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INTRODUCTION

The Naval Facilities Engineering Command (NAVFAC) tasked the Naval
Civil Engineering Laboratory (NCEL) to evaluate heat recovery incinerator
(HRI) technology for application at Naval shore facilities. As a part
of this project, NCEL studied the long-term performance of the HRI at
Naval Air Station (NAS) Jacksonville, Florida. The study was conducted
to determine any changes necessary to improve existing HRI performance
and to provide guidance for future RRIs of this type.

BACKGROUND

Heat recovery incineration is a developing technique for converting
*the combustible portion of solid waste into usable energy through the

production of steam. The economic benefits from using HRI technology
are dependent on the savings obtained from reducing fossil fuel use and
from reducing the quantity of disposable solid waste.

The Navy has 591 installations worldwide (Ref 1) that generate an
estimated 1.7 million tons of solid waste per year, of which approximately
85% is combustible (Ref 2). If these materials were recovered in the
form of waste heat, 8,300,000 NBtu, or 1.4 million barrels of oil equiv-
alent (BOE), would be available to offset fossil fuel utilization.

The Navy paid $9.27/MBtu of steam in 1982 (Ref 3). Collection and
disposal costs for solid waste averaged $34/ton in 1982 ($18/ton to
collect, $16/ton to dispose) (Ref 4), and the costs may double within
the next 10 years (Ref 2) because of limited landfill space and legis-
lative restrictions.

RAN analyses are used to mathematically predict or verify the
performance of an equipment system, and represent a valid approach for
determining the problems that have prevented HRIs from achieving their
potential. The application of RAN study techniques to the NS Nayport

* HRI was one of the first uses of RAM parameters to evaluate HRI tech-
nology (Ref 5).

The three RAN parameters are reliability, availability, and maintain-
ability. These parameters are mathematically expressed as Equations A-2
through A-9 in Appendix A.

Reliability is expressed as the probability that an equipment
* system can complete a specified operational cycle without a failure

occurring. Reliability is useful as an indicator of inadequate or
degrading performance. In general, following installation and a shake-
down phase, reliability should reach a steady-state value and then decay
due to equipment aging. This decay is used to predict equipment replace-
ment time or to indicate when repairs or adjustments will be needed.

* Changes in design could be indicated if steady-state values never reach
acceptable limits.

II
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Availability is expressed as the probability that at any point in
time the system will be capable of performing its stated mission.
Availability is a measure of the length of time that a system will be
able to perform a given task under its mission. A low availability
value means that adjustments or repairs are needed or that design changes
are required. Availability decays in a similar fashion to reliability.

Maintainability is expressed as the total number of maintenance
man-hours required for every hour of operation. Maintainability is an
indication of the level of effort required to keep the system operational.
A large value for maintainability means that maintenance is too complex;
equipment is too old; or maintenance access to equipment is inadequate.
In general, maintenance increases as equipment ages because more failures
occur and more adjustments are necessary to maintain performance levels.

HRI AT NAS JACKSONVILLE

Description

The HR1 at NAS Jacksonville was completed in December 1979 at a
* cost of $2.8 million. Operation began in June 1980, while testing

started in June 1982. The HRI, shown in Figure 1, consists of six
subsystems: receiving, processing, storage, incineration, ash, and
boiler. The system was designed to operate as described below.

Receiving Subsystem. The collected waste enters the receiving
subsystem and is deposited on the tipping floor, where the waste is
manually sorted to remove large pieces of metal; bulky, dangerous items;
and other materials that interfere with HRI operation. After sorting, a
front-end loader pushes the waste onto the conveyor belt that moves the
waste to the processing subsystem.

Processing Subsystem. The processing subsystem converts the raw
waste into a homogeneous fuel with a reduced ash content and an increased
energy value at a rate of 5 tons/hr (TPH) for 8 hours/day. The homoge-
neous fuel is expected to improve HRI operation by allowing a more
efficient burning rate, and by removing material which may damage HRI
equipment such as metals, glass and rocks. There are five major equip-
ment systems in the conversion process: a flail mill, a magnetic sepa-
rator, a trommel screen, a cyclone separator, and an industrial shredder.
Two support systems consist of a series of belt conveyors to transfer
waste between the different processes, and a dust filter that cleans the
air from the cyclone separator before venting it to the atmosphere.

The first piece of equipment, the flail mill, reduces the size of
* the incoming waste to 8 to 12 inches and breaks up boxes and plastic

bags. The flail mill has a maximum design capacity of 10 TPH and an
* average capacity of 5 TPH. The flail mill discharge is then passed

underneath an air scoop that removes the lightweight waste fractions to
the cyclone separator.

The remaining waste is then sent through a 10-TPH (maximum) magnetic
• separator that removes ferrous metals. This step reduces the quantity

of noncombustibles in the waste.

r
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Next, the waste enters a 10-TPH (maximum) trommel screen that
removes the waste fraction that is less than 3/4 inch in size. This
step removes most of the glass and dirt from the waste, thus again
reducing the quantity of noncombustibles. The remaining waste is then
conveyed to the storage bin.

The lightweight waste fraction collected by the air scoop enters a
cyclone separator. The cyclone separator system separates the dust,
paper, and plastics from the flail mill discharge, thereby reducing the
dust loading in the facility and improving the effectiveness of the
trommel and magnetic separators. The light fraction is added back to
the waste stream after the trommel discharge.

Finally, a 5-TPH (maximum) industrial shredder breaks up any hand-
sorted, over-sized waste that cannot be processed by the flail mill.

- The shredder reduces the waste to less than 12 inches in size. The
shredder discharge is added to the waste stream entering the magnetic
separator.

Storage Subsystem. The final product from the processing subsystem
is called a fluff Refuse Derived Fuel (RDF) and is conveyed to the
storage subsystem which consists of a storage bin, screw augers, and

4 conveyors to the incinerators. The storage bin has a 29-ton capacity
for a waste density of 7 lb/ft3 . The waste is added to the top of the
bin, and discharged from the bottom by a pair of counter-rotating screw
augers that traverse the length of the bin. The augers move an average
of 2 TPH or a maximum of 3 TPH of waste onto the conveyors to the incin-
erator subsystem.

Incinerator Subsystem. The incineration subsystem consists of
three Comptro-Sunbeam packaged modular incinerator units, Model A-48.
Each unit burns a maximum of I ton of waste per hour with two units

% operating and one on standby. The waste from the storage bin passes
along a series of conveyors and is emptied into a feed hopper for each
incinerator. The waste in the feed hopper is pushed by a hydraulic feed
ram into the primary combustion chamber where it is combusted at 1,4000 F
to 1,6000F, releasing gases and turning the waste into an inert ash.
The gases enter the secondary combustion chamber where any remaining
combustible matter is incinerated at 1,8000 F; then the gases are passed
into the boiler subsystem. The ash is removed by the ash subsystem.

Ash Subsystem. The burning waste is mechanically moved along the
primary combustion chamber by two hydraulic ash rams. The feed ram and
the two ash rams are at staggered heights. Each ram moves the waste to
the next lower level of the chamber to mix the waste and allow a more
thorough carbon burnout. The resulting ash then drops into a water-

* filled quench tank, where the ash is cooled and removed by a drag chain
to an ash container. The ash container is periodically dumped at the
local landfill.

Boiler Subsystem. The boiler subsystem for each incinerator con-
sists of a single-pass water tube boiler, and a common blowdown tank and

* feedwater equipment. The hot gases from the secondary chamber are
passed through the water tube boiler, cooled, and released to the atmo-
sphere. The boilers were each designed to produce 6,280 pounds of
125 psig saturated steam/hr, with an energy value of 1,185 Btu/lb.

3



Operational Objectives

The HRI was designed to accomplish two basic objectives. The
primary objective was to save landfill space by reducing the volume and
weight of solid waste through incineration. The secondary objective was
to recover energy in the form of low pressure steam from the combustion
products of the incinerated solid waste. These tasks represent the two
benefit producing functions of an HRI: landfill savings and fossil fuel
offsets.

The HRI is in one of five modes or missions when it is operational.
These missions represent the various combinations of accomplishing the
two design tasks. A numerical subscript on the results signifies which
mission is represented (i.e., R is the reliability for Mission 1).

A schematic representation of each mission is shown in Figure 2.
The subsystems required to perform the mission are indicated by boxes
surrounding the name of the subsystem. The materials that the subsystem
handles (input) or produces (output) are specified on the diagrams. The
waste generator (activity), and the ultimate receivers of the HRI end
products (activity - steam; landfill - rejects and ash) are also shown
for each mission.

Mission 1. The first mission is the processing and incineration of
solid waste and the concurrent production of steam. All of the subsystems
must be operational to perform this mission. This mission is the pre-

* ferred operating mode for the HRI, as both basic project objectives are
being fulfilled.

The HRI for design conditions was expected to operate under Mission 1
with a mean time between failure (MTBF) of 184 hours; 34 failures/yr
were anticipated (Appendix B). Expected performance of the HRI included
a reliability of 53% and an availability of 90%. These expectations and
goals were documented after HRI construction, and are based on techno-
logical assessment of installed equipment and components (Ref 6 and 7).

Mission 2. The second mission is to process and incinerate solid
waste. For this mission all of the subsystems except for the boiler
subsystem must be operational. Mission 2 serves as the backup mission
to the primary task of the HRI in the event the boiler is not operational;
thus, the landfill savings benefit can continue.

* The HRI performance expected under Mission 2 is better than Mission 1
because fewer subsystems need to be operational. The MTBF was predicted
to be 284 hours or 22 failures/yr (Appendix B). This corresponds to a
reliability of 66%. Mission 2 values for availability were predicted to
be 90% (Ref 7).

* Mission 3. The third mission is to incinerate solid waste only.
For this mission, only the receiving, incinerator, and ash subsystems
need to be operational. The incinerator is fed directly from the tipping
floor. Mission 3 serves as the second backup mission to satisfy the
primary objective of the HRI if both the processing line and the boiler
are down; the benefit of landfill savings is still achievable.

* The HRI performance expected under Mission 3 is better than Mission I
and 2 because fewer subsystems need to be operational. The MTBF was
predicted to be 367 hours or 17 failures/yr (Appendix B). This corresponds
to a reliability of 73%. Mission 3 availability would be 90%.

4
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Mission 4. The Mission 4 objective is to incinerate solid waste to
produce steam. This mission requires the receiving, incinerator, ash,
and boiler subsystems to be operational. Mission 4 is the backup mission
to the secondary objective of the HIRI in the event the processing system
is not operational. The benefits of this mission are landfill savings
and fossil fuel offsets.

The expected HRI performance under Mission 4 is better than Mission I
because fewer subsystems need to be operational. The MTBF was predicted
to be 223 hours or 28 failures/yr (Appendix B). This corresponds to a
reliability of 59%. Mission 4 availability would be 90% (Ref 7).

Mission 5. The Mission 5 objective is to produce steam by combusting
fuel oil. For this mission, only the incinerator (but not the feed and
ash rams) and the boiler subsystems need to be operational. Mission 5
is the second backup mission to the secondary objective of the HRI. The
benefit of this mission is the production of steam when no solid waste
is available or the HRI cannot incinerate waste. No fossil fuel offsets
occur because fuel oil is used to produce the steam.

The expected HRI performance under Mission 5 is better than Mission I
and 4 because fewer subsystems need to be operational. The MTBF was
predicted to be 416 hours, or 15 failures/yr (Appendix B). The expected
reliability was calculated as 76%. The corresponding availability would
be 90% (Ref 7).

Operational Parameters

Eight additional parameters were considered important in judging
HRI performance. These parameters are: waste generation rate, process-
ing rate, incineration rate, ash production, landfill reduction and cost
savings, energy parameters, processing time, and incineration time.
These parameters were used to define the predicted performance and
logistics required to utilize the HRI and to determine changes in the
areas of planning, design, operation, and maintenance that would improve
future HRI performance.

Activity Waste Generation Rate. Activity waste generation rate is
expressed as an average solid waste quantity produced by the activity in
tons per day (TPD). The activity was predicted to generate 40 TPD

4' (Ref 8).
I

Processing Rate. The processing rate is expressed as tons of solid
waste that enter the processing subsystem per hour. This parameter is a
design value that is based on the quantity of waste generated by the
activity. The design value was predicted to be 5 TPH (maximum), which
would be sustained for an 8-hour day (Ref 8).

I

Incineration Rate. The incineration rate is expressed as tons of
solid waste incinerated per hour. This parameter is a design value
based on the quantity of waste generated by the activity. Each incin-
erator was designed to burn I TPH of waste. Therefore, the total HRI
design value was determined to be 3 TPH (maximum for three units) with
an average 1.67 TPH (for two units) based on the 40 TPD input.

5
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Ash Production. Ash production is measured as tons of wet ash
produced per ton of waste incinerated. This parameter is a performance
value based on the ash content of the incinerator feed (solid waste) and
the effectiveness of the incineration process. The predicted value was
0.08 ton of dry ash per ton of solid waste incinerated or 0.13 TPH
(Ref 8), based on a 1.67-TPH incineration rate and an 8% ash content.

