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INTRODUCTION

The Civil Engineering Laboratory (CEL), under a task assignment by
the Naval Facilities Engineering Command , undertook an effort to design ,
conduct and evaluate a solid waste source segregation experiment at the
Naval Construction Battalion Center (NCBC), Port Hueneme, California.
The term “source segregation” as used herein refers to both separation
of refuse by the generator and separate collection of the different
waste streams by specified collectors. The four—month experiment,
performed from August 1 through November 30, 1976, called for basewide
(tenant activities included) voluntary separation of solid waste into
nominally combustible and noncombustible fractions. The combustible
fraction was limited to paper, plastic , and cardboard ; all other
materials were defined as the noncombustible fraction.

The source segregation experiment constituted a major element
of Project TRASH, a concept for an innovative approach to resource
recovery. It combines two—category source separation with mechanical
processing to improve the cost effectiveness of resource recovery.
A comprehensive report on Project TRASH is contained in Reference 1.
This reference also describes the projects role in this overall Navy
RDT&E Solid Waste Program.

The experiment was designed to resolve questions about the
workability of source segregation and to provide a quantitative basis
for evaluation of the cost effectiveness of source segregation at
Navy Shore installations.

The experiment was designed by CEL. Prior to implementation, CEL
contracted with SCS Engineers (SCS), Long Beach California, to gather
data on the effectiveness and cost impact of source segregation during
the course of the experiment. Also prior to implementation, CEL
contracted with Community Relations Services of Camarillo, California to
design, conduct and evaluate a human factors survey of the base population
before the start of the experiment. This contractor was then utilized
after completion of the experiment to conduct a similar survey.

BACKGROUND

Refuse generated in the Navy shore establishment is generally
about 70 to 90 percent (by volume) combustible’. For that reason,
it is highly desirable to use the waste as an energy source, thereby
conserving fuels which have become less available and more costly.

One approach which has been used to prepare the waste as a
fuel Is to process it through a shredder, and then separate the noncom—
bustibles, with additional equipment, prior to burning. However, this
requires a large capital investment in the processing equipment, which
In turn requires excessive power2 because it must be capable of hand-
ling metal objects contained in the refuse.
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Another approach is to burn the total solid waste stream and
then recover the recyclable materials from the ash. This approach
demands a larger incinerator , which adds to the capital and operating
cost of the processing facility . However , the primary disadvantage
of this method can be the hazard risk since the solid waste streams
can include toxic and volatile materials; these could cause great
harm to the incinerator operators and other personnel located close to
the incinerator, as well as add pollutants unnecessarily to the air. -

Heat recovery efficiency is lower if a mixed stream is burned because
the noncombustibles absorb considerable energy. Also, metal objects
of ten interfere with the ash removal mechanism in the incinerator.

A reasonably straightforward alternative is to segregate the
waste at the source of generation into its combustible and noncombustible
fractions. While this kind of segregation would not be expected to
provide perfec t separation , it would be expected to produce a “combus-
tible” frac t ion that does not contain large and/or heavy metal objects
and which can be processed with much lower expenditure of funds and
energy. The fuel would be less likely to contain hazardous items, and
some of the noncombustibles segregated at some kinds of sources may
have ni~netary value. Further, new refuse disposal and handling guide-
lines are being promulgated for Federal Agencies3. These standards
will require that all Navy activities recover recyclable materials
from the solid waste stream. If 70 to 90 percent of the combustible
materials are separated from the waste stream at the source, it will
significantly reduce the cost and complexity of the equipment required
to comply with the new standards.

There has been conjecture 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 enforce-
ment was necessary. The question of workability is clearly addressed
by the results of the source segregation experiment described below.

SUMMARY

An experiment was designed, conducted and evaluated to determine
the workability and cost of voluntary source segregation of solid waste
at a Naval shore activity. Separation was into two categories suitable
for resource recovery in an on—base processing plant. The site where the
experiment was conducted from 1 August 1976 to 30 November 1976 is the
U. S. Naval Construction Battalion Center at Port Hueneme, California.
The two waste categories selected were nominally (1) combustible waste,
and (2) noncombustible waste.

In the course of design of the experiment, a human factors survey4
of the site base population was conducted by an outside technical

2
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• specialist5 This was done to evaluate the CEL approach , recommend
means of introducing the project , evaluate at t i tudes toward the
(pending) project, and recommend advertising modes and methods.
A public relations campaign was then organized, and the experiment
proceeded.

Another contractor was hired to conduct an on—going survey,
during the experiment , of the level of effectiveness (participation)
associated with the source segregation experiment, and to determine,
by survey, the added costs. This contractor’s evaluations were
based on a pre—test characterization of the base solid waste management
system which was also established by his survey efforts. The results
of this evaluation5 show that, given typical Navy solid waste, the
purity of the source segregated “combustibles” fraction is sufficiently

-: high (on the order of 90%) for that material to be directly fed to
a low cost, reliable refuse—derived—fuel processing line for waste
heat recovery (i.e., a line containing no air classifier, and only
a flail mill for shredding). The purity of the “source—segregated
noncombustibles” fraction was considerably lower (on the order of 60%),
and it is expected that the low resale value of these materials
would not justify their further processing.2 The added cost of
solid waste management attributable to source segregation was deter-
mined to be $1.64 to $2.95 per ton; which is considered to be quite small
in light of the potential benefits from waste heat recovery and
reduced disposal costs. 1t is also less than onethird the cost of
the required mechanical separation equipment on a per ton basis .2

Upon compl etion of the four—month experiment, a follow—up
human factors survey6 of the base population and the refuse collectors
was conduct ed by the same outside specialist who conducted the
preliminary survey . This survey was designed to el icit experiences
dur ing the test , determine penetration and acceptabilit y of publicity
campaign mater ials , investigate reactions to an altered pattern
of source segregation, and elicit suggestions for improvement
in methods.

DISCUSSION

OBJECTIVE

• The objective of the experiment was to quantify the effectiveness
and cost factors associated with source segregation of refuse into
combustible and noncombustible fractions at Navy shore activities.
For this experiment, the combustible fraction was defined as paper,
plastic, and cardboard,while all other materials comprised the
“noncombustible” fraction. Wood was not included in the combustible
fraction because compactor trucks are iised to collect the combustibles
and wood tends to wedge into the compactor mechanism.* The experiment

NCBC requested that wood not be collected with compactor trucks because
it wedges into the compactor mechanism.

3
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concentrated on means of source segregation which can be implemented
with minimum capital investrdex~t. Emphasis was on quantification
of (1) segregation effectiveness (i.e., percent of segregation
at each source type), (2) estimated percentage increase in operating
costs a t t r ibutable  to source segregation for each 3ource type,
and (3 )  estimated additional equipmen t requirements and investment,

• on a unit basis, at each kind of source.

PLANNING AND IMPLEMENTAT ION

The experiment was conducted on a scale large enough to resolve
questions of workability 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—wid e
experiment on source segregation of solid waste into combustibles
and noncombustibles at the Naval Construction Battal ion Center
(NCBC) , Port Huenem e, California . 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 to these, there are facilities
such as mess halls , cafeterias, automobile service stations, commissary ,
Navy Exchange stores, barracks, and residences which serve the
10,000 people working and/or living on the base—civilian employees
and 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, there were several stages in the
advance planning and preparations. These were accomplished , as
follows:

1. Steps were taken to secure the approval and support of
the administration of the activity selected for the experiment

- 
• (NCBC, Port Hueneme) and the cooperation of Public TJ~~ks/Transportation

personnel at that activity. Care was taken that the experiment would
be conducted with a minimum of interference with normal refuse
pickup operations .

2. A survey of the entire base was conducted to determine
the characteristics of each refuse source and the nature and quantities
of refuse produced . Procedures and equipment requirements for
segregation at each source were developed . To accomplish this ,
a CEL engineer personally monitored pre—test refuse collection
operations, riding for one week with each of the three collection
trucks involved. The locations of all existing outdoor refuse
containers were marked on a map of the base , and notations were
made to show where refuse contaitters must be added or relocated
to implement the source segregation experiment. These map markings
were coded to indicate locations of containers by type——compactible

4
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(combustible) and noncompactible (generally noncombustible) .
Figure 1 shows a typical section of the marked base map. Basically,
there were a minimum of two containers at each disposal location,
one for each category. (For additional information, see Appendix
A.)

The additional containers required for the experiment were
obtained from three sources: (a) some were determined to be on
hand as spares, needing only some repair and painting , (b) about
40 were found as excess at Pacific Missile Test Center and were
transferred to NCBC, and (c) a group of 50 containers being recondi-
tioned for shipment to another base was acquired on loan for the
duration of the experiment from the Civil Engineer Support Office,
NCBC. Containers from all three groups were reconditioned as
necessary. A relocation/placement list was prepared and used
as a guide in deploying the containers as required.

3. A telephone survey of six representative Navy shore facilities
was conducted to determine: (1) what procedures and communications
media are typically used at Navy facilities to convey information
to all military personnel on base, their dependents if living
on base, and civilian employees, (2) who or what office takes
action to direct a change such as source segregation, and what
action they would take, and (3) what follow—up—monitoring is typically
done to reinforce the initial implementation and to reinforce
compliance. The results of this survey indicate that no standard
Navy procedures exist. The only releases found consistent in
the survey are the release of instructions or directives (which
are required), and base newspaper releases.

4. Human factors consultants were employed4 to interview key
people in base housing, public works, and public affairs in regard
to drives, energy conservation, and community structures. Subsequently,
they made a public relations survey of 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. The results were analyzed and used to: (a) recommend
the most effective shape, size, format, and coloring of segrc~gation
instruction labels to be affixed to the containers, for quick

• user comprehension, (b) recommend the most effective public relations
effort that would be within Navy standard procedures, and (c)
validate the approach of the £ourmonth experiment. Their results,
conclusions, and recom mendations4 are summarized in the next section.
The resulting designs for - labels are illustrated in Figure 2.

5. Results of -the èurvey of Navy bases and the human factors
survey were analyzed and a plan was developed for the public relations
(PR) catipaign to announce, initiate, promote, .~ind support to conclusion
the four—month experiment at NCBC. The PR campaign is described later
in this report.

- 5
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6. A contract was awarded for the measurement of the degree
of segregation achieved and for the determination of ar~y additional
costs incurred in gathering and collecting the segrega~ed refuse
over the four—month period of the experiment . The details of
the work performed under the segregation evaluation contract are
out lined in Appendix B.

PRELIMINARY HUMAN FACTORS SURVEY

The report on the human factors survey4 validates the approach
taken in the experiment , and recommend s means of introducing the
experiment to the target population. It presents characteristics of
the target population with respect to the solid waste source segregation
concept, current solid waste collection behavior, media utilization,
motivational factors, and response to suggested advertising and
labels. The report indicated that the people interviewed were
first given the following brief explanation:

“In a month or so, a program will be tested at CBC. This
program will involve the separation of trash into burnable
materials and nonburnable materials. The materials which
can be burned are paper , cardboard , and plastic. All
households , shops, and offices in CBC are being asked to
participate in this test. In the housing area, additional
containers will be placed outside of the house in conven-
tional locations, clearly marked as to contents. The test
is planned to last for four months. The goal of the program
is to collect the burnable trash and use it- as fuel to
generate steam.”

Then they were asked: “Would you tell us what you think about
this plan?” The report stated that, with few exceptions, the initial
response to a description of the project was positive. Readiness
to participate and a desire to be involved in recycling were expressed.
The idea of producing energy was well received. “If it helps”
was frequently expressed. There followed questions about their
trash disposal patterns and their previous experience with trash
segregation or separation of recyclable materials. It was found
that a significant number of respondents had been involved in
some sort -of recycling effort and that a few were presently partic—
ipating. Subsequent questions covered their “media readership”
with reference to J4avy and local community publications. Some
preference was found for the Oxnard Press Courier, and there was
interest in the advertisements in the Harbor News; both are local
newspapers. The most widely read base publication was the Hospital

8
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Bulletin, with the Recreation Bulletin placing next. Specific
percentages were found to be as follows:

74% read Press Courier 82% read Hospital Bulletin
46% read Harbor News 70% read Recreation Bulletin
36% read Navy Times 62% read Housing Bulletin
16% read Los Angeles Times 46% read Coverall

In addition to these , the claim was made that 100% of the husbands
read the official “Plan of the Day .”

The survey explored the response to posters, to labels to
be used to identify container contents , and to various mo t ivational
approaches . Many seemed to view the goal of the program as its
own reward. The f inal question asked if there were anything that
would make it diff icul t to separate their trash . Complaints about
lack of space were not related to size of quarters. Almost universal
dissatisfaction with dumpsters was expressed ; in some cases the
addition of a second dumpster was seen as an ameliorating factor.
The fact that young children (one aged 3) dispose of trash was
also cause for concern. “Parents will have to teach their kids.”
The attitude, “It may be hard in the beginning , but we’ll get
used to It”, was widespread.

Several conclusions were drawn in the report, as summarized in
the following.

Validity of Experiment

Review of studies indicates that the planned three—month
duration of the test monitored by the contractor (SCS Engineers)
is sufficient to determine realistically the level of compliance
which can be expected from the target population; the test will
measure the readiness of the population to support the planned
source segregation project. The last month not mentioned by the
contractor will be spot checked by CEL to verify contractor results.

Container Labels -

The labels submitted for survey p~trposes were examined
with respect to contract, content, letter size, stroke—width—to—
height ratio, letter width—to—height ratio, and letter style.
Legibility and communication criteria appear to be met by these labels.

