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INTRODUCTION

Increased costs of solid waste handling at Navy shore facilities
have resulted from newly legislated environmental requirements, higher
labor and equipment costs, and increases in the quantity of solid waste
being generated (1). These have necessitated setting a high priority on
development of new methods and equipment to reduce expenditures.

Navy development must include small-scale refuse resource recovery
facilities because most shore activities are small when compared to
municipalities; i.e., 77% of total Navy solid waste is generated at• bases which dispose of less than 75 tons per calendar day* (2). The
municipal solid waste resource recovery problem has been and is cur-
rently being addressed by the U. S. Environmental Protection Agency
(EPA). However , the municipal developments have focused on large-scale
facilities - 500 tons per day and greater (3).

The Navy also needs to develop alternative methods for disposing of
solid waste. A 1972 survey (4) showed that the Navy uses 167 landfill
sites to dispose of waste from 147 shore activities. Most of these
landfills comply only marginally with Navy mandatory guidelines (5). Up
to a hundred years may be required for these landfills to decompose and
for related settlements to cease (6). As a result, traditional struc-
tures cannot be built in these areas because of the unstable soil (7)
and safety problems associated with methane generation (8). Studies by
the Civil Engineering Laboratory (CEL) to simulate a representative
volume within a landfill by accelerating decomposition proved incon-
clusive (6). Because Navy land areas are relatively fixed, the Navy
will become more dependent on local nongovernaent-owned land for future
disposal sites.

In addition to the Navy’s significantly smaller plant size require-
ments, Navy solid waste composition is quite different from typical
municipal waste (3). Navy waste does not include nearly as much resi-
dential type of refuse as does municipal waste. Therefore, the Navy
should not become totally dependent on equipment developed for munici-
palities. Refuse generated in the Navy shore establishment is generally
about 70% to 90% (by volume) combustible (9). Also, unlike typical
municipalities, the Navy currently uses steam networks in approximately
50% of its shore facilities to distribute heat energy (10).

Though these are not the only Navy-unique solid waste areas that
require cost-effective research, they do represent the prime concerns
addressed in Project TRASH (Total Refuse Advanced Systems Handling).
Project TRASH was comprised of four subwork units within the CEL Solid
Waste R&D and Energy R&D programs. This project constituted a co-
ordinated approach amongst the various involved disciplines toward the

*TPD
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systems analysis and design of a solid waste management RDT&E facility
suitable for Navy needs. Technical disciplines particularly addressed
by Project TRASH were resource recovery, source separation, and waste
heat recovery in packaged incinerators, which accounted for three of the
four above-mentioned subwork units. In the fourth subwork unit, a solid
waste flow model was developed to provide for computer analyses of the
economic impact of proposed changes in solid waste management practices
and, also, to estimate the cost-effectiveness of new solid waste manage-
ment systems.

The primary goal of Project TRASH is the development of cost-

- 
- effective methods for processing refuse in a form conducive to genera-

ting steam energy at Navy shore installations. Resource recovery equip-
ment and other new systems to increase Navy savings in handling, dis-
posing, or reducing the amount of waste being disposed of in landfill s
are secondary goals.

It is important to note how Project TRASH relates to the Tn-
Service RDT&E Plan for Solid Waste Management (11); i.e., problems
peculiar to the Navy are generally the same as those of the other ser-
vices. The Tn -Service Plan was developed so that a combined effort on
the part of the military services would address military-unique problems
in solid waste management.

Background information in this report covers the origin of CEL’s
involvement in solid waste research and development for the Navy start-
ing in FY-72 up to and including the systematic approach taken by the
CEL solid waste program team . The primary purpose of this report is to
outline the strategy of the systematic approach (Project TRASH), the
goals set for that project, and its accomplishments.

The waste heat recovery/packaged incinerator work is outside the
scope of this report. This work unit was included under the CEL Energy
Program, and its results are presented in that program’s reports.

ACCOMPLISHMENTS

Preliminary/conceptual designs of alternative approaches to a
small-scale solid waste transfer/resource recovery station for Navy
shore facilities were developed. Alternative equipment components and
processes were examined for each functional module, and their life-cycle
costs were compared to identify the most cost-effective equipment and
processes. The selected modules were combined to form alternative
system designs to process two types of solid waste: 1) completely
mixed waste and (2) waste from which most glas, and .e~.als had been
source-segregated. All alternative system designs were then subjected
to a lif e cycle cost analysis and ranked according to cost.

A solid waste two-component source segregation experiment was
conducted at a Navy shore installation on a scale large enough to re-
solve questions of workability. The effectiveness and cost factors
associated with the two-component source segregation of refuse into
combustible and noncoabustible fractions were quantif ied.

A computer program was developed to aid in the economic analysis of
proposed changes in Navy solid waste practices, such as implementation
of source segregation, mechanized collection, resource recovery, and

2
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transfer station operations. The program can be used to estimate the
cost effectiveness of new solid waste systems, study the sensitivity of
system performance to changes in system variables, and to identify
critical areas where R&D efforts will yield the highest payback.

BACKGROUND

• CEL’s research in solid waste began in FY-72 with an objective of
improving solid waste procedures and equipment for Navy vessels berthed

• or operating in shallow waters (12). In FY—73 the objective was ex-
- • panded to include development of improved systems, procedures, and

equipment for the collection, transport, and disposal of solid waste at
Naval shore facilities (13). The approach taken in the first 2 years
included review of advancements made by government and industry to
determine how and where these advancements could improve Naval shore
facility solid waste management. New concepts were developed for hand-
ling and disposal systems from the point of generation to final disposal.
A cost analysis was performed to identify high cost areas needing im-
provement. This analysis later proved the importance of solid waste in
the Navy by surfacing the Navy’s annual generation rates for shore
facilities (approximately 3,000,000 tons) and associated annual costs
for collection, transfer, and disposal of this material (approximately
$75 ,000,000) (14,15).

In FY-74 and if - iS the following specific research projects were
initiated: (1) open-pit incineration of conventional waste; (2) refuse
densification processing; (3) truck attachment for mechanizing collec-
tion of family housing solid waste; (4) mechanical landfill simulator;
solid waste generation factors; (5) transfer station/resource recovery
facility study; (6) utilization/disposal of solid waste in landspreading
and applications. In April 1975, CEL completed a planning document,
coordinating for DOD the current and future programs of military service
laboratories engaged in solid waste research. The document, Tn -Service
RDT&E Plan For Solid Waste Management (16), was prepared for FY-76 and
beyond.