Landfill Use Reduction and Cost Savings. Landfill use reduction is
a measure of HRI effectiveness in completing the primary task of the
HRI. The parameter is expressed as a percentage equal to the decrease
in the quantity of waste landfilled. Landfill reduction is used to
determine the annual cost savings from incinerating the waste. The
expected value is 70% of the waste accepted at the facility (Ref 7)
would be destroyed, with a projected disposal cost savings of $51,000/yr

(200 ton/wk; $7/ton).

Energy Parameters. Energy parameters are measured in two forms:
the percentage of energy supplied to the HRI from solid waste, and the
potential fossil fuel offsets expressed as barrels of oil equivalent
(BOE) saved per week. These parameters are performance values based on

* the energy available and the effectiveness of the energy conversion
process. The predicted value for percent energy supplied was 91% and
for fossil fuel offsets was 150 BOE/wk (Appendix B).

Processing Time. Processing time is measured as the average length
of time the HRI is processing solid waste. This parameter is related to
availability and represents the processing time that can be sustained by
the HRI. The parameter is expressed as hours of operation per week for
processing solid waste. The design value was 40 hr/wk for a 5-day week
(Ref 8).

Incineration Time. Incineration time is measured as the average
time the incinerators are burning solid waste. This parameter is related
to availability and represents the incineration time that is sustained
by the HRI. The parameter is expressed as hours of operation per week
for incinerating solid waste. The design value was 120 hr/wk for a
5-day week (Ref 8).

* Subsystem Operational Parameters

Each subsystem was designed to accomplish a different function.
The receiving subsystem was designed to transfer 40 TPD through a 400 ft

2

area to the processing and incineration subsystems. The processing
subsystem was designed to process 40 TPD of waste into a low ash, high

* Btu fuel over an 8-hour day. The storage subsystem can hold 29 tons of
waste which can be transferred to the incineration subsystem at a maxi-
mum rate of 3 TPH and an average rate of 1.67 TPH.

The incineration subsystem was designed to burn at an average rate
of 1.67 TPH (two units) and a maximum of 3 TPH (three units), producing
0.13 and 0.24 TPH of ash, respectively (dry basis). The maximum ash
removal rate from the quench tank was predicted to be 0.5 TPH. Waste
incineration was to be stopped if the ash removal subsystem broke down

6



to prevent ash buildup in the quench tank. Finally, each boiler was
designed to produce 6,280 pounds of 125 psig saturated steam per hour
with an energy content of 1,185 Btu/lb.

TECHNICAL APPROACH

Data Collection

This RAM study was based on data collected for operating times and
maintenance actions (failures plus other actions). Operating time was
the total time an HRI, subsystem, or mission was functional. Maintenance
actions were equal to the total number of failures and other actions
that occurred. Failures were defined as any event that caused an HRI,
subsystem, or mission to be shutdown and required a repair (e.g., a part
replacement) to correct. Other actions were those events that caused a
shutdown, but occurred due to the need to adjust, calibrate, or unjam a
piece of equipment.

The data required for this study were collected from June 1982 to
May 1983 by plant personnel using two different datasheets and the

O procedures listed in Appendix C. The first datasheet is an Equipment
Status Log (Figures C-i and C-2 of Appendix C) that was used to record
the operation, maintenance, and operational status of all HRI equipment
during I week of operation. This first sheet was filled out at the end
of each shift and described any equipment failure or repair that occurred
and the manpower expended to correct the failure. The status of each
piece of equipment was noted in terms of being operational, on standby,
needing repair, etc. The sheet was also used to determine the various
equipment operating and maintenance time categories.

The second datasheet, Consumables and Run Time Log (Figure C-3),
was used to record weekly solid waste, fuel, and water consumed; equipment
operating time; and ash removal.

The data were collected by plant personnel through a series of
meters, scales, and HRI records/datasheets. Totalizing meters were used
to record makeup water to the boilers, blowdown, and steam.. An accumulat-
ing watt-hr meter was used to record electrical power consumed by the
facility. Runtime meters were provided for each HRI I.D. fan, the flail
mill feed conveyor, the industrial shredder, the ash conveyor, and the

* storage bin inlet feed conveyor. Scales were used to weigh incoming
waste, and outgoing trommel rejects, hand rejects, and wet ash containers.
HRI records/datasheets were used to determine manpower and man-hours in
operation and maintenance, and the type and cost of spare parts and
consumables.

* Raw Data Analysis

The data were divided into two 6-month sections to facilitate
analysis. These results have been published as References 9 and 10.
The data are summarized here in Tables I through 4. Table 1 lists the
raw data by run time, consumables, solid waste, and boiler output cate-

* gories, while Table 2 lists the raw data by subsystem categories.
Table 3 presents the results for the subsystem analysis, while Table 4
contains the results of the mission analysis. Appendix A contains the
theoretical analysis procedure for computing HRI performance.

7



The first step of the analysis procedure was to take the raw data
from the datasheets and convert it into a useful form for parameter
determination. The five principal conversion categories were: consum-
ables, manpower, failures, other actions, and time.

The consumable raw data were determined from two consecutive Data-
sheets No. 2. The later sheet provided the final meter readings, while
the first datasheet provided the initial meter readings. The final
readings, minus the initial readings, gave the total quantity used,
processed, or incinerated.

Data for manpower, failures, and other actions were taken directly
from Datasheet No. 1. The information was obtained by reading the
descriptions of equipment status, failures, and repairs that occurred,
and assigning these events to the appropriate categories.

Time categories were the most difficult to determine and were based
on the time periods noted on consecutive Datasheets No. 2. The basic
operating time (t a) for the subsystems and missions was found by subtract-
ing the final and initial results from the run time meters. The routine
and corrective maintenance times were found by taking the time differential
between maintenance start and finish from Datasheet No. 1 based on the
repair data assumptions. The remaining time in the period between each
Datasheet No. 1 was placed into the idle time categories. Idle, but
operational time (td) was used when the HRI had been operated but was
idle due to a nonfailure shutdown, such as the weekend shutdown. Idle,
but not operational time (t ) was used when the HRI could not be operatede
due to a failure or need for a part replacement. The sum of the five
time categories equaled the actual calendar time.

The second step of the analysis procedure involved the use of four
data assumptions and three parameter substitutions to facilitate and
complete the analysis.

The first assumption concerned floor feeding of the HRI. This
assumption was required because very little information was given except
to note when floor feeding occurred. It was assumed, therefore, that
15.7% of the waste received was fed directly into the HRI and that 22.7%
of the total incineration time was floor-fed time. These numbers are
averages based on the datasheets completed when data were recorded for
direct feeding. The data in the processed and incinerated weight cate-
gories, and storage subsystem operating time were calculated using the
floor-fed data. The processed weight equaled the received weight minus
the hand-rejected weight minus the floor-fed weight. The incinerated
weight equaled the processed weight minus the trommel-rejected weight
plus the floor-fed weight. The storage operating time was not measured
directly, so the storage time was estimated by subtracting the time that
the incineration subsystem was floor fed (22.7% of total incineration
time) from the total time the incinerator was operating. The result was

[ ithe time the incinerator operated on stored waste.
The second assumption was that the waste generated by the activity

equaled the waste received plus the waste not accepted by the facility.
All the waste trucks were weighed at the HRI, but many were sent to the
landfill. To determine the weekly average of solid waste generated, the
only data used were from weeks when both accepted and not-accepted waste

[* data were recorded. This assumed that NAS Jacksonville was still produc-
ing waste even though no waste was received at the HRI.

8
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The third assumption was made in the category of equipment repair
times. The repair times listed in Table 2 are estimated values based on

CL equipment logs, discussions with HRI personnel, and data gathered previ-
ous to the test period or for similar pieces of equipment. These assump-
tions were necessary to determine the availability and maintainability
parameters.

The fourth assumption was that the operational times for the process-
ing subsystem could be based on the operating times for certain conveyors
or pieces of equipment. Only the flail mill and the shredder were
independently metered, so the other pieces of equipment and the process-
ing subsystem were assumed to operate for the same length of time as the

* storage bin inlet feed conveyor.
The three parameter substitutions were inherent availability (A.)

for operational availability (A ); maintainability ratio (MR) for main-o
tainability index (MI); and mean time to repair (MTTR) for maintainabil-
ity (M). The inherent availability (A.) was a measure of the time spent
actually operating or repairing the 11*1. Because this time did not
include any idle time waiting for repairs to begin, A. had a larger
value than A . The data collection procedure was originally set up to
determine A of the HRI (see Appendix A) rather than A.. However, due
to a lack o? data in the time categories, the alternate form of avail-
ability was substituted.

The second substitution occurred because man-hours of maintenance
were not measured. An alternative, maintainability ratio (MR) in main-
tenance hours per operating hour, was therefore substituted for the
predicted maintainability index (MI) in man-hours per operating hour.

The third substitution of MTTR for M occurred for the same reason
as the second substitution: maintenance man-hours were not measured.
The new parameter served as an alternate indication of the maintenance
effort required to maintain the subsystems in an operational state.

Mission Analysis

The data requirements for determining the mission reliability and
availability parameters were the reliability and availability parameters
of each subsystem required to achieve that mission. The mission param-
eters (Table 4) were determined by multiplying the parameters for the
appropriate subsystems (Table 3).

Operational Parameters Analysis

Activity waste generation was measured by taking the total solid
waste received plus the total solid waste not accepted from Datasheet

No. 2 and dividing by the number of weeks both sets of data were reported.
Processing rate was measured in TPH by dividing the total solid

waste processed by the processing time in hours (Datasheet No. 2). This
measurement is listed as Equation A-28 in Appendix A.

Incineration rate was measured in TPH by dividing the total solid
waste incinerated by the incineration time in hours (Datasheet No. 2).
This is expressed as Equation A-29 in Appendix A.

* Ash production was measured in tons of ash per tons of solid waste,
or in TPH, by dividing the weight of wet ash produced by the tons incin-
'rated ,,r the incineration time in hours (Datasheet No. 2). This is
express.d as Equation A-31 in Appendix A.

9
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Landfill use reduction was measured in percent as the quantity of
waste sent to the landfill divided by the total quantity of waste accepted
by the facility. The landfill waste was a combination of the hand
rejects, trommel rejects, and wet ash listed in Datasheet No. 2. The
cost reduction was equal to the quantity of waste received multiplied by
the landfill use reduction and a $7/ton disposal fee. This is expressed
as Equation A-32 in Appendix A.

Energy parameters were expressed as a percent for solid waste
energy supplied to the HRI, and BOE saved per week for fossil fuel
offsets. Solid waste energy supplied was determined by dividing the
energy output from processed and floor-fed solid waste by the total
energy input into the HRI as fuel oil and solid waste. Potential fossil
fuel offsets were determined by subtracting the energy input as electrical
power and front-end loader diesel fuel from the steam energy output by
solid waste. This result was converted to BOE and divided by the number
of weeks of the study. Actual results were not determined because no
steam was produced. Therefore, these results will be used as a general
indication of HRI operation.

Processing time in hours per week was measured by taking the total
operating time for the flail mill feed conveyor and dividing by the
total number of weeks for which data were recorded for the HRI.

Incineration time in hours per week was simply measured by taking
the total operating time for the incinerator blowers and dividing by the
total number of weeks data were recorded for the HRI.

Subsystem Analysis

Each of the subsystems was analyzed for consistent failures, mainte-
nance actions, design problems, and good design features. The failures
were determined from Datasheet No. I and were expressed as the number of
failures for each piece of equipment. Design problems and features were
determined from equipment analysis and interviews with plant personnel.

The subsystems were also analyzed for reliability, availability,
MTTR, and operating/maintenance ratios. Failures and the maintenance
effort (repair time) required to repair these failures were determined
from Datasheet No. 1. The operating time was dependent on the subsystem
being considered. The processing and receiving subsystems were expected
to operate for 40 hr/wk; the other subsystems for 120 hr/wk.

4The operating time for the receiving subsystem was not measured
under the present procedure, and therefore no receiving RAM parameters
could be determined. The processing and incineration subsystem times
were measured by run time meters on the flail mill feed conveyor and the
incinerator blowers, respectively. Storage subsystem operating time was
equal to the incinerator time minus the time the incinerator was fed

4 from the floor. The ash removal system and boiler operating times were
measured by meters on the ash conveyor and Induced draft (I.D.) fans,
respectively.

The operating time/repair time ratio was used as a measure of
actual system performance. A large value indicated satisfactory oper-
ation. A small ratio indicated that a heavy maintenance burden was
needed to keep the subsystem operational.

10
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RESULTS

The results are separated into three major subsections: mission
analysis, operational parameters analysis, and subsystem analysis. The
actual and predicted results are compared in Table 5, and a percentage
difference is shown. Recommendations on improving mission performance
will be given as part of the Subsystem Analysis Results section.

Mission Analysis

" Missions 1, 4, and 5. Missions 1, 4, and 5 were not accomplished
over the study period because the boiler subsystem was not functional.
Steam was not produced due to technical and administrative problems,
which are discussed in the Boiler Subsystem section.