• Means of Introducing Experiment

a. Clear, explicit instructions are critically necessary
in order to make compliance possible. A compliance—defeating
credibility gap occurs when confusing, contradictory Information
is disseminated, or when information is withheld.

L
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b. Coordinated campaigns achieve higher compliance than
- 

- random efforts. Such campa igns include the planned release of
a variety of material s through diverse channels, the released
materials having consistent message, color, themes, and format.

c. A higher allocation of resources to the initial persuasive
effort usually results in a higher level of compliance.

d. Involvement of the school, community, and media components
in a campaign achieves higher compl iance.

Hot iva t ion

a. Base personnel are diverse in nationality, attitudes and
all eg lane es.

b. Using a complex message limits the effectiveness of
any introductory effort.

c. The feeling of being “spec ial” because they were
chosen for the test (the Hawthorne e f fec t )4  is an effective motivation.

d. There has been extensive exposure of base personnel
to drives (such as Combined Fed eral Campaign , and Operation Clean
Sweep) .4

Reinforcements

a. Without post—introductory reinforcement, the initial
compliance tends to decay (i.e., be extinguished).

- 
. b. Once habits of compliance or non—compliance are established,

resistance to change may necessitate extensive effort if compliance
Is to be increased.

c. Altering anything that relates directly to the compliance
habit (such as pickup schedules, or numbers or locations of containers)
reduces likelihood of compliance. The continuation of such factors
without change is one of the most powerful reinforcements.

d. Where possible, positive reinforcements are preferable
to negative reinforcenents. Negative reinforcements may be effective,
but tend to have side effects which cannot always be anticipated.

e. Intermnittancy of reinforcement is more important
that intensity of reinforcement, in achieving compliance.

f. Ongoing feedback of project accomplishment to participants
is necessary to obtain continued compliance.

g. It is necessary to have a channel for information
to flow from participants to project administration, in order

10 
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to minimize problem buildup and to uncover compliance—reducing factors
before they have significant e f fec t .

h. There appears to be a positive correlation between
economic level and degree of compliance. The applicability of
this trend to a military population is unknown.

Agents

a. The use of agents is usually a very cost—effective
tactic in changing behavior. (Agents are defined as individuals
or groups of individuals who are directly involved in working
for the success of the project.)

b. The commitment of agents is heightened when they are
inv)lved in the decision—making process.

c. The use of the base housing office as an agent is advisa—
ble for indoctrination of new residents. Materj~ls should be prepared
for distribution through Base Housing to all newly arrived base residents.

PUBLIC RELATIONS CAMPAIGN

The public relations (PR) effort for the solid waste source
segregation experiment closely followed the suggested news media
and procedures derived from the human factors survey, shown in Table 1.
The underlying philosophy of the PR effort was that all releases
were aimed toward informing the receivers of what is requested
of them and why through clear instructions and explanations, without
providing intentional motivation. The more informative releases
(i.e., longer articles) clearly pointed out that no single person,-
group, or activity was to be warned, penalized , or even documented
for non—compliance.

The Public Affairs Office at CEL assigned a PR specialist , pa rt—
• time, to work with the project engineer on the four—month experiment.

His assignment was to instruct, not persuade, the 10,000 military and
civilian employees and residents at CBC how to volunteer their efforts.
Since participation was totally voluntary, it was vital to get the word
out early and often through every conceivable means of communications.
Because most PR techniques use various news releases and because
“old news” is “no news”, a high intensity introduction was important.
It also was necessary to sustain an atmosphere of interest during
the test. The campaign was implemented with all releases having
a consistent message, color , theme and format and being distribute~,i
through a variety of diverse channels. The publicity package
was designed to encourage an attitude of cooperation wherein each
volunteer felt tha t his/her contribution would be the key action
towards success.

11
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TABLE 1

-
• 

NCBC PUBLIC RELATIONS CAMPAIGN FOR SOURCE SEGREGATION EXPERIMENT

ADVANCE PUBLICITY

1. Feature coverage in Coverall (base newspaper).

2. Feature coverage in Press Courier (local newspaper).

3. Feature coverage in Harbor News (local newspaper).

4. Announcements in Housing Bulletin.

5. Announcements in Hospital Bulletin.

6. Announcements in Recreation Bulletin.

7. Flyers/handbills to everyone (hand out at gate or door hangers).

8. Notice in Plan of the Day.

9. Notice in Plan of the Week (CEL).

10. Announced/discussed in staff meetings and passed on through
departments and divisions.

11. Posters on all bulletin boards and other “high visibility” loca-
tions. 

.

12. Local radio stations.

SUSTAIN ING/ FOLLOW-UP PUBLICITY

1. “Progress” articles in Coverall.

2. Progress/reminders in Housing Bulletin.

3. Progress/reminders flyers/handbills at midpoint (2 months).

4. Change reminder posters every 4 weeks.

5. Photo reproduction of posters (on base theatre screen). •

6. Feedback channel from participants to CET . Phone number, day/
night (answering service for nights and weekends).

12 
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The Public Affairs person relied solely upon typical tools of his
trade, normal day—to—day methods and procedures, to explain the projec t
and define its goals. Extraordinary means of publicity and promotion,
geared toward influence and persuasion of potential volunteers, were not
used .

Facts and figures were released in the conventional publicity program —

(i.e., segregation purity as- a function of source type, etc.), with the
realization that such information , once disseminated and studied , might
Instill self—mo tivation among personnel and prompt them to volunteer.

Publicity for the source segregation experiment was planned three
months prior to start—up . The human factors study of the base population
served as a basic guide.

Once the project received initial exposure, the experiment was kept
before the public’s eye through regular articles placed in the base news—
paper,repeated announcements- in various In—house publ ications, and reminders
in different bulletins.

The Commanding Officer of NCBC was featured in a two-minute film
wherein he championed the cause and encouraged personnel te separate their
trash into two categories.. The f ilm , in color and with sound , was screened
nightly at the base theatre.

A number of individual meetings of CEL project leaders with NCBC
officers, division/department leaders and other administrators were held.
Detailed plans were discussed and evaluated , and timetables of action
were coordinated. Maximum cooperation was assured weeks before the
project started because frequent communications at all levels were common-
place. These communications set the stage for public exposure. The methods
of communication used are described below.

Newspapers (military)

a. The Seabee Coverall , which is the base newspaper, was most instru—
mental in telling the story. A cover article preceded the test. During
the experiment, every edition of this bi—monthly newspaper featured a
progress report prominently displayed as a major “local’~ news story.
Photographs and cartoons were frequently used to pictorially add impact
to the printed word.

b. The CEL house publication regularly carried articles and photo—
graphs. No requests for space were refused .

c. The Naval Ship Weapon Systems Engineering Station (NSWSES). a
tenant activity with some 3,000 employees, published several major arti—
d es in its newspaper.

13
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Nevapapers (civilian)

-a.. Prior to the actual experiment , the project received major
favorable publicity from Ventura County ’s largest daily newspaper,
the Star Free Press, which has a circulation of 35,000. The paper’s
military reporter met with CEL project leaders, the authors of the
human factors study , and Public Affairs representative. The result
was an excellent early article leading into the project.

b. Other Ventura County daily newspapers — — Oxnard Press Courier,
Santa Paula Chronicle and Caniarillo Daily News — — provided excellent
coverage of the Navy ’s unique source separation test. Each paper
averaged three stories.

c. At least six county and area weekly newspapers also published
prepared news releases.

Posters

The successful placement of two—color posters in practically
every advantageous area of the base was the result of direct contact
with persons in charge, followed by personal del ivery of a predetermined
number of posters.

Posters were designed and drawn by the Presentations Division
at CEL. A total of 24 large (3 ft by 4 ft) posters were prominently
displayed at all base entrances, at the base theatre, and at other
points of high visibility. A vast majority of 3,000 smaller (11 in
by 17 in) posters were distributed as follows:

a. Office Services Division - — Volunteered to deliver 400
posters via an all—encompassing distribution list.

b. Navy Exchange Office — — agreed to display 50 posters on
food distribution vehicles, at canteens, and at other facilities.

c. Special Services — — Requested 200 posters for display at
the skating rink, golf course, swimming pool, arts and crafts building ,
gymnasium, bowling center and various bulletin boards.

d. Safety Directory — —Granted permission to use the seven extra
large billboards located within the base complex.

- - 
e. Public Works Officer and Transportation Director — — Granted

permission to place 300 posters on Navy vehicles. Public Works
personnel placed the posters.

f. Posters were also displayed at the base Community Center,
Housing Referral, bank , post off ice , hospital, barracks and mess.

Radio Coverage

a. News stories and interviews aired on three local radio stations.

- 14
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b. A four—minute news report was broadcast on “Navy Scene”,
part of Armed Forces Radio Network and heard around the world. Millions
of listeners b€came aware of the Navy effort in energy conservation
and environmental protection.

c. Upon request, public address systems were used. For example,
at CEL, announcements were made several times a day during the develop-
ment stages of the project.

Other Means of Communications

a. The CBC Plan of the Day, CEL Plan of the Week , Base Housing
Bulletin, Hospital Bulletin, and Community Center Bulletin were all
used to publicize the project.

b. Through the Navy Civil Engineer magazine, Navywide and inter-
national exposure was gained through a major story in the Summer 1977
edition. The magazine is the official publication of the Naval Facili-
ties Engineering Command (NAVFACENGCOM) and is widely read throughout
the Naval community.

PRE-TEST CHARACTERIZATION OF BASE

A characterization of solid waste management at NCBC Port Hueneme
was performed during July 1976, one month before the start of the test.
These pre—test data were used as a basis for evaluating source separa—
tion effectiveness and cost impact of the program. Aspects of NCBC
waste management which were analyzed included solid waste composition
(combustible and noncombustible fractions), various on—base waste
collection activities, and waste disposal operations.

For the purposes of this experiment, a system of categorizing solid
waste sources at NCBC was developed . The seven source categories are
listed in Appendix B. These categories were used (1) to identify differ-
ences in collection operations, such as custodian collection, and (2)
to evaluate program performance by source type.

Furthermore, the various refuse containers on base were categorized
according to size and location. The five container categories are
also listed in Appendix B.

These categories, coupled with source types, were used to isolate
areas of strong compliance and non—compliance at the base.

Solid Waste Composition

The solid waste generated from source categories A—C at NCBC was
analyzed to determine its composition. The sampling period extended
from 12 to 14 July 1976. The composition categories consisted only of

15 
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combustible and noncombustible materials. The term “combustible’
referred only to paper, cardboard , and plastic—like material. Combus-
tible materials other than paper, cardboard , and plastic (e.g., wool
and rubber) were excluded intentionally from the ~‘combustible ” category .

As a necessary prerequisite to the actual sampling procedure ,
a matrix of source categories and their associated container types
was developed . Based on this matrix , a sampling schedule was developed
to provide both sample container locations and the minimum number of
samples for each category .

The sampling matrix and the results of the sampling procedure
are shown in Table 2. The number of sorts far exceeded the number
planned , providing 260 composition data points from visual sampling
and 26 from manual sorting.

The manual sorting procedure minimized the disturbance of normal
collection operations. Instead of working inside the trucks, selected
Type IV containers were emptied into one of the front—end loader vehicles
and transported to the sampling team at the stationary compactor site
on base. There, the crew spread and sorted the refuse and subsequently
shoveled the material into the stationary compactor. This permitted
a view of the contents of several bins from one source, while the truck
proceeded to pick up several more bins fron another source type. The
entire sort procedure (14 bins in all) took less than six hours to
perform.

The manual and visual sorts were supplemented with photographic
sorts, as suggested by the NAVFAC R 4 DecisIon Guide.7 The “photosort’
results (not reported here) were used as an informal check on the accuracy
of the sampling team’s results, although no adjustments were made in
the data.

Solid Waste Collection Operations

The pre—test NCBC solid waste collection system was surveyed during
the period of 12 to 14 July 1976. Time studies of the following collec-
tion subsystems were performed :

a. Custodial collection in the various office and warehouse areas.

b. Navy collection of solid waste from base operations.

c. Contract collection of solid waste from the base housing areas.

As the mechanics of each operation are different , the time studies
were tailored to the particular subsystems. The results for each
subsystem are described in the following.

16 
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custodial Collection

Custodial operations at NCBC are limited to office buildings and
certain office—warehouse complexes. These operations are performed
by a contractor, Geronimo Janitorial Service, at a cost to the Navy

• of $860,000 per year. Collection equipment for the custodians is
supplied by the Navy.

Evaluation of the custodial operations required that a time study
be performed for selected tasks. Inherent differences between office
functions from one building to the next make it difficult to define a
common unit operation for custodial time studies (e.g., time per can,
time per floor, etc.). It was, therefore, decided to select several
office buildings and analyze the same custodial operations before and
after program implementation.

Four representative office buildings were selected for pro—test
sutdies. These buildings were:

Building No. Description

363 Administration/Computer Facility

442 Administration Building

452 Administration Office

850 Public Works Administration

For each building , pre—test time study elements included collection
time (travel time between cans plus can dump time), travel time to and
from Type IV containers, dump time at Type IV containers, and any delay
or break times. The number of Type I containers was also recorded , as
was the number of rooms serviced where applicable.

The results of the initial custodial rime study are presented in
Table 3.