Early in FY-75 the solid waste program was divided into two work
units: “Solid waste handling and disposal at Naval shore facilities,”
and “Advanced solid waste handling and disposal at Naval shore facili-
ties.”

In FY-76, four of the seven projects (mechanical landfill simu-
later, solid waste composition and generation factors, open-pit inciner-
ation, and tn -service program plan) were terminated and their results
documented (6,16,17). A new Solid Waste R&D Program structure (Figure
1) was developed to include four new projects. One of these projects
was in response to a request by the Civil Engineering Support Office
(CESO) of the Naval Construction Battalion Center, Port Hueneme, Calif.,
to develop parametric guidelines for aiding in cost-effective selection
of refuse collection equipment for Navy Public Works Centers and Depart-
ments; the other three projects, together with one project from the
Energy R&D Program, constitute Project TRASH.

3
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Project TRASH was CEL’s solid waste R&D resource recovery and
waste-to-energy program. The project started in FY-76 and included the
three following work units: Experimental System for Solid Waste Manage-
ment at Naval Shore Facilities (18), Solid Waste Flow Model (19), and
Experiment on Source Segregation of Solid Waste at Navy Shore Installa-
tions (20). The remaining portions of this report will be limited to
discussions concerning Project TRASH.

DISCUSSION

The thrust of Project TRASH was to develop cost-effective proces-
sing for converting the combustible refuse fraction into steam energy.
This is considered high priority since the Navy’s solid waste is mostly
combustible and steam lines are readily available at about half of the
shore facilities. Another point to be considered is that Navy land
available for refuse disposal is extremely limited. Development of
reliable, inexpensive, low-technology equipment that can economically
process small quantities of solid waste was also considered high prior-
ity because most Navy generators of solid waste are small, as noted
earlier. An additional benefit from developing standard small-scale
processing systems is that standardization of component modules would
avoid costly custom design and construction. Parallel process lines
could be used for the larger generators to improve reliability and give
the capacity for higher volumes along with the flexibility for adjusting
to changing volumes. Interchangeability, standardization of operator
training, low cost procurement of the modules, and ease of implementa-
tion at new Navy facilities all bore on the decision to emphasize design
studies of a small-scale, standardized, resource recovery plant.

Upon examination of typical coninercial solid waste processing
equipment used in refuse heat recovery systems, it was found that a
large portion of the capital investment went toward equipment used
primarily for separating the combustible fraction from the mixed refuse
(21). For small-scale systems to be economical, the unit capital cost
must be considerably lower than for large-scale systems. A reasonably
straight-forward alternative is to segregate the waste at the source of
generation into its combustible and noncombustible fractioas. While
this kind of segregation would not be expected to separate all of the
noncombustibles from the combustibles, it would be expected to pr~ iuce a
combustible fraction that does not contain large heavy metal objects and
that can be processed at much lower cost with considerably lower expen-
ditures of energy. The RDF (refuse-derived fuel) would be less likely
to contain explosive or toxic items, and some of the segregated non-
combustibles will have resale value.

Before a sound decision can be made as to which solid waste proces-
sing system should be selected for implementation, the workability and
costs of source segregation in the Navy shore establishment must be
known to allow consideration of this alternative. Design, fabrication ,
and test of equipment for converting refuse to fuel are required to
determine the feasibility of economically converting solid waste into

5
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usable energy. An investigation by a coninencial research institute into
the present state of the art of processing systems and equipment for

- - waste-to-energy applications revealed the need for considerable addi-
tional research (22). However, it was felt by the Project TRASH team
that elimination of the equipment used for separation of the combus-
tibles from the noncombustibles in refuse would greatly improve system

• reliability and economics. The question was: By how much? Consequent-
— ly, a model for computerizing an economic analysis of a large variety of

systems was needed for simulating proposed changes as well as proposed
new systems in Naval solid waste management practices. The following
sections describe the individual work units and discuss their relation-
ships to Project TRASH.

Experimental Systems for Solid Waste Management
at Naval Shore Facilities (ESSWAII)

The objective of this work unit was to construct a small capacity
(nominal 25 TPD) , low cost experimental solid waste plant that incor-
porated resource recovery and waste-to-heat refuse processing equipment.
EDT&E on the waste heat recovery incinerator/boiler package i’as to be
conducted under the NAVFAC Energy Program. Effort in this area was
coordinated with the Solid Waste Program but is reported under the
Energy Program at CEL. The total system was to constitute a pilot
operation for Naval shone activities. The initial effort was expended
toward the preparation of alternative preliminary designs from which the
most suitable could be selected. Further plans (work not completed)
include the preparation of detail working designs, construction of the
facility, and test and evaluation. The first phase was contracted to
Systech Corporation of Xenia, Ohio. The scope of work included the
following four basic elements.

1. Survey of the existing solid waste system at the U. S. Naval
Construction Battalion Center (NCBC), Port Hueneme, Calif. (the intended
site for the RDT&E facility).

2. Preparation of alternative preliminary design concepts for the
experimental station based on modular construction. In these concepts,
each module is complete and self-contained. Each module, irrespective
of its physical location, is functionally interfaced with adjacent
modules to form an integrated system. Two solid waste stream conditions
were considered: (a) the waste completely mixed and (b) the waste
partially segregated into combustibles and noncombustibles. Each con-
dition was capable of resulting in a different modular design. The
modular design was predicated on suitable application of coi~ ercially
available equipment, which, in turn, determines the degree of segrega-
tion for the partially segregated condition--(b) above. The modular
noncombustible (and mixed) process lines included equipment for ferrous
metal, nonferrous metals, and glass separation. Accordingly, a market
survey of local industry was made to determine sales potential of the
three segregated refuse materials.

6
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Three design concepts for processing the combustibles were prepared,
one for each of the three different forms of the combustible fraction
shown in Table 1. Modular process lines for separating the combustibles
from noncombustibles were also conceptually developed for comparison.

3. Preparation of parametric analysis of the integrated modular
systems and r~aking of the alternative preliminary design concepts based
on estimated capital cost, operating and maintenance costs, environ-
mental impact, and safety. Only generation rate, refuse composition,
and equipment characteristics were considered in the parametric analysis.

4. Documentation of the findings in the form of a report.

Before the contractor findings are described, a brief discussion of
some of the major equipment modules cosinonly used for waste-to-energy
processing will be given.