Missions 2 and 3. The HRI performed these two missions from June
1982 to May 1983. For Mission 2 -- processing and incinerating solid
waste -- the reliability was 0.25, and the inherent availability was
0.69. Mission 3 -- incinerating solid waste only -- had a reliability
of 0.51 and an inherent availability of 0.86. The reliability values
for Missions 2 and 3 were 62% and 30% lower than the respective expected
values of 0.66 and 0.73 (Table 5). The availability values for Missions 2
and 3 were 23% and 4% lower than the expected values of 0.69 and 0.86
(Table 5). The principal causes of the shortfall were equipment and
design problems in the processing and incineration subsystems (see
Subsystem Analysis).

Operational Parameters Analysis

Activity Waste Generation. NAS Jacksonville generated an average
of 31.0 TPD of solid waste, and the HRI accepted an average of 7.3 TPD
of this amount. The facility received 1,871 tons of solid waste, while
another 5,577 tons were sent to the facility but could not be accepted.
Of the 1,871 tons, 1,439 were processed, 138 were rejected by hand
sorting, and 294 tons were fed directly to the incinerators.

The 31.0 TPD generated by the activity was 22.5% lower than the
predicted value of 40 TPD (Table 5). This shortfall would mean a substan-
tial loss of revenue from a functional HRI and was caused by inadequate
predesign planning. The pertinent studies were conducted for short

0 periods of time (less than 2 weeks) by the HRI contractor. This length
of time is statistically insignificant when compared to the long-term
operation of the HRI. This was demonstrated by examining the large
variation in solid waste generated over the study period. The quantity
of waste varied from 621 to 995 tons/month or 25 to 40 TPD.

It is recommended that a comprehensive planning study be completed
S before an HRI design is begun. A planning study, such as that developed

by NCEL (Ref 11), would provide accurate data on averages and variability
of composition, quantity, and fuel characteristics of the activity
waste. This is necessary to obtain the maximum economic potential and
best design of the HRI. A proper study would also provide justification
for any special equipment or procedures required to utilize the waste.

-. 11
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Processing Rate. The processing subsystem handled 1,439 tons of
waste, producing 1,311 tons of incinerator feed and 128 tons of trommel/
magnetic separator rejects. The processing rate was 2.1 TPH, which was
58% lower than the design rate of 5 TPH (Table 5). The shortfall was
caused by the lack of space between, and the number of problems with,
each piece of equipment.

Incineration Rate. The incineration subsystem burned 1,311 tons of
processed waste and 294 tons of floor fed waste, producing 220 tons of
wet ash. The incinerators averaged only 0.45 TPH compared to the expected
system rate of 1.67 TPH. This 73% shortfall (Table 5) was due to the
number of hydraulic system and ram failures in the incineration subsystem.
These problems are discussed in the Incinerator Subsystem section.

Ash Production. The HRI produced an estimated 0.09 ton of dry ash
per ton of waste incinerated from a measured value of 0.14 ton of wet
ash/ton of waste. This was a 12% increase when compared to the 0.08 pre-
dicted dry ash value (Table 5). The increase in ash production was
perhaps due to the use of floor-fed solid waste as 18% of the feedstock,
which had an ash content of 15% (Appendix B).

Landfill Reduction and Cost Savings. The reduction in landfill
waste was 1,385 tons or 74% of the waste accepted by the HRI. At a
disposal cost of $7/ton, the HRI saved $9,700 in landfill costs, even
though only 24% of the activity waste generated was accepted by the
facility. The 74% reduction in landfill waste indicated the potential
benefit of this process, especially in areas with high disposal costs or
a lack of landfill space.

Energy Parameters. Of the total energy input to the HRI, 89% was
from solid waste, as calculated in Appendix B. If steam had been pro-
duced, (actually, no fossil fuel offsets were produced) fossil fuel

loffsets would have been 29.4 BOE/wk. The solid waste energy supplied
value was approximately the same as predicted; and the potential fossil
fuel offsets were 80% lower than the predicted values (Table 5). The
shortfall in potential fossil fuel offsets resulted from the lower
quantity of waste generated and the various equipment problems that
occurred in the incinerator subsystem.

Processing Time. The processing subsystem averaged 13.2 hr/wk of
operation which was 67% lower than the design value (Table 5). The main
causes of the shortfall were shortage of waste, equipment problems,
inadequate space between pieces of equipment, and dust control. These

0problems are discussed in the Processing Subsystem section.

Incineration Time. The incinerators averaged 70.4 hr/wk of opera-
tion, which was 41% lower than the design value (Table 5). The main
causes of the shortfall were equipment problems and a lack of available
feedstock (see Storage Subsystem section).
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Subsystem Analysis

The detailed analysis of this HRI system shows that the facility
could not have adequately performed its intended tasks. The HRI had 108
maintenance actions which include 32 failures. Total repair time was
795 hours of preventive and corrective maintenance with 196.8 hours of
repair time for the 32 failures. The problems were inherent to the
system and not caused by the type of HRI facility. Therefore, the
recommendations for HRI improvement are based on preventing deficiencies
in future designs rather than correcting the number of problems at the
NAS Jacksonville HRI.

Receiving Subsystem. RAM parameters for this subsystem were not
determined because operating time data were not collected. The subsystem
had a few typical problems with the front-end loader (flat tires, mechan-
ical problems) and a major design problem with the small size of the
tipping floor. The tipping floor had an area of 400 ft2 to handle
7.3 TPD. This value was 76% smaller than the recommended value of

1,680 ft2 based on 230 ft2/TPD (Ref 5). This situation occurred because
the building housing the facility was too small to include a processing
line and an adequately sized tipping floor. In future designs it is

6 recommended that a minimum of 230 ft2/TPD of area be set aside for the
tipping floor.

Processing Subsystem. The processing subsystem had the worst
overall performance of the subsystems. The subsystem had a mean time
between failure (MTBF) of only 61.2 hours with a corresponding reliabil-
ity of 0.52. The inherent availability was 0.83. The processing rate
was 2.1 TPH, which is 58% less than the design goal of 5 TPH (Table 5).
Fifteen maintenance actions occurred which included 11 failures. Total
maintenance time was 142 hours, with 51.4 hours spent on repairs of
failed parts. Maintainability parameters were 4.7 hours for mean time
to repair (MTTR), a maintainability ratio (MR) of 0.076 hr/operating hr,
and a 5:1 ratio of operating time to total repair time.

The processing subsystem consisted of seven major equipment systems.
Three equipment systems either did not operate or rarely operated during
the study period. Two of these systems -- the cyclone separator and its
support dust collector system -- were never operated because the cyclone
separator did not work properly. The separator was very labor-intensive,
requiring constant attention to operate and excessive maintenance to
clear waste plugs. The waste plugs were caused by the waste discharge
valve which was too small and by the large pieces of film plastic that
initiated the plugs. If future separators are used, the design should
be based on the waste types identified in a predesign waste composition
study (Ref 11).

* The third equipment system that rarely operated was the industrial
shredder. The shredder drive motor was removed and installed on the
flail mill to keep the flail mill operating, and the Public Works Depart-
ment was not able to replace the motor for the shredder. Three design
problems justified the cannibalization of the shredder. The first was
that initially the shear pin yield strength was higher than the strength

* of the shredder teeth. This caused the teeth to break before the shear
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pin would fail, thus necessitating expensive repairs. This situation
should be reversed (teeth stronger than shear pins) to prevent unnecessary
repairs and cost. The second problem was the 3- by 4-foot size of the
loading chute. Many of the bulky items sorted from the waste (pallets,
wooden forms) were larger than the loading chute, thus requiring extensive
manual labor to break the items down into a size suitable for feeding to
the shredder. These items were then often fed to the incinerator rather
than to the shredder. To justify the use of a shredder and to determine
equipment size and characteristics that match incoming waste characteris-
tics, a preliminary study should be conducted (Ref 11). The third
problem was the operation of the reversing mechanism on the shredder
drive motor. This mechanism was designed to reverse the shredder action
to free jammed items. Either the mechanism did not operate or did not
indicate when a problem occurred because shredder teeth were broken
under jammed conditions. Periodic checks of the mechanism and some type
of indication that the mechanism has operated should be included in
future designs.

All of the eleven processing subsystem failures occurred in the
four remaining equipment systems. Seven of these failures occurred in
the conveyor belt system with four belt breaks, one broken belt clip,
one motor burnout, and one set of worn out idler roller bearings. The
first five failures were wear-out types, indicating the need for a heavy
duty belt conveyor or periodic equipment checks. The last two failures
occurred in the first 6 months and were caused by dust contamination.

The processing of solid waste creates a large quantity of dust that
coats machinery, causing overheating and abrasion. It is recommended
that increased routine maintenance be conducted on the motors and bearings
in the processing subsystem. This procedure was implemented in the last
6 months and seemed to work, as no dust failures occurred during this
time. The reporting period, however, was too short to form definitive
conclusions. It is recommended that better preventive maintenance
practices be included in future designs.

Three other failures also occurred due to dust contamination as the
magnetic separator electric motor burned out twice and the flail mill
bearings wore out. The flail mill bearings were a persistent problem
before and during the study period. An automatic lubricating system was
installed in the last period which seemed to correct the bearing problem.
The operating time, however, was too short to form definitive conclusions.
The bearing lubrication system is recommended for future designs, while
the motor dust contamination should be corrected by increasing the level
of routine maintenance.

The final failure was a broken drive-belt on the trommel screen.
This occurred as a result of a combination of wear and dust abrasion and

4 could have been corrected through increased routine maintenance.
In addition to the mechanical problems, the processing system also

had functional problems in the form of equipment jams (four other actions).The worst areas were the shredder discharge, and the trommel inlet and

*discharge. The system design included very severe space restrictions.
As a result, clearances between adjacent pieces of equipment were inade-
quate, causing jams and making it more difficult to remove the jams,

4 especially in the three problem areas. The jams required numerous shut-
downs and extensive maintenance manpower to clear and then restart the
system. It is recommended that future designs carefully evaluate clear-
ance and space requirements to prevent these types of problems.
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Design changes were required in the flail mill and the flail mill
conveyor. The flail mill ejected material over the side barriers of the
flail, creating a hazardous situation inside the facility. Additional
protection was added to control the direction of the shredded waste.
The flail mill conveyor was installed backwards and was too expensive to
remove and reinstall; therefore, modifications had to be made so that
the conveyor could operate correctly.

Overall, the processing subsystem performed poorly with eleven
failures and four other actions over the study period. The primary
problems were dust contamination and lack of space for proper equipment
operation.

It is recommended that a dust control system using increased build-
ing ventilation and/or physically separating dust-producing areas from
other equipment be added to future designs. These recommendations
should reduce dust-related failures and the maintenance burden associated
with preventing performance degradation from dust. Dust-related problems
are easily corrected, and future processing system designs should perform
better.

Storage Subsystem. The storage subsystem had the best overall
4 performance of the six subsystems because it was underutilized during

the study. The system had a MTBF of 2,778 hours, with a corresponding
reliability of 0.96. The inherent availability was 0.97. The discharge
rate was 0.47 TPH which is 16% of the 3 TPH design goal. Eleven main-
tenance actions occurred which included one failure. The failure was a
broken conveyor belt similar to the processing subsystem failures.
Total maintenance time was 76 hours with 25 hours spent on one failed
part repair. Maintainability parameters were 25 hours for MTTR, 0.009
hr/operating hr for MR, and a 37:1 ratio of operating time to total
repair time.

The storage subsystem experienced the fewest number of failures
over the study period, but it has a number of operational and design
problems that make this type of storage system unsuitable for future
designs using shredded or raw waste. There are four design problems:
inlet conveyor drive motor location, inlet conveyor discharge, bin
capacity, and bin bottom discharge design.

The inlet conveyor dri,,e motor is located on the side of the con-
veyor opposite the catwalk. This renders the motor inaccessible to any

. routine or corrective maintenance procedures. Future designs should
ensure that access is readily available to the conveyor drive motor and
any other piece of equipment requiring periodic or emergency maintenance.

.- The inlet conveyor discharge created another problem in that the
conveyor ends at a fixed point. This creates a large pile of waste
which is not easily distributed throughout the bin. The concentration

* of waste causes the screw augers to jam, and if the waste pile is too
high, the waste backs up on the conveyor. The system originally had a
spreader mechanism but it did not work and was removed soon after the
HRI was opened. HRI personnel had to manually spread the waste pile out
and slow down the screw augers and auger drive to discharge the waste
from the bin. The combination of screw augers and a set inlet discharge

4 point should be avoided in future designs.

15
[._

6.

[



The storage bin capacity, which is 29 tons, was barely adequate at
the design waste generation rate of 40 TPD or 1.67 TPH. The incinerators
would empty the bin and be nonoperational if waste deliveries were late,
quantity fluctuated, or a breakdown in the processing subsystem occurred.
It is recommended that future designs be based on having a sufficient
capacity to accommodate for changes in waste generation rates and equip-
ment problems.

The final design problem was that the bin sides are open at the
bottom to allow the traversing of the screw auger drive assembly. The
openings allow solid waste to escape from the bin, thus clogging the
gears and chains of the drive assembly. The clogging slows the drive
movement, causes jams, and causes the drive assembly to jump off the
chain. This type of design should be avoided in the future.

