since the facilities required and the construction costs incurred are

similar, staff members of the Office of Nuclear Waste Isolation were

consulted and cost estimate documents were review( 1 , 2' 3 ,4). The

estimated costs of construction and facilities included in this review
are therefore, based on estimated costs of geologic nuclear waste

repositories.

Shaft Emplacement and Surface Facility Costs. Costs for
shaft emplacement are based on the following assumptions:

* Geologic conditions are ideal

@ Nn special 6ngineu.-ing problems encountered.
It must be further noted that the depth of the cavity (2000

ft) and the host rock types cited (salt, granite, basalt) in this

review were chosen for cost estimation purposes only. These are the

depths and host rock media chosen for the mined geologic nuclear waste

repository concept. However, the rock types suited for nuclear waste

storage have many of the characteristics required for underground

detonation. Also, a cursory review of the effects of underground
nuclear explosive devices detonated in granite, dolomite, and zeoli-
tized tuff (Project Plowshare 6 ,7 ), reveals that salt, granite, and

,1 Use, duplicatlon, or disclosure Is subject to restrictions stated In Contract No OAAKII-4i -C-OOSs with APRAOCOM.
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basalt may possibly contain a 70 KT explosion. The scaled depth of

burial for the underground detonation of 70 KT at 2000 ft is 485 ft.*

This scaled-depth-of-burial number indicates that the explosion would
probably be contained. Further research is required to obtain the

required information.

Contractor costs estimates for the construction of the

facility include a 50 percent cost factor and were broken down as

follows:
(1) 25 percent allowance of anticipated construction costs

that would be detailed with further planning

(2) . percent overhead and administration

(3) percent profit and risk for contractor

NOTE: Land and land rights is not factored by 50

percent.

On the basis describc.i above, the $217M cost estimate for

shaft emplacement and surface facilities shown in Table K-I was pro-
duced. Although many items remain to be costed, the sum of the

partial costs that were estimated and are discussed below was great

enough to indicate that more comprehensive costing was not necessary.

Destruction Cavity Costs. The costs estimated for cavity

* excavation could not be based on the actual material being mined,
Estimation of the excavation costs were, therefore, based on the cost

of mining granite at 1500 ft.( 5 ) S'nce the cost of mining salt costs
less than granite and mining basalt costs more than mining granite,

this is anticipated to be a median estimate. On this basis, the costs

of excavating the destruction cavity were estimated to be $46M.
The shaft emplacement and surface facility costs ($217M)

combined with the cavity excavation costs ($46M) bring the estimated
total facility costs to $263M.

*Scaled-depth-of-Fbural is a means of comparing underground nuclear
tests of different yields emplaced at different depths. This is the
depth for an equivalent I KT detonation.

ule, duplication, or disclosure Is subject to restrictions stated In Contract No. OAK1182-C-0055 wlth ANRAOCOM,
vL -Wittim Los ;won.*
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TABLE K-i. ITEMIZED FACILITY COST

Item Cost ($ x 10 )

Land & Land Rights 13.255

Drill String & Geophysical Survey 14.325

Drill Rig Including Hole Survey 7.050

General Site Work 42.932

Mine Development - Area Ventilation 1.583

Hplding Pond 2.044

Mine Waste Storage 13.249

Cavity Excavation 46.213

Shafts (2) 10 ft Dia. 50.096

( Shafts (2) 14 ft - 32 ft Dia. 72.00

Engineering Lab 0.600

TOTAL 263.347

S.,)

Use, duplication, or disclosure is Subject to reltrictloni Stated in Contract No. DAAK1t.82-C-OO55 with ARRADCOM,

*' , ,!. .*' .
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B. Capital Costs

Little capital equipment would be required for this concept
and no estimation of these items was made. Equipment that would be
required would include:

# Fork trucks and other materials handling equipment
* Air compressors to supply air to the underground

., cavity
- * Air conditioning for the underground facility.