Refuse Separation Equipment. Refuse separation technology was
— originally felt to be within the present state of the art; however,

through use and testing, engineers have discovered that considerable
research and development is required (22). Basically, most of the
costly problems in the waste-to-energy systems are found in the ha er
mill (shredder) and air classifier (21). The principal advantage of
this solid waste processing technique is that it can or was originally
thought to be capable of receiving solid waste as it is generated (i.e.,
mixed). The mill consists of a horizontal axle with articulated heavy
arms (haumiers) surrounded by heavy walls and grates (23,24 ,25). The
refuse is repeatedly impacted and broken up until it is small enough
(usually less than 1 in. maximum dimension) to pass through the grates.
The air classifier accepts the shredded refuse and meters the material
at unifurm flow rate into its throat where an upblast of air lifts the
lighter material fragments (combustibles), leaving the heavys (noncom-
bustibles) to drop out (26).

The problems encountered with these equipment components are very
basic. Shredders have been proven to work for the mining industry where
the material is fairly homogeneous (25); solid waste, however, consists
of just about everything. How does one design a shredder to break up a
heavy metal object such as a discarded electric motor and also chop up a
large discarded rug? Additionally, the power required to operate a
haniner shredder is large, ranging from 400 to 2,000 hp (23). Experience
has shown that internal parts of haimnermills, particularly the haimners,
wear rapidly when processing mixed solid waste. In many cases, the
haniners must be retipped every day. The exact cause of rapid hammer
wear has not been fully investigated, although abrasive materials such
as glass and hard meta~ls are known to be major contributors (22). The
capital cost of shredders typically ranges upward from $200,000 (23).

The air classifier will only function if the refuse is shredded so
that particle sizes are c~onsistent enough to allow gravity to separate
the combustibles from the noncombustibles (26). Unfortunately, cx-
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Table 1. Three Types of Processed Refuse-Derived Fuelsa

DeusiE~ed Fine Coarse
RDF RDF RDF

— fin. Max. fin. Max. fin. Max.

a. Moisture content,
% by weight 8 22 25 — 35

• b. Separable inerts,
%by weight — 5 — 5 — 8

c. Density, lb/cu ft NAd NA 6 — 4 —

1. Unit piece 30 50 NA NA NA NA

2. Average, 1 cu
yd random
orientation 20 — NA NA NA NA

d. Dimensions, unit
piece, in. 0.5 4 NA NA NA NA

1. 80% of pieces,
by weight NA NA — 0.5 — 3

2. 95% of pieces,
by weight NA NA — 0.8 — 5

3. 99% of pieces,
by weight NA NA — 1.5 — 7

a~Jff
bShape of pieces is not specified. No binders or other chemical
additives, except water, are acceptable.
CDashes indicate value not specified.
dNot applicable.
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• - penience has proven that separation is not efficient (22): a large
percentage of the wood, an excellent fuel, reports to the heavies (non-
combustibles); many small glass fragments report to the lights (combus-
tibles). This is believed to be the result of the high profile drag
caused by the large surface areas of the thin glass fragments and low
profile drag of sleuder wood splinters. The air classifier performance
is particularly sensitive to the size, shape, and surface area of mater-
ial fragments and to the proportion of heavies to lights. Most air
classifiers are large, expensive, a~id require extensive duct work. They
also consume large amounts of power and operate at a high noise level.

• Results of the source segregation project (to be discussed later) have
- 

• proven that comparable separation of combustibles from noncombustibles
can be realized by segregating the waste at the point of generation
(27).

- 
- 

Pyrolysis. This process consists of the decomposition of organic
refuse into liquid or gaseous fuel by high temperature in an oxygen-
deficient environment. For the process to work, the refuse must be
separated (organic from nonorganic) and thoroughly shredded (28).
Grinders have been used in small-scale laboratory systems to grind the
paper and wood (organics) products into 1/8-in, particles. Obviously,
just the front end processing is more expensive than the mechanital
refuse separation system described earlier. The advantage of pyrolysis
is that it converts the solid waste into gas or liquid fuel that can be
utilized in more conventional machines such as automotive vehicles. The
type of fuel formed from solid waste is more dependent on the method of

— pyrolysis than on refuse composition (29).
• Many methods are being experimented with; but, for clarity, one

simplified example will be given for extracting methanol from refuse
(29). The shredded organics are first dried and then transferred to an
atmospherically controlled heating chamber for pyrolysis. In this
chamber, the material is heated to a high temperature (about l600F) for
decomposition. The products are then fed into an air classifier which
separates the tar solids from the gaseous materials. The resulting
gases are then processed to form methanol. The gas processing includes
pressurization to approximately 750 psig. Major losses in the process
are: (1) the heat required for pyrolysis and (2) the energy required
for gas compression. Approximately 50% of the fuel energy derived from
the solid waste is used internally for these two major energy-consuming
processes. Additionally, the fuel energy extracted from the solid waste
is, at best, 50% of what is available after losses for pyrolysis and gas
compression. For 1 Btu of solid waste energy, only about 1/4 Btu equiv-
alent of refuse-derived fuel is produced. When the fuel is extracted
and is eventually used, another loss is incurred ; i.e., that of the
engine or heater burning the fuel (29).

Processing system alternatives to raw refuse incineration (includ-
ing pyrolysis) have been shown to be generally less efficient (30).

9
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The inefficiency of pyrolysis fuel processing is not the only
problem. Plant capital costs arc high, and the equipment very sophisti-
cated (31). As a result, S~:tech Corp. was not requested to research a
pyrolysis fuel processing system “ part of their contract with CEL.

Densified Refuse-Derived Fuel (d-k~!). Shredded, or simply chop-
ped, combustible refuse (fluff) requires large storage volume due to its
low density, is expensive to transport, and presents a fire hazard (22).
For economic heat recovery from fluff, the incinerator/boiler must be
located adjacent to the refuse processing plant and have minimum 24-hr
storage. However, if the fluff is densified into pellets, it might be

• capable of being •ixed with coal in many coal-burning furnaces. The
problems encountered with d-RDF have been primarily with storage and
handling in conventional coal-processing equipment (32). For example,
because the d-RDF has a higher surface coefficient of friction than
coal, it often clogs in the storage silos (32). Also, d-RDF compresses
more readily than coal when stored for long periods of time and is more
adversely affected bj moisture (32). However, the processing equipment
required to produce d-RDF is the primary unknown (22). Textiles and

-
- - 

hard metals even in small particle form might damage the dies. Also ,
the process consumes considerable energy, and the waste must be finely
shredded prior to densification (32).