In addition to the design problems, there were operational problems
with the storage subsystem. Long, stringy waste materials would wrap
around and jam the augers, requiring extensive manpower to clear the
jam. If a large waste pile were formed, the drive carriage of the screw
auger would slow down or have to be manually controlled to prevent
damage to the drive motor. This procedure is labor-intensive and reduces
the discharge rate from the bin.

The overall effect of these design and operational problems was to
reduce the discharge rate to only 16% of design. Combined with the
labor-intensive nature of operating this storage subsystem, it is recom-
mended that this type of storage bin not be used in future designs. A
better design would be a below-ground storage pit and crane system.

Incinerator Subsystem. The incineration subsystem had the second
worst performance of the six subsystems. The system had an MTBF of
224.5 hours, with a corresponding reliability of 0.59. The inherent
availability was 0.91. The incineration rate was 0.45 TPH which is only
27% of the 2 TPH design goal (Table 5). Forty-four maintenance actions
occurred which included 16 failures. Total maintenance time was 368 hours
with 89 hours spent on part repair. Maintainability parameters were
5.6 hours for MTTR, 0.025 hr/operating hr for MR, and a 10:1 ratio of
operating time to total repair time.

The incineration subsystem experienced the most failures over the
study period; these failures are broken down into three areas: hydraulic
system failures, failures due to excessive heat, and other failures.

Nine of the 16 failures occurred in the hydraulic system. The
principal problem areas were hose breaks, cylinder failure, and a stuck-
open relief valve. These failures averaged over 7 hours each to repair.
The maintenance problem was due mainly to the inaccessibility of the
hydraulic system equipment. The system was underneath the main floor
and was only accessible through concrete covers that required two men to

* lift. One side of the unit was 4 inches from a wall, making repairs
very difficult. Lighting was poor, and small pieces of solid waste that
fell through holes in the concrete cover coated the unit. The filler
caps for the hydraulic systems were covered by this waste, causing
hydraulic oil contamination when the unit was refilled.

Hydraulic hose breaks accounted for six failures. The principal
* reasons for these were the length and routing of the hoses. Long hoses

wear out faster from being dragged on the floor and from kinks and
twists that damage the hose. The routing of the hoses allowed kinking
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and abrasion problems to occur. In the last reporting period, many of
the hoses were replaced with hard piping that eliminated hose failures,
and the hydraulic power unit was moved up to the main floor which improved
access for repairs. For future designs, it is recommended that the
hydraulic system be on the main floor in a low dust environment with
sufficient access for repair and maintenance; also hard piping should be
utilized wherever possible.

* Two of the nine hydraulic failures were caused by ram cylinder
failures. In one case, the incinerator feed door was shut when the ram

* feed cylinder was activated. The resulting pressure bent the cylinder
steel support beam beyond useful limits. Three changes would prevent
this problem. The first would be the proper use of pressure relief
valves set to prevent ultra-high pressures. The second would be an
automatic control for the loading door and ram cylinder actions. (The
IfRI has such a system, but it did not perform reliably and had been
turned off prior to this incident.) Third, the use of fastening bolts
with a lower shear strength than the bending strength of the beam would
cause the bolts to shear before the beam bent, preventing costly repairs.

The final hydraulic failure was a relief valve that stuck open.
Routine maintenance of these units would reduce this kind of problem.

* Three incinerator failures were caused by excessive or fluctuating
HRI temperatures. A failed thermocouple and door warpage were caused by
high primary chamber temperatures. Better controls would reduce this
problem. Fluctuating temperatures due to inconsistent operation caused
thin chips of refractory to break away from the HRI walls. This process
is called spalling and can be prevented if HRI reliability and waste
feedrate control (less temperature fluctuation) are improved.

The rest of the incinerator failures were unrelated. Three of the
five failures occurred in the secondary chamber oil burner due to worn
seals. The other two failures were a break in the incinerator feed belt
and a fire under the incinerator access plates. More routine maintenance
and better access to the equipment (secondary oil burner) would reduce

] these problems.
Twenty-eight maintenance actions also occurred that involved replac-

ing hydraulic hoses before failure, unjamming ash and feed rams, and
adjusting conveyors and the controls of the automatic feed door/ram
cylinder control system. These maintenance actions were not failures
and do not affect reliability. However, they do indicate the variety of

- problems that caused the poor performance of the incineration subsystem.
The incineration subsystem also had inadequate control of combustion

air and was located outside of the facility. The leakage of air into
the incinerators overwhelmed the combustion air control system, resulting
in excessive temperatures and slagging. The incinerators and boilers
were exposed to adverse weather conditions which made repairs more

* difficult and unsafe, and corroded the equipment.
Poor design, operation, and equipment failures were the main reasons

for the poor performance of the incinerator subsystem. The hydraulic
system, the feed and ash rams, and the lack of waste feedstock which
caused inconsistent incinerator operation (temperature fluctuation) had
major effects on incinerator performance. The incinerator did fulfill

* the primary mission of the HRI even with all of the performance problems.
The 74% volume reduction in solid waste accepted shows the potential
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benefits of this type of process if reliable performance can be sustained.
-By implementing the suggested recommendations in future designs, the

incinerator reliability and landfill reduction performance should improve.

Ash Subsystem. The ash subsystem had the second best overall
performance of the six subsystems. The system had an MTBF of 812.2 hours,
with a corresponding reliability of 0.86. The inherent availability of

the system was 0.94. The ash removal rate was 0.09 ton of dry ash/ton
of waste incinerated, which was only 12% above the expected value (Table 5).

Thirty-eight maintenance actions occurred, which included four failures.
Total maintenance time was 209 hours with 31.4 hours spent on repairs.
Maintainability parameters were 7.8 hours for MTTR, 0.010 hr/operating hr
for MR, and a 16:1 ratio of operating time to total repair time.

All of the 38 maintenance actions occurred in the ash conveyor.

The four failures involved breakage of shear pins, which were designed
to prevent conveyor damage. In general, the shear pins operated correctly,
failing before the conveyor was damaged. The 34 other actions, primarily

conveyor jams or the chain leaving the sprocket, were caused by large
chunks of unburned waste. This problem would be reduced if the incin-
erator were fed only processed waste, and large pieces of noncombustibles

were prevented from entering the incinerator.
Two additional design changes would improve ash subsystem performance.

The first would be to provide a separate ash conveyor for each incinerator.
The existing design uses one ash conveyor to remove ash from all three
incinerators. If the conveyor fails, solid waste incineration has to
stop to prevent an overload of ash in the ash subsystem. Second, future

ash subsystem designs should ensure that no moving parts of the conveyor
enter water. This should reduce the potential for jams, and reduce the
lubrication requirements of the conveyor. In general, the ash subsystem
performed adequately. The problems with the performance of this subsystem
can be corrected with the suggested design changes.

Boiler Subsystem. The boiler subsystem did not produce any steam
during the study period. There were three reasons why the boiler subsystem
never operated. The first was an inadequate automatic boiler water
level control. The control system did not accurately measure the water

level inside the boiler, thus preventing consistent production of the
necessary quality and quantity of steam. Also, the boiler sightglass
for manual water level control could not be seen from the water valve.

Either two persons had to be used to adjust the level, or one person had
to do both jobs. This was very time-consuming, as the water level

needed constant adjustment. It is recommended that a more sophisticated
control system be installed in future designs.

The second reason was a lack of access to the boiler tubes for
maintenance or repair. Two small ports are available on each side of
the boiler, but these are not adequate to reach all of the boiler tubes.

Because of this, the boiler tubes were not cleaned and could not effi-
ciently produce steam. It is recommended that easy access to all parts
of the boiler be designed to ensure that proper maintenance and repair

procedures can be accomplished.
The third reason was the spacing and the condition of the boiler

tubes. The tubes were too closely spaced for the fly ash produced in

the HRI. The spacing between the front tubes became clogged with ash,
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restricting air flow through the boiler, and preventing steam production.
Steam soot blowers were provided, but they may not have been able to

operate properly under the ash loading and lack of access for ash removal.
Also, the boiler tubes rusted from exposure because the boilers were not
located inside the main building. It is recommended that all HRI equip-
ment be located inside the main building to protect it from the weather,

that boiler tubes be adequately spaced for the ash particle size and
loading rates, and that soot blowers for the water tube boilers be
properly installed, if required.

There were also three administrative reasons why the boiler subsystem
did not operate. The first was the labor-intensive nature of producing
steam due to water level control. The HRI was originally designed so
that only one person was needed to supervise the automatic operation of

the facility. Actually, two people are required to keep the boiler
alone operating. Therefore, it was not cost-effective to operate the
boiler subsystem.

Second, the Public Works Department had a limited number of person-
nel available for work at the HRI and the other boiler facilities. Due
to the problems at the HRI, the manpower could more effectively produce
steam at the conventional boiler facility.

The third reason was the quantity of HRI steam that could be produced.
The HRI could only produce 12,000 lb of steam/hour which did not even
meet the minimum requirements (18,000 lb/hr) for starting the steam
pumps at the adjacent boiler facility. Future designs should ensure
that the HRI be located adjacent to a facility where the steam can be
utilized so that the full fossil fuel savings can be realized.

In summary, the boiler subsystem did not produce steam (the secondary
task of the HRI) because of the extra manpower required to operate the

system and because the HRI steam output did not meet minimum requirements
for steam distribution circuitry. HRI boiler designs considered in the
future should ensure proper access for maintenance and repair and that
proper controls for automatic boiler operation are installed. Also, the
HRI steaming capability should be utilized so that the maximum fuel
savings potential is realized.

CONCLUSIONS

The HRI at NAS Jacksonville did not fulfill design performance at
* anytime over the study period. The principal reasons for the poor

performance were inadequate design of the hydraulic system, boiler water

level control system, and storage system. Dust contamination and waste
jams caused a number of maintenance actions that shut down various
subsystems or the entire HRI. The facility was unacceptably labor-

intensive in operation, placing a strain on the resources of the
* NAS Jacksonville Public Works Department that ultimately led to the
* shutdown of the plant.
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RECOMMENDATIONS

NCEL recommendations are organized into areas of planning, design,
operation, and maintenance. These recommendations are primarily for
design elements reviewed in this report, that should be carefully con-
sidered in an HRI being designed for any Navy facility.

Planning Criteria

- Prior to HRI design, conduct a long-term study to determine the
variability of waste quantities and composition. This study should be
conducted as outlined in Reference 11, which is a new solid waste survey
method developed by NCEL. This method involves the collection of data
for 25 to 30 days over a year's period and then analyzes the data statis-
tically to provide accurate results. The benefit of this procedure is
that the HRI can be properly designed for the type, quantity, and vari-
ability of waste available. This will reduce capital, operation, and
maintenance costs, improve reliability, and justify the need for any
particular type of special equipment.

Design Criteria

e The hydraulic system of the incinerz-or should be in a clean
area that is easily accessible, with room for maintenance and repairs.
Hard piping should be used wherever possible, and any hydraulic hoses
required should be laid out in short lengths with no kinks or twists.

e The RDF storage system should be sized to accommodate normal
solid waste deliveries for one or two days, as well as compensate for
HRI downtime and variations in waste quantity. The configutation of the
storage system can be a storage pit with crane removal. Do not use
bottom-deployed screw augers to move raw or shredded waste.

e The boiler should have ready inside access to allow for ash
removal, and maintenance and repair procedures. The boiler should also
have reliable controls so that accurate automatic operation is possible,
and that the required flow of steam at design enthalphy can be produced.
Boiler tubes should be adequately spaced for the ash particle sizes and
loading rates. Soot-blowing equipment for water tube boilers should be
properly installed, if required.

e Any piece of equipment that is subjected to pressure or imposes
pressures (hydraulic cylinders, shredder, flail mill equipment, or ash
conveyors) should be designed with shear pins or pressure relief valves
so that permanent damage cannot occur to support brackets or operating
surfaces (e.g., shredder teeth).

* The tipping floor should have a minimum area of 230 ft2/TPD to
allow for effective handsorting and safe front-end loader movement.
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, There should not be any kind of space restriction in the design
of the facility. Adequate space for maintenance, repair, and waste
movement from subsystem to subsystem is essential to ensure reliable
operation of the HRI.

e Control instrumentation should be liberally included in the
design to ensure reliable operating performance while providing alarms
when problems develop (e.g., signals that shredder anti-jam mechanism
has operated).

SHRI steam production capability should be matched with facility
demand and circuitry such that the HRI capacity and, thus, fossil fuel
savings can be fully utilized.

e Dust control and automatic lubrication systems, and/or physical
enclosures for dust-producing areas are necessary to reduce maintenance
requirements for motor and and other machinery bearings.

e All HRI equipment should be located inside the HRI building to
prevent unnecessary equipment corrosion.

Operating Criteria

* Handsorting of waste should be utilized to remove bulky and
hazardous items and HRI operators must conscientiously prevent input of
any items missed by the floor crew. This will reduce HRI downtime
caused by damage from these items.

e The HRI should be operated with a consistent input of waste to
prevent temperature variation failures, such as refractory spalling and
slagging.

Maintenance Procedures

* Slag should be removed and all of the boiler tubes cleaned
weekly.