1m

C. Operating Costs

The only operating costs estimated were those for the
_,• cost ot explosives and pyrotechnics. These are as follows:

,41•

. High Explosives:

7,176 tons x $2,880( 8 )/ton * $20,666,880

* Ammonium Nitrate

56, 640 tons x $145(9)/ton * $ 8,212,800
* No. 2 Fuel Oil

932,038 gallons x $1.20( 10)/gal S 1,118,447

Total Estimated Materials Cost = $29,998,000

Additional operating costs which were not estimated would

include:
* Labor for filling the cavity with the inventory and

the required explosives

a Shaft backfilling and sealing
9 Testing to certify agent destruction

s Decommisioning and removal of surface structures.
It is anticipated that the costs of these listed items would be high.

Use, duplication, or disclosure is subject to restrictions stated in Wontrmct No. OAAKIa-82-C-OOSs with ARRAOCOM.
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D. iDevelopment Costs

Implementation of this concent could only be accomplished by

conducting an extensive development program. Some of the tasks of
this program would be

* Engineering studies tm determine:

- Acceptable rock mnedia for detonation and

containment of exulm in residues

- Required depth burial

- Chemistry of explosion residues
- Process modeling and testing

'1 * Agent destruction proof tests

9 Site selection and exploration
* Development of recovery methods for process failures
% Public relations and political lobbying.

While comprehensive costs for this development effort were
not produced, site selection and exploration has the potential to

overwhelm the other costs. On-site characterization of any candidate

site selected by the known geology of the region requires that a

number of 6 inch diameter holes be drilled to a depth of 3000-4000

feet. Each of these test holes cost $1 million to $5 million depend-
ing on the geologic conditions. If the site still looks promising, a

10 ft diameter shaft is sunk to a depth of 2000 feet at a cost of $24

million. Horizontal geophysical studies would then be conducted at a

cost of $7 million bringing the costs for evaluating a single site to

F! at least $37 million. If at any point a site is found unacceptable,

the on-site characterization process would have to be repeated at

another site.

A further indication of the magnitude of these costs can be

found in the fact that the Office of Nuclear Waste Isolation, while

looking at salt only as the host rock, spends approximately $32 mil-

lion per year on site selection and exploration. It is therefore

estimated that the development costs would be at least $50M and could

be $200M or more.

Use, dupi cationi, Or' disclosure is lubject to restrictions stated in Contract No. OAAKll.82-C-0055 with~ ARRAOCCIM.
* . .. ~*..*~.''h ,. *'.."..* *,* ,. !
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APPENDIX L

RAM ANALYSIS

System availability for the various demilitarization system

concepts was estimated from the availability of the components making up

the system. Two major sources of component availability were used:

1. (1) the government-Industry Data Exchange Program(L-I), and (2) "Equipment

Availability Fossil Component Cause Code Summary Report, 1973", EEl
Publication No. 74 - 57 (L-2). A number of other possible sources were

examined(L-3" 5 ) but were rejected because the information was not usable
"in the form presented (e.g., probability of operation on demand or mean

time between failures without an associated mean time to repair) or because

the availabilities seemed unrealistically high, or a combination of these

r! factors. For system components for which no appropriate data were found,

engineering estimates were made based on the failure considered most

likely and the estimated time to repair. Table L-1 presents the basic

component availabilities used to estimate the system availabilities. For

applications that were cons 4 tred significantly more ssvere than those

pertaining to the data base, the basic unavailability was multiplied by
a factor of two or four. Where a choice of values was available for
similar components, the less favorable (higher) unavailability was chosen.

Reported or estimated MTTR or unavailability was doubled where the repair
* •would require the maintenance personnel to wear DPEs.

The power plant component availability data of Reference L-2 was
.I t adjusted to an operating hour basis and averaged for all plant size categories.

It should be noted that these data are largely on a per-plant basis, and

may include several parallel devices. No information is available to correct

for this effect, if and where present.