Table 3. Results of Custodial Time Study

(All times in minutes)

Average
No. of No. of Pickup Time Haul Average Pickup/Haul

Bldg. No. Cans Rooms Can Room Time Time per Can

363 21 11 0.66 1.17 1.56 0.72

442 66 28 0.47 1.10 3.76 0.53

452 78 21 0.40 0.93 1.53 0.42

850 60 29 0.44 0.91 3.63 0.50

18 
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The spread in average times for each unit operation (0.42 - 0.72
minutes/can total and 0.40-0.66 minutes/can pickup) verifies the pre—
supposed need to limit comparisons to within buildings and not between
buildings..

Qualitative studies of several other custodiaus were performed
to determine if rate adjustments were necessary for the time study
subjects. Adjustments of this type are often necessary, as performance
of the participants can be affected by study conditions. It was deter—
mined , however, that no adjustments would be necessary in the pre—test
custodial collection data based on these observations.

Navy (Truck) Collection

The Collection of solid waste from the non—residential areas of
NCBC is performed by civilian drivers using Navy collection vehicles.
Collection vehicles include two front—end loaders and one hoist—and—
haul vehicle.

The NCBC Transportation Department operates two PakNor front—end
loading compactor vehicles with capacities of 24 cubic yards and 32
cubic yards, respectively. Each operator has assigned routes, yet
maintains sufficient flexibility in his route to respond to calls.

Time studies of the front—end loader operations were performed
during 12 and 13 July 1976. The results of the study are presented in
Table 4. Each of the individual time stud ies involved a different set
of time—study elements, with only the total cycle time being important
to program evaluatIon. The elements were defined as follows:

Load — Time required to check inside bins; close bin doors; and
engage, dump, shake, reset, and disengage bins (and sometimes to compact

• the load).

Maneuver — Time required to disengage one bin and maneuver to engage
an adjacent bin.

Travel — Driving time between bins.

Pack — Time required to compact load before dumping next bin (usually
done while driving with the 32 cubic—yard front—end loader).

Set—Up Time — required to engage bin and check inside for children,
etc . (was considered part of both load and maneuver time In initial
studies).

While the definition of travel time remained constant, set—up and
maneuver times were later combined (see Table 4). In addition, the 24

19
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cubic yard vehicle could not compact while moving and , therefore ,
- - required an additional time study element (Pack Time). The 32

cubic yard vehicle was compacted while stationary on several occasions,
but not by necessity.

The NCBC collection systen includes one hoist—and—haul type
of vehicle. The collection route includes a few scheduled stops,
although most of the remaining stops are selected based on operator
experience. Under ord inary circumstances, this vehicle would drive
to the location of a full bin, hoist and haul the bin to a stationary
compactor, dump the bin, and return the bin to its proper location.
The source segregation program included use of the hoist—and—haul bins
solely for noncombustible materials. Only the contents of these bins
was to change as a result of the program , and not the bins themselves.
The program was expected to have little effect upon the productivity
of or the demand for hoist—and—haul collection due to a reduced loading
rate per can. Nonetheless, a time study was performed on the hoist—and—
haul collection operation. The results of the one—day study are also
shown in Table 4. The following is a list of definitions of the time—
study elements used:

Hoist Bin — Time to engage and pick up bin .

Haul Bin — Travel time from bin location to stationary
compactor.

Dump Bin . — Time to empty bin into stationary compactor.

Compact — Time to operate stationary compactor.

Return Bin — Time to return bin to original location.

Drop Bin — Time to drop and disengage bin.

To Next Bin — Time running empty between bins.

Total Cycle Time — Elapsed time from one operation on one
bin to the same operation on the next bin.

The average total cycle time was 18.0 minutes, not including compact-
ion with cycles ranging from 14.5 minutes to 29.0 minutes. Part of the
reason for this wide range is that the driver would not compact the
stationary compactor during every cycle.

Residential Collection

The collection of solid waste from residences at NCBC is performed
by a contractor. The collection vehicle is a 30 cubic yard front—end
loader with a two—man crew.

There are three residential sectors at NCBC: officers’ housing,
chiefs’ housing, and enlisted men ’s family housing. Collection in the

21 
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off icers ’ and chiefs’ sections is curbside, predominantly from 30—gal
cans. The crew empties the cans into a 3 cubic yard bin carried on the
loading forks of the vehicle. When filled , the bin is emptied into the
vehicle. Collection is performed three times per week (Monday, Wednesday,
and Saturday). Area locations are shown on Figure 3.

The enlisted men ’s family housing area, known as Bruns Park , is
also serviced three times per week. Each housing unit houses from
two to six families. Each housing unit or pair of units is supplied
with several blue 3 cubic yard bins. These “blue bins” are routinely
collected , and there was substantial excess bin capacity observed at most
locations for three—times—per—week collection. The results from the pre-
test study are presented later in this report in Table 9.

Disposal

With the exception of some wet garbage and recycled materials ,
all solid wastes generated at NCBC are disposed at the Ventura County
Landfill. The landfill has an expected useful life in excess of 10 years.
The current disposal fee is $2.00/ton, with we:ghts determined by a
scale at the landfill.

Residential refuse is delivered to the landfill by the contractor.
The dumping fee is included in the contract cost. The collection vehicle
is rarely if ever filled when it leaves the base, and often makes several
collection stops outside the base on the way to the landfill. Weight data
were not available from the contractor, and probably could not be trans-
lated to Navy waste due to the stops outside the base.

The daily weights of refuse delivered to the landfill by Navy vehicles
were tabulated5. The average daily weight during the month of July was
15.12 tons/day on a seven—day basis, excluding residential waste. The
residential waste generation rate was an estimated 4.12 tons per day on
a seven—day basis.

PROGRAM EVALUATION

The ultimate measure of the success of a source segregation program
is its ability to recover and exceed the incremental cost of separate
collec tion and program administration through materials and/or energy
recovery revenues. The objectives of this study were (1) to assess the
incremental costs of separate collection, and (2) to monitor the quality
of the segregated product.

Problem Areas

Source separation/separate collection programs involve more than a
program design and publicity campaign. The start—up phase of such a
program involves a “fine tuning” stage in order to correct unforeseen
problems, The following is a discussion of problems reported during
the program.

22
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Confusion in Category Definition

Perhaps the most obvious problem in any source separation program
is to define the waste categories in sufficient detail so that they are
applicable to all sources. It is difficult when formulating these
definitions to anticipate every waste item , so some items invariably

- ‘ appear to fall into more than one category .

— The following is a list of items/materials which were apparently
interpreted as both combustible and noncombustible during the first
month of study :

a. Styrofoam: Should be classified as plastic (combustible).
Occurs primarily as packing material in warehouse areas, although small
volumes of cups are also generated in other areas.

b. Leather: Shows up occasionally (e.g., shoes in residential
waste). Should be classified as noncombustible in accordance with the
proposed size reduction equipment.

c. Cardboard boxes: Many of the generators of the larger quantities
of solid wastes (e.g., warehouses, commissary) had an insufficient number
of combustible bins and/or did not collapse the boxes prior to disposal.
All bins were used for cardboard once the appropriate bins were full.

d. Rubber: Appeared to be a problem only in shop areas, where
hoses and tires were found in all bins. Rubber was classified inten—
tionally as noncombustible in the design of the experiment.

e. Oil and grease cans: A special problem , as these cans are
composed of cardboard cylinders with metal tops and bottoms. Should
be classified as noncombustible due to shredder design considerations.

f. Wood pallets: Several were found in and around bins throughout
• the warehouse and dock areas . Should be classified as noncombustible.

The disposition of the above items in the two waste streams was
monitored continuously throughout the first three months of the ptogram .
In general, these items continued to be a problem . The biggest problem
area was in the shop area, where most of the confusing items originated .

Implementation Problems

Several problems developed during program implementation , most
of which could be easily remedied.

a. Soft drink cans and bottles were often found in Type IV corn—
bustible containers due to the lack of litter cans. The same was

_ _ _ _ _ _  J
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true for Type I cans around vending machine areas, but to a lesser extent.

b.. Many of the ‘ blue bins ’ in the Bruns Park area showed no
signs of any separation on the part of residents. While this might
have been expected , f t  was also noted that the gardeners who cut the
lawns in this area d~ pc-~sited the grass clippings in the nearest bin
In several instances, grass filled bins for both nnncombusrih~e and
combustible materials .

c. The problem with the ID stickers on the various bins included
fading beyond recognition , peeling off  with or without help, and the
plac ing of more than one type of sticker on the same i—an . These problems
were pinpo inted and corrected during the program . New sunlight-
resistant labels were placed on all the outdoor containers within the
first month of the experiment.

d. Many of the offices (particularly secretarial pools) had an
insufficient number of noncombustible Type I cans. Some secretaries
removed staples and paper clips from all paper, but had no accessible
place to dispose of the metal. Several individuals labeled cardboard
boxes for this purpose, but wet garbage from lunch caused the unlined
boxes to leak and deteriorate.

e. Source B containers, although generally fairly pure in
content, were prone to unusual violations which could cause problems
during processing. Examples of such contaminants included metal hinges,
pallets, large and small cans, and a variety of glass items.

f. In contrast to the lack of compliance in Bruns Park (enlisted
5~~f l~~5 housing), most of officers’ housing generated a fairly clean stream
of bottles and cans in the noneombustible 30—gallon cans. Most of the
wet garbage and borderline items, therefore, went into the combustible
stream.

Analysis of these same problem areas during September found that
many had been corrected , either intentionally or by evolution of the
program. In particular:

a. Soft drink cans and bottles were still frequently found in
Type IV combustible material containers due to the lack of litter cans
in some areas. This confusion was cleared up in the vending machine
areas, and the associated waste streams were often noted as being 100
percent pure .

b. The “blue bins” in Bruns Park remained a problem area in the
program. Grass clippings were still indiscriminately deposited in
both types of bins, sometimes filling them to capacity. Combustible
purlty appeared to have stabilized at about 75 percent for the Bruns
Park area, including yard wastes.

c. The stickers on some “blue bins” were apparently replaced .
However, some bins had two conflicting stickers, while other stickers
were obscured from view.

25
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d. The lack of cans for noncombustthles in certain office areas
appeared to have been rectified in some cases, A common complaint at
the September site visit was tha t only combust ible cans were in certain

- - o f f ic e complexes , and employees of ten had to cross a hall to dispose
of noncombustible refuse.

-
s 

Similar analysis during October and November indicated no further
problems in program implementation.

Collection Problems

At the outset of the source separation experiment , both the janitors
and the residential collection contractor showed an inclination to

— 
dump the contents of both combustible and noncombustible bins together
into the same container. This action prompted many people to simply
disregard the program instructions or call various base offices to complain .
The contractor was subsequently required to make separate collec tion
runs. It is noted, however , that contractor collection of residential
refuse remained a problem throughout the duration of the test inasmuch
as he continued to mix refuse categories in plain view of residents.
The problem was never alleviated. A CEL engineer monitored the resident—
tial collection when time permitted throughout the length of the
experiment.

Problems with the janitorial service were not as clearcut. First,
many of the janitors empty the waste baskets after close of business
and are therefore not subject to employee scrutiny. During the test ,
it was not uncommon for a janitor to combine the two waste types in
his roll—away container. Second, some Janitors must cover an extensive
office area in their allotted shift and could not complete two runs
in the allotted time.

• While many custodians combined waste streams, others devised
methods of collecting both streams separately in one run. These included
the collection of noncombustible waste in liner bags and in side bags
supplied by the contractor to store noncombustibles separately from
combustibles.

Program Effectiveness

The typical method of assessing separation effectiveness is simply
to monitor revenues from the sale of recycled materials. At NCBC,
the lack of an ultimate buyer for the segregated waste required that
other intermediate measures of program success be employed. These
included (1) measuring the purity of segregated waste, and (2) comput-
ing the effectiveness of separation at each source, based on the measured
purity.

Collection of Purity Data

The composition of each separated waste stream was determined
approximately biweekly throughou~ the duration of the program.
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Contractc~r field technicians employed several, sampling techniques,
including visual estimation, hand sorting into components, and photo—

- - graphic sorting of the waste streams. Visual estimates were performed
for the smaller containers, and manual sorts were performed for the
refuse trucks in the vacant area adjacent to the stationary compactor.
Photographs of the waste were taken at both locations. The results
were then combined and reported monthly. Table 5 summarizes the sorting
schedule for the four months.

The parameter used to monitor segregation was “purity”. Purity
of combustible (P) and noncombustible (en) wastes were defined as the
percentage by volume of material belonging to the indicated separation
category (I.e.. the- contents of a combustibles type bin are 90 percent
pure if 90 percent-, by volume, of the waste is combustible). Table 6
summa rizes the purity data collec t ed during the four—month monitoring
program . The sampling matrix generally included the following containers
for each source type :

Source yp~e Containers

A . F I, II , IV, V
B, C, D I, IV , V
E III
C Iv. V

Information on Type II containers (litter cans) was not consistent
because few, if any, were labeled . The identification of Type I, III
and IV containers was readily made , but identification of the source
types was not as clear. A distinction was made between containers
in warehouse offices and those in adjacent storage or packing areas.
Similarly, a distinction was made between office and work areas in
shops and docks.

Figures 4 and 5 illustrate the variation In combustible material
purity from August through November. It is readily apparent from these
figures that basewide combustible material purity never fell below some
80 percent. In fact, as sources A , B, and E account for more than
75 percent of the base waste stream, overall combustible purity was
consistently estimated to be nearer 90 percent. Only three source
G Type IV bins were included in the program. Such bins were readily
accessible to contamination by other base activities and were, therefore,
not representative of separation effectiveness in the barracks. Those
data, therefore, were deleted .