* All motors and bearings should be inspected and overhauled
bi-annually to check for dust, to lubricate, and to correct any misalign-
ment.

* Rams should be inspected bi-annually to correct warpage or
misalignment.
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LIST OF SYMBOLS/ACRONYMS

ACS Average cost of steam, $/MBtu

A. Inherent operational availability

A Operational availability as a probability (see Equation A-9),
0 expressed as a decimal

AP Ash production (see Equation A-31), ton/ton incinerated

BOE Barrels of oil equivalent

Btu British thermal unit

CC Total cost of consumable supplies not included in CF, $

CF Total cost of fuel used (fuel and waste oil, diesel, and
electrical power), $

CF Conversion factor for fossil fuel offsets, 5.8 x 10 Btu/BOE
FF0

CMR Corrective Maintenance Ratio (see Equation A-5),
man-hr/operating hr

CP Total cost of parts used in repair, maintenance,
and replacement, $

DA Efficiency of the HRI to accept activity waste
(see Equation A-27), %

DR Efficiency of solid waste weight reduction through incineration
(see Equation A-30), %

ddf Density of diesel fuel, lb/gal
|d.

Sdfo Density of fuel oil, lb/gal

d Density of make-up water, lb/gal

d Density of waste oil, lb/galwo

Et  Electrical energy supplied to the HRI (see Equation A-25), Btu

e Base of Naperian log system (2.718)

e t  Conversion factor, 11,600 Btu/kW-hr

4 FFO Fossil fuel offsets, BOE
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" FF Fossil fuel energy used by the boiler, Btu
B

FFHR I  Fossil fuel energy used by the RRI, Btu

HRI Heat recovery incinerator

Hdf Energy from diesel fuel supplied to front-end loader (see
df Equation A-24), Btu

H fEnergy derived from fuel oil and supplied to HRI
fo (see Equation A-19), Btu

H hri  Energy supplied to KRI (see Equation A-17), Btu

H Energy derived from solid waste and supplied to HRI
sw (see Equation A-18), Btu

H Energy derived from make-up water (see Equation A-21), BtuW

H Energy derived from waste oil and supplied to the HRI
* wo (see Equation A-20), Btu

hdf Higher heating value from diesel fuel, Btu/lb

hff Higher heating value of floor-fed solid waste as received, Btu/lb

hfo Higher heating value from fuel oil, Btu/lb
k fo

h Steam enthalpy, Btu/lb
S

h Higher heating value from processed solid waste, Btu/lb
sw

h Enthalpy of makeup water from standard tables, Btu/lbw

h Higher heating value of waste oil, Btu/lbwo

ID Induced draft fan

6 IR Incineration rate (Equation A-29), TPH

LR Efficiency in reducing landfill space for solid waste accepted
at HRI (see Equation A-32), %

M Maintainability

M Quantity of floor-fed solid waste, tons
ff

N Quantity of solid waste rejected by the facility, tons
0

N Quantity of solid waste accepted by the HRI facility, tons

N3  Quantity of solid waste that was hand-rejected, tons
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M Processed solid waste fed to HRI, tons
12

K 14 Wet ash removed, tons

M15 Steam produced over the monitoring period, pounds

M17 Make-up water consumed, gallons

M 20 Fuel oil supplied to HRI, gallons

M21 Waste oil supplied to HRI, gallons

M22 Diesel fuel supplied to front-end loader, gallons

N Quantity of material rejected from the dust filters, tonsM24

M25 Quantity of material removed by the trommel screen and the
magnetic separator, tons

MBtu One million British thermal units

MI Maintainability Index (see Equation A-6),
maintenance man-hr/operating hr

MR Maintainability Ratio, maintenance hr/operating hr

Mt Operating labor spent on the HRI during the period t , man-hr
a a

Mt Maintenance labor spent on the HRI during the period tb, man-hr

Mt Maintenance labor spent on the IIRI during the period tc, man-hr

MTBF Mean time between failures (see Equation ,-2), hours

MTTR Mean time to repair (see Equation A-7), hours

MTBMA Mean time between maintenance action (see Equation A-8), hours

NAS Naval Air Station

NAVFAC Naval Facilities Engineering Command

NCEL Naval Civil Engineering Laboratory

Nf Number of failures that caused shutdown at the HRI or subsystem

N Number of maintenance actions
ma

N Number of repairsr

NS Naval Station
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PR Processing rate of the RRI facility (see Equation A-28), TPH

e PMR Preventive Maintenance Ratio (see Equation A-4),
man-hr/operating hr

R Reliability as a probability (see Equation A-3), expressed as
a decimal

RAM Reliability, Availability, and Maintainability

RCRA Resource Conservation Recovery Act

R Total active repair time spent on corrective maintenance, hours

SCC Specific consumable costs (see Equation A-14), $/MBtu

SOM Specific operating labor (see Equation A-10), man-hr/MBtu

SP Efficiency of steam production (see Equation A-33), lb of
steam/lb of solid waste

SPC Specific part cost (see Equation A-13), $/MBtu

.. SRM Specific repairs and maintenance labor (see Equation A-11),

man-hr/MBtu

STM Specific total labor (see Equation A-12), man-hr/MBtu

T Total monitoring period, hours

Tkwh  Electricity supplied to the HRI, kW-hr

0] TE Overall thermal efficiency (see Equation A-16), %

TE Energy conversion process efficiency - boiler
B

TE Energy conversion process efficiency - solid waste
sw

• ta  Operating period (HRI, subsystem, or equipment), hours

tb Time spent in routine maintenance, hours

t Time spent in repairs/replacements, hours
c

Std HRI idle time (operational), hours

t HRI idle time (not operational), hours
e

t Mission time for reliability calculations,
40 hours for the receiving and processing subsystems,

* 120 hours for the HRI and other subsystems

W Labor wage rates, $/hour
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Table 5. Comparison Between Actual and Predicted Results

Predicted Actual Difference
Parameter Results Results (%)

Reliability, %
Mission 1 53 -- --
Mission 2 66 25 -62
Mission 3 73 51 -30
Mission 4 59 -- --

Mission 5 76 ....

Availability, %
Mission 1 90 .--
Mission 2 90 69 -23
Mission 3 90 86 -4
Mission 4 90 -- --

Mission 5 90 ....

Activity waste generation, TPD 40 31.0 -22.5

Processing rate, TPH 5 2.1 -58

Incineration rate, TPH 1.67 0.45 -73

Ash production, ton/ton 0.08 0.09 12.5

Landfill reduction, % 70 74 5.7

Landfill cost savings, $/yr 51,000 9,700 -81

Energy parameters
Solid waste, % 91 89 -2
Fossil fuel offsets, BOE/wk 150 29.4 -80

Processing time, hr/wk 40 13.2 -67

Incineration time, hr/wk 120 70.4 -41

Maintenance (MTTR),
hr/failure
Receiving Subsystem 10 ....
Processing Subsystem 10 4.7 -53
Storage Subsystem 10 25 250
Incineration Subsystem 10 5.6 -44
Ash Subsystem 10 7.8 -32
Boiler Subsystem 10 -- --
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(a) Mission 1: Process and incinerator solid waste produce steam.

AASH
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(b) Mission 2: Process and incinerate waste.
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(c) M ission 3: Incinerate solid waste.

• Figure 2. Schematic of the five mnissions.

F.. 32

0

' " " : . • - -- ., ..i.--

0,_ .. ..... GASES TO .S.TACK. , . .. ,. ,. .. . .. .?_, . : 1 .. . . - . , , 'i . . T '



GASES TO STACK

SWASTE iSTEAM
* ACTIVITY -RECEIVING - NIEAION

REJECTS AHACTIVITY

LANDF ILL-o
ASH

(d) Mission 4: Incinerate waste to produce steam.
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(e) Mission 5: Combust fuel oil to produce steam.

Figure 2. Continued.
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Appendix A

* PROCEDURE AND CALCULATIONS FOR RAM ANALYSIS

This appendix provides the definitions and formulas for the computa-
" tion of RAN parameters, thermal efficiency, and cost for the complete

HRI system.

TIME

The duration of HRI monitoring period, T, is divided into five
distinct periods defined below:

t a= HRI operating period, hours

tb = time spent in routine maintenance, hours

t = time spent in repairs/replacements, hours* c
td = idle time when HRI is operational (but not used), and

therefore, available, hours

t = idle time when HRI is not operational, and therefore,
e unavailable, hours

Subsystem (i.e., processing, incinerator, etc.) and equipment (i.e.,

flail mill, shredder, etc.) monitoring periods use the same breakdown of

time for computing all RAM parameters. Then,

T = t + t + t + t + t (A-I)
*-a b c d

t , Operation Period. This is the period over which the HRI or
subsys em is actually operated during the monitoring period, T. It is
determined by summing the run time of each start-up to shutdown cycle.

* This information is recorded on the Equipment Status Log.

- tb, Routine Maintenance Period. This is the period over which
routine maintenance is carried out during the monitoring period. It is
determined by summing the individual routine maintenance periods. When
recording preventive maintenance time for computing preventive maintenance

* ratio (PMR), only scheduled or absolutely required preventive maintenance

A-1
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is included. Preventive maintenance that is performed, but not required,
during corrective maintenance periods or when the HRI is idle should not
be counted when computing PHR. Each routine maintenance period is
determined from data recorded on the Equipment Status Log.

t ' Repair/Replacement Period. This is the period actually spent
repairing the HRI or replacing components because of breakdowns, etc.,
during the monitoring period. It does not include time spent in procure-
ment of components or in cooling the HRI to permit start of repairs or

replacements. The total time spent in repairs/replacements over the
monitoring period is determined by summing each repair/maintenance time
from measurements recorded on the Equipment Status Log.

t d Idle Time Operational. This is the time when the HRI could be
operated, if needed or desired, but is not operated for one or more of

the following reasons:

1. Following routine maintenance shutdowns: From the time the
routine maintenance is completed until the HRI is started for the subse-
quent operating cycle.

2. Following repair/replacement shutdowns: From the time the
repairs or replacements are completed (also, completion of routine

maintenance, if needed), until the HRI is started for the subsequent
*" operating cycle.

3. During shutdowns for reasons other than routine maintenance and
repairs/replacements: All the time spent in this shutdown mode counts
toward operational idle time. Details are recorded on the Equipment

Status Log.

t , Idle Time, Not Operational. This is the time between shutdown
of the HRI for either routine maintenance or repairs/replacements and
the beginning of routine maintenance or repairs/replacements, when the

HRI is not operated. It includes time spent in cooling of the HRI to
initiate routine maintenance or repairs/replacements, and time spent in
procuring the parts of supplies while the HRI is not operating.

These measurements of t through t are used to make the calcula-
tions requiring time data.

RELIABILITY

Mean Time Between Failures (TBF). MTBF is the average operating

time until the occurrence of an equipment failure causes subsystem
shutdown. It is calculated by dividing the total operating time by the
number of failures. In simplified form,

t
MTBF N a (A-2)

Nf

A-2
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where: MTBF = mean time between failure, hours

t = operating time (HRI, subsystem, or equipment), hours• a

Nf = number of failures that caused shutdown in the system
or subsystem

Separate MTBF estimates are determined for each HRI subsystem and

mission. This indicates the HRI's ability to systematically process and
dispose of the solid waste received while recovering energy in the form
of steam. It should be noted that operating times for the various

subsystems vary.

Reliability as a Probability. Reliability is the most important of
all the parameters. It is the probability that the equipment can perform
its intended function satisfactorily over the duration of its mission
when used in the manner and for the purpose intended while operating
under the specified application and operational environment. Reliabil-
ity is computed for various missions, including waste disposal and steam
production. Reliability is expressed as:

-tm/MTBF

R = e m (A-3)

where: R = reliability as a probability, expressed as a decimal

e = base of Naperian log system (2.718)

t = mission time. The scheduled period of operation of the
HRI or subsystem; 40 hours for the receiving and process-

ing subsystems, 120 hours for all the other subsystems and
the HRI

MTBF = average number of hours of mission completed between
failures. Computed from Equation A-2.

MAINTAINABILITY

Maintainability is expressed as the probability that an item will
conform to specified performance requirements over a given period of
time while maintenance actions are performed in accordance with pre-
scribed procedures and resources. There are many measures of maintain-
ability. For the HRI long-term evaluation, five measures of maintain-
ability are used. These are defined as follows:

MtbPMR b (A-4)
t

a
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CMR - t (A-5)
t a

(Mt b + Mt )

MI = (A-6)t
aI

where: PMR = preventive maintenance ratio, man-hr/operating hr

CMR = corrective maintenace ratio, man-hr/operating hr

MI = maintainability index, ratio, man-hr/operating hr

t = total operating time, hoursa

Mt = maintenance labor spent on the HRI during period tb, man-hr

! Mt = maintenance labor spent on the LIRI during period t , man-hr

Mean Time to Repair (MTTR). MTTR is the average corrective mainte-
nance time required to correct a failure. MTTR is estimated by dividing
the total corrective maintenance time for a system by the number of
equipment repairs. In simplified form,

R
MTTR P (A-7)

r

where: MTTR = mean time to repair, hours

R = total active repair time spent on corrective
P maintenance, hours

N = number of repairs. r

Separate MTTR values are calculated for each HRI subsystem (i.e.,
Processing, Storage, Incineration, Boiler, and Ash Handling) as well as
the heat transfer network and overall HRI.