System availabilities were calculated from the component availa-

bilities assuming no common failures and no redundancy. Failure of any one

L of paralleled components was assumed to force system shutdown.
Tables L-2 throuqh L-6 present the availability calculations for

the four selected demilitarization processes. For the Acid Roaster process,

the calculated availabilities are for full plant capacity. The availability

Use, dUp1lidteton, Or disclosure is subJeCt to restrictions stated in Contract No. OAAKII-82-C-0055 with ARRA0C09.
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of partial capacity ranges from slightly greater than for full capacity
to significantly greater than for full capacity depending on process

capacity.

:%;,

u,.s .

i* I]

,.4:

Usdpiain r icoueI ujett.etitos ttdI otat o A5I8.-05 ihAROO4

4 14 "-



L3

TABLE L-1. COMPONENT UNAVAILABILITY

11 A 5  S o u r c
component MTBF1  MTTR U~l Sorc

Air lock door 5405 6.8 126 A
Hydraulic cylinder 3425 5.2 152 A
Hydraulic power supply 3408 7.5 220 A
Convey r 1000 3.6 360 A
Feeder (31000 3.6 360
Elevator ) 1000 3.6 360
Hydraulic motor 2857 10 350 C
Scrap chute 6000 3 so C
Heat exchanger -- 80 3
Instrument, temperature, 5061 2.8 46 A

pressure, level, flow
Fan, blower 48 B
Fuel 4pply7

Bunr365 2 594 C
Refractory5  8760 200 2283 C
Spray drier6  168 4 2381 C
Bag house 7 730 2 274 C
Plasma jet head -- 1000 D
Electrical power supl 100 C
Induction heater coil - 10 C
metal tap -- 500 C
Slag tap Soo50 C
Quench tower8  - 1190 C
Pump -- 20 B
Valves and piping -,29 B
Duct, stack -- 8 B
Switch gear - 12 B
Central co ntrol - 746

Controller (500 1 f 56) A
Display (463 32 690) A

Room, doors -200 C

NOTES:

1. MTBF a Mean Time Between Failures: MTTR - Mean Time to Repair:
UA aunavailability, hr/hr.

2. A, Reference (L-1): B, Reference (L-2): C, Engineering estimate:
0, Quote from Westinghouse Electric Company

3. Assumed to be the same as conveyors.

4. Most probable failure is failure of flame detector. MTBF of 365 hr,
HTTR (replace detector or clean optics) of 2 hrs plus an additional
4 hr per year.

5. Severe duty, replacement once per year, 10 days, 20 hrs per day
repair time.

F..6. Most probable failure is nozzle plugging. MTBF is 168 hr, M'TTR
(replace nozzles) is 4 hr.

7. Most probable failure is bag failure. MTBF is 730 hr MTTR (replaceone bag) is 2 hr.

8. Quench tower UA taken as 1/2 the UA of a sorav d.-ier.

Use, duplication, or disclosure is subJect to restrictions stated In Contract No. OAMKll-82-C-D055 with ARRMCCO4.
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TABLE L-2, AVAILABILITY OF THE ROTARY KILN SYSTEM

Unalvilablikty, hr/hrxlO5

No. in Eu.inmens
Equioient Item . Syltem -Item System

Kiln

Elevator 1 720 1 720
Ram feeder 1 360 360
Ram 1 152 152
Burner 1 594 594
Combustion air fan 1 48 48
Fuel supply 1 142 14Seal air fan 1 48 48
Locks 1 152 152
Instrumentation 6 46 276
Refractory 1 45663 4566
Rotation system 1 135 135

Aft vbrnmer

Burner 1 594 594
Combustion air fan 1 48 48
Scrip discharge conveyor 1 7204 720
Scrap discharge chute 1. so so
Fuel supply 1 142 14
Pump 1 20 20
Instrumentation 4 46 184Duct 1 3 a.•
Refractory .. ..