— Systech Corp. Study Results and Conclusions (21). The approach
taken in this study for selecting a resource recovery system suitable
for design is believed to be unique because Systech Corp. was specif i-
cally directed by CEL to leave the evaluation open and not exclude
processing alternatives until the parametric analysis was complete. The
modules employed were frequently innovative, and the impact of rearrang-
ing them was studied. As a result, the source-segregated waste proces-
sing line is original and believed by Systech Corp. to be economical.

The Systech Corp. report on this study contends that implementation
of an economical, reliable, small-scale (25 TPDI~*) resource recovery
system at Navy installations is feasible. The de”elop.ent of a proces-
sing line costing around $900,000 for capital equipment and installation
and having net operating cost of $16.00/ton (competitive with alterna-
tive disposal methods in populated sections of our country) is indicated.
However, it is noted that no allowance was provided for waste-heat
recovery equipment or for source separation costs. These cost items are
addressed in the discussion of the solid waste flow model.

The Systech Corp. report (21) has implications ranging far beyond
the military. The results of their study can have significant impact on
the nation’s entire approach to solid waste management.

The availability of such a system would benefit the Navy, Depart-
ment of Defense, and the small communities and towns of the nation. Its
further development is clearly indicated.

*TonS per day for 5-day week.
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NCBC, Port Hueneme waste stream characteristics are discussed in
the Systech Corp. report. Development of the modular approach to re-
source recovery plant design is described, and the alternatives are
analyzed. The preferred alternative was found to be a plant which
processes source-segregated waste, where the categories are (1) metals
and glass and (2) all other waste. Included is a process description of
the plant, including component descriptions and a construction-cost
estimate. Reduced blueprints of the preliminary design concept are also
provided. The report also presents the performance and cost summaries
for the modules and life cycle costs.

Experiment on Source Segregation

The objective of the experiment was to quantify the effectiveness
- • and cost factors associated with source segregation of refuse into corn-
• bustible and noncombustible fractions at Navy shore activities. For

this experiment, the combustible fraction is defined as paper, plastic,
and cardboard; all other materials comprise the noncombustible fraction.
Wood was not included in the combustible fraction because compactor

- 
- trucks are used to collect the combustibles.* The experiment concentra-

ted on source segregation which can be implemented with minimum capital
investment. Emphasis was placed on quantification of (1) segregation
effectiveness (i.e., percent of segregation at each source type) (2)
estimated percentage increase in operating costs attributable to source
segregation for each source type, and (3) estimated additional equipment
requirements and investment, on a unit basis, at each source type.

The effort was conducted in two phases: Phase I - Planning the
Experiment, and Phase H - Execution and Analysis of the Experiment.

Planning the Experiment (33). The source segregation experiment
was conducted on a scale large enough to resolve questions of work-
ability and provide a quantitative basis for evaluation of the merit of
source segregation in the Navy shore establishment. The approach taken
was to conduct a base-wide experiment on source segregation of solid
waste into combustibles and noncombustibles at NCBC, Port Hueneme. This
Navy base encompasses a variety of activities and work areas, including
offices, warehouses, receiving and shipping areas, construction training
areas, shops, and deep-water ship docks. In addition, there are mess
halls, cafeterias, automobile service stations, commissary, Navy Ex-
change stores, barracks, and residences serving the 10,000 people work-
ing or living on the base — civilian employees in addition to military
personnel and their dependents — all of whom discard refuse daily.

Following the initial development of the concept, the objectives,
and the scope of the experiment, several steps were necessary in the
advance planning and preparations. These have been accomplished, as
follows:

*NCBC Port Hueneme requested that wood not be collected
with compactor trucks because it wedges into the compactor
mechanism.
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1. The approval and support of the administration at NCBC, Port
Hueneme for the experiment and the cooperation of Public Works/Trans-
portation personnel at that activity were obtained.

• 2. A survey of the entire base was conducted to determine the
characteristics of each refuse source and the composition and quantities
of refuse produced. Procedures and equipment requirements for segrega-
tion at each source were developed; as a result, a relocation/placement
list was prepared and used as a guide in deploying additional containers
as required (33).

3. A telephone survey of six representative Navy shore facilities
was conducted to determine: (a) what procedures and communications
media are typically used at such facilities to convey information to
personnel on base, including military personnel, their dependents if
living on base, and civilian employees; (b) who or what office takes
action to direct a new program such as source segregation, and what
action is taken for implementation; and (c) what follow-up monitoring is
done to reinforce the initial implementation and to assure compliance .

- • 4. Human factors consultants were employed to interview key people
in base housing, public works, and public information on base drives,
energy conservation, and community structures (34). Subsequently, they
personally interviewed a selected sample of the resident population of
NCBC housing and evaluated the program to examine the human factors
involved in the design and implementation of the experiment.

5. Results of the phone survey of six Navy bases and of the human
factors survey were analyzed and a plan developed for public relations

4 phase of announcing, initiating, promoting, and supporting the 4-mo-long
experiment at NCBC.

6. A contract was awarded for the measurement of the degree of
segregation (effectiveness) achieved and for the determination of addi-
tional costs incurred in gathering and collecting the segregated refuse
over the 4-mo period of the experiment (35).

Execution and Analysis of the Experiment. The following steps
constituted execution and analysis of the experiment:

1. Preparation of containers for segregation. This included the
minimum necessary repair, painting, and labeling to identify contents
(paper, plastic, and cardboard versus other materials) and the placement
of containers in accordance with the relocation/placement list.

2. Public relations with participants. This included publication
and distribution of announcements, posters, and instructions , as well as
monitoring or followup coordination.

3. Survey and evaluation of solid waste segregation. This in-
cluded two major tasks, both of which were contracted to SCS Engineers,
Long Beach, Calif (35). These are summarized briefly as follows.

12



(a) Survey and evaluation of source segregation effectiveness.
The purity of container refuse was surveyed and recorded biweekly over a
period of 4 consecutive months (1 month before and 3 months during
source segregation). The degree to which the solid waste was separated
at the source into the combustible fraction and the noncombustible
fraction was determined. •1

(b) Assessment of source segregation impact on cost of col-
lection operations. Increases in operating Costs attributable to source
segregation were determined by means of manpower and equipment utiliza-
tion surveys. These were conducted once for a 2-wk period immediately

• prior to the start of source segregation, and a second time, at the
exact same facilities, for a 2-wk period during the third or fourth
month of source segregation.

4. Data analysis and report~~g. In addition to the contractor’s
supplying daily reports, monthly progress reports, and final contract
report, CEL prepared monthly progress summaries and a Technical Note
covering the overall source-segregation experiment (27).