Analysis of the noncombustible fraction showed that purity averaged
about 64) percent. Only in the residential and mess areas was there
an apparent improvement in purity with tine (Table 6). It was observed
throughout the sampling program that many personnel disposed of unsegregated
waste in the noncombustible containers, thereby demonstrating an emphasis —
on combustible material purity.
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TABLE 5

SUMMARY OF WASTE SORTING SCHEDULE
AT NCBC , AUGUST THROUGH NOVEMBER 1 976

Date No. of Samples Procedures Iised*

8/20 150 V , P

8/30 -

9/1 27 6 V , I’, M

9/15 137 V

9/30 -
10/1 361 V . p . M

10/19 -

10/20 296 V , P. M

11 /11 —

11/12 230 V , 1’, M

11/21 222 V

11/29 - —

11/30 238 V , P

* M = Manual sorting
P = Photographic sorting
V = V i s u a l  sor ting
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It is interesting to note the difference between combustible

- 
- refuse purity achieved in the enlisted men ’s (Bruns Park) and officers’

housing areas. Although nearly equal In quantity to Bruns Park, the
segregated waste in officers ’ housing ~;as typically 10 — 20 percent
purer (Figure 6). It was also noted that some residents of officers’
housing placed more emphasis on purity of conventional recycling cominod—

— ities (e.g. glass and cans). Several of the noncombustible samples
in the officers’ areas consisted almost entirely of cans and bottles.

It is evident from Figures 4 and 5 that combustible waste purity
during the experiment was consistently above that for the pre—test
composition. This would indicate that source separation had a significant
impact on waste composition at all sources.

Computation of Effectiveness

While purity provides an absolute measure of success in waste
segregation, it gives no indication of how much purer the segregated
waste is than the original waste stream. This Is better described
by the term relative effectiveness (F), deflnei ~s:

E = i — [ci. — P )/Cnc )J1

where E
~ 
is effectiveness of combustible material segregation, P~, is

purity of the combustible waste stream , and C~ , is the fraction of
noncombustible waste in the original mixed waste stream. When applied
to individual sources or source categories, effectiveness provides
a tool for pinpointing areas of weak compliance.

Effectiveness figures were computed using the purity data of
Table 6, coupled with refuse composition data obtained prior to the
start of the program. Results are shown graphically in Figures 7 and
8 for sources A—C and D—F, respectively.

An effort was made to identify whether noncompliance was due
to the custodians/maintenance personnel or to the partic ipants by
monitoring Type I and Type IV containers concurrently. The resulting
effectivenes s values are plotted in Figures 9 and 10 for offices and
ta’arehouae~ , respectively’.

In office areas, custodians are responsible for separate collection
of combustibles and noncombustibles. The lack of cooperation on the
par t of custodians would be indicated by a decrease in effectiveness
at the Type IV container level. Figure 9 shows that such a decrease
did In fact occur af ter  the f irst  month. The trend was reversed after
the third month until custodial effectiveness reached that of the
participants.

Warehouses are not serviced by custodians but must instead rely
on warehouse personnel to empty their own Type I containers. Figure
10 indicates a gradual decrease in collector participation, coinciding
with a slight increase in personnel participation.
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Time Study of Separate Collection

During the period 18 to 21 October. contrac tor personnel performed
time studies of the refuse collection operations at NCBC. The subjects
of these studies were contractor residential collection operations,
Navy collection operations, and janitorial collection operations.
The study approach was again tailored to the specific operation.
The time study elements used were essentially the same as those used
in the pre—test studies.

rStIpnS

Custodial operations at NCBC were not formally modified to include
separate collection during the experiment. Custodians were allowed
to use whatever method of collection they wished, provided tha t separate
collection was maintained. The custodians responded with three basic
approaches:

a. Use of a side bag (provided by the contractor) for nonconibustibles.

b. Use of the small can liners to hold noncombustibles separately
from Lombuatibles which were dumped loosely into the collec t ion cart 5

c. Mixed collection of separated material.

Custodial time studies were performed at the same locations
as in th e pre—teat stud y. The results of these time studies are as
follows (all times In minutes) ;

No. of No. of Ave. Pickup Time Haul Total Time System*
Bldg. No. Cans Rooms Can Room Time Per Can Code

363 20 14 0.55 0.78 2.80 0.72 2

442 67 32 0.37 0.78 4.61 0.44 2S

452 80 33 0.41 0.98 10.28 0.53 2

850 65 35 0.54 1.00 2.86 0.59 2S

* 2: two disposal runs , one for each fraction
2S: two separate disposal runs , using a side bag

Collectors in these buildings making two trips with a side bag
(2S) also made two trips prior to the experiment.

Time studies of custodial operations at four additional buildings
were also performed during the test. The results are (all time in
minutes):
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Ave .
No. of No. of Pickup Time Haul Total Time

Bldg. No. Cans Rooms ~~~ Room Time per Can 
-

1218 60 19 0.38 1.21 1.41 0.41

1217 47 22 0.42 0 9 1  2 .24 0.47

1220 60 27 0.40 0.89 1.71 0.44

1221 77 26 0.29 0.86 2.00 0.32

Nav~~VehIcular Co1 lee t Ion

Time studies of the Navy collection activities were perform ed during - -

the test in much the same fashion as before the test. Collection veh icles
monitored included the two front—end loaders and the hoist—and—haul
vehicle. Results are summarized in Table 7.

Time studies on the front—end loaders were conducted 18 - 19 October
1976. The time study elements were the same as those used in the pre—test
study. It was noted during the stud y that the collection routes remained
essentially unchanged from pre—test operations. In most locations where
both hoist—and—haul and front—end loader bins were originally located ,
the front—end loader bins were labeled for combustibles, and the hoist—
and—haul bins for noncombustibles. In some locations where only front—
end loader bins existed, a hoist—and--haul bin was added for noncombustibles.
Therefore, at such locations the front—end loaders were responsible for
the same number of bins at the same locations as before the test. However,
at certain other locations, front—end loader bins were replaced with
hoist—and—haul bins.

The time study of hoist—and—haul vehicle activities was performed
on 19 October 1976. The time study elements were the same as those used
in the pre—test study. The unit operations performed by the hoist—and—
haul vehicle and the resulting total cycle times were in close agreement
with the results of the pre—test study. This was to be expected, as
the basic operation did not change (hoist, haul, dump, return, and drop
off). The primary change was in routing. Other than certain scheduled
daily stops to dump wet garbage, the selection of bins was based primarily
on the operators’ experience.

Resident ial Collection

The time study of residential collection operations took place on
18 and 20 October 1976. The collector was timed from the gate to the
route, through the route, and from there to the gate. The travel time
between segments of the route was also recorded. The t’tal cycle was
completed twice each collection day, once for each waste category.
The collection frequency was also changed from three times per week to
twice per week for the duration of the program.

The results of the time study are presented later in Table 9.
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The change from three times per week to twice per week collection
during the test may have had an effect on the number of cans placed in
front of the home. This would have had an effect on the resulting time
per route. However, there is no way of estimating this from the data
at hand. Therefore, the extrapolation from twice to three times per
week collection was assumed to be linear (i.e., the time for three—times—
per—week collection is 3/2 t imes the time for twice—per—week collection).

Cost Impact of Source Segregation

As discussed earlier, collection costs at NCBC were determined to
be a function of three operations:

1. Custodial collection in the various office and warehouse areas.

2. Navy collection of solid waste from base operations.

3. Contract collection of solid waste from the base housing areas.

Because of differences in collection mechanics between operations,
the incremental cost of separate collection by each operation was assessed
separately.

Custodial Collection Cost

The cost of custodial collection at NCBC is described by the function

CC 
= L ~~~ + 1) + E

where

C~ = Cost of collection, $/year

L = Labor cost, $/year

OH = Overhead rate, percent

E Equipment cost, $/yea r

Custodial collection of solid waste is labor intensive. As the
equipment used by the custodians is supplied by the Navy, the cost of
the collection contract is essentially a function of labor and overhead.
Manpower utilization is, therefore , an accurate measure of the custodial
collection contract costs.

The change in custodial utilization was measured by comparing the
same custodial routes before and after the program implementation. The
time study data are shown side—by -side in Table 8. The overall change
In collection time was computed to be +6.8 percent for the four buildings
studied. Two of the buildings showed an increase in collection time,
one a decrease, and one was unchanged.
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Two co l l i—e t lon methods predominated : ( 1) a separate trip through
a route for each waste category , and (2) a single collection trip for
both waste categories , with noncombustibles placed in a side bag (provid.-
ed by the contractor).

The two custodians using side bags showed almost no change on the
average between pre—test and separate collection operations. The
custodian employl~g the two—run approach both before and during the
program experienced the largest increase in collec tion time (26 percent).
The custodian switching from a single run to two separate runs experienced
no change in collec t ion time. Because the side bag technique proved to
be the most efficient, it is assumed that a continuing program would
utilize that technique (Buildings 442 and 850)- From Table 8, the
average recorded change in janitorial collection time for the side bag
technique was a 0-5 percent increase. However, because of the small
number of data points (two) and because of the wide spread between those
points, the confidence associated with this figure (0.5 percent increase)
is very low. In view of this low confidence level , individual custodians
who had participated in the test were questioned and it was dec ided to
use the arbitrary , but conservative range of 0.5 to 5 percent increase
for the cost impact sununary presented later in this report .

The custodial contract cost at NCBC is $860,000 per year. Of this,
an estimated $154 .800 is allocated for trashing and dusting operations in
base office buildings. Based upon an average increase in collection time
of between 0.5 and 5 percent , NCBC would realize an increased cost
between $64 per month and $645 per month for the custodial contract.
When added to the other cost impacts of source segregation , these increases
result in a total cost impact per ton of refuse between $1.64 and $2.95.

Residential_Collection Cost

The cost of residential solid waste collection at NCBC can be
described by the function

CR = L (-
~
-
~~

-
~~ + 1) + E

where CR is the cost of the resid entia l collection contract and the other
variables are as before .

The labor cost is dependent upon the amount of time spent on
the NCBC collection route. Collection time is the summation of
(1) time spent on the actual route, (2) time spent traveling between
routes, and (3) travel time to the base and from the base to the landfill.

A comparison of the pre—test and in—test time studies is shown
in Table 9. Several clarifications and changes in the collection model
must be made to properly analyze the system :

1. Inasmuch as the source segregation program was intended for
implementation only with an on—base resource recovery plant , the cost
impact being evaluated reflects only the on—base travel times, and not
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TABLE 9

ANALYSIS OF DAILY RESIDENTIAL SOLID WASTE COLLECTION TIME STUDIES

NCBC PORT HUENEME

Item Pre—Test Study* In—Test Study*
Officers Bruns Park Off icers Bruns Park

Total Collection
Time (te) 60.0 40.0 —— ——
Combustibles —— —— 39.7 46.4

. Nancombustibles —— —— 11.7 26.6

SUBTOTAL 100.0 124.4

Travel
Time (tt)

Gate to route 1.6 1.6
Between routes 0.9 1.8
Route to gate 3.4 3.4

- Yard to NCBC 25.0 25.0
NCBC to landfill 20.0 20.0

SUBTOTAL 50.9 51.8

Total Time/Day
(tt + t~

) 150.9 176.2

Percent Change 16.8 (increase)

* All time in minutes.

j
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the off—base travel times (e.g., Yard to NCBC or NCBC to landfill).
For this reason , these off—base travel times are assumed not to change
(i.e., they would not affect the eventual cost analysis).

2. The collection route is divided into three distinct sections:
(1) officers’ housing, (2) chiefs’ housing, and (3) the Bruns Park family
quarters. Time between routes refers to the travel time between these
sectors.

3. Officers ’ coll ection time refe rs to o f f i cer s ’ and chiefs ’ housing.

4. Throughout the program, the contractor performed collection on
Monday and Wednesday mornings. Before the program, collection was also
performed on Saturdays . The switch to twice per week collec t ion obviously
is a saving to the contractor, and should be reflected in the contract.
It is possible that due to the decreased waste load in some bins, three—
times—weekly collection would result in fewer pickups per stop. However ,
it was assumed that all bins would be emptied regardless of their contents.

Based on these assumptions, the separate collection resulted in
an overall 16.8 percent increase in collection and hauling time for
residential collection. Unit collection costs were not available from
the residential contractor. To determine the actual economic impact
on residential collection would require a detailed analysis of the system,
which is beyond the scope of this study effort. Therefore, it was assumed
that collection costs are a linear function of collection time. The normal
collection contract costs NCBC $1,250 per month. The 16.8 percent increase
in collection time is equivalent to a $210 month increase in the collection
contract costs.

Navy Collection Cost

The cost of Navy refuse collection is a function of the operation
of the two front—end l oaders and one—hoist—and—haul vehicle.

Front—end loader collection was unaffected by the program. As noted
earl ier , the number of bins and time per cycle for hoist—and—hau l collect ion
remained essentially unchanged as a result of the program. Hence, there
is no incremental cost of separate collection by the hoist—and—haul vehicle.

Other Cost Impacts Attributable to Source Segregation

Other costs affected are those related to the need for additional
containers, public relations, labels and program administration. One
hundred forty—eight additional outdoor containers were needed; these
are estimated to cost $300 each and to have a useful life of 20 years.
Approximately 75 indoor containers were needed at a cost of about $30
each, with a useful life of 5 years. The capital recovery factor for
10% compound interest is 0.117 per year for 20 year life and 0.264 per
year for 5 year life. Therefore, for the additional outdoor containers,
the cost impact is
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$300 0.117 1 yr.(Cl)  = —- X 148 ‘—ontalners x —— X0 container yr 12 mo .