Scrubber
Spray Drier 1 2384 2681
Pump 2 406 30
Discharge Conveyor 1 360 360Valves and piping 2 507 100

Chemical feeder 1 360 360Ins trumentnti on 6 46 2.76
Duct 1 8 8

S agHouse

Bag house 1 274 274Discharge conveyor 1 360 360
10 fan 1 48 48
Duct, stack 1 8 8

Genera l

Switch gear 1 12 12
Central control 1 746 746Hydraulic power 1 220 220Room, doors 200 200

Total System Unavailability 14.136x110. 5

Total System Availability ' 1 -0,141 0.8598

NOTES:
1. Value for conveyor x 2 for more complex operation.
2. Power plant value x 2: power plant value considered

unrealistically low.
3. Nominal value x 2 for severe mechanical service.
4. Nominal value x 2 for severe service.
S. Included with refractory In kiln,
6. Nominal value x 2 for severe service chemical solution7. r:ominal value x 2 for severe service chemical solution).
S. For feedstock h, this value becomes 0.881, as a result

of reduced severity of refractory service (see Note 3).

Use, duplication, or disclosure is subject to restrictions Stated in Contract No. OAAK1 !-2-C-0055 with ARRAOCOM.
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TABLE L-3. AVAILABILITY OF THE FLUIDIZED L SYSTE L-5

Unavailability, hr/hrx1O 5

No. in Equipment
Equioment Item System Item -system

Fluidized Bed

Ram feeder 1 360 360
Ram 1 152 152
Burner 1 594 594

1Fuel supply 141 14
Combustion air fan 1 48 48
Locks 2 152 304
Bed make-uo system 1 3602 360
Bed recycle system 1 3602 360
Discharge system 1 1440' 1440
Ram 1 152 152
Scrap separator 1 7204 720
Scrap chute 1 50 50
Instrumentation 8 46 360
Fuel supply 1 145 14
Pneumatic transport fan 1 48 48
Duct 1 a 8

- Refractory 1 22B3 2283

Afterburner

Burner 1 594 594
Combustion air fan 1 48 40
Fuel supply 1 141 14
Instrumentation 4 46 1C4
Duct I a 8
R e f r a c t o r y . .. .

Scrubber

Spray drier 1 23816 2301
Pump 2 406 80
Discherge conveyor 1 360 360
Valves and piping 2 so 100
Instrumentation 6 46 276
Chemical feeder 1 360 360
Duct 1 8 8

Bag House

Bag house 1 274 274
Discparge conveyor 1 360 360
10I fan 1 48 48
Duct, stack 1 8 8

General
Switch gear 1 12 12
Central control. 1 746 746
Hydraulic power 1 220 220

"1i Room, doors -- 200 200
TotAl SVstaM UnAvailAhilltv 13,404x10 5

Total System Availability * 1 . 0.134 a 0.G66

14OTES:
1. Nominal value x 2. Nominal value for power plants considered

unrealistically low.
2. Considered equivalent to a conveyor.
3. Value for conveyor x 4 for severe service.

I..' 4. Value for conveyor x 2 for severe service.
5. Included with refractory in fluidized bed.
6. Nominal value x 2 for severe service (chemical solution).
7. Nominal value x 2 for severe service (chemical solution).

Li Use, duolIcation, or disclosure is subject to rtstrPctions stated in Contract No. OAAKI1-82-C-0055 with ARRA0COM.
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TABLE L-4. AVAILABILITY OF THE PLASMA/MOLTEN METAL PROCESS1

"Unavailability hr/hrxlO0

No. in q Tul-pn t
Eouioment Item System Itom System

PAIM& Furnace

Input conveyor 1 360 360
Chamber conveyor 1 7202 720
Locks z 152 304
Plasma gun 1 1000 1000Plasma power supply 1 100 100
Induction heater coil 1 10 10Induction heater power supply 1 10i 100
Air supply fan 1 48 48
Refractory 1 10003 1000
Slag tap and disposal 1 500 500
Metal tap and disposal 1 600 Soo
Instrumentation 12 46 552
Duct 88