Conjecture has been made regarding the workability and costs of
source segregation in the environment of the Navy shore establishment.
However, many municipalities formerly required (prior to more stringent
air-quality regulations) that residents separate their refuse and burn
all paper and cardboard , and it appears that little or no enforcement
was necessary. This question has been clearly resolved as a result of
the source-segregation experiment. Purity of the combustible fraction
proved to be better than 90%, and it continued to improve with time
(27). Air classifiers tested under ideal conditions have produced a
comparable combustible fraction purity (26). Purity of the noncombus-
tible fraction was better than 70% toward the end of the experiment.
While active participation was theoretically better than 50%, it is
estimated that in actuality 60% to 70% of the community participated to
some degree (27). The success of the NCBC experiment can be attributed
to the use of only two categories for the separation. Most other source
segregation experiments (36,37,38) included three or more categories
(e.g., high quality paper, cardboard , ferrous metal , aluminum , glass ,
garbage, brass, copper, or other material). Just the material handling
logistics alone proved to be a problem in multiple category segregation,
and it was all but hopeless for a person trying to properly dispose of
an item. Also, once the system breaks down, it is very difficult to
reinstate (34).

The cost of the two-category source segregation proved to be sur-
prisingly low. Because no change in volume or in material-handling
equipment and practices was made, no large capital costs were added .
Only the outdoor containers needed to be augmented. Table 2 gives the
overall cost breakdown.

In addition to the questions of workability and cost impact of
source segregation, the potential reduction in energy available from the
wastes generated at those facilities having a high quality paper recyc-
ling program has been conjectured. Concern has been expressed that,

13
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after a waste-to-heat system is installed, it might be followed by
mandated recycling programs (39,40) which could significantly reduce the
waste energy available. The available total energy, if paper were
removed for recycling programs, would be reduced less than 10% (38).

Results of the source-segregation experiment proved that a corn-
parable quality fuel product can be produced with less initial and
maintenance cost than with mechanized separation. Source segregation
has proven workable and does not require sizing for a given generation
rate, unlike stationary separation equipment. The system also utilizes
proven technology and consumes considerably less energy for its opera-

• tion than the large mechanized separation systems.

• Table 2. Summary of Separate Collection Cost
Impact at NCBC, Port Hueneme

Projected CostOperation Projected (%) Increase Increase ($/mo)

Custodial services 5 645

Residential Collection 6 75

Additional Outdoor
Containers 433

Additional Indoor
Containers 50

Program Administration,
Public Relations, Labels 100

Total $1,303

Total per ton ~295a

a $1,303
21 tons/day x 21 days/mo

Solid Waste Flow Model

During the planning of the CEL Solid Waste Program, it became
apparent that capability of answering questions such as the following
would be very desirable:

1. How would a proposed solid waste management system respond to
changes in variables such as the effectiveness of source separation, or
the cost of fuel, or the closure of a nearby landfill?
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2. How would the random variation in parameters such as the quan-
• tity and composition of refuse, equipment reliability, and the value of

recovered resources affect performance of the system?

3. To what changes would the performance of a new system be sensi- —

tive? What data need to be known with precision, and what data are
relatively unimportant? What areas of solid waste technology hold the
promise of a high return for an investment in R&D?

The answers to such questions can be obtained only by repetitive
L analyses of solid waste management system performance. The solid waste

flow model was developed to reduce time and cost required to perform
these analyses.

Approach. Because of the random nature of refuse quantity and
• composition, market demands, and equipment performance, a probabilistic

approach was employed in developing the model. The solid waste flow
model development was based on the following items:

1. Survey of past and present work in solid waste management
system modeling and selection of those model elements and data which are
applicable to the present problem.

2. Development of a system of equations which describe the costs
associated with each unit operation of a solid waste management system
(such as collection or processing for fuel recovery) and the inter-
relationships between the various unit processes.

3. Coding the system of equations into a computer program .

4. Use of the program to help assess the economic feasibility of
different solid waste management alternatives.

A consulting engineer was hired to determine the extent of current
and previous efforts in solid waste flow modeling, to define the model-
ing problem as it relates to the CEL Solid Waste Program, and to identi-
fy those existing models or model elements which could be used by the
Navy (41). He was unable to identify any solid waste models which would
be applicable to the Navy problem.

Following the report of the consulting engineer, work was initiated
at CEL to develop a system of equations describing the economic and
technological performance of the various operations of a solid waste
management system; e.g., collection, processing, and disposal, in terms
of variables such as refuse generation rate, effectiveness of source
separation efforts, labor requ~.rements , and process efficiencies. These
equations, together with the necessary control logic, were coded into
SWEEP (Solid Waste Economic Evaluation Program) which was exercised and
proven with a series of complex test cases.

Since the accuracy of a computer program such as SWEEP is no better
than that of the data which are entered into it, reasonably accurate
data on current solid waste management practices and costs at Naval
shore activities, equipment costs, fuel costs, labor rates, and other
pertinent parameters are required.
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SWEEP Code. The Solid Waste Economic Evaluation Program (SWEEP) is
composed of approximately 1600 FORTRAN instructions organized into 11
subroutines and a master control program. Although the SWEEP code is
quite large, it is not especially sophisticated. The majority of the
computations performed by SWEEP are straightforward engineering economic
calculations. However, many such calculations must be performed in
estimating the economic performance of even a simple system; of course,
implementation of Monte Carlo analyses requires that hundreds of separ-
ate and complete analyses be conducted.

The number of data items, empirical relationships, and assumptions
built into SWEEP is very small. Because of this, the program user is
required to input a number of routine data items (such as labor rates
and fuel costs) and to conduct additional analyses to estimate other
required inputs (such as labor requirements). Although this approach to
program design results in a substantial amount of preparatory work
before the program can be run, it also results in maximum program accu-
racy and flexibility.

SWEEP cannot at present be used to estimate first costs for equip-
ment or facilities or to estimate system labor requirements. These data

- 

- must be determined by separate analyses. Also, SWEEP cannot automatical-
ly find the optimum system design. The best system must be determined
from interpretation of technological performance output. Typical mea-
sures of technological performance are the amount of steam generated
annually, the volume of process residues, and the daily average number
of trips made to the disposal site. Measures of economic performance
include unit disposal costs, annual system operating costs, and savings-
investment ratios.

SWEEP was designed primarily as a tool for evaluating candidate de-
signs of the Experimental System for Solid Waste Management (ESSWAII)
being considered for implementation at NCBC Port Ilueneme; to date, the
program has been used only for studies relating to that project.