$433 per month-.

L Similarly, the cost impact for the additional indoor conta iners is

$30 - 0.264 1 yr.(CI) —— X 75 containers X X
j  container yr 12 iso.

= $50 per month.

The remaining cost impacts have to do with the expenses of public
relations, container labels, and finally, program administration. The
combined cost of these items is estimated at $100 per month.

Table 10 summarizes the cost Impact , increase or savings, in
NCBC coilec tion operations as a result of source segregation.

FOLLOW-UP HUMAN FACTORS SURVEY

Surveys were conducted to examine the results of source segrega-
tion in three distinct populations: base residents, b~ise employees,
and trash collectors, These surveys were designed to elicit and exa-
mine experiences during the test, measure attitudes toward source
segregation, Investigate areas of resistance, determine penetration
of the campaign and campaign materials , measure acceptability of
campaign materials , examine irregularities occurring during the test,
investigate reactions and resistances to an altered pattern of source
segregation , seek suggestions for projec t methodology improvement,
and determine trash collection habits of employees at home, residei~cs
at work, and trash collectors at home. Sample populations were selected ,
appointments were sch eduled where possible , the sample populations wer e
interviewed , interview results were tabulated , the surv~y results were
in terpreted , and a report was issued by the contractor. U This section
is a summary of the cont racto r ’s observations arising out of the find—
ings of this survey.

Employees/Residents

Means of Introduction

The means by which participants were introduced to the project
appears to have had significant effect on their compliance. The ini-
tial reaction to the means of introduction was found to be still opera-
tive during the interviews, which occurred six to eight months after
project initiation. Positive effects were evident among those parti—
cipants (employees and residents) who first heard about the project
through person—to—person contact.. Negative attitudes were aroused when
cans and labels were received before the project was publicized and
explained by other means. Properly sequenced introduction seems to
have been a significant factor .
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I
TABLE 10

SUMMARY OF SOURCE SEGREGATION
COST IMPACTS

NCBC , PORT HUENEME
Projected Cost
Increase/(Savings) ,

Operation Projected Z Increase $/month

Custodial Services 0.5 to 5 64 to 645

Residential Collection 6 75

Additional outdoor
containers 433

Additional indoor
containers 50

Program administration,
public relations,
labels, etc. 100

TOTAL 722 to 1,303

Total per ton = ~~~~~~ 
~~
‘
~
?3days 

= $1.64 to $2.95 per ton

day mo
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Prior attitudes of those who first learned about the project through
• printed or visual media did not seem to undergo modification based on

the content of the material . In off ices , when supervisors had been the
source of the person—to—person introduction, subsequent lack of reinforcement

* by the supervisor appears to be correlated with decayed compliance.

Total name recognition for the project (Project TRASH) was not achieved.
Thirty percent of the participants did not recognize the project by name,
but did recognize it by description.

Emphasis on the residential component in the Coverall articles appears
to have convinced a number of base employees that the project was for
residents only. It should be noted that a higher percentage of employees
read the Coverall than do residents.

Response to hearing of the project through the wives’ clubs appears
to have been positive. Response to the film shown at the base theatre
immediately before commercial movies appears to have been strongly negative .
The Housing Office seems to have indoctrinated newly arrived residents
in accordance with project guidelines . Response to the Housing Bulletin
(76% of interviewees freely mentioning this communication channel) was
quite strong.

Labels

Shortcomings in label distribution seem to have had a significant
effec t on compl iance. Twenty—five percent ot the employees received
no labels for their inside containers; 43% of the residents received
only the single label, “No Paper, Plastic or Cardboard .” The single label
did have some effect on resident compliance; the lack of ~~~ inside labels,
coupled with the emphasis on housing found in the Coverall, critically
reduced employee compliance.

Many respondents expressed the need for more explicit instructions.
Suggestions included enumerating articles for each container in greater
detail; using pictures to explain what should go in each can; making
Instructions positive rather than negative (no paper , plastic or cardboard).
This latter response occurred a number of times. The “X” on the label
was recalled frequently, and with significant objection. Dissatisfaction
was expressed with the similarity of size, shape and colors of the labels,
and with the fading of the colors. Larger, more noticeable labels were
frequently suggested ; color coding of containers occurred regularly,
and appears consistent with Navy practice. When office cans were turned
to the corner of the wall, or toward the wall, the label was no longer
visible; the label was also not visible to someone standing directly
over the container, a situation occurring frequently. Base residents
often asked that labels be created with children in mind. As contrasted
with posters, which are discussed later, labels seen to be an effective
reinforcement of compliance.

Additional inputs from participants suggested a continuous message
around the container, and expanded basic information about the project
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to be printed on an additional label , since the container presents an
on—the—spo t, highly visible means of displaying information.

- 
- Containers

A significant number of employees complained about the location
of one or the other of the two containers. A frequent comment was that
that the ratio of “burnable’t to “non—burnable ” containers was not
realistic in terms of the type of trash generated by that particular
facility. A recurring suggestion was that there be a specially designed
container for the deposit of both kinds of trash by employees, thereby
requiring only one type of class I office container.

The answers of Petty Officer residents were contaminated by
their prior and ongoing attitudes toward the dumpsters. Frequently
mentioned by these interviewees was the basic difficulty experienced by
the children in taking refuse out to the dumpster . Several respondents
expressed resentment of the Chief Petty Officers ’ receiving an additional
(orange) lightweight garbage can. Some respondents described the orange
container as too lightweight and fragile, although its light weight appears
to have been a distinct advantage as was its different color.

Informa t ion

While the major i ty  of respondents stated that they had sufficient
informat ion to know what was expected of them, even those who made significant
misinterpretations of project procedures and purpose gave the same answer.
The admission of having insufficient information appears to have been
a difficult one for many respondents .

Problems

- - Interviewees indicated a lack of information was a prime difficulty
— in separating. Confusion was expressed on the interpretation of separation

guidelines. One such confusion was with the handling of marginal or
mixed materials, such as leaves or plastic coated wire. Expression
of irritation with the Inconvenience was prevalent, but occurred most
often at a low level of intensity. Problems with children occurred
at every phase of separation, in every stratum of residents . It is
interesting to note that parents of educationally handicapped children ,
accustomed to focusing on the teaching of their children, regarded
separation as only one more challenge, and had no problems with their
children. Clearly, prior attitudes appear to define attitudes toward
problems, as well as toward the projec t as a whole .

Irregularities

Decay of compliance over time was observed by a number of parti-
cipants. Participant awareness of custodians or trash collectors mixing
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separated trash also served to decay compliance. Many of the Pet ty
Officers interviewed reported almost no cooperation from residents of
Petty Officer Housing. An impressive majority of hese respondents
defined themselves as one of the few families in their area actually
cooperating with the project. The attitudes of supervisors strongly
affected the compliance of employees.

The CBC Coverall

A frequent response from many participants was that readership of
the Coverall is limited only by its distribution . Residents who
had read about Projec t TRASH absorbed more informa t ion than did employees,
even though percentage of readership for the two populations is
comparable. This may indicate a readiness to focus on local events
on the part of residents which is not present in employees.

Posters

There were frequent suggestions aimed at increasing the impact
of the posters: using bright colors, having more than one poster
design, changing posters, choosing a more dramatic theme. There
was general awareness of the posters, but a widespread lack of response
to them. Few people mentioned posters as one of the means by which
they heard about the project. Many of the positive responses to
the posters were in actuality responsesto the project.

,~~provements

Most respondents made constructive suggestions on project improvement.
Many responses focused on motivation, and considered message content,
as well as a more coercive message. Rewards for compliance, and
punishment for non—compliance were suggested. Need was expressed
for a more coordinated campaign, and for more reinforcement by information
communication during the project. Label changes and trash container
changes were suggested. Willingness to make constructive criticisms
and to recommend Improvements was noted even in those interviewees
who expressed hostility to the project.

Glass and Metal Separation

A number of those interviewees who responded that a glass—and—
metal—only separation scheme would be more difficult than the project
just completed, appeared to have little grasp of the question. Several
of these interviewees expressed concern over glass breakage in the
combination of glass and metal.

General Attitudes

Implicit in many answers is the wish of the respondent that the
project succeed : that peopl~ comply, that the project prove to be
cost—effective, that it pass from the test phase to the operational
phase. The vast majority of participants were strongly positive
towards the concept, and only slightly less positive toward the project
itself.
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Recall of Pro1~~t Ob.tectives

The greater recall of project objectives on the part of base
residents again appears to indicate that residents are more involved
.n base projects than base employees. Lack of awareness of objectives
-Id not interfere with compliance.

Custodians/Trash Collectors

Project Name Reco~n1t1on

Halfway through the interviews, it was observed that the janitorial
contractor was selecting interviewees by a screening process. This
process consisted of asking the potential interviewee if he had been
working at the time of Project TRASH introduction, and then providing
a very brief project description. The screening process, while totally
non—prejudicial, did not permit projec t name recognition testing.
No other answers were affected by the screening process.

Attitudes of Employees/Residents and Custodians/Trash Collectors

The participant attitude most often reported by custodians/trash
collectors was strongly negative. Most custodians/trash collectors,
on the other hand, described their own attitudes as being positive
and cooperative. A number of custodians identified totally with
the project, even to the extent of assuming responsibility for persuading
par tic ipants to comply. The attitudes of these employees seemed
to reflect the attitudes of management of the janitorial and collection
contractors (Geronimo Service Co. and E. J. Harrison and Sons). Both
contractors proved to be totally cooperative and supportive throughout
the survey.

Problems and Difficulties

Source separation appears to have increased the effort required
for all custodians/trash collectors. Statements to the contrary
on the part of several of these interviewees appears to be contradicted
in other parts of the survey questionnaire. This increased level of
effort does not appear to affect their willingness to make constructive
criticism, or recommendations for project Improvements. When asked
what changes would make it easier for the custodians, a significant
number responded that increased compliance on the part of participants
would make their job easier .

Goals and Objectives

While the majority of respondents did not have a total grasp of
project objectives, this seemed to have little effect on the posi—
tive attitudes they generally displayed.
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Containers

A number of recommendations had to do with the placement or design
of containers, or their processing. These included having containers
side by side, having larger containers in local or central locations
for non—burnables, and having containers gathered to a central place
by employees. Concern was expressed over cardboard boxes, and sugges—
tions were offered to solve the problem of outdoor containers filling
too rapidly with uncrushed cardboard boxes.

Proposed Project Modifications

Almost without exception, custodians defined two rolling cans
as more work, and more time consuming. Recommendations and responses
to other questions support the use of a smaller, lighter collection
container for non—burnables, or having the present rolling can compart—
mentalized.

The idea of an additional bin mounted on the collection truck
was rejected by the trash collectors, but the possibility of a two—
compartment truck was discussed , with a positive response.

CONCLUS IONS

1. Two—component voluntary source segregation of solid waste
for waste heat recovery, is workable in the Navy shore establishment.

2. Typical purity of the source—segregated “combustibles” fraction
was 90%. The cost increase of solid waste management due to source
segregation was between $1.64 and $2.95 per ton (an increase between three
and six percent of the total solid waste cost for equipment and labor for
collections, storage and disposal).

3. Various implementation problems contributed to a relatively
low purity for the source—segregated “nonconibustibles” fraction.
Most of these problems can be readily solved, thereby providing for
a considerably higher purity for this waste stream. This, in turn,
enhances the prospects for cost—effective materials recovery.

4. Time studies of custodial refuse collection showed that
certain separate collection techniques are more efficient than others.
Specifically, custodians employing a side bag for the second waste
category were 18 percent more efficient2 than those making a separate
collection run for each category.

5. By analogy to custodial collection operations, the use of a single
run by a compartmentalized collection vehicle should improve separate col-
lection efficiency in the residential areas (a contractor function).

6. Navy collection operations were not significantly affected
by source segregation.
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RECOMMEND ATIONS

1. Two—category source segregation of solid waste , with emphasis
on separation of the combustible fraction for waste heat recovery,
should be considered as part of future plans for Navy shore instal-
lation solid waste resource recovery.

2. The need for Navy emphasis on waste heat recovery, as opposed
to materials recovery, should be communicated to the U.S. Envrion—
mental Protection Agency (EPA) Office of Solid Waste Management
Programs (9SWMP). This would tend to balance the emphasis of the EPA
guidelines (for source separation) on materials recovery at all
Federal agencies. *

3. Further RDT&E on solid waste source segregation methods and
approaches is recommended to determine optimum waste category def in—
itions, public relations campaign structures and other related aspects
of source segregation at Navy shore installations if segregation of
refuse is implemented .