Scrubber tower 1 2381 2381
Pump 2 406  80
Valves and piping 2 507 100
Chemical feeder 1 360 360
Instrumentation 6 46 276
Duct 1 8 8

Afterburner (Pyrolysis Products Burner)

Burner 1 594 594
Combustion air fan 1 48 48
Fuel supply 1 143 14
Instrumentation 4 4A 184Refractory 1 11829 1182Duct 1 8 a

Quench Towevr

Quench tower 1 116510 1165
Pump 2 20 40
Valves and piping 2 25 50
InstrumentatiLn 6 46 276
Duct 1 8 8

Bag House

Bag house 1 274 274
Discharge conveyor 1 360 260
ID fan 1 48 48
Duct, stack 1 6 a

General

Switch gear 1 12 12
Central control 1 746 746Hydraulic power 1 220 220
Room. doors - 200 200

',? Total System Unavailability 13,444x10" 5

Total System Availability x 1.0.138 * 0.062

•.• Use, duplicaiton. or disclosure is subject to restrictions stated in Conltract No. OAAK11.82.C-O0S6 with ARRAOCOM.
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TABLE L-4 (continued)

NOTE___S:
1O. This ssessment was made for a process configuration

involving scrubbing of pyrolysis products with molten salt
prior to pyrolysis product incineration. Other process
configurations are being considered.

2. Nominal value x 2 for severe service (hot environment).
3. The vendor quotes a planned unavailability of about

lOOO-200QxlO-5 hr/hr for refractory repair. A value of
l000xlO" for unplanned unavailability has been adopted as
a reasonable estimate.

4. The molten salt scrubber is not well defined at this time.
In the absence of other information, it has been treated
essentially as a spray drier scrubber:

5. Value for a spray drier scrubber.
6. Nominal value x 2 for severe service (chemical solution)
7. Nominal value x 2 for severe service (chemical solution).
8. Nominal value x 2. Nominal value for power plants considered

unrealistically low.
9. Nominal value x 1/2 for less severe duty (pollutants removed

upstream).
10. Nominal value for spray drier scrubber x 1/2 for less severe

duty (clean water feed).

III II I I IIii

4,,, '

[. Use, duPlication, or disclosure i subject to restrictions stated in Contract No. OAAKII-82-C-0055 with ARMOCOM,



TABLE L-5, ACID ROASTER SYSTEM, 400 LB/HR L-8

Unaia ilab ,ljtoy±Žr/hrxl0
5

No. in quipment
EQuipment Item System Item System

Dissolution Chamber

Munitions loader 3 360 1 1080
Dissolution chamber 3 1002 300
Chamber closure 3 152 456
Vent fin 1 9g3 go
Dissolution pumps 34 406 120
Acid cooler 3 1606 480
Valves and piping 3 507 1SO
Duct 3 168 48
Chamber unloader 3 3601 1080
Instrumentation 18 46 028

Roeiter/Aftorburner

Burner 2 594 1188
Combustion air blower 2 48 96
Fuel supplv 2 149 20
Spray nozzles 1 set 2381 2381
Refractory 1 114110 1141
Solids discharge 1 360 360
Roaster feed pumps 1 405 40Cyclone 1 36011 360

Oxide blower 1 48 48
Duct 1 168 16
Instrumentation a 46 368

Acid Reaeneration

Cyclone gas cooler 2 1606 320
Isothermal absorber 1 119012 1190
Bottoms pump 4 405 40
Cooler 1 1606 160
Acid makeup pump 14 405 40
Adiabatic absorber 1 11902 1190

Cooler 1 1606 160
Valve and piping 4 50 200
Duct 1 168 16
Instrumentation 11 46 506