Example of SWEEP Application. As an example of the capabilities
and possible uses of the SWEEP code, a proposed new solid waste manage-
ment system for NCBC is compared to current operations at that activity.
The proposed new solid waste management system has the following charac-
teristics:

1. Refuse from most activities on the base will be segregated at
the point of generation into two categories: (a) paper products, plas-
tics, and other combustible materials and (b) metals, glass, stone,
dirt, and other noncombustible materials. Separate containers will be
provided for each type of material and the contract for janitorial
services will be modified to insure that the waste streams are kept
separated.

2. Refuse will be collected with the present crew and equipment,
although some routing and procedural changes will be required. The con-
tract for collection of family housing refuse will be modified to insure
that the refuse is kept separated and is delivered to the desired loca-
tion.
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3. Collected refuse will be dumped at a resource recovery facility
— located close to the base boiler plant. The combustible materials will

be processed into a coarsely shredded fuel product and burned in a
packaged incinerator unit. The incinerator will be equipped with a
waste heat boiler so that heat will be recovered in the form of low
pressure steam fed directly into the base steam supply lines. - -

4. Process wastes, nonprocessible refuse, and refuse in excess of• plant capacity will be deposited in a large truck trailer to be hauled
to a landfill.

The program input data for the new system are summarized in Table
-

. 3, and a plan view of the proposed facility is presented in Figure 2.
The current system at NCBC is summarized in Table 4. The program output
data for the new system are given in Table 5. - 

-

Table 3. SWEEP Input Data for Proposed Solid Waste
Management System for NCBC, Port Hueneme

- Input Data
Items bOrigina la Updated

Cost of Implementing Source Segregation , k$

First Costs (engineering, containers, publicity) 19.5 19.5

Annual Costs (increased janitorial services ,
containers, contracted collection, and program
administration) 25 8.7

Cost of Collection , k$/yr

Janitorial Costs 122.0 122.0

Collection Labor 108.6 108.6

Fuel 3.7 3.7
Vehicle Maintenance 3.8 3.8

• Containers 6.9 6.9

Contracted Collection 16.5 16.5

continued
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Table 3. continued

Resource Recovery Facility

First Costs , k$
1. Engineering 40.0 40.0
2. Fuel Processing Equipment 150.5 150.5
3. Metal Recovery Equipment 82.3 0.0
4. Incinerator-Boiler 240.0 240.0
5. Off-line Transfer Equipment 35.1 35.1
6. Dust. Control 25.0 25.0
7. Building 310.0 220.0
8. Contingency 140.0 140.0
9. Startup 100.0 80.0

Annual Cost, k$
1. Labor 41.8 31.0
2. Energy 16.7 16.0
3. Maintenance 7.5 7.0

Values of Recovered Resources
1. Steam (based on current NCBC boiler

plant and No. 6 oil), $/klb 2.92 2.92
2. Light Ferrous Scrap, $/ton 35 0

Process Performance, %
1. Source Separation Volumetric Purity 80 90
2. Steam Generation Efficiency 55 55
3. Ferrous Recovery Efficiency 90 --

Operating Characteristics, hr/day, days/wk
1. Fuel and Ferrous Processing 5,5 5,5
2. Steam Generation 24,5 24,5

Operating Life, yr
1. Operating Equipment 10 10
2. Structure 20 20
3. Economic Life 20 20

Disposal System (Commercial Landfill)

One—way Distance From Base, mi 6 6
Disposal Fee, $/ton 2 2

aAssumed at the beginning of the Project TRASH program.
bDerived from the source-segregation experiment and no metals recovery.
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- - Table 4. Current Solid Waste Management System at NCBC , Port Hueneme

Item Quantity and Cost

Quantity of Refuse Collected, ton/day

Collected by Navy Personnel 17.3

Collected by Contractor 3.5

Cost of Navy Collection

-- k$/yr $/ ton

Apportioned Janitorial Services 122.0 27.40 47.9

Collection Labor 108.6 24.10 42.7

Vehicle Fuel 4.5 1.00 1.8

Vehicle Maintenance 3.8 0.85 1.5

Disposal Fee 9.0 2.00 3.5

Container Maintenance 6.7 1.49 2.6

TOTAL 254.6 56.58 100.0

The life-cycle disposal cost for the new system will not be less
than the life-cycle disposal cost of the present system if the savings-
investment ratio (SIR) for the resource recovery facility has a value
less than 1.0. The value of SIR for the proposed system was originally
calculated to be 0.68. Thus, the income from the resource recovery
facility would be insufficient to pay the operating costs of the facil-
ity and retire the capital debt of the facility; there would be no
“profits” which could be applied to reduce the disposal cost below its
present value. It should be noted that program SWEEP included all the
associated costs of changing from the present system to the proposed
one. The Systech Corp. analysis (Section 1.1 of Reference 19) did not
include costs associated with source segregation or incinerator/boilers ,
which explains the more favorable conclusion of their report , since it
was based on a reduced capital cost for the system.

The process line for the recovery of magnetic metals is especially
unattractive, as was determined by comparing the life-cycle cost of the
metal recovery system ($135/ton) with the value of light ferrous scrap
($35/ton). The attractiveness of the facility was improved by elimina-
ting the noncombustible materials processing equipment and transferring

20



Table 5. SWEEP Output Data for Proposed Solid Waste
Management System for NCBC, Port Hueneme

[ Output Data
Item I

i . .  a b
___________________________________________________ I_Original Updated

Resource Recovery Facility

- 
• First Cost, k$ $1,143 $951

Annual 0 & M Cost, k$ 66 54

Annual Income/Savings From Resource Recovery Facility

Sale of Steam, k$ 92 92
Sale of Magnetic Metals, k$ 4.9 0

Reduced Disposal Fee and Ve~iic1e Fuel Costs, k$ 7.4 8.4

Economic Performance Indicators

Savings-Investment Ratio 0.68 0.82

Disposal Cost, Including Capital Cost
Amortization, $/ton 76.11 63.61

Life-Cycle Cost of Fuel Processing System, $/MBtu 0.58 0.58
Life-Cycle Cost of Metals Recovery System, $/ton 134.47 0

Life-Cycle Cost of Heat Recovery System, $/NBtu 1.74 1.74

aAss~~~d at the beginning of the Project TRASH program.
bflerived from the source-segregation experiment and no metal recovery.

the noncombustible source-segregated materials directly to the transfer
trailer. In the original SIR calculation, the janituiial cost input
data for SWEEP came from the NCBC janitorial contractor. Results of the
experiment’s time study showed these costs to be lower than those pro-
vided by the contractor. As a result, the original SIR was modified to
include the updated characteristics shown in Table 3. Corresponding SIR
for the proposed system is 0.82, with an excess cost, over present
system cost, of $11.50/ton.