*It is important to note that the solid waste source segregation exper-
iment at NCBC, Port Hueneme was conceived ,planned and implemented ~prior
to promulgation of the EPA guidelines on source separation. It is for
this reason that the experiment does not reflect or relate to the EPA
guidelines which prescribe the recovery of high grade paper from offices,

-
. 

and newspaper, aluminum cans and mixed glass from residences. However,
it is also important to note that the typical reduction in total energy
available in solid waste due to paper removal in recycling programs
has been shown to be less than 10 percent8. Therefore, although a basic
waste heat recovery program could be successfully supplemented with a
waste materials recovery program, it is imperative to note that there is
a high risk factor involved. The risk incurred is the potential failure
of both recovery programs due to the shift from the recommended two—com-
ponent source separation to a three (or more) component source separation.
The additional component is due to the need for separation of high quality
paper from the combustibles, and as explained in reference 1, a successful
source separation program is particularly difficult to achieve with three
or more waste categories.
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APPENDIX A

PLACEMENT AND LABELING OF CONTAINERS

Outdoor Containers

In the survey of NCBC, 307 outdoor containers were found to be in
use. Applying the requirement of a minimum of two containers at each dis-
posal location to provide for waste segregation, one might expect this
number to be approximately doubled to a requirement of over 600 containers
for the segregat ion experiment. However , it was determined that a total
of only about 455 containers will be required. At some locations where
there are now two or three containers, relabeling of existing containers
will suffice, or alternatively the addition of only one container for the - -

noncombustible category will be adequate. An example of this may be seen
in Figure 1 of this report, which shows for Building 477 (bottom center)
that there were originally three bottom—drop containers; instead of doubl-
ing to six for the segregation experiment, on~ of the original three will
be replaced by a top—dump container (for combustibles).

Indoor Containers

In labeling the indoor containers (e.g.. office wastebaskets) for
segregation of waste into the two categories, a general philosophy to be
followed for the convenience of the using personnel is that in no case
should there be more than twenty paces between the containers for the two
types of refuse (i.e., “only paper , plastic and cardboard” and “no paper,
plastic or cardboard”).

The placement of labels on the existing indoor containers (to be per—
formed by the janitorial personnel ) shall follow these criteria:

Number of Containers Label
Now in a Room 

— 
Only PPC* No PPC

1 1 0
2 1 1
3 2 1

4 or more 2 or 3 “Only PPC” with each “No PPC,”
where possible without violating the
above 20—pace separation limit.

The janitorial contractor has estimated that preparation for and per—
formance of their part of the segregation experiment will entail additional
costs as follows:

Labeling indoor containers $1800 (one—time cost)

Maintaining segregation In $3750 per month
disposing of the waste

*PPC — paper, plastic, and/or cardboard
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STATEMENT OF WORK

Experiment on Source Segregation of
Solid Waste at Navy Shore Installations

SECTION 1. SCOPE OF WORK

1.1 Objective:

Quantify (1) segregation effectiveness, at a typical Navy
base, (2) purity of source segregated solid waste, and (3) esti-
mated percentage increase in operation and maintenance costs
attributable to source segregation.

1.2 Background:

The Civil Engineering Laboratory (CEL), under the sponsor-
ship of the Naval Facilities Engineering Command , will conduct
an experiment on source segregation of solid waste into essen-
tially combustible and non—combustible fractions at the Naval
Construction Battalion Center (NCBC), Port Hueneme, CA. The
combustible fraction will be defined as wood , paper and card—
board , while all other materials will comprise the non—combus-
tible fraction. This experiment is designed to resolve ques-
tions of workability of source segregation and provide a quan—
titative basis for evaluation of the cost effectiveness of source
segregation as it impacts total solid waste management systems
at Navy shore establishments.

CEL will make all necessary arrangements and preparations
for the conduct of the source segregation experiment.

Measurement of degree of segregation achieved and deter—
mination of additional cost in gathering and collection due
to segregation shall be undertaken by the contractor , over a
period cf four months, as described below.

1.2.1 Classification of Container Types

The following definitions for refuse container classes
will apply throughout this work statement and the subsequent
contract.

Class I — Interior building (office, barracks, warehouse,
storage, etc.) containers such as small waste baskets, cafeteria
trash cans, kitchen containers, 30 gallon galvanized warehouse
barrels, etc., but excluding family housing interior containers.

B— i
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Class II — Outdoor containers which are not picked up by
trucks,i.e. the containers primarily found along outdoor paths
and small buildings. These containers are emptied into Class
III containers for pick up.

Class III — Residential outdoor containers, i.e. 30 gallon
up to one cubic yard residential.

Class IV — These containers are picked up by refuse trucks.
There are three basic types (front loading, side and bottom
truck lift slotted , and Deinpster Dunq ster).

Class ! — Refuse trucks, i.e. front loading, side and bottom
lifts and rear loading Dempster Dumpster.

1.2.2 Classification of Solid Waste Sources

The following classifications for refuse sources will apply
throughout this Statement of Work.

Source A — Office Space

Source B — Warehouse, storage buildings, receiving buildings

Source C — Shops, e.g. metal working, carpentry, mobile
equipment maintenance and repair

Source D — Docks

Source E — Residential

Source F — Mess hail, Off icer ’s Club, cafeteria, comissaries,
service facilities, etc.

Source G — Barracks

1.2.3 Definitions and Nomenclature

V / = volumetric ratio of noncombustibles to total refuse
(~e!ore segregation).

Vc/m = volumetric ratio of combustibles to total refuse (before
segregation).

= (segregated) volumetric ratio of combustibles in combus-
tibles container to total refuse in combustibles container.

purity of combustibles container.

P~~ = (segregated) volumetric ratio of noncombustibles in non—
combustibles container to total refuse In noncombustibles container.

8—2
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purity of noncombustibles container.

E
~~ 

= 1 — [(1 — Pc) / V n/m l = source segregation effectiveness
for combustibles containers.

En = 1 — [ U — 
~n
) / Vc/m ] = source segregation effectiveness

for noncombustibles containers.

1.3 Applicable Documents:

The following enclosed documents form a part of this State-
ment of Work to the extent specified herein.

(1) Map of Naval Construction Battalion Center, Port Hueneme,
CA.

NOTE: A map of NCBC, Port Ilueneme, with refuse sources identi-
fied by class per section 1.2.2, and with numbers and classes of con-
tainers indicated, will be furnished.

(2) “Summary of Sort Procedures for Mixed Municipal Waste;
Manual and Photographic,” Dec. 1975, Systems Technology
Corp., pp. 21—27 (Photographic Sort Procedure.)

1.4 Performance Requirements

The contractor shall furnish all personnel, material, facili-
ties and equipment required to complete the effort specified
in this statement of work. The following tasks are Included
in this effort.

1.4.1 Task 1. Survey of Source Segregation Effectiveness

Upon commencement of the source segregation experiment,
the purity of container refuse shall be surveyed and recorded
by the Contractor, using the data sheet format of Table I,
The survey shall be continuous, on a biweekly basis over a
period of four consecutive months, sampling containers randomly
but within the schedule defined by Table I. This Table specifies
the number of containers of each class to be checked at each
source by way of the number of data entry spaces available;
only one of each source type will be checked, each within a two
week period. The experiment will be conducted so that one month
of surveying will elapse prior to the start of source segregation

— so as to provide a basis for comparison. Completion of the
survey shall be in accordance with the attached Milestone List.

The container classes I through V and refuse sources A
through C are defined in sections 1.2.1 and 1.2.2, respectively.
Purity is defined in section 1.2.3.
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To determine the degree to which the solid waste has been
separated at the source into a “combustible” fraction comprised
of wood , paper and cardboard , and a “non—combustible” fraction
comprised of all other materials , the following procedures will
be employed in connection with the particular class of storage
container indicated. Also , it is desired that contaminants
(impurities) of either of the two “segregated” waste categories
be Identified without necessarily being quantified , e.g. news-
paper, books, magazines , old lumber, food waste, beverage cans,
beverage bottles , packing material , etc. Provision is made for
recording such observations on the data sheet format of Table
I.

1.4.1.1 Survey Procedure for Container Classes I , II , and III

Periodic surveying of source segregation at these dasses
of containers will require that the contents be completely emp—
tied* and spread out into an approximately rectangular array
of minimum thickness , so that all items are readily identifiable.
The volume occupied by the contaminants is estimated , subtracted
from the total volume, and the difference divided by the total
volume to produce a numerical estimate, in percent, of the “purity”
of the segregated refuse , i.e. 

~c or P~~, as appropriate.

Contaminants are to be identified by type without necessarily
being quantified.

1.4.1.2 Survey Procedure for Container Class IV

In order to survey the effectiveness of source segregation
at these containers, their contents are to be inspected at the
time of transfer , or emptying, into the collection truck. CEL
will supply a front loading refuse collection truck , along with
an operator, for this purpose. With the truck empty, contents
from one of the containers will be loaded into it. They (the
container contents) will then be spread out manually into a
uniform layer of minimum thickness within the confines of the
truck bed. All items should be readily identifiable. The “purity”,

or P~ , of the refuse is numerically estimated as before in
section 1.4.1.1. Successive container loads shall be inspected
in similar fashion except that, before loading into the collection
truck, the prior loads will be compacted and covered so as to
provide a clear area within the truck bed.

*The rectangular residential blue containers equipped with bottom
lifts for mechanized handling are best emptied by use of a large
shovel.
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1.4.1.3 Survey Procedure for Container Class ‘I

Periodic surveying of the effectiveness of source segrega—
tion at Class V containers (collection trucks) will consist
of photographic documentation of the truck contents after dumping

-
‘ - at a landfill site. Following a dumping directly on top of

cover soil, the contents should be spread by a bulldozer to
an approximately uniform thickness so as to uncover any concen-
trations of contamination of the segregated waste material .
This done, plan view photographs of the refuse shall be taken
at a distance no greater than six feet, and analyzed using the
grid technique described in enclosure (2L This analysis will
produce the required estimate of the “purity”, Pc or ~n, 

of
the refuse.

In addition, the contractor shall refer to data from the
landf i ll records fo r weigh ts of t ru ckloads of the combustible
fraction and of the nonconibustible fraction of refuse. The
contractor shall transcribe this data during the source segrega-
tion period on a weekly basis.

1.4~ 2 Task 2. Assessment of Source Segregation Impact on Cost of
Collection Operations

Data pertaining to increases in operating costs attributable
to source segregation shall be acquired as described in sections
1.4.2.1 and 1.4.2.2. These data are to he expressed as percen-
tages of cost increase in the categories of labor , equipment
utilization, any and other significant cost categories.

— 1.4.2.1 Manpower and Equipment Survey, Non—Segregated Refuse

For a two week period at the start of the contract ,
but prior to the start of source segregation , the contractor
shall pe:-~orm time and motion studies, on a random sampling
basis, of the labor, equipment utilization and any other signifi-
cant operating cost categories for collection at each of the
source types A through C. Data shall be recorded using the
data sheet format of Table II. A single time and motion study
at an individual source shall consist of the contractor person-
ally monitoring the collection of refuse from all containers

— (of classes I through IV) within the particular source, or f a—
d u ty, timing the process and manpower loading from start to
finish. Each source type is to be monitored in this fashion
three times during the initial two week period. Facilities
selected to represent each source type shall not be monitored
more than once. For purposes of the Statement of Work, “finish”
of the collection process means that all of the class IV con—
tainers within the particular source being monitored have been
emptied into the collection truck.
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1.4.2.2 Manpower and Ec~uipment Surj,~~~ Segregated Refuse

During the third or fourth month of the source segregation
experiment , the contractor shall repeat the survey described
in section 1.4.2.1, at the exact same facilities.

1.4.2.3 Evaluation of Cost Differential

Based on the results of sections 1.4.2.1 and 1.4.2.2, the
contractor shall prepare a tabulation of actual values and
percentages of manpower and equipment utilization differentials ,
and then compute cost differentials for each source type. Labor
and equipment utilization rates will be furnished by CEL. The
Contractor shall then use this information , along with the map
described in the note of section 1.3.1 , to extrapolate a value
for the total NCBC base cost differential (on the basis of nuni—
bers and classes of containers).

1.5 Reports

1.5.1 Daily Reports

Ihe contractor shall furnish a map of NCBC on each working
day, which shall indicate his approximate location for that day.

1.5.2 Progress Report. The Contractor shall furnish six (6)
copies of a Progress Report to the Officer in Charge of Contracts
by the fifteenth (15th) day of each month after the effective date
of the contract, and for the duration of the contract.

The primary purpose is to document efforts and progress toward
• completing the performance requirements. The progress report shall

be prepared in the form of a letter and shall include but is not
limited to a br ief statement of th e following:

(1) Conf i rmation of any decisions or understandings reached
as a result of technical meetings or discussions with
Government technical representatives.

(2) Work accomplished during the reporting period.

(3) Special problems encountered and unsolved.

(4) Percentage of work completed.

(5) Plans for the following month.

1.5.3 Draft Final Report. Three (3) copies of a draft final report
documenting the results shall be submitted for review. The report
shall include:

B—6
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(1) data obtained and information generated during the course
of the contract.

(2) computations of source segregation effectiveness by source
type, in accordance with Section 1.2.3, on a bi—weekly
basi s.

(3) computations of percentage increase in operating costs
attributable to source segregation in accordance with
Section 1.4.2.

Comments and recommendations on the draft final report will be re—
truned within fifteen (15) calendar days after receipt.

1.5.4 Technical Review Meetiflg. Within fifteen (15) calendar days
after receipt of the government comments and recommendations on the
draft final report, the contractor shall attend a technical review
meeting at CEL iti Port Hueneme , CA. The meeting will include a
review and discussion of the findings presented in the draft final
report and a discussion of the government comments and recommendations.
The contractor ’s representative(s) shall be available at CEL for
one (1) day. The contractor will be notified at least seven (7)
calendar days in advance of the meeting .

- 

- 1.5.5 Final Report. Within thirty (30) calendar days after the
technical review meeting, the Contractor shall furnish one (1) original
manuscr ipt and five (5) copies of a final report. Changes to the
draft final report shall be implemented by the contractor in response
to government comments and recommendations received and comments at
the technical review meeting . The report shall be prepared in
accordance with paragraph 1.5.6.