I
Mean Time Between Maintenance Actions. MTBKA is the average operat-

ing time until the occurrence of a maintenance action. A maintenance
action is initiated by an equipment failure or some other condition
(i.e., out of alignment and requiring adjustment) whether or not the
action results in a shutdown. MTBMA is calculated by dividing the total
time (ta) by the number of maintenance actions. In simplified form,

A-4
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V'-1 t
-MTBMA N (A-8)

N ma

where: MTBKA = mean time between maintenance actions, hours

t = total operating time, hoursa

N = number of maintenance actions
ma

* MTBMA estimates are provided for each HRI subsystem and the total
system. It should be noted that each operating time is specific for the
subsystem for which the MTBMA is being computed.

AVAILABILITY

Availability is generally defined as the probability that equipment
0 will be capable of performing the specified function when called upon at

any random point in time. Operational availability (A ) provides the
best measure for equipment in an operational environment.

For the HRI, A is defined as the ratio of the operating time to
the sum of operating time and downtime over the monitoring period. In
simplified form,

t
A a (A-9)o t t+t +t- a b C e

where: A = operational availability as a probability, expressed as
a decimal

t = total operating time, hours
a

tb = time spent in routine maintenance, hours
0b

t = time spent in repairs/replacements, hoursc

t = HRI idle time (not operational), hours
e

0 A estimates are provided for each HRI subsystem and the totalo
system.

STEAM COST

* Computations are also necessary for establishing the cost of steam
generated by the HRI. Equations A-1O, A-I, and A-12 refer to specific
man-hours rather than manpower costs for two reasons: (1) the labor

A-5
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rate varies from year to year, and (2) the labor rates of base personnel
are different from the labor rates charged by a contractor. Using

man-hours data, the labor portion of the average cost of steam in Equa-

tion A-15 can easily be determined for subsequent years.

Mt x 106
SO M a- (A-10)

15 s

(Mtb + Mtc) x 
106

[=UNSRxh=(A-Il)
S15 x h s

STM = SOM + SRM (A-12)

where: SON = specific operating labor, man-hr/MBtu

SRM = specific repairs and maintenance labor, man-hr/HBtu

STH = specific total labor, man-hr/MBtu

H = steam produced over the monitoring period, pounds
15

h = steam enthalpy, Btu/lbs

Mt = operating labor spent on the HRI during the period t
a man-hr

Mt = maintenance labor spent on the HRI during the period tb,
man-hr

Mt = maintenance spent on the HlRI during the period t , man-hr

6 CP x 106 (A-13)
H15 x h s

SCC (CF + CC) x 106 (A-14)
15 x h s(A-1

where: SPC = specific part costs, $/MBtu

4 N 15 = steam produced over the monitoring period, pounds

h = steam enthalpy, Btu/lb
A

A-6
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CP = total cost of parts used in repairs, maintenance, and
replacement, $

SCC = specific consumable costs, $/MBtu

CF = total cost of fuel used (fuel and waste oil, diesel and

electrical power), $

CC = total cost of consumable supplies not included in CF, $

Then,

ACS = SPC + SCC + STN x W (A-15)

where: ACS = average cost of steam, $/MBtu

SPC = specific part costs, $/HBtu
I

SCC = specific consumable costs, $/NBtu

STM = specific total labor, man-hr/MBtu

W = labor wage rates, $/hr

THERMAL EFFICIENCY

The overall thermal efficiency of the HRI when firing solid waste
and other fuels over the monitoring or any period of steaming is deter-

mined in the following manner:

H x h
TE - 1 100 (A-16)

H hri

6
where: TE = overall thermal efficiency, %

H = energy from solid waste and other fuels supplied to HRI,
hri Btu

* K15 = steam produced over the monitoring period, lb

h = steam enthalpy, Btu/lbs

H. . is determined by adding the energy (in Btu's) derived from the
4 various luels consumed by the HRI. Equations A-18 through A-23 provide

for the individual computation of heat from the various energy sources.

In simplified form,

A-7
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Shr i = H + 11fo + H + H (A-17)

where: Hhr = energy supplied to HRI, Btu

Hsw = energy derived from solid waste and supplied to HRI, Btu
Hfo = energy derived from fuel oil and supplied to HRI, Btu

H = energy derived from waste oil and supplied to HRI, Btufo

Hw = energy derived from makeup water, Btu

1. Energy derived from solid waste:

Hsw = (h sw)(H 12) x 2,000 + (hff)(Mff) x 2,000 (A-18)

where: H = energy derived from solid waste and supplied
sw to HRI, Btu

h = higher heating value of processed solid waste, Btu/lbsw

M12 = quantity of processed solid waste supplied to ItRI, tons

h = higher heating value of floor-fed solid waste as received,
Btu/lb

Mff = quantity of floor-fed solid waste supplied to the HRI, tons

2. Energy derived from fuel oil:

Hfo = (hfo)( 20)(dfo) (A-19)

where: H = energy derived from fuel oil and supplied to HRI, Btu
fo

h = higher heating value of fuel oil, Btu/lb
fo

M = fuel oil supplied to HRI, gal
20

dfo = density of fuel oil, lb/gal

3. Energy derived from waste oil:

A-8



H = (h )(1 )(do) (A-20)
wo wo 21 wo

I
where: H = energy derived from waste oil and supplied to HRI, Btu

wo

h = higher heating value of waste oil, Btu/lb
wo

M 2 1 = waste oil supplied to HRI, gal

dwo = density of waste oil, lb/gal

4. Energy derived from make-up water:

H = (hw)(M )(d) (A-21)
w w 17 w

where: H = energy derived from makeup water, Btu. w

4 h = makeup water enthalpy from standard tables, Btu/ib
w

H = makeup water consumed, gal
17

d = density of makeup water consumed, lb/gal
w

FOSSIL FUEL OFFSETS

Fossil fuel offsets are calculated by subtracting the quantity of
fossil fuels (fuel oil, electricity, and front-end loader diesel fuel)
consumed by the HRI from the quantity of fossil fuels saved by the HRI.
The fossil fuels saved are equivalent to the steam energy from solid
waste divided by boiler efficiency. Equations A-22 through A-26 calcu-
late the steam energy from each source and the estimated fossil fuel
offsets.

1. Fossil fuel energy - boiler:
I

FFB = (M15 x hs)/TEB (A-22)

where: FFB = fossil fuel energy used by the boiler, Btu

H15 = quantity of steam produced, lb

h = steam enthalpy, Btu/Ib
$

TEB = thermal efficiency of the boiler

A-9
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2. Fossil fuel energy - HRI:

FFHRI = Hfo + Hdf + Et + Hw  (A-23)

where: FFR I = fossil fuel energy used by the HRI, Btu

H = energy derived from fuel oils (Equation A-19), Btu

H = energy derived from diesel fuel, Btu

Et = energy derived from electricity, Btu

H = energy derived from makeup water, Btuw

3. Energy derived from front-end loader:

Hdf = (hdf)(N 2 2)(ddf) (A-24)

where: H df = energy of diesel fuel consumed by the front-end
loader, Btu

hdf = higher heating value from diesel fuel, Btu/lb

122 = diesel fuel consumed by front-end loader, gal

ddf = density of diesel fuel, lb/gal

4. Fossil fuel energy equivalent of electrical power supplied to the HRI:

Et = (et)(T kwh) (A-25)

where: E =fossil fuel energy equivalent, supplied as electricity to
the HRI, Btu

et = conversion factor, 11,600 Btu/kW-hr

Tkwh = electricity supplied to the HRI, kW-hr

5. Fossil fuel offsets:

FFO = (FFB - FFHRI)/CFFFO (A-26)

A-1
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where: FFO = fossil fuel offsets, BOE

FFB = fossil fuel energy used by the boiler, Btu

FFHR I = fossil fuel energy used by the HRI, Btu

CF =O conversign factor for fossil fuel offsets,
FFO 5.8 x 10 Btu/BOE

g
OPERATIONAL PARAMETERS

1. Efficiency of the HRI to accept activity waste:

DA - I1 o (A-27)

* where: DA = efficiency of the HRI to accept activity waste, %

M1 = quantity of solid waste accepted at the HRI facility, tons

N = quantity of solid waste not accepted by the facility, tons

2. Processing rate:

1 - M3  Mff
PR - (A-28)

__ a

where: PR = processing rate of the HRI facility, TPH

N= quantity of solid waste accepted by the 1it]
* facility, tons

N3 = quantity of solid waste that was hand-rejected, tons

M = quantity of solid waste floor fed to the HRI, tons

• t = processing subsystem operation period, hr

a

0
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3. Incineration rate:

Mff + N 1 2

IR = (A-29)
a

where: IR = incineration rate of the HRI facility, TPH

.ff = quantity of solid waste floor fed to the HRI, tons

M quantity of processed waste fed to the HRI, tons
12

t a operating time of the incinerators, hr

4. Efficiency of solid waste reduction:

Sff + M12 -M 14
DR M f 1 (A-30)

ff 12

where: DR = efficiency of solid waste weight reduction through
incineration

f = quantity of solid waste floor fed to the HRI, tons
ff

1 = wet ash removed, tons
14

N12 = processed solid waste supplied to HRI, tons

5. Ash production:

AP - (A-31)
M12 M ff

where: AP = wet ash production of the HIRI, ton/ton

M = wet ash removed, tons
14

M = quantity of processed solid waste fed to the HIRI, tons

N f quantity of floor fed solid waste fed to the HRI, tons

A-12
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6. Efficiency in reducing landfill space:

H - (H3 + HI4 + H24 + H25 )
LR - (A-32)

where: LR = efficiency in reducing landfill space for solid waste
accepted at HRI

1. = quantity of solid waste accepted at HRI facility, tons

S3 = quantity of solid waste that was hand-rejected, tons

M14 quantity of wet ash removed, tons

M24 quantity of material rejected from the dust filter, tons

M25 quantity of material removed by the trommel screen and
* magnetic separator, tons

*'. 7. Efficiency of steam production:

SP = 15  (A-33)
H12 (2,000 lb/ton)

where: SP = efficiency of steam production, lb of steam/lb of
solid waste

H12 = solid waste supplied to HRI, tons

M 15 = steam produced, lb

*O INSTRUMENTS/METERS

In order to collect the necessary data to perform the requiredcalculations for reliability, maintainability, efficiency, and cost, the

following meters/instruments are required. The instruments/meters are
an integral part of the HRI and are used during tests and evaluations.

0
Run Time Meters

The run time meters used to determine the operating hours on vari-
ous subsystems, equipment, and the HRI are itemized below with the
quantity of meters in parentheses.
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1. Boiler ID fans (3) - provide time producing steam.

2. Incinerator blowers (3) - provide time for burning.

3. Flail mill feed conveyor (1) - provides time for processing and

for flail mill operation.

4. Industrial shredder (1) - provides time for processing and for
shredder operations.

5. Ash conveyor (1) - provides time for incineration and ash

handling.

6. Storage bin feed conveyor (1) - provides time for processing

subsystem.

7. Storage bin outlet conveyor (1) - provides time for storage
subsystem.

Watt-hr Meter

An accumulating watt-hr meter is used to determine the total elec-
trical power supplied to the HRI facility.

Totalizing Flowmeters

Totalizing flowmeters are used to measure the makeup water (feed-

water) to the boilers, blowdown, and steam.

A
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APPENDIX B

UCALCULATIONS FOR NAS JACKSONVILLE HRI

SOLID WASTE ENERGY SUPPLIED

The supplied energy over the monitored period was broken down into
two parts, solid waste energy and auxiliary fuels energy. The propor-
tion of each of these parts to the total energy supplied gave an indica-
tion of the relative importance of each part. Equations B-i through B-8
calculated the heat derived from the four sources, the total energy
supplied, and the relative proportions.

* 1. Energy derived from solid waste.