Upon first examination, the proposed system still appears unattrac-
tive. However, only $2/ton was assumed for landfill disposal cost. The
Florida Resource Recovery Council, a government organization created by
the Florida legislature, says it currently costs $3 to $5 a ton to land-
fill waste in North Florida and up to $14/ton in South Florida (42).
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- - In Los Angeles County, 50 miles from NCBC, 7 million inhabitants
yearly generate 11.5 million tons of garbage, garden clippings, and
building rubble. The county buries this trash in a network of strate-
gically located and economically run canyon landfills. But, the land-
fills are filling fast, posing a serious disposal problem for the county.
The problem came to a head in March 1976 when homeowners in the Santa
Monica Mountains pressured the Los Angeles City Council into refusing to
let Mission Canyon reopen as a canyon landfill - despite the promise
that in 20 years a park would “blossom” near their expensive homes (43).
Similar problems are anticipated for Ventura County, which surrounds
NCBC.

In addition to the rising cost of landfilling, energy costs are
escalating. The proposed resource recovery plant can be profitable
(i.e., SIR greater than 1.0) if the cost of energy increases 75%, every-
thing else being constant. A doubling of energy costs within the next 5

• to 10 yr is not a remote possibility. Also, the example problem comp-
uted was for Southern California, a temperate climate zone. Other parts
of the country for similar Navy shore facilities could prove to be more
economically attractive. SWEEP has been developed to assist in this
type of evaluation, and projected energy costs can easily be included in
the model.

SWEEP Study Conclusions. SWEEP has been developed to assist in the
evaluation of alternative solid waste management systems. The program
computes many indicators of the technological and economic performance
of solid waste management systems. Among the parameters computed are
the amounts and values of recovered resources, energy Consumption,
disposal costs, savings-investment ratios, and unit process costs. The
SWEEP code can also be used to perform probabilistic analyses of the
effects of random variations in parameters such as the amount and com-
position of solid waste.

CONCLUSIONS

1. Solid waste processing concepts developed during the alterna-
tive design concept study showed that implementation of an economical,
reliable, small-scale, modular resource recovery system, suitable for
scaling up via multiple lines, at Navy installations is practical and
desirable. Waste-heat recovery appears to be the only profitable func-
tion. Material recovery for resale such as metals and glass did not
prove to be economical in that it costs more to separate these materials
than can be recovered from local markets.
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2. Two-component, voluntary, source segregation for waste-heat
recovery is workable in the Navy shore establishment.* Source segre-
gation can produce a comparable quality fuel product with less initial
cost and less maintenance cost than mechanical separation equipment.

3. A computer program, developed by CEL, is available for corn-
-

. puting various indicators of technological and economic performance of
solid waste systems. This capability constitutes the most rational and
significant basis known to exist, from which to design new solid waste
management systems or implement changes of any kind in existing systems.

RECOMMENDATIONS

1. A solid waste RBT&E facility capable of handling a nominal
throughput of 25 TPD should be constructed and operated at a suitable

- • Naval base in conjunction with a source-separation program similar to
the test program tried at NCBC, Port Hueneme. Emphasis should be on
waste-heat recovery.

2. The solid waste processing equipment tried first should include
a minimum number of modules. Other labor-saving equipment should be
added later, only where warranted by evaluation of cost effectiveness
and reliability. Fuel size reduction equipment should be selected
according to fuel size specifications of the packaged incinerator/
boiler.

3. Equipment selection should be based on examination of all
commercially available machinery and known processes and not be limited
to only those previously used in other solid waste processing plants.
More specifically, it is felt that a small flail mill should prove to be
sufficient for size reduction. One small front-end loader should prove
adequate for all waste material handling, and a simple stacking wall
should be cost effective for storing the refuse-derived fuel.

4. In support of the RDT&E facility, it is also recommended that
the computer program SWEEP be exercised to determine the facility’s cost
effectiveness.
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HAWAII STATE DEPT OF PLAN. & ECON DEV. Honolulu HI (Tech Info Ctr)
ILLINOISSTATEGEO. SURVEYUrbanaIL
INDIANA ENERGY OFFICE Office Indianapolis IN
VIRGINIA INST. OF MARINE Sd. Gloucester Point VA (Library)
KEENE STATE COLLEGE Keene NH (Cunningham)
LEHIGH UNIVERSITY BETHLEHEM, PA(MARLNE GEOTECHNICAL LAB., RICHARDS); Bethlehem PA

(Fritz Engr. Lab No. 13, Beedle); Bethlehem PA (Linderman Lib. No.30, Flecksteiner)
LIBRARY OF CONGRESS WASHINGTON , DC (SCIENCES & TECH DIV)
LOUISIANA DIV NATURAL RESOURCES & ENERGY Dept. of Conservation, Baton Rouge LA
LOW COUNTRY KEG. PLAN. COUNCIL YEMASSEE, SC (BAGGS)
MAINE OFFICE OF ENERGY RESOURCES Augusta. ME
MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas)
MISSOURI ENERGY AGENCY Jefferson City MO
MIT Cambridge MA; Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.); Cambridge, MA (Harleman)
MONTANA ENERGY ADVISORY COUNCIL Helena MT (Monensen)
NATL ACADEMY OF ENG. ALEXANDRIA, VA (SEARLE, JR.)
NY CITY COMMUNITY COLLEGE BROOKLYN , NY (LIBRARY)
OREGON Salem OR (State Office of Allocation & Conserv.)
PURDUE UNIVERSITY Lafayette, IN (Altschaeffi); Lafayette. IN (CE Engr. Lib)
CONNECI1CUT Hartford CT (Dept of Plan. & Energy Policy)
SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS)
STAN FORD UNIVERSITY Engr Lib, Stanford CA
STATE HOUSE AUGUSTA. ME (MAINE STATE FUEL ALLOC & CONSERV. OFF.)
STATE UNIV. OF NEW YORK Buffalo, NY; Fort Schuyler, NY (Longobardi)
TEXA S A&M U NIVERSITY COLLEGE STATION , TX (CE DEPT)
UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT. MITCHELL); BERKELEY, CA (OFF. BUS. AND