1.5.6 Preparation of the Final Report. The original copy of the
final report shall be typed on white bond paper and unbound . Text
which does not contain mathematics shall be single spaced, with
double spaces between paragraphs, and the right—hand margin shall
not be justified. Any graphs, charts or illustration shall be
submitted as unscreened glossy, single—weight prints (8” X 10” pre-
ferred) on white stock. The original copy shall be prepared in
such a form, clarity and definition to allow reproduction by con-
tact copying process. Any drawings, as a minimum, shall be repro-
ducible brown line (sepia). All copies of the report must be
legible.
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TABLE I BiWeekly Refuse Purity Data Sheet

Date 
_________________

Class of Source (see section 1.2,2) 
____________

General Remarks _____________________________________________

% PURITY BY VOLUME

Paper, Wood , Cardboard Only No Paper, Wood, Cardboard

Class~ #1 #2 #3 #4 #1 #2 #3 #4

_ _ _  _ _

__>

~

c-><
II 

_ _  :~~ >~ -- >< >< >~~~~

III

IV
- 

-

_ _  _ __ __ _

v 
~~~~~~~~~~~~~~~ 

~~~~~~ 
- 

—

~~~~~~

—  

‘___

~> 

—--

Impurity (generally) found in “Paper, wood and cardboard O”~~~~

containers 
—

Impurity (generally) found in “No paper, wood or cardboard”

containers ___________________________________________________________

*see section 1.2.1
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TABLE II Cost Impact Data Sheet

Date 
____________________

Class of Source (see section 1.2.2) 
___________

General Remarks _________________________________________________

Container Class (see section 1.2.1)

I II III IV V

Labor Time

Equipment Time
_________________________ ______ 

i- -- - -—--- -- - — - - + ~~
_ - ____

Other Time

Type/No. of Personnel

Equipment Type

Other Type

Source* ___ .__ i______ ._ .
Note: Time increments recorded represent transfer time duration of
refuse from the class for which the value is recorded to next class

-: - for which there is a recording.

*e.g. identification of specific building, areas, docks, or par ts
thereof.
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NAVCOMMSTA CO (6lE) Puerto Rico; CO. San Miguel , R P.; Code 401 Nea Makri , Greece; PWO , Adak AK; PWO .
Exmouth, Australia; PWO , Fort Amador Canal Zone

NAVCOMM UNIT CucIer /E. Machias ME (PW Gen. For.)
NAVCON SIRACE N CO (CDR C.L. Neugen t), Port Huen eme , CA
NAVEDTR APRODEVCEN Tech. Libra ry
NAVENVIRHLT H CE N CO . Cincinnati , OH
NAVEODFAC Code 605, Indian Head MD
NAVFAC PWO, Lewes DE
NAVFACENGCOM Code 043 Alexandria , VA; Code 044 Alexand ri a , VA; Code 0451 Alexandria , VA; Code 0454B

Alexandria , Va; Code 0454C (T P Kruzic), Alexandria VA; Code 046; Code 0461 D( V M Spau lding) : Code 04B3
Alexandria, VA; Code 04B5 Alexandria, VA; Code OSIB Alexand ria , VA; Code 101 Alexandria , VA; Code 1023
(M. Carr) Alexandria, VA; Code 1023 (T. D. Stevens), Alexandria VA; Code 1023 (T. Stevens) Alexandria, VA;
Code 104 Alexandria , VA; Code 2014 (Mr. Taam), Pearl H arbor HI; M orrison Yap, Caroline Is.; P W Brewer

NAVFACENGCOM - CHES DIV. Code 101 Wash , DC; Code 402 (R. M orony) Wash , DC; Code 403 (H. DeVot)
Wash , DC; Code 405 Wash , DC; Code FPO-I (Ottsen) Wash , DC; Code FPO - ISP (Dr. Lewis) Wash , DC; Code
FPO -IP l2(Mr. Scola), Washington DC

NAVFACENGCOM - LANT DIV.; Code IO A , Norfolk VA; Code I l l , Norfolk , VA; Eur. BR Deputy Dir , Naples
Italy; LANTDIV (E.J. Pelt ier) Alexandria , VA; RDT&EL O 09P2. Norfolk VA

NAVFACENGCOM - NORTH DIV . (Boretsky) Philadelphia, PA; AROICC. Brooklyn NY; CO; Code 09P (LCDR A l .
Stew~rt); Code 1028, RDT& ELO , Philadelphia PA; Code I l l  (Castranovo) Philadelphia , PA; Code 114 (A.
Rhoads); Design Div. (R. Masino) , Philadelphia PA; ROICC , Contracts , Crane IN
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NAVFACENGCOM - PAC DIV. Code 402. R I)T&E. Pearl Harbor HI ;  Comma nder . Pearl Harbor . HI
NAVFACENGCOM - SOUTH DIV - Code 90. RDT&FLO . Charleston SC; Dir.. New Orleans LA
NAVFACENGCOM-WEST DIV . 102 ; 112 : AROICC. Contracts .Twentyn in e Palms CA;Code O4R; Code II4C .San

DiegoCA; 09P120; RDT&ELOCode 2011 San Brun o . CA
NAVFACENGCOM CONTRACt AROICC. Point Mugu CA; AROI CC. Quantico . VA: Code 05, TRIDENT ,

BremertonWA; Code (NE. TRIDENT. Ltremerton WA: Dir . Eng Div. , Esmouth. Australia : Eng Div dir .
Southwest Pac . Manila, P 1; Engr . Div. (F. He m ). Madrid. Spuin; OI CC (K n ow lt on) . Kaneo he . HI; 01CC .
Southwest Pac. Mani la . P1; OICC/ ROIC C , Balboa Canal ?.one; ROICC (LC DR J G. Leech) . Subic Bay. R .P . ;
ROICC LANT DIV -. Norfolk VA; ROICC Off Point Mugu . CA ; RO I CC . Kef lavik . Icela nd ; ROICC . Pacific , San
Br unoCA

NAVFORCARIB Commander (N42). Puerto Rico
NAVHOSPLTR. Elsbernd . Puerto Rico
NAVMAG SCE . Guam
NAVNUPW R U MUSE DET Code NPU 8O (ENS W. Morrison), Port Hueneme CA: OIC . Port Hueneme CA
NAVOCEANO Code 1600 Bay St. Louis , MS; Code 3408(1. Kravitz ) Bay Si. Louis
NAVOCEA N SYSCEN Code 3400 San Diego CA; Code 6565 (Tech. L ib. ) . San Diego CA ; Code 6700. San Diego , CA:

Code 751 1 (PWO ) San Diego , CA: Research Lib.. San Diego CA; SCE (Code 6600). San Diego CA
NAVORD STA PWO , Louisville KY

— NAVPET OFF Code 30. Alexandria VA
NAVPETRES Director. Washington DC
NAVPGSCOL Code 1424 Monterey. CA; E. Thornton. Monterey CA; LCDR K.C. Ke lley Montere y CA
NAVPH IBASE CO. ACB 2 Norfolk , VA; Code S3T , Norfolk VA
NAVRADRECFACPWO . Kami Seya Jap an
NAVREGMEDCEN Chief of Police , Camp Pendleton CA ; Code 3041 . Memphis . Mil lington TN; PWO Newport RI:

PW O Portsmouth , VA : SCE (D. Kaye ) ; SCE (LCDR B. E . Thurston), San Diego CA; SCE . Guam
NAVSCOLCECOFF C35 Port Hueneme , CA; C44A (R.  Chittenden). Port H uenem e CA; CO , Code C44A Port

Hueneme . CA
NAVSEASYSCOM Code 0325 , Program Mgi- . Washington . DC; Code OOC (LI R. MacDougal ). Washington DC:

Code SEA OOC Washington . DC
NAVSEC Code 6034 (Library), Washington DC; Code 715(1. Quirk) Panama City, FL
NAVSECGRUACT PWO , Edze lI Scotland ; PWO . Puerto Rico; PWO . Tom Sta, Okinawa
NAVSHIPREPFAC Library . Guam ; SCE Subic Bay
NAVSHIPYDCO Ma ri ne Barracks , Nor folk , Portsmouth VA; Code 202.4 , Long Beach CA; Code 202.5 (Library )

Puget Sound , Bremer ton WA; Code 380, (Woodrof 1) Norfolk , Portsmouth . VA; Code 400. Puget Sound: Code
400.03 Long Beach , CA; Code 404 (LI). Riccio). Norfolk. Portsmouth VA; Code 410 . Mare Is.. Vallejo CA; Code
440 Portsmouth NH ; Code 440. Norfolk; Code 440. Puget Sound , Bremer ton WA ; Code 440.4. Charleston SC;
Code 4SO. Charleston SC; Code 453 (Util. Supr). Vallejo CA; Tech Library , Vallejo . CA; L .D. Vivian ; Library .
Portsmouth NH; PWD(Code 400), Philadelphia PA: PWD(LT N.B. Hall) , Long Beac h CA; PWO . Mare Is.; PW O.
Puget Sound; SCE. Pearl Harbor HI

NAVSTA CONavaI Station , Mayport FL; CO Roosevelt Roads P .R. Puerto Rico; Engr. Dir.. Rota Spain; Ma int .
Cont. Div ., Guantanamo Bay Cuba; Maint. Div. Dir/Code 531 . Rodman Canal Zone; PWD(LT W.H. Rigby).
Guantanarno Bay Cuba ; PWD (LTJG P.M. Motodlenich), Puerto Rico; PWD/En gr . Div . Puerto Rico; PWO Midway
Island; PWO , Guantanamo Bay Cuba ; PWO . Keflavik Iceland; PW O , Mayport FL; PW O , Puerto Rico; ROICC
Rota Spain; ROI CC . Rota Spain; SCE , Guam; SCE . San Diego CA: SCE. Subic Bay. R.P . ; Utilities Eng r Of f .
(LTJG A.S. Ritchie), Rota Spain

NAVSUBASE ENS S. Dove , Groton , CT; LTJG D.W. Peck , Groton , CT; SCE . Pearl Harbor HI
NAVSLJPPACTCO , Brooklyn NY; CO. Seattle WA; Code 4, 12 M ar ine Corps 1)1st , Treasure Is.. San Francisco CA ;

Code 413 . Seattle WA ; LTJG McCiarrah , Vallejo CA; Plan/En gr Div., Naples Italy
NAVSURFPAC Code 30 . San Diego, CA
NAVSURFW PNCEN PW O , White Oak , Silver Spring, MD
NAVTECHTRACEN SCE , Pensacola FL
NAVTORPSTA Keyport , WA
NAVWPNCEN Code 2636 (W. Bonner ), China Lake CA; PW O (Code 26). China Lake CA; ROICC (Code 702). China

Lake CA
NAVWPNEVALFAC Technical Library , Albuquerque NM
NAVWPNSTA (Clebak) Colts Neck , NJ ; Code 092A (C. Fre dericks) Seal Beach CA; ENS G A .  Lowry , Fal lbrook

CA; Maint. Control Dir .. Yorktown VA; PW Office (Code 09C I)  Yorktown . VA; PWO. Seal Beach CA
NAVWPNSUPPCEN Code 09 (Boennighausen) Crane IN
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NCBU4OSOIC.SanDiego.CA
WPNSTA EARLE Code 092, Colts Neck NJ
NCBC CEL (CAPT N. W . Petersen), Port Hue neme . CA; CEL AOIC Port Hueneme CA; Code 10 Davisvilie. R I;

Code 155. Port Hueneme CA; Code 400. Gulfport MS ; PW Engrg , Gulipori MS; PWO (Code 80) Port H ueneme .
CA; PWO , Devisville RI

NCBU 4 11 OIC , Norfolk VA
NCR 20. Commander
NCSO BAHRAIN Securi ty Of Ii- . Bah rain
NMCB 133 (ENS T.W . Nielsen); 5 , Opera tions Dept .; 74, CO; Forty. CO; THREE . Operations Off.
NOAA Libraries Div. - 1)823 , Silver Spring. M D

— NRL Code S400(J . Wa lsh), Washing ton DC
NSC CO. Biomedical Rsch Lab . Oakland CA; Code 54.1 (Wynne) . N orfolk VA
NSD SCE. Subic Bay, R.P.
NTC Commander Orlando . FL; 01CC . CBU~~~l ,Great Lakes IL; SCE Great Lakes , IL
NUSC Code 13 1 New Londo n. CT; Code EA 123 (R.S. Munn) , New London CT; Code S332, B-SO (1. Wilcox); Code

SB 331 (Brown), Newport RI
OCEANAV Mang int Info Div., Arlington VA
OCEANSYSLANT LI A R .  Giancola , Norfolk VA
OFFICE SECRETARY OF DEFENSE OASD( l&L) Pentagon (T. Casberg). Washington DC
NORDA Code 440 (Ocean Rsch , off) Bay St. Louis , Ms
ONR Code 22 1 , Arling ton VA; Code 700F Arling ton VA ; Dr. A. Lauf er . Pasadena CA