H (hs)(M ) + (hf)(M (B-1)

sw sw 12 (ff)Qff)

= [(6,940 Btu/lb)(1,311 tons)

+ (5,900 Btu/lb)(294 tons)](2,000 lb/ton)

10
= 2.167 x 10 Btu

• .where: H = energy derived from solid waste and supplied
.sw to IfRI, Btu

h =higher heating value of processed solid waste (Ref 8),
sw Btu/lb

M12 = processed solid waste supplied to the HRI, tons

hff = higher heating value of floor-fed solid waste as
received (Ref 12), Btu/lb

*Mff = floor-fed solid waste supplied to the HII, tons

[ff

0
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2. Energy derived from fuel oil:

Hh f= )(M20 )(dfo) (B-2)

= (19,603 Btu/lb)(20,050 ga])(7.09 lb/gal)

= 2.787 x 109

where: H. = energy derived from fuel oil and supplied
.o to ttRI, Btu

hfo = higher heating value of fuel oil, 19,603 Btu/lb

M2 0 = fuel oil supplied to HRI, gal

dfo density of fuel oil, lb/gal

3. Energy derived from waste oil.

Hwo = (h wo)(M 2 1 )(d)wo (B-3)

.wo
= (19,673 Btu/lb)(0 gal)(6.86 lb/gal)

= 0 Btu (none used)

where: Hwo = energy derived from waste oil and supplied
to HRI, Btu

h = higher heating value of waste oil, Btu/lbWO

M21 = waste oil supplied to HRI, gal

d = density of waste oil, lb/galwo

4. Energy derived from makeup water:

Hw  = (hw)(M 17 )(dw ) (B-4)

= 0 Btu (none used)

where: H = energy derived from makeup water, Btuw

h = enthalphy of makeup water, Btu/lb

B-2
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- = makeup water consumed, gal
17

d = makeup water density, lb/gal
w

5. Total energy derived from all sources supplied to the HRI:

HR1  f H +H + H + H (B-5)reRI= sw Hfo wo

10= 2.446 x 10 Btu

6. Sum total of energy derived from auxiliary sources of energy:

HAUX  = Hfo + Hwo (B-6)

= 2.787 x 109 Btu

7. Percentage of total energy produced from auxiliary sources:

H HAUX 2.787 x 10 9
= 1 = 11% (B-7)

HRI 2.446 x 1010

8. Percentage of total energy produced from solid waste:

H RI - HAUX 2.446 x 1010 - 2.787 x 109 = 89% (B-8)
H HRI 2.446 x 1010

0 FOSSIL FUEL OFFSETS

Fossil fuel offsets were calculated by subtracting the quantity of
fossil fuels (fuel oil, electricity, and front-end loader diesel fuel)
consumed by the HRI from the quantity of fossil fuels saved by the HRI.
The fossil fuels saved are equivalent to the steam energy from solid
waste divided by boiler efficiency. Equations B-9 through B-13 calcu-
lated the fossil fuels consumed or saved and the estimated fossil fuel
offsets. The results from Equations A-I to B-4 are used in Equations B-9
and B-12.

B-3
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9. Fossil fuel energy - boiler:

FFB fo + wo Hs) x TEsw/TEB (B-9)

= (2.787 x 109 + 0 + 2.167 x 10 10) x 0.45/0.80

= 1.376 x 10 Btu of steam

where: FF = fossil fuel energy used by the boiler, Btu
B

H = energy derived from fuel oil, Btu
fo

H = energy derived from waste oil, Btu

sw
H sw=energy derived from solid waste, Btu

TE = efficiency of solid waste energy conversion processsw

* TEB = efficiency of boiler energy conversion process

10. Heat derived from front-end loader diesel fuel:

H df = (hdf)(M 2 2 )(ddf) (B-10)

= (19,603 Btu/ib)(970 gal)(7.09 lb/gal)

= 1.348 x 108 Btu

where: H = energy derived from front-end loader diesel
df fuel, Btu

hdf = heating value of diesel fuel, 19,603 Btu/Ib

. = diesel fuel supplied to front-end loader, ib
22

df = density of diesel fuel, lb/gal

* 11. Energy equivalent of electrical power supplied to the HRI:

E t = (e t)(T kwh )  (B-11)

* = (11,600 Btu/kW-hr)(168,800 kW-hr)

= 1.958 x 10 9 Btu

LB9
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where: Et = electrical energy supplied to the RRI, Btu

et = conversion factor, 11,600 Btu/kW-hr

Tkwh = electricity supplied to the HRI, kW-hr

12. Fossil fuel energy - HRI:

FF = H + H + E + H (B-12)HRI so df t w

= 2.787 x 109 + 1.348 x 108 + 1.958 x 109 + 0

= 4.880 x 109 Btu

where: FFHRI = fossil fuel energy used by the HRI, Btu
Hfo = energy derived from fuel oils, Btu

Hdf = energy derived from diesel fuel, Btu

Et = energy derived from electricity, Btu

H = energy derived from makeup water, Btu! w

13. Fossil fuel offsets:

FF (FFB - FF HRI)
• . FF0 - CFFF (B-13)

- (1.376 x 1010 - 4.880 x 109 Btu)

5.8 x 106 Btu/BOE

= 1,530 BOE or 29.4 BOE/wk

where: FFO = fossil fuel offsets, BOE/wk

FFB = fossil fuel energy used by the boiler, Btu

FFHRI = fossil fuel energy used by the HRI, Btu

CF F = conversign factor for fossil fuel offsets,
FF0 5.8 x 10 Btu/BOE

4
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EXPECTED VALUES FOR MISSION RELIABILITY

Expected values for mission reliability were calculated based on
Table 4 of the reliability analysis of the NAS Jacksonville HRI (Ref 6).
Mission calculations were made using the predicted failure rates for
each subsystem which was a part of the mission.

The failure rates and reliability for each subsystem are summarized
in Table B-I. The mission reliabilities were obtained by multiplying
together the reliability for each appropriate subsystem. The total
failures were obtained by adding the appropriate subsystem failures.
.TBF was calculated by dividing the mission time (6,240 hr/yr) by the
total failures. These calculations are summarized in Table B-2.

Operational Parameters

The HRI accepted 1,871 tons and weighed but did not accept 5,577 tons,
for a total of 7,448 tons. This represents 48 weeks of data over the
51-week study. Even though no data were recorded for 3 weeks, waste was
generated during this time. Therefore, 48 weeks were used to determine
waste generation. Fifty-one weeks were used for the other parameters
because this value represented the HRI effort for the entire study

period.

1. Solid waste generated:

7,448 tons = 31.0 TPD
(5 days/wk) x 48 wk

2. Solid waste accepted:

1,871 tons
(5 days/wk) x 51 wk

3. Processing time:

r673 hr 13.2 hr/wk
51 wk

I

(673 hours is the total processing time from Table 2.)

B
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4. Incineration time:

3,592 hr - 70.4 hr/wk
51 wk

(3,592 is the total incineration time from Table 2.)

5. Ash production:

Processed waste -- 82% of feed; 8% ash
Floor-fed waste -- 18% of feed; 15% ash

AP = 0.82 x 0.08 + 0.18 x 0.15

= 0.09 ton/ton

Predicted Values

1. Waste energy content (Ref 9):

Floor fed: 6,534 Btu/lb (dry) x (1 - 9.72 (moisture)/100)

= 5,900 Btu/lb (as received)

Processed: 8,207 Btu/lb x (1 - 15.41/100) = 6,940 Btu/lb

2. Percentage energy supplied by solid waste:

Assume: 0.24 BOE/ton of waste (Ref 7)

6,940 Btu/lb of waste "as received"

6,940 Btu/lb x 2,000 lb/ton 22.39 BOE/ton

5.8 x 106 Btu/BOE

2.39 + 0.24 = 0.91 x 100 = 91%

B
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3. Fossil fuel offsets:

Assume: 25% of incoming waste was rejected (Ref 9)

45% thermal efficiency

35 kW-hr/ton of electricity consumed (Ref 7)

FF0 16,940 Btu/lb x 2,000 lb/ton x 0.45 - 35 kW-hr/ton

x 11,600 Btu/kW-hr] x (1 -25/100) x 200 tons/wk

+5.8 x 10 6Btu/BOE

-151 -150 BOE/wk

B-8
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Table B-2. Mission Reliabilities

I
Appropriate Reliabilityb Total MTBFd
Appro prite R Failures (hr)

nSubsystemsa () (no./yr)

I R, P, S, I, A, B 53 34 184

2 R, P, S, 1, A 66 22 284

3 R, I, A 73 17 367

4 R, I, A, B 59 28 223

5 0I, B 76 15 416

aThese subsystems must be operational for the mission to be accomplished.

See Table B-1 for the code.
bFor example, Mission I reliability:

1.0 x 0.933 x 0.966 x 0.755 x 0.963 x 0.805 = 0.527 x 100 = 53%
c For example, Mission I total failures:

3.6 + 1.7 + 14.6 + 1.9 + 11.3 = 33.1 or 34 failures/yr
* dFor example, Mission 1 mean time between failures:

6,240 hr/34 = 184 hr

K
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Appendix C

PROCEDURES FOR COMPLETING

HEAT RECOVERY EQUI PMENT STATUS LOG

AND

CONSUMABLES AND RUN TIME LOG
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I. EQUIPMENT STATUS LOG

The following specific instructions were followed for completing
the Equipment Status Log. The number in parentheses refers to the
identical block/column on the log. As a minimum, one entry per working
shift was logged regarding the operating status of the HRI, even if
there were no changes in status.

(1) Installation

Enter the station location and system name. Example: NAS JAX HRI

(2) Beginning Date

Enter the year, month, and day using a two-digit number, for
the initial day being reported on each sheet. Notice that
more than one day's events can be recorded on a single sheet.
Example: 82/01/22.

(3) Page of Pages

Enter the number of each page for the entire work week starting
with number I on Monday morning.

(4) Date

Record the day of the month that corresponds to any subsequent
entries. At least one entry per shift is required.

(5) Time

Record the time at the beginning of every day (usually 0001)
4l using military time (1630 instead of 4:30 p.m.). Record the

time of any change in equipment status. Record the beginning
and ending time of other events (i.e., maintenance actions and
other downtimes).

(6) Code

Enter the equipment status category code at the beginning of
every day (0001 hours). Enter all changes in equipment status.
Identify what equipment status changed with the equipment
codes. The status category and equipment definition list will

C-2
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aid in determining the correct status code. See Figures C-i
and C-2 examples.

(7) MIRS

Enter the maintenance man-hours required to perform the main-
tenance actions. If, for example, 2 hours of preventive
maintenance man-hours and 8 hours of correction maintenance

man-hours are performed simultaneously, then list those man-
hours spent in preventive maintenance first. Example: 2/8.

(8) Explanation

All information that will aid the technical analysis should be
recorded in the remarks section. Use as many lines as needed

to explain actions taken. Entries shall be in accordance with
the following guidelines:

1. Entries are required for any of the following reasons:

a. System, subsystem, equipment, or component turn on or
off.

b. Equipment failure.

c. Restoration of equipment to full capacity.

d. Preventive or corrective maintenance action.

e. All part replacement actions.

f. Outside assistance required, requested, or received
from other than HRI assigned personnel.

2. The description should be brief but answer the following

questions:

a. What is the operational status of the equipment?

h. What has occurred? Failure, maintenance, test?

c. What is being done to change status?

Entries shall answer all of the above questions.

Example: "Ash conveyor inoperative - troubleshooting

motor and inspecting belt."

(9) For Analyst Only

Do not write in this space. This is to be used by data analyst

only.
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(10) Supervisor
LC Supervisor responsible for data collection should initial each

sheet as the sheet is completed, verify that all necessary
entries have been made and each event has been adequately
described.

C-4
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II. CODES FOR EQUIPMENT STATUS LOG

The following codes were used in conjunction with the entry made in
the remarks column. An "R" next to any code indicated performance of
routine (preventive) maintenance during this period. Start and comple-
tion times of routine maintenance were indicated in appropriate column
of equipment log.

CODE DEFINITION

UP-Operating. Equipment was energized and was being oper-
ated at full or reduced capability. Certain routine main-
tenance actions were reported in this or other UP code.

S2 UP-Secured. Equipment was idle; not energized but capable
of being operated. Includes time (shutdown) due to rea-
sons other than routine maintenance or failure. Examples
were lack of solid waste or fuels, holidays, and weekends.

3 DOWN-Corrective Maintenance. Equipment was idle and not
4 fully operable using normal operating procedures because

corrective maintenance was being performed. That is,
some equipment was undergoing repair, part replacement,
alignment, or adjustment in order to correct a failed or
out of tolerance condition.

4 DOWN-Awaiting Spares. Equipment was not fully operable
using normal operating procedures because spare parts were
needed which were not available within the facility. The
equipment could not be restored to an operable status
until parts were procured.

5 DOWN-Awaiting Outside Assistance. The equipment was not
capable of operating at full or reduced capability on
demand and required assistance from other than HRI per-
sonnel to restore to operable status.

6 DOWN-Administrative Delay. The equipment was not capable
* of operating at full or reduced capability on demand.

This included time for lunch, dinner, holidays, shift
changes, etc.

7 DOWN-Preventive Maintenance. Planned or routine mainte-
nance was being performed which rendered the equipment

4 inoperable until completion.

4
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111. CODES FOR SYSTEMS AND COMPONENTS

The following codes were used to show system status.

CODE DEFINITION

A Ash handling subsystem - included motor and conveyor.

B Boiler subsystem - included boiler, water and steam lines,

makeup water equipment, and blowdown components.

H HRI - included all equipment.

I Incinerator subsystem - included incinerator, controls,
feed hoppers, stokers, and burners.

P Processing subsystem - included flail mill, shredder,
magnetic separator, trommel, and associated feed/discharge

conveyors.

R Receiving subsystem - included tipping floor and front-end

loader.

S Storage subsystem - included storage bin, screw augers,
and feed conveyors.

T Heat transfer subsystem - included B and I.

Figures C-1 and C-2 provide an example of completed equipment
status logs representing an entire week. This sample scenario began
with the start of a work week (Monday morning).
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IV. CONSUMABLES AND RUN TIME LOG SHEET

rThe following specific instructions were followed for completing
the Consumables and Run Time Log Sheet (Figure C-3).