FINANCE. SAUNDERS); Berkeley CA (E. Pearson); DAVIS, CA (CE DEPT. TAY LOR); LIVERMORE , CA
(LAWRENCE LIVERMORE LAB, TOKARZ); La Jolla CA (Acq. Dept. Lib. C-075A)

UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Engineering, Chesson)
UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV.)
UNIVERSITY OF ILLINOIS Metz Ref Rm, Urbana IL; URBANA, IL (LIBRARY); URBANA, IL (NEWARK)
UNIVERSITY OF KANSAS Kansas Geological Survey, Lawrence KS
UNIVERSITY OF MASSACHUSETFS (Heronemus), Amherst MA CE Dept
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)
UNIVERSITY OF RHODE ISLAND KINGSTON, RI (SUSSMAN)
UNIVERSITY OF TEXAS Inst. Marine Sci (Library), Port Arkansas TX
UNIVERSITY OFTEXAS AT AUSTIN AUSTIN, TX (THOMPSON)
UNIVERSITY OF WASHINGTON (FH-I0, D. Carlson) Seattle. WA; Dept of Civil Engr (Dr. Mattock), Seattle WA;

Seattle WA (E. Linger); Seattle, WA Transportation, Construction & Geom. Div
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
URS RESEARCH CO. LIBRARY SAN MATEO. CA
VENTURA COUNTY ENVIRON RESOURCE AGENCY Ventura, CA (Melvin)
VERMONT STATE ENERGY OFFICE MONTEPELIER, VT (DIRECTOR)
VIRGINIA STATE ENERGY OFF Richmond, VA.
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ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH)
AUSTRALIA DepI.PW(A. Hicks), Melbourne
AWWA RSCH FOUNDATION K. Heaton, Denver CO
BECHTELCORP. SAN FRANC(SCO,CA(PHELPS)
BELGIUM HAECON, N.V. , Gent
BRITISH EMBASSY Sci. & Tech. Dept. (3. McAuiey), Washington DC
BROWN & ROOT Houston TX (D. Ward)
CANADA Adrian. Anderson & Assoc., Winnipeg; Mem Univ Newfoundland (Chari), St Johns; Surveyor, Nenninger

• & Chenevert Inc., Montreal; Warnock Hersey Prof. Srv Ltd, La Sale. Quebec
CHEMEDCORP Lake Zurich IL (Dearborn Chem. Div.Lib.)
COLUMBIAGULF TRANSMISSION CO. HOUSTON, TX (ENG. LIB.)
DESIGN SERVICES Beck, Ventura, CA
DILLINGHAM PRECAST F. McHale, Honolulu HI

• DIXIE DIVING CENTER Decatur, GA
DUR LACH, O’NEAL, JENKINS & ASSOC. Columbia SC
FORD, BACON & DAVIS, INC. New York (Library)
GEOTECHNICAL ENGINEERS INC. Winchester, MA(Pautding)
GLIDDEN CO. STRONGSVILLE, OH (RSCH LIB)
GRUMMAN AEROSPACE CORP. Bcthpage NY (Tech. Info. Ctr)
HONEYWELL. INC. Minneapolis MN (Residential Engr Lib.)
MAKAI OCEAN ENGRNG INC. Kailua, HI
LOCKHEED MISSILES & SPACE CO. INC. Sunnyvale, CA (Phillips)
MATRECON Oaldand, CA (Haxo)

- 
- MCDONNEL AIRCRAFT CO. Dept 501 (R.H. Fayman), St Louis MO

MEDALL & ASSOC. INC. J.T. GAFFEY II SANTA ANA, CA
MEDERMUI1~ & CO. Diving Division, Harvey, LA
MIDLAND-ROSS CORP. TOLEDO. OH (RINKER)
NEWPORT NEWS SHIPRLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)
OCEAN DATA SYSTEMS, INC. SAN DIEGO, CA (SNODGRASS)
OCEAN ENGINEERS SAUSALITO, CA (RYNECKI)
OCEANRESOURCE ENG. INC. HOUSTON, TX (ANDERSON)
PACIFIC MARINE TECHNOLOGY LONG BEACH, CA (W AGNER)
PORTLANDCEMENT ASSOC. SKOKIE, IL (CORELY); SKOKIE, IL (KLIEGER); Skokie IL (Rsch & Dev Lab.

Lib.)
RAYMONDINTERNATIONAL INC. CHERRY HILL, NJ (SOILTECH DEPT)
SAFETY SERVICES, INC. A. Patton, Providence RI —

SANDIA LABORATORIES Albuquerque, NM (Vortman); Library Div., Livermore CA
SCHUPACKASSOC SO. NORWALK, CT (SCHUPACK)
SEAFOOD LABORATORY MOREH EADCITY . NC (LIBRARY)
SEATECH CORP. MIAMI, FL (PERONI)
SHELL DEVELOPMENT CO. HOUSTON ,, TX (TEL.ES); Houston TX (C. Sellars Jr.)
SWEDEN GeoTech Inst
TEXTRON INC BUFFALO, NY (RESEARCH CENTER LIB.)
THE AM. WATERWAYS OPERATIONS, INC. Arlington, VA (Schuster)
TRW SYSTEMS REDONDO BEACH, CA (DAI)
UNITED K.INGDOM Cement & Concrete Assoc (G. Somerville) Wexha m Springs, Slou; D. New, G. Maunsell &

Partners, London; Library, Bristol; Taylor, Woodrow Constr (OI4P), Southall, Middlesex; Taylor. Woodrow Constr
(Stubba), Southall, Middlesex; Univ. of Bristol (K. Morgan), Bristol

• UNITEDTECHNOLOGIES Windsor Locks CT (Hamilton Sid Div., Library)
WESTINGHOUSE ELECTRIC CORP. Annapolis MD(Oceanic Div Lib, Bryan); Library, Pittsburgh PA
WEYERHAEUSER CO. LONGV%EW, WA(rECH d R  LIB)
WISS, JANNEY, ELSThER, & ASSOC Northbrook, IL (J. Hanson)
WM CLAPP LABS- BATI’ELLE DUXBURY, MA (LIBRARY)
WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS, 111)
BRAHTZ La Jolla, CA
BRYANT ROSE Johnson Div. UOP,Glendora dA
BULLOCK La Canada
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, HAMEEDELNAQGAR Wexford PA

CAPT MURPHY Sunnyvale, CA
GREG PAGE EUGENE , OR

- R.F. BEStERO4dSaybrookCT
R.Q. PALMER Kaitua, HI
T.W. MERMEL Washington DC
CEC Donofrio, John L., ENS
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