Pollution Control

Dry scrubber preheater 1 80, 80
Dry scrubber 1 2381 2381
Discharge conveyor 1 360 360
Chemical feeder 1 360 360
Pump 2 4012  80
Valves and piping 2 so0 100
Duct 1 8 8
Bag house 1 274 274
Discharge conveyor 1 360 360
Duct, stack 1 8 8
10 fan 1 48 48
Instrumentation 6 46 276

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKIll-2-C-0O55 with ARRADCOM.
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TABLE L-5, (continued)

L~~l"Y11blltyt Mr/Mrxl0

No, in tq 1 pm1nt
eneal Eiu t tem System Item Syltim

Switch gear 1 12 12
Hydraulic power 1 220 220
Central control 1 746 746
Cooling tower 1 59513 595
Cooling water pump 1 48 48
Room, doors 2 200 400

Total System Unavailability 20,842x10 5

STotal System Availability .0.208 .79214

NOTES.
1. Assumed equivalent to a conveyor,

2. Arbitrary value.

3. Nominal value x 2 for severe service (acid fumes).

4. The acid regeneration plant vendor nominally installs
"33.100 percent redundancy,

5. Nominal value x 2 for severs service (aqueous acid).

6. Nominal value x 2 for severe service (aqueous acid).

7. Nominal value x 2 for severe service (aqueous acid).

fl 8. Nominal value x 2 for severe service (acid fumes),

9. Nominal value x 2. Power plant value considered unrealistically low.

10. Acid regeneration plant vendor Indicates 20 year refractory life.
Nominal value x 1/2 to allow for more severe conditions than In
standard acid regeneration plant.

11. Plugging of solids discharge most common failure. Value for
conveyors used.

* ,12. Spray nozzle clogging most likely failure. Value of 1/2 that
for a dry scrubber used, ai sprayed solution'is clean.

13. Nozzle plugging most likely failure. Taken as 1/4 the value for
a dry scrubber to account for clean water, much larger nozzles.

14. Availability of full plant capacity. Due to parallel operation
of the dissolution process, the availability of 2/3 capacity
will be somewhat higher.

Use, duplication, or disclosure is subject to restrictions stated in Contract No. OAAKll-82-C.-O5S with ARRADC0M.
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TABLE L-6. ACID ROASTER SYSTEM, 5000 LB/HR

Unavivelability, hr/h X106
mNo, In Equipment

._ aujment -tem System Item System

Dissolution Chamber

Munitions loader 1s 3601 5400
Dissolution chamber 15 1002 1500
Chamber closure 15 152 2280
Vent fan 1 963 96
Dissolution pumps 64 405 240
Acid cooler 3 1606 480
Vflves and piping 6 507 300
Duct 15 168 240
Chamber unloader 15 3601 5400
Instrumentation 90 46 4140

Roaster/Afterburner

SBurner 2 594 1188
Combustion air blower 2 48 96
Fuel supply 2 149 28
Spray nozzles I set 2381 2381
Refractory 1 114110 1141
Solids discharge 1 360 360
Roaster feed pumps 2 401 80
Cyclone 1 35011 360

* Oxide blower 1 48 48
Duct 1 168 16
Instrumentation 8 46 368

Acid Regeneration

Cyclone gas cooler 20 1606 3200
Isothermal absorber 2 119012 2381
Bottoms pump 2 405 80
Cooler 1 1606 160
Acid makeup pump 1 405 40
Adiabatic absorber 1 119012 1190
Cooler 1 1606 160
Valves and piping 4 S07 200
Duct 1 168 16
Instrumentation 19 46 374

Pollution Control

Dry scrubber preheater 1 80 80
Dry scrubber 1 2381 2381
Discharge conveyor 1 360 360
Chemical feeder 1 360 360
Pump 2 4012 80

Duct 1 8 8
Bag house 1 274 274
Discharge converyor 1 360 360
Duct, stack 1 8 8
ID fan 2 48 96
Instrumentation 6 46 276