PACMISRANFACCO . Kekaha HI
PMTC Pat. Counsel, Point Mug u CA
PWC ENSJ.E. Surash , Pearl Harbor HI; ACE Office (LTJG St. Germa in) Norfolk VA; CO Norfolk , VA; CO . Great

Lakes IL; Code 116 (LTJG. A. Eckh art) Great Lakes . IL; Code 120. Oakland CA; Code I 20C (Library ) San Diego.
CA; Code 128 . Guam: Code 200, Great Lakes IL; Code 200, Guam; Code 200, Oakland CA; Code 220 Oakland.
CA; Code 220.1 . Norfolk VA; Code 30C (Boettcher) San Diego, CA; Code 40 (C. Kolton) Pensacola, FL; Code
42B (R. Rsscua). Pearl Harbor HI; Code 505A (H. Wheeler); Code 680. San Diego CA; Library . Subic Bay. R P.;
OIC CBU-405 , San Diego CA; XO Oakland . CA

SPCC Code I 22B. Mecha nicsburg, PA; PWO (Code 120) Mechanicsburg PA
U.S. MERCHANT MARINE ACADEMY Kings Point . NY (Reprint Custodian)
US DEFT OF AGR IC Forest Products Lab . Madison WI
US DEPTOF COMMERCE NOAA . Pacific Marine Center , Seattle WA
US GEOLOGICAL SURVEY Off. Marine Geology, Mai lstop 915 , Reston VA
US NATIONAL MARINE FISHERIES SERVICE Highlands NY (Sandy Hook Lab-Library)
US NAVAL FORCES Korea (ENJ -P&O)
USAF REGIONAL HOSPITAL Fairchild AFB . WA
USCG (G-ECV/6I ) (Burkhart ) Washington , DC; G-EOE-4/6 I (I. Dowd). Washington DC; MMT -4 . Washington DC
USCG ACADEMY LI N. Stramand i , New London CT
USCG R&DCENTE R 1). Mot herway, Groton CT; LTJG R. Dair . Gro ton CT; Tech . Dir. Gro ton , CT
USNACh . Mech. Engr . Dept Annap olis MD ; Energy-Environ Stud y Grp , Annapolis . MD; Engr . Div. (C. Wu)

Annap lolis MD: Environ . Prot. R&DPro g. (1. Williams), Annap olis MD ; Ocean Sys. Eng Dept (Dr. Monney)
Annapo lis, MD ; PW I) Engr . Div. (C. Bradford ) Annap olis MD ; PWO Annap olis MD

AFB A[Y~C/ECW4 (Olfenbuttel) Tyndall FL
ARMY- CERL Donahue /ENE Champ aign IL; Hathaway /EPE Champaign IL
CNM MAT-08T3 (Rit zcovan) Washington , DC
ENVIRONMENTAL PROTECTION AGENCY AW 464 (De Geare ) Was hington DC; AW463 (PM Hansen)

Washington , DC
ERDA Mail Slop 222 IC (D Walter) Washing ton, DC
INSTITUTE FOR LOCAL SELF RELIA NCE N Seldman Washington DC
MARINE CORPS BASE Base Maintenan ce (1). Johnson) Camp Pend leton CA
MCD EC LTCOL, E Lawhaugh (Education Cen) Quan tico VA; R Lochner Quantico VA
MUNICIPAL ENVIRON RSCH LAB R Stenburg Cincinnati OH
NAVSH IP WPNSY SENGSTA Code Ol50(Me ch anj k) Port Hueneme . CA
NAVWP NCEN Code 7002 (E Walker) China Lake CA
NCBC NESO Code 251 A (Coffin) Port Hueneme CA
NTC CRU 401 (Furget) Grea t Lake s , IL
VENTUR A REGION AL CNTY SANITATION DIS. M Hasan Ventura CA
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MARINE CORPS FIQS Code LFF (Kearns) Washington , DC
ARIZONA State Ene r gy Programs Off. , Phoenix AZ
AV ALON MUNICIPAL HOSPITA L Avalon , CA
BONNEVILLE POWER ADMIN Portland OR (Ene r gy Consrv . Off. ,  D. Davey)
CALIF. DEFT OF NAVIGATION & OCEAN DEV. Sacramento , CA (G. Armstrong )

- s CALIFORNIA STATE UNI VERSITY LONG BEACH , CA (CHELAPATI )
CITY OFCERR ITOS Cemt 0s CA (J. Adams)
COLORADO STATE UNI V ., FOOTHILL CAMPUS Fort Collins (Nelson)
CORNELL UNIVERSITY Ithaca NY (Serials Dept . Engr Lib. )
DAM ES & MOORE LIBRARY LOS ANGELES . CA
FLORIDA ATLANTIC UNIVERSITY BOCA RATON . FL (M C ALLISTER)
FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO . FL (H ARTMAN)
FOREST INST. FOR OCEAN & M OUNTAIN Carson City NV (Studies - Libra ry)
FUEL & ENERGY OFFICE CHAR LESTON , WV
HAWAI i STATE DEFT OF PLAN. & ECON DEV. Honol ulu HI (Tech Info Ctr)
ILLINOIS STATE CEO. SURVEY U rbana IL
INDIANA ENERGY OFFICE Office Indianapolis IN
VIRGIN I A INST . OF MARINE SCI. Gloucester Point VA (Library )
KEENE STATE COLLEGE Keene NH (Cunningham)
LEHIGH UNIVERSITY BETHLE HEM . PA (MARINE GEOTECHNICAL LAB., RICHARDS); Bethlehem PA

(Fritz Engr. Lab No. 13 . Beedle); Bethlehem PA (Linderman Lib. No.30 , Flecksteiner)
LIBRARY OF CONGRESS WASH INGTON , DC (SCIENCES & TECH DIV )
LOUISIANA DIV NATURAL RES OURCES & ENERGY Dept . of Conservation , Baton Rouge LA
LOW COUNTRY REG. PLAN. COUNC IL YEMASSEE , SC (BAGGS)
MAINE OFFICE OF ENERGY RESOURCES Augusta . ME
MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton , M I (Haas)
MISSOUR I ENERGY AGENCY Jefferson City MO
MIT Cambr idge MA; Cambridge MA (Rm 10-500, Tech. Rep orts , Engr . Lib.); Cambridge , MA (Harleman)
MONTANA ENERG Y ADVISORY COUNCIL Helena MT (Mortensen)
NATLACADEMY OF ENG. ALEXAN DR IA . VA (SEARL E , JR.)
NY CITY COMMUNITY COLLEGE BROOKLYN , NY (LIBRARY)
OREGON Salem OR (State Office of Allocation & Conserv.)
PURDUE UNIVERSITY Lafayette. IN (Altschaeff l); Lafayette . IN (CE Engr. Lib)
CONNECTICUT Hart ford CT (Dept of Plan. & Ene rgy Policy)
SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA , CA (ADAMS)
STANFORD UNIVERSITY Engr Lib, Stanford CA
STATE HOUSE AUGUSTA , ME (MAINE STATE FUEL ALLOC & CONSERV. OFF. )
STATE UNIV. OF NEW YORK Buffa lo . NY; Fort Schuy ler . NY (Longobardi)
TEXAS A&M UNIVERSITY COL LEGE STATION . TX(CE DEPT)
UNIVERSITY OF CALIFORNIA BERKELEY , CA (CE DEFT . MITCHELL); BERKELEY . CA (OFF. BUS. AND

FINANCE , SAUNDERS) ; Berkeley CA (E. Pearson); DAVIS , CA (CE DEFT , TAYLOR); LIVERMORE , CA
(LAWRENCE LIVERMORE LAB , TOK ARZ); La Jolla CA (Acq. Dept , Lib. C-075A)

UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Engineering, Chesson)
UNIVERSITY OF HAWAII HONO LULU. HI (SCIENCE AND TECH. DI V.)
UNIVERSITY OF ILLINOIS Metz Ref Rm , Urbana IL; URBANA . IL (LIBRARY); URBANA , IL (NEWARK)
UNIVERSITY OF KANSAS Kansas Geological Survey. Lawrence KS
UNIVERSITY OF MASSACHUSE TI ’S (Heronemus), Amherst MA CE Dept
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln , NE (Ross Ice Shelf Proj.)
UNIVERSITY OF RHODE ISLAN D KINGSTON . RI (SUSSMAN)
UNIVERSITY OF TEXAS Inst. Ma rine Sci (Library), Port Arkansas TX
UNIVERS I TYOFTEXAS AT AUSTIN AUSTIN . TX (THOMPSON )
UNIVERSITY OF WASHINGTON (FH- lO . D. Car lson) Seattle. WA; Dept of Civil Engr (Dr . Mattock) . Seattle WA;

Seattle WA (E. Linger); Seattle , WA Transp ortation , Construction & Geotn . Div
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
URS RESEARCH CO. LIBRARY SAN MATEO . CA
VENTURACOUNTY ENVIRON RESOURC E AGENCY Ventura . CA (Melv in)
VERMONT STATE ENERGY OFFICE MONTEPELIER , VT(D IRECTOR)
VIRGINIA STATE ENERGY OFF Richmond. VA.
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ATLANTIC KI CHFIELDCO. DALLAS. TX ( SMITH)
AUSTRALIA Dept . PW (A. Hicks ) . Melbourne
AWWARSCH FOUNDATION R. Heaton . Denver CO
BECHTEL CORP. SAN FR ANCISCO , CA (PHELPS )
BELGIUM HAECON , N V.,  Gent
BRITISH EMBASSY Sci. & Tech. Dept. (J. McAu ley), Washing ton DC
BROWN & ROOT Houston TX (D. Ward )
CANADA Adr ian , Anderson & Assoc., Winnip eg; Mem Univ Newfoundland (Chan ). St Johns; Surveyor . Nenning er

& Chenevert Inc.. Montreal; Warnock Hersey Prof. Si-v Ltd . La Sale , Quebec
CHEMEDCORP Lake Zurich IL (Dearborn Chem. Div.Lib.)
COLUMB I AGULFTRANSM I SSI ON CO. HOUSTON , TX (ENG. LIB.)
DESIGN SERVICES Beck. Ventura , CA
DILLINGHAM PRECAST F. McHale , Honolulu HI
DIXIE DIVING CENTER Decatur , GA
DURLACH .O’NEAL,JENKINS&ASSOC . Columbia SC
FORD . BACON & DAVIS , INC. New York (Library )
GEO TECHNICAL ENGINEERS INC. Winchester , MA(Pau lding)
GLIDDEN CO. STRON GSVILLE , OH (R SCH LIB)
GRUMMAN AEROSPACE CORP. Bethp age NY (Tech. Info . Ctr)
HONEYWELL . INC. Minneap olis MN (Residential Engr Lib.)
MAKAI OCEAN ENGRNG INC. Kai lua , HI
LOCKHEED MISSILES & SPACE CO. INC. Sunnyvale , CA (Phillips)
MATRECON Oak land . CA (Ha so)
MCDONNEL AIRCRAFT CO. Dept 501 (R .H. Fayman). St Louis MO
MEDALL&A SSOC . INC. J.T. GAFFEY II SANTA ANA , CA
MEDERMO TY & CO. Diving Division . Harvey, LA
MIDLAND-ROSS CORP. TOLEDO . OH (RINKER)
NEWPORT NEWS SHIPBLD G & DR YDOCK CO. Newport News VA (Tech. Lib.)
OCEAN DATA SYSTEMS , INC. SAN DIEGO . CA (SNODGRASS)
OCEAN ENGINEERS SAUSALITO . CA (RYNECKI )
OCEAN RESOURCE ENG. INC. HOUS TON , TX (ANDERSON)
PACIFIC MARINE TECHNOLOGY LONG BEACH , CA (WAGNER )
PORT LANDCEMENT ASSOC. SKOKI E . IL (CORELY); SKOKIE. IL (KLIEGER); Skokie IL (Rsch & Dcv Lab .

Lib.)
RAYMOND INTERNATIONAL INC. CHERRY HILL., NJ (SOILTECH DEFT )
SAFETY SERVICES , INC. A. Patton . Providence RI
SANDIA LABORATORIES Albuq uerqu e, NM (Vortm an): Library Div., Livermore CA
SCHUPACKASSOC SO. NORWAL K , CT (SCHUPACK)
SEAFOOD LABORATORY MOREHEA DC I TY . NC (LIBRARY)
SEATECH CORP. MIAMI . FL (P ERON I )
SHELLDEVELOPMENTCO. HOUSTO N., TX(TELES); HoustonTX (C. Sellars J r.)
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 KINGDOM Cement & Concrete Assoc (G. Somerville) Wexham Springs , SIou: D. New , G. Maun sell &

Partners , London; Libra ry, Bristol; Taylor , Woodrow Constr (Ol 4P). Southa ll , Middlesex; Tay lor , Woodrow Constr
(Stubba), Southall, M iddlesex; Univ. of Bristol (R. Morgan), Bristol

UNIT EDTECHNOLO GIES Windsor Locks CT (Hamilton Std Div.. Libra ry)
WESTINGHOUSE ELECTRIC CORP. Annapolis MD(Oceani c Div Lib , Bryan); Library , Pittsbu rgh PA
WEYERHAEUSER CO. LONGVIEW , WA (tECH CTR LIB)
WISS , JA NNEY . ELSTNER , & ASSOC Northbro ok , IL (J . Hanson)
WM CLAPP LABS - BATTE LLE DUXBURY , MA (LIBRARY)
WOODWARD -CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS . III)
BRAHTZ La Jo lla . CA
BRYANT ROSEJ0 hnson Div. UOP.Glen doraC A
BULLOCK La Canada
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I.
HAMEEDELN AGGAR Wexford PA
CAPT MURPH Y Sunnyvale , CA
GREG PAGE EUGE NE. OR
R.F. BESIERO ld Saybr ook CT
R.Q. PALMER Kaitua. HI

- 
- T.W. MERMEL Washington DC

CEC Donofrio, John L.. ENS

I .
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