It was the responsibility of the chief supervisor to supply all
information. The form was completed on a weekly basis at the completion
of each work week. All weights recorded represented the weekly totals.

i ITEM DEFINITION

I Week Ending Date. Record the date in which the form is

completed.

2 Sheet No.. Number each Log Sheet (week) in the sequence
used. This will be used as a reference number for each
sheet.

3 Solid Waste Received (tons). Record the total (in tons)
weight of solid waste dumped on the tipping floor during
the work week. Note: Since all scale values reported on

0 this form represent weekly totals only, a separate daily

log may be necessary.

-4. Solid Waste Not Accepted (tons). Record the estimated
weight of solid waste which could not be received due to
the limited capacity of the tipping floor. If waste

could not be accepted for other reasons please discuss
under item 18.

5 Rejected by Hand (pounds). Record the weight (pounds) of

the solid waste picked out by hand to be sent to landfill.

6 Trommel and Magnet Rejects (pounds). Record the weight
(pounds) of the solid waste removed by undersize waste

conveyor from trommel screen and magnetic separator to
be sent to landfill.

7 Rejected by Dust Filter (pounds). Record the weight
* (pounds) of the solid waste removed by the dust collector

as fly ash to be sent to landfill.

8 Wet Ash Removed (pounds). Record the weight (pounds) of

the wet ash removed from the quench trough by the ash
conveyor.

9 Electrical Energy (kW-hr). Record the amount of electri-
cal energy (in kilowatt hours) used by the HRI during the
week.

10 Boiler Feedwater (gallons). Record the amount of feed-
* water (in gallons) supplied to the boiler(s) during this

week.
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11 Blowdown (gallons). Record the amount of blowdown (in
gallons) recovered from the boiler(s) during the week.

12 Flail Mill Feed Conveyor (run tim,). Record the meter
reading at the end of each week.

13 Shredder Feed Conveyor (run time). Record the meter read-
ing at the end of each week.

14 Storage Bin Feed Conveyor (run time). Record the meter
reading at the end of each week.

15 Ash Conveyor (run time). Record the meter reading at the
Eend of each week.

16 Incinerator Blower Number I (run time). Record the meter
reading at the end of each week.

17 Incinerator Blower Number 2 (run time). Record the meter
reading at the end of each week.

I

18 Incinerator Blower Number 3 (run time). Record the meter
reading at the end of each week.

19 Induced Draft Fan Number I (run time). Record the meter
reading at the end of each week.

20 Induced Draft Fan Number 2 (run time). Record the meter
reading at the end of each week.

21 Induced Draft Fan Number 3 (run time). Record the meter
reading at the end of each week.

22 Boiler Number 1 Steam (pounds). Record the meter reading
at the end of each week.

23 Boiler Number 2 Steam (pounds). Record the meter reading
at the end of each week.

I
24 Boiler Number 3 Steam (pounds). Record the meter reading

at the end of each week.

25 Diesel Fuel (gallons). Record the amount of diesel fuel
(in gallons) supplied to the front-end loader. Since this
is not metered, another sheet may be required for totaling.

26 Hydraulic Oil (gallons). Record the amount of hydraulic
oil (in gallons) used by the HRI. This value should
represent oil changes and hydraulic leakages.
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27 No. 2 Fuel Oil (gallons). Record the amount of No. 2
fuel oil (in gallons) consumed by the RR1 during the week.

28 Waste Oil (gallons). Record the amount of waste oil (in

gallons) consumed by the HRI during the week.

29 Repair Parts (specify WR No.). Record the work request
(WR) numbers of any parts used to repair and maintain the
HRI during the week.

30 Comments. Use this space to discuss any pertinent infor-
mation. Include also additional information requested by
items 4 and 9. Use back of form if necessary.

31 Initial. Supervisor to initial each logsheet once
completed.

9
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HA I EQUIPMENT STATUS LOG

C rt. ATO JL"GINNING OATR 1. PAeC

4. O*?! A. TING 6. CO00EI?. a,4fsj ~ SP.tA*?Ou

9____7__ 3___0___ T: HRl start in. Beean cleanint tro.7e. screen-Routtne 'Xainte-

I I nance. ! Rl burnint. waste that was left in szorate fro ls

I e 2 I6.,ek in !ncinerator 412.

3 ,0 A 7 eqin routne maintenance. Duringz :.,s !Ine we 7t~acej -'e

i ~elc on the ash convevcr drive -motor due :o excessive wear.-

1__ _ _ _ _ _ 6 kil ea : ri arvand s c nd r - ha noer: 4r .rn cner aors 'f! nd

_______________ Seure Droces~A. .e dav.C:niebr:.

0 0 -. 33 41.I A ooerainR e )ean n.rocess:,.e .:as:e.
7 ) 10 -3 I Ash :orvevc~r J.mn'r un >~A~ esootln2. st:oned b'irnina,

S .3 ,0 2 I eems -o be oDroblem in 2o r

1 75 Called for .eln at chis .m-e. it!!'- nrncessln'. wJaste.

2 3.3 3Electrician arrives-beun troubleshoot,-ne
3 3 0 3 I rive motor beartngs are shot! Placed order for encire new

R 3. 4R I Stoved o.rocessine waste. Sh-,ft : anze. sttl: *Jaicna for
I II art (motor). Should receivje :-t omovrow aftetnon. At

0 I I resent, we are not incineratint due :o ash zonvevcr )roem.

* Sweenin; fracilitv and cleaninh incinerator -Zslat bui3.duo.

* I I oticed an exceptrIcnal amount of slag as aoo-umuateo during

!the st few days. Pro.bably, due :o excess sir entering "rnue.

I3 teed door, high orlmary furnace cemierature.

*0 2 30 1 '1 !4 Ash c-onveyor still down. All eouioer d.
r1.6 .3 tO H4 E nd of da-i and atz:l no -notor. 3ase 3unoDl :ff4:e savs - at

Iw w*ill definitely receive one by tznmorrcw. Io -evilar

I I scheduled maintenance nerfor-ied.

I. 1* 0 *A^ySTr OPI.6Y 1. supUvison

perm~it fully 10711-10 lreprod.,-t

Figurc (>1. (oInpletcd cquipi-nent %tVrus log.
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HRI EQUIPMENT STATUS LOG

I I.I~i'AJI,.AT;N 
Al. Qiftlftga OAT2[ 3. PAGe

US '0X 
0 

21C0erTN 
InaDAnc

0 3 0 1 1 1 0 f 0 ! ,4 Performing -main.tenance checks described in ooerat;.on manual.

] ] I LI ,age 10., Req~uired changl ing oil breather. Noticed slight oil

! i II ,,leak from reducer.

•. I 1 0 10 H4 2 , Comolet~ed "mantenance checks.

1 3 0 0 43 R Received drive motor! Installing.

1 4 2 10 H3 1.5I Completed nstallation--testing ash conveyor. All OK.

1 , 3 10 42 Secured all ecuiment since codav is Fridav. 'ill resume

I 1 incineration on .onda.

0 1 0 0 0 10 0 R2 , Secured tor weekend.

o 0 13 0 H 2 Secured

0 3 '3 13 '3 R2 Secured ;

00 I I I Been 2roc zr.and inclneratin in :12 and 43.

0 9 3 0 1 I Rooer ram stz 4 2. ''nstuck itself after 3 at:e--ots.

I : ! I I ' I INo :&use foun'd.% /'"
I T~ 0  ausfond burnn using 41 now.

0 i .3 1 Sto-oed .rocessing.
2 I 1 33 1 I Boiler feed :u= ino e roubleshootin.

2 3 , 36 Could not ind roblem. sb k i steam o-roducton until

, I I ornin shif:t :cmes. in. Continued incineraton.

3 7 3 0 3 0 6 1 ieLler feec still Inooerable. Continue incineration.

0 , 3 tO 33R 3ean *arkinq on oiler feed oroblem while ourle uvs

I oerform rutine maintenance 3n oilers l. Z and 3.

, 9 3 a i. 6/Z Completed both ?M and CM. oiler feed roblem resolved.

l I , Cause was inoverable shut off valve. lesumed comolete

•I 'I overation.

9. 000n ANALYST ONLY Is. suapt"vW1boa
II

Figure C-2. Completed equipment status log.
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HARI CONSUMABLES a"d RUN TIME LOG

1. WEEK ENDING DATE (Month1Dsy/Ysw) 2. SHEET NO.

3. SOLID WASTE 14. SOLID WASTE I S. REJECTED 16. TROMMEL ANO 7. REJECTED BY
RECEIVED NOT ACCEPTED B Y HAND MAGNET REJECTS IDUST FILTER

iTONS] (TON4S) (LBS) I 4S ILSI

S. WET ASH 9. ELECTRICAL 10. BOILER 11. SLOWDOWN 12. FLAIL MILL
REMOVED ENERGY FEED WATER (ALN) FEC~~o

(L&SI (KWH) (GALLONS) j(RUN TIMIE)

13. SHREDDER 14. STORAGE BIN 15, ASH CONVEYOR 16. INCINERATOR 17. INCINERATOR

FEED CONVEYOR FEED CONVEYOR (RUN TIME) B3LOWER I BLOWER RNTM)RNTM)(RNTM)(U IE

.0. INCINERATOR 19. INDUCED 20. IND 21. INDUCED 22. BOILER 1
BLOWER 3 DRAFT FAN 1 ORAFTIFA C/,. DRAFT PAN 3 STEAM
RUN TIME) (RUN TIME) (RUN TIME) R) N TIME) (LSIS)

23. BOILER 2 24. BOILER 3 N'n*'"lm ~t"'
STEAM STEAM

LBS) (LBS) 25. DIESEL FUEL (to tun4ad lowbel: Gm41mw

26 YDRAULIC OIL wwd* ____Galow

27. No. 2 FUEL OIL und: Gsoona

2I. WASI! OIL uumi: _____Gailans

29. QEPAIR OARTS Spec~tN WR %0,1;

30. COMMENTS;

31. INITIAL_____

F-igure C;-3. Consurnables and run time log.
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INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of
Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and
type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later

reference).
If you want to change what you are presently receiving:

0 [)letc - mark off number on bottom of label-

* Add -- circle number on list.
* Remove my name from all your lists - check box on list.
* Change my address - line out incorrect line and write in correction (ATTACH MAILING LABEL).

* Number of copies should be entered after the title of the subject categories you select.
Fold on line below and drop in the mail.

Note: Numbers on label but not listed on questionnaire are for NCEL use only, please ignore them.
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES 28 ENERGY/POWER GENERATION
29 Thermal conservation (thermal engineering of buildings. HVAC

I SHORE FACILITIES systems, energy loss measurement, power generation)

2 Construction methods and materials (including corrosion 30 Controls and electrical conservation (electrical systems.
control, coatings) energy monitoring and control systems)

3 Waterfront structures (maintenance/deterioration control) 31 Fuel flexibility (liquid fuei, coal utilization, energy
4 Utilities (including power conditioning) from solid waste)
5 Explosives safety 32 Alternate energy source (geothermal power, photovotaic
6 Construction equipment and machinery power systems, solar systems, wind systems, energy storage

7 Fire prevention and control systems)
8 Antenna technology 33 Site data and systems integration (energy resource data, energy
9 Structural analysis and design lincluding numerical and consumption data, integrating energy systems)

computer techniques) 34 ENVIRONMENTAL PROTECTION
10 Protective construction (including hardened shelters, 35 Solid waste management

shock and vibration studies) 36 Hazardous/toxic materials management
11 Soil/rock mechanics 37 Wastewater management and sanitary engineering
13 BEQ 38 Oil pollution removal and recovery
14 Airfields and pavements 39 Air pollution
IS ADVANCED BASE AND AMPHIBIOUS FACILITIES 40 Noise abatement
16 Base facilities (including shelters, power generation, water supplies) 44 OCEAN ENGINEERING

17 Expedient roads/airfields/bridges 45 Seafloor soils and foundations
18 Amphibious operations (including breakwaters, wave forces) 46 Seafloor construction systems and operations (including
19 Over-the-Beach operations (including containerization, diver and manipulator tools)

materiel transfer, lighterage and cranes) 47 Undersea structures and materials
20 POL storage, transfer and distribution 48 Anchors and moorings
24 POLAR ENGINEERING 49 Undersea power systems, electromechanical cables,
24 Same as Advanced Base and Amphibious Facilities, and connectors

except limited to cold-region environments 50 Pressure vessel facilities
51 Physical environment (including site surveying)
52 Ocean-based concrete structures
53 Hyperbaric chambers
54 Undersea cable dynamics

TYPES OF DOCUMENTS

85 Techdata Sheets 86 Technical Reports and Technical Note% 82 NCEL Guide & Updates r] None-

83 Table of Contents & Index to TDS 91 Physical Security remove my name

II
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PLEASE HELP US PUT THE ZIP IN YOUR
MAIL! ADD YOUR FOUR NEW ZIP DIGITS
TO YOUR LABEL (OR FACSIMILE),
STAPLE INSIDE THIS SELF-MAILER, AND
RETURN TO US.
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