Use, dupliCation, or disclosure is subject to restrictions stated in Contract No. DAAK1ll82-C.0055 with ARRACCOM.
... ' ., . .. - . ..,. . . . . . . ..,, .. ,'. , , .. .. , ., ', ', .. , ,. ., U.-, . , .. , ,.,... ., . -. .. . .,j , .. ,.. ... . , ,



~~iiTABLE L-6. (continued)

General

Switch Gear 112 12
Hydraulic power S 220 1100
Central control 1 746 13746
Cooling tower 1 5951 595
Cooling water pump 1 20 20
Room, doors 6 200 1200

Total System Unavailability 42,499x105ý

Total System Availability a1-0.424 0.5761

1. Assumed equivalent to a conveyor,

9 . Arbitrary value.

3. Nominal value x 2 for severe service (acid fumes).

*4. The acid regeneration plant vendor normally installs 33-100 percent
* redundancy.

S. Nominal value X 2 for severe service (aqueous acid),

6. Nominal value x 2 for severe service (aqueous acid).

7. Nominal value x 2 for severe service (aqueous acid).

S.8 Nominal value x 2 for severe service (acid fumes).

9. Nominal value x 2. Power plant value considered unrealistically low.

10. Acid regeneration plant vendor indicates 20.ytar refractory life,
Nominal value x 1/2 to allow for more severe conditions than in
standard acid regeneration plant.

11. Plugging of solids discharge most conmmon failure. Value for
conveyors used.

12. Spray nozzle clogging most likely failure, Value of 1/2 that for a
dry scrubber used, as sprayed solution is clean.

13. Nozzle plugging most likely failure. Taklen as 1/4 the value fov
a dry scrubber to account for clean water, much larger nozzles.

14, Availability of full plant capacity. Oue to parallel operation of
the dissolution process, the availability of part capacity will be
substantially higher.

use, duplication, of disclosure is subject to restrictions stated in Contract No. DAA9l1-8?..C-0056 with ARRAOCOM.



L-1 2
TABLE L-7, VACUUM FURNACE - RAM FACTORS

Unavailability, hr/hr x 10s
No. in Equipment

Equipment Item System Item System

Vacum Furnace

Locks 4 250 1000
Furnace Shell 1 100 100
Furnace Heater 1 100 100
Furnace Power Supply 1 100 100
Refractory 1 1141 1141P, T Instrumentation 8 46 368

Duct 1 8 8
Feed Conveyor 1 360 360
Discharge Conveyor 1 360 360
Furnace Conveyor 1 7201 720

Vacuum Pump 2 120' 240
Separator 2 360 720
Pipes, Valves 1 502 50
Chemical Feeder 1 360 360
Pump 1 2403 240
P, T level, Flow Instrumentation 16 46 736

Afterburner

Afterburner Refractory 1 1141 1141
Combustion Air Blower 1 48 48
Burner 1 894 594
Fuel Supply 1 144 14
P, T Instrumentation 6 46 275
Duct, stack 1 8 8

Dryer

Dryer 1 2381 2381
Burner 1 794 794
Combustion Air Blower 1 48 48
Fuel Supply 1 144 14
Pipe, Valves 1 501 50
P, T, Flow Instrumentation 5 66 330
Duct, Stack 1 8 8

General

Switch Gear 1 12 12
Hydraulic Power 1 220 220
Central Control 1 746 746
Room, Doors 200 200

Total System Unavailability 13,487x10"s

Total System Availability - 1-135 * 0.865

NOTES:

1. Nominal value x 2 for severe service - conveyor
2. Nominal value x 2 for severe service - pipe
3. Nominal value x 2 for severe service - pump
4. Nomitial value x 2. Nominal value for power plants considered unrealistically low.
5. Severe service because of qas composition.

"j d

•,, Use, duplication, or disclosure is subject to restrictionse stated in Contracte NO. DAAK11-62-C-0055 with ANRAOCOM,
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